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PREFACE

Tar term “rare clements* is conveniently applied ta o those
members of the Periatie 1'lde whase ehemistry is little known,
Some af these clementr are sa searee that their study Ins of
necessity been difficalt ; othres are shundant in nature, hut
their develapiment hias heen retarded hy huek of suflivient interest
still athers have only recently been diseavered, and sufficient
time bas not yet clapsed for then to Tose the interest imherent.
in newness.  The “rure eltnents’ then should be smderstood
to include those vlements which e little knawn vither beennse
af seareity, negleet, ar ignorance,  The chemistry of sane nf
these eloments is developing mpidly, since we nre just beginuing
to appreviate something of thvir interest and usefulness. Ruid
advaneement, has follawed sarh an swakening, and the nanes
of some such sabstanees lnwve hecomne hawehald wards,  In
ather enses interest, has been less keen nnd advanecement hos
fren sluw.

The purpase of this wark ix ta eall attention both to the wml-
vanees which have recently heen made inonr knowledge of the
so-called “rare” vlements anml also ta the meed of further re-
senreh in the develnpnient of many of the less fumibior clmants,
This hook is the antgrawth of a lecture caurse given far many
yoars wd the University of inais, first iy Dr, Clavence W,
Balke, waal Inter by the anthor, This catirse hns born essen-
tually a sticly of the Periodie Talle with special reforenee fa
the elements which nre treated very briefly ar entirely ignaored
in most texthooks on Inarganic Chemistry,  For the prosent
eourse 1 working knowledge of the cotnmon vlemoents is gnder-
stood, and they are mentioned hriefly frr the purpose of show-
ing the relationship bhetween the rure eloments and their more
familinr neighbors.

The chemistry of many of the rare clements i still in »
decidexlly chnotic state.  The literature cantnins ronflieting
statemnents, misleading diseussions, and downright. errors,  In

such cases the author has attempted to select those statemoents
it
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which seem to bear the greater weight of authority. Where
differences of opinion exist for the settling of which more in-
formation is needed, an attempt has been made to present an
impartial summary. Care has been exercised to eliminate as
far as possible inaccurate, misleading, and untrue statements,
It is too much, however, to expect that a book of this sort can
be made free from errors either direct or implied. The author
will be glad to have his attention called to any undetected
errors, for which he alone must be held responsible. Sugges-
tions will also be gladly received.

In a course which has been developed by a process of this sort
many of the original sources of information have been lost.
The writer would be glad to acknowledge his indebtedness to
every author from whom information has been received, but
thig is manifestly impossible, since the material has been col-
lected from a very wide range of sources and over a period of
several years. Much material has been gleaned from such
standard works as: Abegg, Handbuch der anorganischen Chemie;
Browning, Introduction to the Rarer Elements; Friend, Text-
book of Inorganic Chemistry; Gmelin-Kraut, Handbuch der
anorganischen Chemie; Johnstone, Rare Earth Industry; Levy,
Rare Earths; Mellor, Modern Inorganic Chemistry; Roscoe and
Schlorlemmer, Treatise on Chemistry; Schoeller and Powell,
Analysis of Minerals and Ores of the Rarer Elements; Spencer,
Metals of the Rare Earths; Stewart, Recent 4.dvances in Inorganic
and Physical Chemistry,; Venable, Zircontum; and many others.
Constant use has also been made of the current scientific jour-
nals, An attempt has been made to give sufficient references
to the literature to permit the student who is interested in any
particular phage of the discussion to pursue his investigation
farther. These references also serve the double purpose of
giving the authority upon which certain statements are made
and of acknowledging the author’s indebtedness for the infor-
mation given,

The author is especially indebted to the following persons
who have read portions of the manuscript and offered many
helpful suggestions for its improvement, or have contributed in
various ways in the compilation of the material :- C, W. Balke,
H. G. Deming, Saul Dushman, E. A. Engle, W. D, Engle, W, D.
Harkins, Maude C, Hopkins, H. C. Kremers, Victor Lenher,
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R. B. Moore, W, A. Noyes, Rosulic M. Parr, (. W, Seus,
Frederick Soddy, Mariou 1. Spurks, Vdward Wichers, 1. 14,
Yntema.  The students who have been enralled in the course,
esperially during the fwo yewrs that the manuseript has been
wied m mimeograph form, have eontribntal materindly through
their interest in thre snhjert matter and the inspiration which
thry have furnished. T all of these, ns well i to the writers
whose works has heen consulted, the authur wishes 1o express
his profound gratitude.

If this ook serves 1o vreate gronter interest in thise elanents
whith are usually slighted in the study of Inorganie Chemistry,
the suthor will feel winply repaid for the work which has been
necessary in the assebling and vditing of the materinl herewith
presented,

B. 8 HOPKINS

Uunana, Turanars,
Augast ¥, 1924
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CHEMISTRY OF THE RARER
ELEMENTS

CHAPTER 1
THE PERIODIC SYSTEM

Historical, — Between 1802 and 1808 occurrerl the histane
vantroversy hotween Frangt and Berthullet ! concerning the
Law of Fixed Ratios.  This diseussian ended with Proust can-
vincimg chemists that vhemival compomds possess o definite
composition.  In 1808 John Dalton puablished # o conneeted
necount uf hin Atowmie Theary, upan whiclh modern chemistry
i bused,  In this way the theary of clenonts cmme to be ae-
copted wmong sedentific mwe, and very quickly viforts were
mude to funl o fundumental relationship hetween vartons elies
mental farms of matter,

In 815 Proat enlhd attention ® ta the faet that when tha
utamic weights of the clements were expressed upan the hydro-
gen hasis, the values of the other elements wore very clase to
whole wambrers, and expressed the apimon that hydrogen was
the primary element from eandensations of which resulted all
of the other ro-enlled cleents,  Pront's Hypothesis was re-
ceived entlusiastieally by some and ridienled hy athers,  The
distussion concerndng this theary has ovenpied the minds of
serendific men of all nations for o large puret of the nineteonth
century and in n omadified form has cotinmied dbwn to the
present. time,

Thomas Thomson, in Englaml, wius an entluminstie follower
of Prout wha tried to show experimentally * that the Hypothesis
was true,  His restlts were questioned especinlly by Berzeliu,
in Sweden, whose revised table of atomie weights, published in

o Mom Fronad, The Stuldy wf Chemical Coanpansting, Cambridge Unis
voraity Proms, 1904, chajtor v, micd Hartag, Natore, 86 140 { INM),

2 A New System of Chensival Phitvnophy, 2 vala., N7 0.

Y Ann, Phil, 11 321 (I815), mind 18 1148 (1IN,

$An Altempt to Establish the Firnt Principies of Chemistry Experimend,
@dndon, 1528, & Beperl
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1825, contained values which differed widely from Tl omson’s,
Gmelin, in Germany, was inclined to accept the Hypothesis,
and Dumas, in France, was outspoken in its support, especially
after his work ! upon the atomic weight of carbon showed that
the ratio between carbon and hydrogen was almost exactly
12 to 1. The accurate determination of the atomic weight of
chlorine 2 by Marignae, in France, showed its value to be almost
exactly 35.5. This led Marignac in 1844 to propose that the
Prout unit be half the atomic weight of hydrogen. Dumas
welcomed this suggestion, but his own work ? later led him to
suggest the adoption of + the hydrogen atom as the ultimate
unit. In 1860 the classic atomic weight work of Marignac
and Stas gave values showing variations altogether too large to
be accounted for by experimental error and made further sub-
divisions of the ' unit” necessary. So the Hypothesis lost
standing owing to the necessity of frequent revision of the ulti-
mate unit.

In 1880 interest in the idea was revived by Mallet 4 whose
work upon the atomic weight of aluminium showed that it
belonged to the long list of elements whose equivalents are
approximately whole numbers. Mallet called attention to
the fact that 10 of the 18 elements whose atomic weights were
best known had atomic weights differing from whole numbers
by less than ¢; of a unit. He suggested that possibly certain
constant - errors might have influenced the accepted values of
certain elements. A more recent revival of interest in Prout’s
Hypothesis was produced by Strutt, who called attention® to
the fact that of the elements whose atomic weights are most
accurately known, 12 have values which are almost exactly
whole numbers. This is a far larger number than can be
accounted for by the law of probability, so that ‘ we have
stronger reasons for believing in the truth of Prout’s Law than
in that of many historical events which are universally accepted
as unquestionable,” Along the same line Harkins has pointed
out & that the atomic weights of 17 of the first 21 elements show
an average deviation from whole numbers of 0.05 and argues
that such a situation cannot be explained on the basis of chance.

} Dumas and Stas, Ann. chim. phys. 3 (IIT) 5 (1841).

2 Compt. rend. 14 570 (1842). 5 Am. Chem. Jour. 8 95 (1880).

3 Ann, chim. phys. 3 55, 129 (1859). 8 Phil. Mag. 6 (3)-311 (1901).
8 Jour. Am. Chem. Soc. 8T 1370 (1915).
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The theory that the clbments are in reality a series of con-
densativn protlucts of somp primal cement which nnst ve-
semble the prtyle of the aneient philosaphers has been a
fascinnting theory from the beginuing. It has been repeatedly
denouneal as an illusion, but nevertheless it has continued to
claim prriodic attentivn among keientists. o the light of
madern theories of atomie structure, it 18 noat strange that the
Hypothesis of Prout should reappear in maodified form, Harkins
antl Wilkon have shinwn @ that ot least the lighter elements may
be considered as composed of a vertain number of atoms of
hytlrogen and heliwn.  This theory finds steiking confirmution
in the study of the raditsetive clements asid fram the experi-
menis of Ruthrerford, who has fountd evidenee? for the cn-
clusion that nitrogen atamw sy be dismpted hy bombardment,
with alpha particles, witle the Thertion of hydrogen,

That the clements porsessed relationships of » different sort
was shown soon after the establishunent of Dalton's Atomia
Theory, Ascurly ax 1817, Dachereiner ealled attention to the
fact that strontiwm had an atomiv weight whicln was very elase
to the mean of the vadues for caleium and i, while these
three vlements slmwed clase shinilarity o both plysical and
chemicnl propertios,  TLater he nlsa shawed that there ace
othvr trinds in which the sune general relationship exists, such

as: Aromie WribuTs Muan
Calddnm . . . . . 4007
Stromtiom . . L L, R7.63 8872
Bowinmn , . . . . . 13747
Chhaine . . . . . 4id6
Bramine . . . . . 702 R1.19
Tadine . . . . . . 1i6802
Sulfur . . . . . . 8200
Scleninm ., . . . T2 70,78
Teluriume . , , . . 12975

The Trinds of Doebereiner uppurently created very Hthe
interest, for it was not nntil 1850 that Pettenkafer taok thm
next step when he expresserl the helief that the difforences

YJaur. Awe Chem, Sne, 8T 1867, ViIKS (1915).
* B8, Ruthierfarl, Fhid. Mag. 37 {51 (1D,
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between the atomic weights of the members of a @ natnml

group ” were multiples nf a constant numbr, thus:

Artomic  Dirraie Araxlet Drrrene
WeEelGHTS BNCES WEnns INUER

Lithium . . 7 Oxygen . . 1t}
16 1G

Sodium . . 23 Sulfur . . 32
16 3X16

Potassium . 39 Sdeniom . 80
SX Ui

Tellurium . 127.4

In 1853 Gladstone arranged ! the clements in the vreder of
increasing atomic weights, but so many of the valnes seeeptad
at that time were faulty that nv Dhroad gewralization was
possible.

In the following year J. P. Cooke disenssed 2 the numnerieal
relations between the ntomie weights with same thaughts on
the classification of thr vhemical clements”” Hre pointed nut
that Doecbereiner’s Trinds avtually broke up mdaral groups of
elements, 28, for example, the halvgen group which contains
four closely relaterl clempents.  He propased s classifiention
by which the clements were divitded inta series, simidar ta thn
homolagues of Organic Chemistey.  He took it consideratiin
the general chemical nuslogits of the elhanents, the types aml
relations of their compounds, and the erystallographic relations
as well as the physical and chenical propertios,  Cooke's
clagsification is generally regarded us the first effort to arrange
the elements in groups by means of a comparative study of all
the available chemical facts,

In 1857 Odling arranged 2 the elements in accordance with the
“totality of their characters” and found 13 trinds some of
which were double and some incomplete, In each ease the
intermediate term ‘‘is posseased of intermediate properties
and has an exactly intermediate atomie weight.”’

Two years later Dumas wrotet as follows: ' When onc
arranges in the same series the equivalents (stomic weights) of
the radicals of the same family whother in mineral or organic

Y Fhil. Mag, B (lv) 313 (1883),
$ Silliman’s Am, Jour. Sci, 17 (ji) 387 (1854),

* 3 Phil, Mag. 18 (il) 423, aad 480 (1857),
4 Ann. chim. phys. B8 (ill) 209 (1559).
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chemistry, the first term determines the chemical charaeter of
all the botlies which helong to the series. The type of fhiarine
reappears in chlurine, bromine, and iodine; that of oxygen in
snlfur, selenium and tellarpun; that of nitragen in phasphorns,
arsenie antd antimony ; that of titanimm in G that of malyb-
tlenum in tungsten, ete.”

These carly attempts to clussify the clements am interesting,
but no attempt was made to inclnde all the then knowin clements
hecause of the laek of & consistent system of atomic wrights,
This essential was suppliatl in 1858 by the splendid wark of
Cannizzaro who was the first to utilize Avogadra's Hy pothesis
as the busis for mtomic weight determinations.  As w result of
these revised stomnir weights, vrder began to displace chios
and in 1862-63 appearnd the first venl sttempt ta incade all
the elainents in o single dussificntion.  This work wis done by
A. B. B. de Chanrnrteis ' who i generally given credit for
first suggesting the relationships which may fuirly be consideretl
the forerunner uf the peviadie system, He arranged the
clements spirally n the order of inereasing atomir weights nnd
divided the eylindrieal helix into 16 vertien] seetions. Bloments
falling in the swue vertivn] section hnd siminr physienl and
chemienl propertios,  This armagement beame known as the
Tellurie Serew and is recognized ax embodying the fundmnental
idea of the periodie systemn, although the voneoption is hnay,
the expression ohseure, nml the accompunying speenlations
misleading.

The next step was taken when Juhin A, R, Newlands published
& series of articles 2 in which attention was directed to the frut
that when the elements are wrranged i the arder of atomie
weight, the eighth element resembles the first.  On seconnt of
the resemblunee to the musical senle this gevernlizntion was
known as the Luw of Oetaves. An exnminntion of Nuwlands'
table shows some inconsistenctes, duent least in purt to his failiyre
to leave spaces for undisevvered elements.  There is much to
admire in Newlands' contribution, in spite of his hmbility to
provide satisfuetvrily for the elements of higher atomic weight,

Y Compt. rend. B4 THT, #40), 907 (1KO2) 1 BB BN (1NO2Z); 86 2OLY, ATH (1801 ;
683 24 (1466). Boe ulso P J, Hurteag'n artivle tm " A Feogealindowing o thy
Periodie Luw," Nature, 41 180 (15K9).

*Chem, News,T70 (1863) 5 10 14, 30, 94 (1504) ; 18 K3, 4 (1HOB) : 18 313,
130 (1880),
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Thus, it is seen that thr itlea of a fundamental relationship
between the clements had been growing gradually for o half
century from the isolated Triads of Doebrreiner to the Octaves
of Newlands and the Table of de Chuncourtoix. It 18 no wonder
that, with these preliminitry steps, two men should announce
a periodic arrangement nlinost siimultancously and tlaubiless
quite independently.

Tanne [
Newlands’ Laye uf Ovlaves

o e e ———— e b

H F Cl ~o, Ni Br Pl 1 Pt Ir
Lt | Nn | K Cu L Al (' b
Gt | Mg | Ca Y Sr ¢l Ba, V PhL

B | Al | Cr Y Ce, Lat U T T'h

3 S| i In Zr Su W Hy

N I | Mn As Di, Ma | Sh Nh Hi

0 S Te Se Ra, Ru ‘T An Ox

Lothar Meyer published Die Muderav Theorien ter Chemde
in 1864, in which nppearct] n tnble containing mast of the then
known clements and lenving spnces for undiscavered vlemients.
Those elements which nppenr in the sutse enlumn buve similar
propertics, but the system wis not caraplete, aml was ittle mom
than that of Nrwlands.

In 186971 Mendeléeff published ¥ an arrangement uf the
clements in the onder bf incressing atomie weight in which it
was shown clearly that there is n periodie rerurrence uf proper-
ties. In 1870 Meyer pubslishetl n paper 2 giving o tuble almnst,
identical with Mendeleeff's nid stating thit * the properties
of the clements are, for the most purt, poriodie funetivns of
their atomic weights," Later he mudified his table slightly
and suggested a spiral arrngement, which haa the wlvantage
of showing both the continuous nature of the scheme, and the
periodic recurrence of certain properties,

While both Meyer and Mendeléeff deserve great eredit for
the part each played in the elearing up of the periodic relation-
ship, it is qnite clear that neither vne deserves all the eredit for
this useful generalization. The verdict of the chemical world

1J. Russ. Chem. Soc, 1 60 (1808) ; 8 14 (1870) ; & 25, 4K (4871).
? Annalen Suppl. T 354 (1870),
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THE PERIODIC SYSTEM

Tasre I

Comparison of Eka-silicon with Germanium

Lxa-sitycon (Prepicrep, 1871)

Genmanyom (D1scovERED, 1886)

Atomic weight
Shecific gravity
Atomic valume
Calor
Snjeination
duces
IBffeet of 114€)

pro-

Effect af acids

Effcet of alkalies

Froshuction of the
eleinent

Prapertivs of the
oxidn

Properties of the
chloride

Properties of the
fluoride

Organo-metaliic
compound

72
5.5
13.
Dirty gray
Es0,, white powder

Will decompose steam with
dilfieubty
Shight cffect

No pranounced action

Es04 and EsK;Fg reduced
Ly sodium

Refractory? specific grav-
ity 4.7; less basic than
TiO; or 8n0,;; more
basixs than 8i0s

EsCl, will be a liquid with
boiling point under 100°
and spacific gravity 1.9
at 0°

EsF, will not be gaseous

Eﬂ(CgHs)4 botls at 160°
and has specific gravity
0.96

72.3
5.47
13.2
Grayish-white
GeO2, white powder

Does not decompose water

Not attacked by HCI but
soluble in aqua regia,
oxidized by HNO,

Solution of XOH has no
effect; oxidized by fused
KOH

GeO; reduced by C and
GeXoFg by Na

Refractory; specific grav-
ity 4.703 ; fecbly basic

GeCl, boils at 86° and has
specific gravity 1.887 at
18°

GeF, is a solid
Ge(CsHyg)( boils at 160°

and has specific gravity
a little less than 1

gives greatest credit to Mendeléeff in
Meyer has some very ardent supporters.
ker der exakten Wissenschaften, No. 68, sets forth strong claims
for the priority of Meyer's Work, but one of the main reasons
why Mendeléeff is given greater credit is because he ventured
to predict the properties of certain unknown elements. He
foretold the properties of the elements eka~boron (scandium),

spite of the fact that
Oswald in his Klassi-
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elka-silicon (germanium), and eka-aluminium (gallium). That
.Jhe had a wonderfully clear conception of the meaning of }'nﬂ
periodic table is shown by a comparison of the propertics
predicted for. eka-silicon in 1871 with the properties of the
element germanium discovered in 1886, (See Table IIL) The
predictions of the properties of eka-aluminium and cka-boron
are equally striking. This remarkable achievement centered
attention upon the Mendeléeff table and by some is considered
an absolute proof of the truth of the theory. C. Winkler said:
<< Tt would be impossible to imagine a more striking proof of
the doctrine of periodicity of the elements than that afforded by
this embodiment of the hitherto hypothetical cka-silicon.”

On the other hand, G. Wyruboff as late as 1896 considered
the periodic system as “a very interesting and highly ingenious
table of the analogies and dissimilarities of the . . . clements ”
and proposed to reject the whole generalization because of its
defects, reasoning that ** since the laws of nature admit of no
exception, the periodic law must be considered as a law of nature
definitely established which must be accepted or rejected as a
whole.” In spite of the bitter attacks made upon the system
by those who claim that it has done more harm than good, the
fact remains that it is a convenient basis for the classification
of an endless array of facts. In addition it has been a vast
benefit to the science of chemistry by reason of its-stimulation
to research,

Usefulness. — Mendeléeff pointed out four definite methods
of wusing the periodic law:

1. As a means of classification it serves to systematize the details of
:hemistry and permits the student to group together a large number of
‘acts, which would otherwise be in a disconnected and chaotic state, Not
»nnly are the chemical properties of the elements periodic functions of tha
vtomic weight but there is also a periodic relationship in valence, spocifia
sravity, atomie volume, melting point, boiling point, hardness, mallewhility,
luctility, compressibility, coefficient of expansion, thermal conductivity,
atent heat of fusion, heat of chemical combination, refractivb index, colar,
listribution in nature, electrical conductivity, and magnetic susceptibility.
“he analogous compounds of the elements frequently show periotlicity in
uch properties as molecular volumes, melting points, hailing pcints.
tability, and color. The specific heats of the clements furnish an exeoption
> the rule since they are not periodic.

2. It offers a method of determining atomic weights of elements whose
guivalents or combining weights are known. In this way heryllium,
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inddiaan, atraniing, sl eertain of the rre sarths wene Jieated in the pueo
tians whieh they unw semipy,

3. The prediction of the progerties of plisenvensl olenpnts win
paasnilibe frinmm n sty of the propuerties of the sdjieeat kvaen sleraenta,
In ashlition b prodicting tee disenvery of senndiang gslloe, el ger-
aatagitnn, Metaeleldeff prvadivied tae dimeivery of rkaeemsanug, dwissesina,
chionichimn,  elkotantalung  dwisbdharmng,  vleomsuganes, b shwis
mnngaaeve.  Vhe eeemdivtion of e Zeps Grooge was nbwaneds iageosibile
Yafore the diseovers of auy noasdwr of tas faaly, Bat after the obee
severy aaod plaving, wf bl ated argo Mee soxisbenee of sdloer et gy
wi b b exgeeetial sl s baldelly o by of o, ey ptoag, vl
e was naterindly lecdeissl by the faet that s perielie svstens -
chientesl thnt ateh g slowld v,

4. The wareetion of foalte stomes wights iy sagggesded wheprver an
vhauent falls vt of plave or poebeees o et " tlee svstean Vloa,
IR7G, the Jast dried tq Grong VI Drought pdasdamm uneher inoae aael ran o
uitan send plaved namann meler ekl nasd podbshaan, Flooocpelateaehigm
ure sdiwimpdy sipaned, sl searertion of thee stanne weiglds of plataanns,
iriciqan, awl venaum baee seroves] Ueeodoereprasy. The stomive weiphia
waere:

P | IINERY] [STATITRYS
In 1870 Buie 1.7 PN s
In Bn2e L PRy 144853

Defects, -~ The tables of Mendelfeff anl Meser contained
sovorn] woenk spots, soane of whiel have et vot Tacen satisfiueto-
rily strengthened,  These deferts jony Iee Jriefly ennmernted
un follaws:

Vo Pl pasitiom of hyaleagen oo puizzbe B atuvalbeat il vhad e
prwmitive, w0 W genveally phowst i Grengpe T owith the nlkady netals. 1t
it i eertninly net woneetal, st oven o the sedid forin of wotyparally no
metndlic; it s scumily depluesd from orgame sompompds by the halogens
el feeepin petnllie hysbrinhsw whaeh nee an @ way wanlar 1o the metalhe
ulluys bt Inar u eertuin resanblagese to the habogen saltst Sa theno o
rensen fur pdaving it ju Ciraap VI near the gaseous batenietals. Bat g
wtady of the vhewionl belnving of hwideagen shiws that, hke the mi-tuls,
it fourmn its mowt. stalde eongranply with the sonemetallie chements, Cane
wenpaently the relationship of hiydeaen to the other clenents in still yory
titich of al eniginn,

2. The rurv enrth group furnishea santher diffienity, sines here we have
# vansiderable nynber of slenents differing from one aunther @ atanin
weight byt pomwssing veey wanidar prapertios,  Severnl melhods of s
pomitig of the rare enrths have been propossl, but they are not whedly
patinfuctury,  (Rew chapter au Rare Farths,)

3. I the order of arrangetnents follows the atomic weights rigidly,
certuin elerarats full it af plivse. Thus the positions of argon and potass

1, . Boardwll, Jour, Am. Chem, oo, 46 2499 (1922),
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sium, of cobalt and nickel, and of teflurium and jodine would be reversed,
while their properties require the positions usually given them. This
diﬁ'{culty has disappeared since the introduction of atomic numbers as the
b asis of classification in place of the atomic weights used by Mendeleefi.

4.  The symmetry of the system is destroyed by Group VIII, which con-
+allsS triads in alternate series. These triads show a disturbing variation
i valence. They show a certain transition of properties between the last
members of the odd series and the first members of the following even
series. Yet their presence is more puzzling than helpful.

5. The most serious defect in the system, especially in its usefulness in
the laboratory, is that similar elements are sometirnes in remote positions,
while dissimilar elements are brought close together. These difficulties
are most pronounced in qualitative analysis, in which the solubilities of
salts are of prime importance. As illustrations of this defect it may be
observed that copper and mercury, silver and thallium, barium and lead,
have many similar properties which are not suggested by their positions
irn the table. On the other hand we might expect gold and caesium,
rubidium and silver, and manganese and chlorine to resemble each other
much more closely than they do. It is obvious, however, that no table
could possibly show all the resemblances and contrasts of each element, and
a, detailled study of each of these elements justifies in a measure its usual
position in the table.

I odern Arrangements of the Periodic Table. — The recog-
nized advantages and weaknesses in Mendeléeff's table have
produced a vast amount of discussion. The system has been
bitterly attacked and earnestly defended, with apologies for
its 1imperfections and suggestions for its improvement. As
a, result of this diseussion progress has been made, but the prob-
lem is a complex one and much remains yet to be accomplished.
[t is evident that we cannot understand clearly the relationship
which exists between the elements until we have a pretty clear
ronception of what an element is and know something of the
structure of atoms. Recently great advances have been made
1 these directions, and any modern arrangement of the periodic
;able must be in strict harmony with our best information con»
rerning atomic structure, must conform with the revelations of
X -razy analysis, and must agree with the conclusions of studies
n» radioactivity. Accordingly in the recently suggested plans
Jne elements are arranged in the order of atomic numbers, which
‘emoves the misfits found at the positions of argon and potas»
dium, cobalt and nickel, and tellurium and iodine. Most of
e modem arrangements also provide for the suitable placing
»f the isotopes, especially of the radicactive elements, The



U

s~
T o ma

v —

- e YT e -
L e

T e
i
RS B L S I i o N
STy I A T w3

3 1.

EEIE 12T - 9Bl TRl o] WY GLUIOE O o - 0] SEFE L ST FIRT ETL
REYNR SR K Shs R RN I

4w 8 BN ) FI W O

AR S

Srap s wat
BRI

AR RN}
A LW

L } u./

ad (L 2T B TR 5 S §
%] N

¥
*H

ey

finL MPOUIJ § addd gy

A TIEv],



MODERN ARRANGEMENTS OF FERIODIC TABLE 13

greatest difficultios still remaining in preparing a thoronghly
satisfactory table are two in waunber: first, in shawing the
relativnship of hydimgm to the ather elanents of the table ) and,
second, i making adequate pravision fur the mun enrth group,

Maodern arrangements of the tabl: may be cansidered m twe
clusses, those using a fing surfice nd thuse asing three dimen-
sions, Ouly the wore unportant suggestions in carh cluss can
be considered here.

In order tv provide space for the rre enrth group, Werner
has propvsed ! an arrangement shown in Table 1V, "This
plan mukrs provision for all the clements, bul it s annber-
some and lacks the simplicity and regularity of the Mendeledff
table, since ws the sequenre moves o the right seross the page
a uniform change of properties does not fullow,  The wrrnnge-
ment of Deming, Table V, brings it uicely the praadine relations
ship which hydrogen bears to the rest bf the clements wuld
provides spree for all the clements, the rwee eneth group taking
a pluce in which we should expuect to fiml only one or two single
clements.  This plan brings out some interesting relntivnships,
but is complicated wml does not show the isotapes of the ralio-
active elements.  The tabile suggested hy Dushunnn,? Table VI,
has the advantage of simplivity and completeness, [ shiows
th: body of the rure carth granp ax an endurgement of the
position which we woubll expeet to he cecupied by o single
clement in Group IIT and provides spuce for the motapes of
the radioactive clements,

Of the helienl armngements those by Soddy and Harkins
are notable.  In the former? the clements ave wrranged in the
order of mercasing ntomie munbers pronnd twa heliend corex,
one of whith hus o sharpened vnd to signify the abrupt chunges
which take pliee when wr puss thraugh the Zero Group, while
the other has 1 flattened end upan whieh is areanged the trinds
of Group VIIL. 'The rare carth graup is srranged in omntler
along the surface vf the helix in the pasition ocenpictl by Group
III. A flat surface drawing of Soddy’s areangement is shawn
in Fig. 1, but a small model in three dimensions Drings aut the
relationships much more clearly. Harking ¢ uses two eylinders,

} Werner, Ber. 88 944 (1905),

2 Saul Dushmun, Gen. Eloct. Rev. 18 614 (1915), nud 30 188 (10179, Sews ine
gide frant cover,

8 Soddy, Chemistry of Radivastive Rlvacuds,

4 Harkins and Hall, Jour. Am, Chem. Soc, 38 109 (1446),
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Arrangement of H. G. Deming
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one within the other, and the sequence of elements changes from
the larger cylinder to the smaller as we pass from a long series
to a short one. In this way the elements in the B division of a
group fall behind the ones in the A division. The rare earth
elements and the isotopes of the radioactive elements are
arranged vertically along the surface of the helix paralle] with
its axis. A flat surface representation of this arrangement is
shown in Fig. 2, but a model is needed to show the completeness
of the system.

How Many Elements Are There ? — In ancient times all forms
of matter were supposed to be derived from the four ** elements,”
— earth, air, fire, and water. Since this theory was overthrown
there has never been a time when man could agree on the prob-
able number of elements. At no time has the answer to this
question been more nearly within reach than at the present.
A study of the atomic numbers of the elements has led to the
conclusion that from helium to uranium inclusive there are 91
elements, making with hydrogen a total of 92 possible elements
within the limits of our present knowledge. Nearly all of the
recent periodic arrangements also indicate the existence of 92
elements within these limits. It is a startling fact that in
Mendeléeff’s table, he placed the 63 elements known in 1871
and left enough blanks to make almost exactly a total of 92
elements. At first thought this appears to be a wonderfully
accurate prediction, but upon close inspection it is found to be
merely a strange coincidence. Only three of Mendeléefi’s
blanks have actually been filled. Some others may be filled by
elements yet undiscovered, but most of his blank spaces never
will be filled. He knew nothing of the Zero Group and the rare
earth group was quite incomplete. So 1t is more probable that
the number of elements for which his table provided was deter-
mined more by convenience than by any deep-seated conviction.

If the region between helium and uranium contains 91
elements then five are as yet undiscovered. These have been
predicted and named: (1) eka-manganese with an atomic
number 43 and an atomic weight approximately 100; (2) dwi-
manganese, atomic number 75 falling between tungsten and
osmium; (3) eka-iodine, atomic number 85; (4) eka-neodym-
ium, a rare earth element of atomic number 61; and (5) cka-
caesium of atomic number 87. Of these, greatest interest has
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HOW MANY ELEMENTS ARE THERE ? 17

attached to the last named on account of the unsuccessful effort
to locate the element. (See Caesium.) Some interest is also
being shown in eka-manganese on account of the fact that its
discovery was announced ! by Ogawa, a Japanese chemist, who
claimed that the element which he called nipponium, named
from Nippon, a name for Japan, confirmed all the prophecies
of Mendeléeff regarding this element. He has been accused of
“ faking ”’ the whole report, since separate investigations by Sir
William Ramsey and R. B, Moore have failed to verify hisresults.
In addition to the 92 elements already provided for, there are
three regions of doubt: (1) before hydrogen, (2) following ura-
nium and (3) between hydrogen and helium. Studies in
radioactivity have suggested the possibility of atoms heavier
than uranium, but the existence of such elements has never been
demonstrated, and if they have ever existed on the earth they
are doubtless unstable under conditions now extant. Hence,
these are usually referred to as ** extinet ¥ elements (Bayley).
Spectrum analysis has given evidence of the existence of
several unrecognized elements, some heavier than hydrogen and
some lighter, The existence of a gas asterium,? unknown upon
earth, is suspected in the hottest stars. Nicholson likewise
suggests the existence of a series of simple elements, including
arconium with an atomic weight 2.9 as calculated from the
width of the spectral lines and by the differences between the
calculated and observed wave lengths. Protofluorine with an
atomic weight 2.1 is probably identical with coronium ? first
observed in the corona of the sun and later reported from the
voleanic gases of Mt. Vesuvius. Nebulium ¢ with a calculated
atomic weight of 1.31 was reported present in the spectrum of
certain nebulae, and is probably identical with aurorium re-
ported in 1874 by Huggins ® from a study of the spectrum of the
aurora borealis. Protohydrogen has also been reported with an
atomic weight of ‘0.082. Etherion was reported ¢ by Brush at
the Boston meeting of the American Association for the Ad-
vancement of Science in 1898, It was described as a gas which
‘may be expelled from powdered glass and other substances
under high temperatures and pressures less than ygydgey Of an

Y Jour. Chem. Soc. (Lond.) 94 952. 3 Chem. News, T8 43 (1898).
2 8ee Chem. News, T9 145 (1899). 4 Chem. News, 89 161.

8 See Proceedings Roy. Soc. 1899.

¢ T'rana. Am. Assoc. Sci. Bostoh meeting; also, Chem. News, T8 197.
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HOW MANY ELEMENTS ARE THERE ? 19

atmosphere. Its atomic weight was calculated as about %%
that of hydrogen, and it was described as possessing enormous
heat-conducting power, but lacking in chemical affinity, From
the manner of obtaining this gas and its general behavior
Crookes suggests that the peculiar properties noted are due to
the presence of water vapor, which would quite certainly be
present under the conditions described and behave as the new
¥ gas 7 did.

Efforts to prove the existence of such elements as these have
made little progress because of the well-known variations in
spectral lines produced by different conditions. Keeler?
points out that entirely different spectra may be produced from
an element by varying conditions. Thus, if the spectrum of an
element 1s produced from various mixtures, new lines may be
produced and others may disappear because of overlapping.
Pressure influences the spectrum, usually producing a broaden-
ing of the lines.? Temperature produces so marked an effect ?
that it has been said that ' a rise of 5° in temperature is sufficient
to transfer D, to the position of D,.”” Variations in the mag-
netic conditions produce enormous changes in the spectrum
of an element.* On account of these facts chemists have been
conservative in accepting the discovery of an element when our
knowledge of itsexistence is based on spectroscopic evidence alone.

Discoveries of a very large number of new elements have been
claimed in recent times. Charles Baskerville, in the presiden-
tial address delivered beforc the chemists of the American
Association for the Advancement of Science, St. Louis, 1903,
gives a list5 of more than 180 such announcements since 1777.
Of these only about 36 may be considered as actual discoveries
of new elements, while over 130 have failed of confirmation or
have been definitely rejected because the observations were made
upon impure materials or upon elements already known. Of
the remainder some may still be considered as having an unde-
termined status and others are what we now call isotopes.

¥ Sci. Am. Suppl. 88 977 (1894).

2 Schuster, Brit. Assoc. Report, 275 (1880).

3 See Lieb. Ann. 238 57; Chem. News, 56 51.

4Foote and Mohler, Origin of Spectra, American Chemical Society Mono-
graph, chapter v, especially figures 23, 24.

& ** The Elements, Verified and Unverified,” Chem. News, 89 109 et seq. (1904).
See also Harkins, Jour. Am. Chem. Soc, 42 1985 (1920).



CHAPTER II
THE ZERO GROUP

In many respects Group Zero is unique among the families of
the periodic table. It is the only group whose elements are all
gaseous at ordinary temperatures; all of these elements appear
to be totally inactive chemically s this group and the Eighth are
the only ones in which there are not represented rather definite
odd and even sub-groups, This group is transitional between
the extremely electro-negative halogens and the strongly electro-
positive alkali metals, These elements are known as the ** inert
gases”’ on account of their chemical indifference; * noble
gases ”’ on account of their analogy to platinum and gold; or
“rare gases ”’ because, with the exception of argon, they are
found in the atmosphere in extremely minute amounts. None
of these gases so far as we know have color, odor, or taste, and
their other physical properties furnish striking resemblances
with a gradation similar to that found in other families. (See
Table VII,) It isto be noted that the ratio between the specific
heats at constant pressure and constant volume is quite uni-
form and the value 1.6 is generally interpreted as indicating
that these gases are monatomic. The reasoning is, however,
not conclusive and Mellor objects to the unqualified aceeptance
of this view.}

Hevrom 2

Historical. -—— On August 18, 1868, a solar eclipse occurred, during which
the sun’s photosphere was for the first time studied with the aid of a spece
troscope, P, J. C, Janssen ? called attention to the fact that a certain
line in the yellow supposed to be caused by sodium did not coincide with
either Dy or Dy and proposed to call it Dy, Frankland and Lockyert
concluded that this line was due to an element unknown upon the earth,
and suggested the name helium, the sun element, Later the same yellow
line was detected in the spectrum of certain stars and it was reported in

Y Mellor, Modern Inorganic Chemistry, pp. 564 and 836.

3See “ Helium, Its History, Properties, and Commercial Development,*
by R. B. Moore, Jour. Frank. Inst. 191 145 (1921); for a bibliography of
Helium, see Circular 81, Bureau of Standards (1919).

8 Compt. rend. 67 838 (1868).

4 Proc. Roy. Soc. 17 91 (1868).

20



TaBLe VII

Physical Properties of the Noble Gases
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22 THE ZERO GROUP

1881 by Palmieri? in the spectrum of the gases from Mt. Vesuvius, although
some question has been raised about the possibility of the latter observa:
tion.?

In 1889, Hillebrand published Bulletin, U. S. Geological Survey, No. 78,
in which he deseribed some experiments upon a gas which had been expelled
from the mineral cleveite. This gas he supposed to be nitrogen, since it
yielded nitrogen compounds. He noticed, however, that its behavior
differed somewhat from nitrogen, but he failed to detect the presence of
the new element helium.

In 1894, Sir William Ramsay was studying the gas obtained by heating
powdered cleveite and found about 12 per cent of nitrogen, some hydrogen,
and some argon; there was also a brilliant yellow line of the same wave
length as Dy of the solar spectrum. Xayser announced 3 the detection of
helium in the atmosphere in 1895. The confirmation of the discovery of
terrestrial helium was quickly made, but at first there was some doubt
concerning its homogeneity and position in the periodic table. The color
of the glow from a Pliicker tube containing pure helium is yellow under a
pressure of 7 millimeters and green at a pressure of 1-2 millimeters. This
led to the belief 4 that helium was a mixture of two elements, but efforts
to separate them went to prove 5 that the gas is homogeneous. So helium
took its place in the periodic table as an element without chemical affinity.

In 1903, Ramsay and Soddy ® announced the discovery of the fact that
helium was a product of the atomic disintegration of radium, one gram of
which produces about 0.45 cubic millimeter of helium per day. Later
it was found that other radioactive substances also yield helium and that
the charged helium atom is the alpha particle.

Occurrence.” — Helium is widely distributed in nature,
though usually in small amounts. It makes up a considerable
portion of the sun’s atmosphere and is probably the principal
constituent of the hottest stars. It s present in the earth’s
atmosphere in a proportion estimated as about 1 part in 185,000
by volume.? It has been detected in the gases evolved from
certain mineral springs, King’s Well at Bath, England, is
estimated to yield 1000 liters of helium annually. It has been
detected in at least one meteorite, which fell in Augusta County,
Virginia. It has also been obtained from a large number

} Rendiconti R. Accad. di Napoli, 20 233 (1881).

? Nasini and Anderlini, Atti R. Accad. Lincei, 13 (v) i. 368 (1904).

3 Kayser, Chem. News, 72 89 (1895). .

4 Runge and Paschen, Phil. Mag. 40 (v) 297 (1895) ; Brauner, Chem. News,
74 223 (1896) ; also Nature, 62 520 (1895).

(18:) 7?31-00. Roy. Soc. 60 206, 449 (1897); 62 316 (1898); also Nature, 56 380

§ Proc. Roy. Soc. T2 204; T3 346 (1903).

7 8ee " Helium Bearing Natural Gas,'"’ by G. S. Rogers, U. 8. Geol. Survey,

Professional Paper, No. 121 (1921).
8 Watson, Trans. Chem. Soc. 97 810 (1910),
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#8 - minerals, principally those containing radioactive and rare
M- th elements such as pitchblende, ‘chorlanltel monazite,
Mgusomte samarskite, and euxenite; also, in carnallite, ru-
e, beryl, columbite, and native blsmuth
The most important source of helium from a commercial

POint of view resulted from the investigation of Cady and
M cFarland,* who found that the natural gas of Kansas nearly
8dvvays contained helium, in some samples the amount present
being from 1.5 to 1.84 per cent. It is from such sources that
¥ ramercial helium is being developed.

* S peculations 2 concerning the quantity of helium in the upper
3 ers of the earth’s atmosphere have led to the conclusion that
M 50 miles above the surface there is twice as much helium as
¥y gren; at 100 miles the atmosphere is mainly helium and
wwddrogen, and at 500 miles these two gases are the only ones to
w found, On the basis of this theory, it is estimated that the
@t mass of helium surrounding the earth would equal 11,000,-
90,000 tons. On the other hand, mathematical calculations 3
p,ve indicated that a gas as light as helium would not remain
errmanently a part of the earth’s atmosphere, but would be
w1y radiated into space. If this conclusion is correct then
eliuirn must be present in interstellar space, and the constant
gaount in our own atmosphere must be the result of a balance
gtvween the loss of helium into space and the emission from
wrestrial sources.

‘Peparation. — Up to quite recently the cheapest method of
@alnmg helium was by heating a mineral, especially cleveite
*”’;nonamte either alone or with dilute sulfuric acid, or with
#assium acid sulfate. When heated alone the ﬁnely ground
jpe1ral is placed in an iron or porcelain tube which 1s connected
B = system for absorbing moisture and carbon dioxide. The
o1 isevacuated andthe tube heated to 1000°-1200° C.  When
od with dilute acid the mineral is placed in a strong flask
g1 tightly with a condenser and funnel tube. Through the
§or-, 1:8 sulfuric acid is added and the former is connected
B = pump by which the evolved gas is removed. Usually
#tter yield of helium is obtained by heating the mineral with
g’ou'r. Am. Chem. Soc. 29 1523 (1907).

3. X¥X. Jeans, Dynamic Theory of Gases, chapter XV.

Btoney, Chem. News, T1 67 (1895); see also Chapman and Milne, Jour.
3AL eteorolog, Soc, 46 357 (1920).
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sulfuric acid. Approximately a liter of gas may be obtained
from 200 grams of cleveite at an estimated cost of about $5.
After long and patient effort, Onnes obtained about 2 cubic
meters of helium by heating monazite sand. The cost ha¢’
been estimated at approximately $1600 per cubic foot.

When the method of liquefying air was developed sufficiently
to permit the use of liquid air in considerable quantities, helium
mixed with neon was obtained from the first fractions in the
commercial distillation of liquid air. Obviously no very large
amount of helium can be obtained in this manner unless the pro-
duction of liquid air becomes a considerable industry. Thisis by
no means an impossible source of helium, sinee it is now seriously
proposed to use liquid air in the operation of the blast furnace,

During the recent war a sudden and insistent demand for
helium arose because of the desire to equip observation balloons
with a light non-inflammable gas. This suggestion was what
would normally be called a purely * academic ” dream, since
the largest amount of helium ever collected was probably that
obtained by Onnes. The cost would be prohibitive. But the
U. 8. Bureau of Mines recalled the presence of helium in the
so-called ** wind gas ”’ of Kansas as reported by Cady and
McFarland. Theneed wasurgent, and without time for suitable
preliminary experiments the government erccted plants for the
recovery of helium from the natural gas of Texas and vicinity,
The effort was successful, and at the signing of the armistice
150,000 cubic feet of helium, enough for three or four ob-
servation balloons, were ready to be shipped abroad.

The work continued for a time, since the Importance of
helum in aéronautics is fully recognized. Dr, Manning, for-
merly director of the Burcau of Mines, estimates! that it is
possible to obtain 6,000,000 cubic fect of helium per week
from American natural gas, provided the process of separation
is perfected to the degree that gas containing 0.35 per cent
helium can be utilized. It is also pointed out that the supply
of helium is evidently decreasing rapidly and in 20 years the
present available supply of helium may bie exhausted, It has
been suggested 2 that the best helium-producing gas fislds
should be sealed to conserve the supply.

Y Jour. Ind. and Eng. Chem. 13 821 (1920).
2 Dr. Joseph 8. Ames, chairman of the National Advisory Committes ‘g

Adronautics.
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Three methods ! of removing helium from natural gas have been used,
all dependent on freezing out all the other gases. A plant using the Linde
process was built at a cost of $300,000 and began operations March 6, 1918.
By September of the same year it was producing 5000 cubic feet of 70 per
cent helium per day. For carrying out the Claude process a plant costing
about $150,000 began operations some weeks later than the Linde plant
and gradually improved both the yield and purity of helium. The largest
plant was built at Petrolia, Texas, at a cost of $150,000, and with an original
capacity of 30,000 cubic feet of helium per day. Here the Jeffries-Norton
process? is used under the direction of the Bureau of Mines. In December,
1922, the Fort Worth plant was producing 15,000 cubic feet per day, with
a prospect of doubling that output shortly. The question of storage for
such a quantity of gas becomes a serious problem. The cost is said to be
less than 10 cents per cubic foot, with the prospect of a decrease to 5 or
even 2 cents per cubic foot. Recent tests at the cryogenic laboratory in
‘Washington indicate that it is possible to produce reasonably pure helium
from natural gas by a single operation, thus materially reducing the cost.

Canadian supplies 2 were tested by experimental plants at Hamilton,
Ontario, and Calgary, Alberta. The Ontario natural gas contains 0.34
per cent helium, while the Alberta supply contains about 0.33 per cent. A
plant with a capacity of 56,000 cubic feet of natural gas per hour has
been designed. A modification ‘of the Claude oxygen-producing column
is used. " The helium produced has a purity of 85-90 per cent or better.
The cost in the Alberta field is estimated at £10 per 1000 cubic feet,
exclusive of containers.

Purification. — Helium is separated from the other inert
gases by taking advantage of the fact that its boiling point is
the lowest of all the gases of this family, Nitrogen and hydro-
gen may be removed with hot lime and magnesium or calcium ;
argon (and nitrogen) may be liquefied by liquid air; and neon
and all other gases may be condensed with liquid hydrogen,

Purification may be made in other ways. (1) If helium which
contains not more than 20 per cent of air, oxygen, or nitrogen
is passed over cocoanut charcoal at the temperature of liquid
air, practically all the other gases are absorbed and helium
remains.t (2) Helium may also be purified ® by taking advan-
tage of the fact that it is absorbed by finely divided platinum,
while nitrogen and neon are not. (3) Fused quartz at a tem-

} See address of Dr. F.J&. Cottrell as Perkin medalist, Jour. Ind. and Eng.
Chem. 11 148 (1919) ; also R. B. Moore, Jour. Frank. Inst. 191 145 (1921).

2 For the principles jnvolved in the three processes for liquefaction of gases
see Washburn, Principles of Physical Chemistry, 2d edition, pp. 309-313.

3 Jour. Chem. Soc. 39 252 R (1920). Inst. 191 145 (1921).

4 Dewar, Proc. Roy. Soc. T4 122, 127 (1904) ; Claude, Compt. rend. 168 861
(1914) ; Jour. Chem. Soc. 89 252 R (1920).

6 Compt rend. 131 394 ; Proc. Roy. Soc. 60 449 (1897).
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perature of 1100° is permeable to helium and hydrogen but not
to other gases. This method is slow but gives a very pure
product.

Properties. — The constants for the principal physical prop-
erties of helium are given in the table on page 21. The prop-
erties which make helium most interesting are its lightness,
its close approach to a perfect gas, its close relationship to the
radioactivity and the composition of atoms, and its absolute
chemical inactivity,

The density of gaseous helium has been determined by many
investigators, the two best results being those of Watson !
and Heuse? The weight of a liter under normal conditions
is given as 0.1782 g. and 0.17856 g. respectively. Thus,
helium should have about 93 per cent as much lifting power as
hydrogen. Experiment hasshown? that 1000 cubicfeet of helium
will lift 69.58 pounds, while the same amount of hydrogen will
lift 75.14 pounds.

As would be expected with so light a gas, helium diffuses
rapidly, but not so rapitlly as would be expected from Graham's
Law of Diffusion. Hydrogen and helium are the only gases
which diffuse more slowly than would be expected from the
kinetic theory. The penetrability of these two gases through
balloon fabrics-has been determined ¢ as between 5 and 10
liters of gas per hour per square meter of fabric. Helium dif-
fuses 0.71 as fast as hydrogen.! Hydrogen and helium diffuse
readily through heated quartz at high temperatures and through
silica glass at temperatures above 300°. Jena glass is not per-
meable to hydrogen but is to helium.®

The coefficient of compressibility is zero 7 between pressures
of 147 mm. and 838 mm. of mercury at 0°; that is, the product
of pressure times volume is a constant within this range. Onnes?
has determined the isothermals for pv over a wide range of
temperature and pressure.

The boiling point of helium is the lowest of all known sub-

} Trans. Chem. Soc. 97 810 (1910).

3 Ber. deutsch. physikal. Ges. 16 518 (1913).

3 Min. and Sci. Press. 119 306 (1919).

4 Phil. Mag. 40 672.

8 Jour. Ind. and Eng. Chem. 12 821 (1920). _

¢ Williams and Ferguson, Jour. Am. Chem. Soc. 44 2160 (1922).

7 Burt, Trans. Faraday Soc. 6 19 (1910).
8 Proc. K. Akad. Wetensch. Amsterdam 10 445, 741 (1907).
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stances. It was the last of the so-called permanent gases to
yield to the efforts to produce a liquid. The classical work
of Kammerlingh Onnes! used 300 liters of helium gas, which
was cooled first by liquid air, then by liquid hydrogen boiling
under diminished pressure, and finally by passing through a
special Hampson liquefier. Helium must be cooled to 15° A.
before the Joule-Thomson effect will produce liquefaction. But
at the temperature of solid hydrogen the expansion of helium
from high pressure produces a sufficient lowering of the tem-
perature to cause liquefaction. In this way Onnes produced
60 cc. of liquid helium.

Liquid helium is, next to hydrogen, the lightest liquid known.
Its density 2 at 4°.33 A. is 0.1208 and at 2°4 A. it is 0.1459.
The temperature of maximum density is 2°.2 A, the critical tem-
perature is 5°.25 A., and the critical pressure 2.26 atmospheres.
Liquid helium is colorless, very mobile with very small surface
tension.. When evaporated under diminished pressure a tem-
perature as low as 2°.5A. was obtained,® but no solid helium
resulted, Onnes failed to obtain solid helium at a temperature
of 0.82° A.

Positive ray analysis* indicates that helium is a simple
element without isotopic modifications. On the other hand a
study of the atomic structure has led to the conclusion® that
helium contains two types of atoms, which are designated as
helium and parhelium. A study® of the probable constitution
of the atoms of oxygen, nitrogen, and carbon suggests the value
3.0011 as the atomic weight of the isotope called isohelium
(Rutherford’s X;). Helium atoms when subjected to certain
voltages are ionized and remain in this metastable condition
for about 0.0024 second.”

The dielectric cohesion 8 of helium at 17° is represented by
18.3 as compared with argon = 38, air = 419, hydrogen = 205.

t Proc. K. Akad. Wetensch. Amsterdam, 11 168 (1908); also Compt. rend.
147 421 (1908).

2Onnes, Comm. Phys. Lab. Leyden, No. 119.

3Onnes, Proc. K. Akad. Wetensch. Amsterdam, 12 175 (1909).

tF. W. Aston, Phil, Mag. 39 611 (1920).

$J. Franck and F. Reiche, Z. Physik, 1 154 (1920).

¢ M. C. Neuburger, Phystk Z. 28 145 (1922).

7 Kannenstine, Astrophysical J. 66 345 (1922).

8 The dielectric cohesion may be explained as a constant which expresses the

relative electrostatic field of force which is needed to render the gas a conductor
of electricity,



28 THE ZERO GROUT

An unusually long spark gap s therefore passible in helian,
in which n spuark of 230-300 mm. hus heen obitnined b under
the sume canditions as produced o spurk of 29 mme in axyvgen,
33 mu. in mir, 39 . in hydragen, and 45,5 nue inoargan,

Helivm seenas ta have the slahity to b soli] soelutions with
finely divided platinus, with magnesinm, and praabldy alsa
with a cansiderable unaber of mitwrals, bt there i uo evidenes
of auy chiemien] veeticn tnvolving helimn, Tncs ot tharaggh
mvestigntion,® Rumnsay ciredated helinm at el heat aver o
long st of materials and was abhe todeteet no change in vither
constituent.  Fffarts ta make heling enter it esanbinat ion
under the influenes of the sident oleetrie discharge lave Inan
unsueeessful. o thesefare evisbent that beliung s unable to
eater inta chemieal renetions of the il type,

Uses, — The must speetacalsr nwe of helium is for flling
balloons in titae uf war,  The east s still @usiderabibe, Lt the
advantages are samerous, s toba] waeeambarsibality smkes
it posibde to huild a dirigilde Ladloan mure campuetly beeatse
foar vf spurks from the matar is retnaverd, 1t e heen siggested
that it wauld be possilde to maunt o mnachine gna an the tap
of the gas bag,  In order to deerense the enst, it hus been pro-
posed to put helhum into the carapartments which are exposed
and hydrogen into ather eampmrtments,  Anather plan is to
mix hydrogen with helinm, sines it has been denwmstrated that
as mnuch as 20 per cent hydengen s peedal to pradiee an explo-
give mixtnre® In a test flight varly in Degembser, 1921, the
U, 8. naval atrship (-7 demonstrated the practiealility of
helium-filled dirigihles,  In the flight from Hamptan Ramls to
Washington and return it was unnvesssary o lose any hielinm
by valving, nnd the men in churge report that grenter speed was
developed and the ship muneuvered better thun when filled
with hydrogen, The fact that heliun is a poorer conductor
of heat than hydrogen climinated much of the difficulty ariking
from variations in the lifting power of different, portions of the
gas bag, 80 the airship reaponded more definitely to its eontrols,$

There are certain problems to be vvercome before helinm
can be called an idenl gas for use in balloons,  Its scarcity

Y Collio sud Ramany, Proc, Roy. Soc. 89 257 (1898),
* Ramsuy anid Cedlic, Proc, Roy, Soc, 80 53 { 1898),
Y Jour, Chom, Noc, 89 252 B (1920).

3 Bee note, Chem, and Mel, Eng, 38 1114 (1921),
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makes the cost rxtremely high and prevents the valving af the
gas when it ix desired tn deseend ar to deflate the gas bag,
The rolatively inexpensive hydrogen is allowed ta csenpe into
the air, but helium st e canpressed inta eylimlers, repuri-
fied, and wsed aver aeain, Sinee the Bifting power of wlium s
less than hytlrogrn, a badlaon whitd is to use the farmer ghs mist
have o gas bag appraximately ane-tenth larger than wanld he
required in o hydrogen halloan. 16 an altitude of 10,000 feet s
teoy he rearhined, ws is peressary in crossing the Racky Manntains,
a helivm gw bag enn auly be filled ta 70 per eent of 8 eapmeity
to provide far the expansian af the gas at these altitades, D=
viees nre being planned far eawpressing the gas, bhut these mean
increnser] weight, decresmtd furd capacity, and o corresponding
lynitation in rrusing range.

The most importunt scientific use of helinm s probably in
connection with studivs in rdinnetivity and extiemely law
temperature work. A study of helivm will undaubtedly thraw
light on the nature of radintiom, atamic structure, sl uther
reluterl problems, At the tempersture of liquid heliwn, tin,
lead, aml merury lose their cloctrien] resistance ; far oxmnplo,
4 thread of mereury, which hax o resistanec of several Tundngd
ohmnx it ramn temperatire, when coaled 102745 A, hus loss thun
two ten-billionths nf it zero resistance,  Other imtoresting sncd
valwble resnlts 1y be cxpeeted fram the use of liopud helinum
in the vryagenie liburatiry ol Washington,

As an inert gas helinm s useful far lling tungsten lunps
which nre to be nsed for signaling, beeause of the ruphl dinoning
which resnlts,  Tlelinm are lglds give an inteuse red atel yollow
light which hax certiuin udvantuges aver the moreury vapur
Inmp, In Geissler tubes helinm furnishes a1 good stundinnd
light In speetrophotometry,

A number of other applientions have been suggestral, such s
its use in mixture with axygen far deepesen divers, the porgeome
of which is to profong the period of subunergnce by enwing the
more rapid exhalntion of curlum dioxide; to replace il for
surronmling switches and  civeuit lirepkers far higheteusian
electric transmission lines; for filling thermiouie nmplifying
valves of the ionization type,

) Detef:tlan. - Helitm is dotected by i spectonm, thee most proatinest
lines being the IDg line whith hed to the discovery of the shumout snd o
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praninent green ek 5086, Fhere aoe peny sther ines i thye spevtonm,
whosse inteusity varies witle the presaure,

I the sunple amber exunniead g contae atloer wvaescthan belinm, thieoe
iy b effeetively removerd by voeniaent slaron] eoobed wathe legand sar

Estimation. Phe purav of s soteeun of dndoin may by somtinasnsdy
reesreded Ly oun mutnnedie devies devebngaad s the 17050 Barean of Soaeb
prds. s operativn deprtads apete Qo- dheried vopduetevery of thee s,
When nu}y A paedes Hre P il apparatas v geerrate pedtag
catmeapnently it isoacevivedide v sheadan wale v of o piniis gl 71
per vent, sitvr niteogen ¢ e vulv gt an shelo nedennd

A ropish weathind of dbderamong e ugenst of deliune i o ondstune s
Vnseed 1oty theee ragriehiy watle whoels the s oo tliremigh o noeite o i
u paver of pltinum fml. Tl nedmnent sorahbirted agonet pame mtr-
gen sl w deteriauntion tepues 23 gateidess N seeares of 12 e
vent i possible i p g mabatang e eent o moreouf Jehan asl vl
o e haer gries,

NEoxN

Historical. - Au soum w1l Laemane s bt 1) Jechiun and argon waere
members of o aerd gring of vlengeat o search wis nesh? fur an cllagnt
whose nteanie weight woubl phee it Totween Seloan sl srgen npl pod.
Befure malitan, For thin prepusas P 10eeonfl argens pos oo preepansd from
liegnb] airssul andensed pooa liguel Be severad dind Badsotes of us loegund
the slement nenn tnen thee Grock wapl neamae w7y wis dsololed
froun the neore woblatile portoug, Flee gas won st st sltanmed in pune
form until 1930 canmepyatly, thacdevelopaent s Inen very slow,

Occurrence. - Nvan wwcurs in Hie atuwssphicre in praportion
of one volume to alamt A500 valnpes of gir. 1 hus also been
detected i sane soneples of nntural gas uned tn the gases evalved
by certain hat springs,

Separation. - Neon ix the st diffienlt of the mre gases to
obtain in pure farm, nat only Ieanse it is present in the nir in
very sl nmonnts, but alao teennse 34 colleets in the middle
fractions which ure the most tifficult to purify,

Several modifientions of Rampny's method of fractionation
have been devised and uwsed 1o sepumte neon, ‘The most
successful method for working with a lnrge amount of material
uses o malificistion of Clusde's npparatas, iu which fractionn-
tion is accomplished by o fractionsting column, By this menns
all the hydrogen, helimm, and neon of the uir are separated,
with some nitrogen, us the light gas,  From this, nitrogen is
removed by hot magnesinm or eold charconl,

A simple method of separating neon from the other gases is

! Roanssy and Travers, Proc. Koy, Soc. 83 316 (1s88); 68 437 (1808),
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to use the sclective absorption of charcounl ¢xcded in lipnid air,
devised by Dewar.  Charcaul esaled ta — 100° CLlsarhs argan,
krypton, and xenon completely, bt searcely absorhs Twlinm and
neon at all. At a temperature of — 180 1o = 1907 (', nevn s
absorbed amt] helium left in gascaus state. Prana the churesal
the oeeluded gares are casily obtained hy raising the tenperature,
If nitrogen is present it alsa iy hie remaved Ly ennded ehareond,
since it is more madily absarbed than cither nean ar helinm,

Properties. — Nvan resembles heliun cosely, it shaws g
greater varintion from the cexpected valuns than any other
member of the furnily.  (See Table VI, prge 21.)

Watson ¢ har determined that o titer of nean weighs 09002
grams untler normal vonditions. This correspands clasely ta
the acrepted wioleeulur weight, 20.2.

The diclectrie eohiesion of pure nean ut 177 48 5.6, mueh helaw
that of helimm amel the lowest far any gas, Thiz vahie s
materinlly raised by the presence af impuritios ) canseqguently,
the purity of any sample of neon may he judged hy tles deter-
minativn of this carstind.

Neon diffuses through quartzat 10007 C, Tat Jess rencdily thinn
hrlmm.

When neon i shaken with mercury ar heated nnepally w
marked red glow appears,  The explanntion affored for this
curtous behaviar is that there is develaped g difference uf
potential which s sufficient ta proditer o glow o the neon on
account of its high ecanductivity,

Neon may be lipuefital . satmospherie pressure by sarronml-
ing it with Dailing lquid hydrogen s it may alsa Tee sdidifiend
by allvwing the hydragen to hoil ander diminisbied pressipe,

Using his positive ray anulysis, J, J, Thamson bhus shown
that atmospheric neon rontaing twa isutopes, ane with s ntomie
weight 20 and the other 22, Thisronclusiun has been confirme]
by Astou, * who obtained evidence of twa isctopes aof atomiv
weights 20 and 22 in proportion 9 to 1, Thix neconnts for the
accepted value of 202, There is alsa sane evitdenee of o thind
wotope of value 21, comprising uwhout 1 per cont af the whole.
If this conclusion is confinmal this wonld furnish nn interesting
triad somewhnt similar to those fouml in Group VI,

¢ Travs, Chem, Sue, 97 825 (31950),
* Nature, 93 305 (1943) ; Phil, Mag. 39 119 (19:20),
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Uses. — Several types of neon lamps have been designe:! ,?
the ~dvantage being that the penetrating red rays are valuab}e«:
for signaling. The light is produced by the glow discharge 2 ¢
the cathode and the intensity is dependent upon the area of {ls¢:
cathode surface and the pressure of the gas. With a voltugz«:
of 220 the glow begins instantly, and when used for stroboscopsi ¢!
work the working flash has a maximum duration of one tws s~
millionth of a second. Such a lamp has great value in measurins =
the velocity of revolution and in many other engineering pru »-
lems. The economy of the neon lamp is shown by the staf¢ -

Fic. 3. —Spark Pruc TEsTER

ment that a Moore tube filled with neon containing a litils+
helium consumed 0.26 watts per Hefner candle, while a similis ¢
tube filled with argon consumed 45 watts. Lamps containir sz
as much as 25 per cent helium are as efficient as those contairs =
ing pure neon. Various electrodes are used, iron and aluminiuis
being the most common; an alloy made up of 82 per cennt.
thallium and 18 per cent cadmium is especially successful i =
the cathode. The lamps burn for 2000-3000 hours. It hss
been found? that a neon lamp produces one hundred times
much luminosity for the same current consumption as can l»e»
obtained with argon.

A neon lamp 3 has recently appeared on the market which i~
recommended for use in halls, hospitals, and other places whers»
subdued light is desired. It is rated at about 5 watts and i
supplied for both direct and alternating currents. The ecoir~
omy in its use comes both from its long life and the saving f
electrical energy when compared with the present methocls
of producing reduced electrical illumination,

The ease with which an electric spark will pass througks
neon has been utilized in devising a spark plug tester for usex

1 Elektrochem. 24 131, 132 (1918); Elektrochem. Z. 40 186 (1919); F. W' .
Aston, Proc. Cambridge Phil. Soc. 19 300 (1919).

2D. McF. Moore, Jour. Am. Inst. Elect. Eng. 39 732 (1920).

2 Phillips lamp; see Electrictan, 87 25 (1921) : another type is the Pintse ¥z
lamp, described in Elektrochem. Z. 43 121 (1921).
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with internal combustion engines. These little instrumends !
ame serviceahle not ondy for locating ignitim trauhles inoan
autamabile, Tt alsa are suggested far mse inoa faetary where
the develupment of frictional eleetricity hy the maving ma-
chinery might cause s dust explosian.

The nean spectrinn lues are sharp and farnish a good stanld-
ard light source, especially hetwern 3360 A, and 3520 A.

Detection. — Neon is irhentifie} Ly itx hrillipnt spectrn Hues, expecially
prominent it the oronge and red regions.

AncgoN

Historical, -In 1785, Cavendish paldisked 2 un urtiehe shewribing up
exprriment in which he pussed an electriv spark throngh o velinue of wr
mixeed with nn exersn of oxvigen and nbsorhel the pracbiets in an nlkaling
it After remnving olb the nitrogen tae resislunl nxvgen was nteeroad,
whan there rensinesd o gias whieh wis neither oxyvgen anre niteogea. nvens
dish estimpted the st uf this gas to lecint gore thun gy of 1o teal
nitrogen.  This experinpnt was furgol ten fur sver 9 eendury,

In the years 1803-95, Lanl Ruyleigh was studying thee weighit of varions
guses from different, seirees. A liter of nitrogen fouan the nie wrighe]
1.2572 g. while nitragen jarepared chemionily weighsed 10505 g0 per hiter,
Thelifferenve wias teh lirger than the expericaentad ereor, vid na exemie
nativn uf the * chemieal * yitragen fuiled ta shaw the presesee of any hight
impurity. 8o the canvhisin was nesessary that tle * olnesqverns ¥
nitrogen must cantuin somae eonstitinent, eavier thay uitroggen itaelf,  With
tht: eodperntion of Sir Willinre Rowmway, and the sugasticn frenashod by
Cnvenlisl's exparienee, it was isenvered that when gl the huowy oa-
stituenits of the i were remevesd there always retmnites] o pesichue whieh
waus praportional tu the valisime of nir usol. Phis pesphiye wose showa
to differ fram nitrogen hoatl spectrasesyienlly aned eleantently ps woll uaoin
density.  Thy wew gus was nansed argen, wenning * inerd,” e of s
cheanival innetivity.  “Thin dicevery hns Loon spoken of as the * 'Priscaph
uf the Fourth Destimal,” beesnse of tha experteness kadiug te the anmminess
mient,

The year 1894 saw the disesvery of bath urgon aned helinga, Ingt the fernwer
was defiuitely imilated some taoanths Indore the Iatter. Itnunaddistely ture
arose o giestian ns to the pasition of srgon e the pericolic talde,  Thin
problem becaine all tho mure puzzling becwase af thye faet that negoss hinw a
higher atomie woight thin patassinm whivh it precedos, The seiving tHint
argun shonld bo pluced in Grop Zons efore potassinnmg riceived sanfirias.
tion from the sliscovery of Lelinm, bat the stados of both ehetaents wia ant
fully establishuod until after the discrevery af the ather vhauetrts of this grosg,

) ‘:zghem. ard Mel. Eng. 88 708 (3022) 1 Juur, [nd, 1ind Eug, Chear, 34 100
1022).

* Fhil. Trans. T8 472 (§785).

 Rayleigh und Rusay, Phil, Trans, 188 187 (1%5),
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Occurrence, — Argon is a very constant constituent of the
air,ﬁof_ which it comprises 0.94 per cent by volume, which is
equivalent to 1.18 per cent by volume of atmospheric nitrogen.
The per cent of argon varies only slightly in samples taken from
various localities on land, but over the sea the per cent of argon
is slightly more,! up to 0.949 per cent. Altitudes as great as
3% miles have failed to show 2 any material change in the quan-
tity of argon present, The fact that argon is more soluble in
water than is nitrogen accounts for the fact that the proportion
of argon in dissolved gas is greater than in air; it also probably
accounts for the fact that argon is found in plants and in the
blood of animals.

Argon is likewise a constituent of volcanic gases and gases
from mineral springs, where it sometimes runs as high as 4.5
per cent. It is found in certain samples of natural gas, and a
few minerals, mainly zirconium ores, yield argon when heated.
The atmosphere is supposed to be the original source of argon
in nearly all cases.

Separation. — Argon is always prepared from the atmosphere,
the methods used being more or less simple modifications of
the methods used by Rayleigh and Ramsay?® From atmos-
pheric * nitrogen ™ the nitrogen may be removed by hot
magnesium, lithium, caleium, a mixture of 5 parts lime and 3
parts magnesium powder (Maquenne’s mixture), or a mixture
of 90 parts calcium carbide and 10 parts calcium chloride.
Argon for electric lamps 1s purified ¢+ by passing the gas under
increased pressure through electrically heated furnaces con-
taining copper and copper oxide. Commercial oxygen generally
contains® about 3 per cent argon, and this may be recovered by
distillation and removing the last of the oxygen with hot iron
or copper, and the nitrogen by calcium turnings.

Prepared in this way the argon always contains about 0.25
per cent of the other inert gases, chiefly neon. These are best
removed either by fractional distillation of the liquid or by the
fractional absorption in cold charcoal.

Properties. — The constants for the chief physical properties
of argon are given in Table VII, page 21.

Y Moissan, Compt. rend. 137 600 (1903). 3 Trans. Chem. Soc. T1 184 (1897).
3 Schloesing, Compt. rend. 123 696 (1896). 4 Chem. and Met. Eng. 35 74 (1921).
5 Bodenstein and Wachenheim, Ber. §1 265 (1918),
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A liter of argon weighs 1,782 grams, corresponding to the
molecular weight of 39.9.

Argon is about 2} times as soluble in water as is nitrogen.
At ordinary temperatures 100 volumes of water will dissolve
about 4 volumes of argon.

Argon diffuses through a fine opening about 3% times as fast
as would be expected by comparison with oxygen.

Argon has the highest viscosity of all the principal gases —
about 1.2 times that of air.

The dielectric cohesion of argon is 38, ranking next to helium
and neon. The sparking distance in argon is about 40 per
cent greater than in air. A phosphorescence similar to that
obtained in neon has been observed.

When a continuous current at 2000 volts is passed through
argon under diminished pressure, a red glow results; but an
oscillating current produces a blue color, Two spectra are
therefore recognized, the red and the blue. Both contain a
large number of lines,

Argon is easily liquefied by the use of liquid air. Liquid
argon is colorless, with a density 1.4. Solid argon, obtamed by
coohng the liquid, is a white crystalline substance whose melt-
ing point is less than 3° below the boiling point.

The chemical nertness of argon has been demonstrated by
even more tests than were used in the case of helium., The
results are all clearly negative with the possible exception of
the effect of the silent electric discharge upon a mixture of argon
with volatile aromatic compounds.! Argon was absorbed under
these conditions, but there is no evidence of the formation of
any compounds.

Under pressures of 150 atmospheres pure argon is said to
condense with ice water, forming a solid crystalline hydrate.

Argon has been shown 2 to have two isotopic forms, one with
an atomic weight of 40 making up 97 per cent, and the other
with an atomic weight of 36.

Uses, — Argon is the most efficient of the available gases for
filling incandescent light bulbs, because of its low thermal con-
ductivity, its inertness, and its density which holds in check

? Berthelot, Compt. rend. 120 581, 1316, 1386 (1895) ; 124 113 (1897); 129
71, 133, 378 (1899).
2 Aston, Phil. Mag. 839 620 (1920).
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the vaparization of the tungsten filsiment and pralongs its life,
Crnsequently, they e espeeiadly servieeshle in boups which
are to be uked with an electric anrent of high density.  Gaso
filled Iunps are rapidly seplacing the vacnm Buups ansevmnt
of the apprecithle ceanatuy in their use. Reaghly, Tedf the unps
seled in 1919 were gas filled, aml of these argon Timps were naost
pifivitnt far currents of high density. In Derembaer, 1922, 11 wis
estitnuded that 75,000 enbie foel of argan were ransumeml in the
United States cuch month in the wamifscture of nenndes-
gent Tunps. The " tungar * reetifier, a0 charging devier using
a tungsten filunent i an grgan hadly, 18 also rapidly becarning
popular.

Detection. — Argon is sleteeded] spneetrisenpieally, bl the eomplete
remaval of nitragen is esseptind, sitnee it preserose sbaeans the eharacten
tatie argoan lnes,  Axomach as 47 per eent oargoen o nitrogen ein with
chiffieathty D sbedvntdd By the speatonsenpe, The parrity of urgen mny e
inclicntanl diy thee detertainnpdinn of its dielectrie snhesict, simee 1 per vent
of uny dintamic gus inerenses This egestaat 250 per et

Kryrron

Historical. ~— When Humsny atd Truvers were warking upon the sepu-
ration of argen, they froetionated ¥ 30 Liters of Haynic air, andd from the s
volutils portins they sepurated oo gos whisch pesembled helivan, nea, and
urgea in genernd clinrnaterintios,  This e Laed o ddetsity 22,5 a1y the huasix
of H = 1, snd guve an oenticely wew speetonn. Yhis gas was et
krypton, the hidden vlanent.  Jasheudwerg and Keligel 7 ovagreratel 850
Titees uf Hauid nir and olgaingd the sanee renlts,

Occurrence, - Krypton is found i the atmusphere in the
praportion of abaut 1 part in 20,000,000, It is present in
slightly larger amounts in the guses evolved from eertain min-
eral aprings,

Separation. — Krypton hus never been obtained except. from
the atmosphere, A convenient wethod of sepitration consists
i pasaing 4 slow streum of dry oxvgen, whieh has been -
terially enriched by fractivnution in a liguid air plant, throngh o
tube cooled with liguid wir,  In this way krypton amd xenun
together with a little argon condense uys a1 liquid or solid,

Pure krypton may be prepared by slowly warming the solid
mixture and pumping away the gan first liberated ; charconl
cooled to — 120° disgolves all the krypton and xenon with only

v Prog, Koy, Soc, 88 405 (1598),
¥ Sitsungsber, K, Preuss, Akod, (19003, page 727,
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a little argon. The lutter is removed by exposiare to fresh
charcoal cooled in licuaitl air, and krypton is then ospelled Juy
allowmng its bull 1o warm up to —S0° (. Repeatid fracthmn-
tion is cssentind for phtaining pure ey plon,

Properties. -— For the principal physical canstants see Tuble
VII, page 21. The density of krypton was determinal b fram
the purest material ohtainal hy the fractionation af 120 tans
of liquid air,  Fram the data olitainel w Hter of krypting weighs
3.708 grams.  The moleeular wright is therefare enleulnted ta
have the value 82.92.

The spectrum of krypton shaws marked peealiaritien. When
the direct tischarge is used the lines uwre fow i mnuboer il
chiefly in the yellaw, blue, and green. By the nse uf w Loyilen
jar and spark gap u Lirge nwnber of Jae lines are visihle,  The
most persistent line W A 3370 which mry e seen st pres-
sures as low s maye atmaspheres. 1t was farnueely supposed
that the wrird beauty of the surorn harealis was in part die to
krypton, since the lines of this clement were thoaght 1o have
been identified in the spectrnm of the sweara, Recent investi-
gittion seems to eust tonht upon this canelusion.

Sinee krypton has w boiling point uf - E™7 CL i easily
liguefied at the temperature of ioguil wir,

Krypton probably has six isotupes, whose atamie weights are
given * as T8, 80, 82, 83, X4, anl 84,

Identification. -+ Kryvpstun is alentifictl by its churasteriatio spevtrn

lines. Tl quontity of krypton in suy gas oy ealoterrgined A iy apwectro-
plivtaunctry.

X¥NoN

Historical. - - The thiseuviry of xedinti was e nt thee sorae tiney nisd
in thee moruse iuventigntion that revenked the presetee of kevptan, Xoenon,
which i henvier thou sny of the preooling nalde guses, wis sdidaaned
from the lenst volatile portinus of Jiguist nir,  The uuues et sigrsties s
stranger.

Occurrence, — Xenon is the rarest of the inert, gases, being
found in the ntmosphen: to the extent of approximately 1 volume
m 170,000,000 volnmes of nir. My solubility in water is grenter
than any of the nther members of the group vxeept niton, which

Y Monte, Trans. Chem, Sue. 98 2381 (1608},

* Anlon, Plil, Mg, 89 8258 (34209,
¥ Mourvu sid Logape, Compt. rond, 174 SU8 (39224),
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explaing s prostnee i the gases of many mineral springst
It 1% iwolater] andy from the atmasphere.

Separation. - In spite of s senreity, xenem is quite easly
prepared in a paire state Teeanse iR caneentrated o the Jeast
valntile fravtions.  The sepuration may Jae accamplishesd Joy
the fractimmnal distillation of consileralde qunntities of ligunl
air ar snggested nnder kevptone The mast cenventent way of
griting xenan i by passing Heonid air resishus thromgsh o tuhe
filled with glass waal wnl vaulel hy Hepid air. By enecfully
regudating the terperstare nned pressire i s pssilde 1o aldain
salit] xenan with enly suall pereentages of other ghses aeelidel,
The vapor pressier of sodid eteas 15 anly 017 vt the -
perature of Tiquid air, so i s firdy casy Lo pinape off all neore
volatile gases.  The suatll fractien of kevptan which i) en-
trapped muy he wlmast cntively removes by melting the sidisl,
then repeating the pracess,

Properties. - (Sce Table VII, prge 21y The density of xenan
wis deternnner] by Rumsay and Travers ® warking with anly
3 ec. of the gas,  Bot the vahne abtuinead by Moore, msing the
purest. praduct fram Lix 120 tans af liquid uwir, is far more
accurnte,  Hix wark gives the weight of o liter at stundnrd
conditions as 5851 . This correspunds tv w maleeulnr weight
of 130.22,

Like helimm nnd kryptan, xenon lns two spectra, depending on
the methotl of production,  An uaneandensed disvharge throngh
xenon gives o light hlne colur, while a candensed discharge pro-
duces o groen,  The lines in the latter ure especindly niunerons,

The eritical frauperntare of xenan ix 1676 above the melting
point. of e, Cansequently inoa cool mom the gay may be
condenserl withont nrtificiad evoling, u pressure of 58.2 ntmos-
pheres being necessury,

Liquid xcnon is enlorless with o density of 3.06 at its boiling
point, ~109°.1C, The density varies widely with temperatitre,
being 2.604 at —59°.3, 1L.OK7 ut 0°, and 1,468 at 16°,

Solid xenon ix easily prepared by cooling the liquid.

Work with n small amount of impure xenon has led ® to the
conclusion that the element. is known in five isotopic forms,

! Moureu and Laympe, Compl, rend, 149 1171 (1900),
8 Phil, Trans, 197 47 (1904},
¥ Aston, Phil, Mag, 89 623 (1520),
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Identification. — The tletection of xenon is accomplishsd hyv ita vhar-
acteristic spectrum lnes. The quentitative delerminntivn iuny le shan
by spectrophotometry.?

Nrton?

Historical. — In stitlying the phenomenn af rulionetivity the Crris
observerl that nenrly nny substames when binaght near ta raclin aesiiiresd
an induced radionctivity. The intensity af this frulused nulinaetivity wis
found to be pruportiunal te the time of expestre, sy tooa eevtnin linit,
and decreased rupidly after the rulinn was remsavial. Rutheeford strdisd
this behavior nml fountl thut the ytheunmencn was dbas b the santinigons
evolution of u rularless substunee whish was tself highly radionetive,
This substante hebuvedd ke o gos, hat Ratherfurd prapeied te el i nu
" emanation ”’ sinee ot first it wos ot certain that it wis ta be properly
designated as o gas.  Carefnl study has, however, reweahal sonvireing
evidence that it is n ruhiawetive gas, nsembling the isert gasen wuel preguecly
placed in the Zaru Graup. The nnme niten has uoaw pretty geaernlly
replaced the former name rmliung eannativm.  Isntapie with nitan une the
gases actinium emanuticn and thorium cumnntion,

Occurrence. — Niton is prohahly prosent in all radinnetive
minerals, but always in infiniterimid nmounts,  Sinee it dis-
integrates rather mpidly, o 8 always n transitiens pradoet,
in equilibrium with the radiun present. Sinee this clenpent ia
itsclf present in very small amcomts, the quuadity af nitow in
any mineral must be execcdingly snall,

The presence of & rathionctive gns in the ntmasphere iy heen
demonstruted 3 by the simple exposire of a negadively chnrged
wire, There was colleetnd npon the wire o deposit itself
radioactive, soluble in ammoma, ar removalde by rulibing,
Study of this drporit. has shown that it s a mixture of salids
including racium A, radisnm B, radiuen ) ote, jnd tharin A,
thorium B, thorium € rte, These sulstanees are ohtuined
from the emanations of rdisun and tharinm,  The proportions
of the two vary considernbly in variaus laealities, Tt in genernl
the proportion of niton ix greater nt higlier altitudes and the
amount of thorium emanntion increases ot lower levels, e
amount of niton present. in a eubic meter of nir s estinsted o
be that which would be in equilibrinm with LOX 10 ® gramm of
radium,

} Mourcu aml Lepape, Compt. rend, 174 908 (1922),

2 The newly vrganized [utermathimd Counailtes st Chondenl Flemonts reos
ommends thy muma radon, with sytaled Re, for the wdemwat foraedy eallid
niton.  Chem. Nows, 126 145 (1923) sud Jowrmdp. Chem. Soc. 48 867 (1023),

! Rutherford and Al 'P\h‘il. Mag. & (vi) ToUTSIUL . A, ibid, T (vl)

L]

140 (1904), R R
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Separation, — Niton is normally given off slowly but con-
tinuously from radium and its salts. If the radium material
is heated to about 800° C. the gas is expelled almost wholly
Since the maximum amount of niton which can be in equilibrium
with a gram of radium is 0.585 cubic millimeters, the amount of
niton obtainable at any time is exceedingly small. It is cus-
tomary to wash the niton out of the tube with some other gas
such as oxygen.

When an aqueous solution of radium salt is kept in a closed
flask, there 1s a continuous evolution of niton, hydrogen, and
oxygen. The last two are produced by the decomposition of
water by the radium. The proportion of hydrogen is from 5-10
per cent more than would be expected from the amount of
oxygen present. This is explained by the action of the pene-
trating radium rays in converting water into hydrogen peroxide
and hydrogen. Niton obtained from solution is purified by
first exploding the hydrogen and oxygen, then cooling the
residual gas. In this way niton is condensed, forming micro-
scopic globules of a liquid, It is possible then to pump off the
remaining hydrogen together with the helium which forms
from the disintegration of niton.

A small amount of niton has been prepared! from the atmos-
phere by a similar method.

Properties, — Niton is pretty certainly a gas, for it has a
characteristic spectrum which is somewhat like that of xenon;
it obeys Boyle’s Law ; it can be liquefied and solidified and has
definite melting and boiling points. It is colorless by trans-
mitted light. It is chemically inert and so is placed in the
Zero Group.

The density of niton has been determined 2 by direct weighing
on the microbalance, using about yz& milligram of the gas,
The effusion method has also been used ? and the value 222.4
selected for its atomic weight, This agrees with the theory of
niton formation, for if an atom of radium with atomic weight
226 is transformed into an atom of niton by the loss of an alpha
particle, which is a charged helium atom, then the atomic
weight of niton should be four units less than that of radium,

? Ashman, Am. Jour. Sci. 26 (iv) 119 (1908).

2 Gray and Ramsay, Proc. Roy. Soc. 84 A, 636 (1911),

¥Debierne, Compt. rend. 180 1740 (1910) and Perkins, Amer, Jour. Sci. 36
(iv) 461 (1908).
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Niton is more readily soluble in water than any other of the
noble gases. It is also soluble in organic solvents, such as
ethyl aleohol, toluene, and amyl aleohol.

The spectrum of niton is the same, whether the discharge 1s
condensed or uncondensed. It resembles the spectra of the
other inert gases, each of which contains certain lines whose
positions seem to be related to the atomic weight.!

Niton is absorbed by cocoanut charcoal at ordinary tempera-
tures, a behavior which is useful both in separation and purifi-
cation of the element.

Niton emits a characteristic phosphorescence which is so
intense in the solid that it is impossible to determine the color
in this state. The luminosity is less in the liquid and least in
the gas. This phenomenon is supposed to be due to the con-
tinuous emission of energy, which is indicated by the evolution
of heat as well as the decomposition of water, carbon dioxide,
carbon monoxide, ammonia, and hydrochloric acid. Ramsay
reports? that when niton acts upon solutions of salts of silicon,
titanium, zirconium, thorium, and lead, in every case carbon
dioxide results. This indicates a breaking down of the larger
atoms giving rise to carbon, the simplest atom of the family.
The reported change of copper to lithium and water to neon?
is not regarded as having been definitely demonstrated.*

When first separated, niton gas slowly contracts for a day or
80, until it occupies about 3 its volume. Then it expands
slowly to nearly 3% times its original volume. At the end of
three or four days the spectrum of niton can no longer be
detected, but the lines of helium are present. This and other
facts of a similar nature have led to the conclusion that niton
disintegrates yielding helium.? In 3.75 days half the niton has
disappeared.

Uses. — Niton is now being used for medical treatments in
place of radium. Its use permits a material saving of radium
and it is especially useful in small hospitals which are not able
to keep on hand a sufficient supply of radium for medicinal use.

Y Paul W. Merrill, Bur. of Standards, 15 251 (1919) ; Science Paper, No. 345.

2 Ramsay and Usher, Ber. 42 2930 (1909).

3 Ramsay and Cameron, Trans. Chem. Soc. 91 1604 (1907); 938 092 (1908).

4 Rutherford and Royds, Phil. Mag. 16 (vi) 812 (1908); also Curie and
Gleditsch, Compt. rend. 147 345 (1908).

¢ Ramsay and Soddy, Proc. Roy. Soc. T3 204 (1903) ; Himstedt and Meyer,
Ann. Physik, 16 (iv) 184 (1914); Martin, Chem. News, 88 205 (1902).
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Is Zero Group Complete? - - Althongh the periodie tahle
secems to justify the conclusion that @l the nohle gakes have
been discovered, yot it seemns passible that certain strange lines,
particularly one at 557, i the spectrum of the anrosa nuy he
due tv an unknown ntmospherie gas.  Attempts ta scparate
seh a constitsent hy diffusian throngh heated quartz and by
fractionation of a luptid nir residuc Fiiled ta vevesd the presence
of any new gas.!

t Borel pod Juspaerod, Arch, sci. phya. an(. 3 255 (192h).



CHAPTER III
GROUP I— LITHIUM, RUBIDIUM, CAESIUM

Lixe nearly all the other groups in the periodic talde, Group
I contains two distinet rub~groups culled for convenicnee the A
and B divisions. If the mlutionship bhetween the metals of
this group was typical, we would have one so- 1
called typieal element, in this case lithium, fal- |
lowed by potassium, rubitliuim, and rvaesium in 14
the A division and soditim, ropper, silver, and i
gold in the B division. Obviausly sodium lwe- }\"
longs with the alkali metals bath chemieally aml K/ \
physically. On acevunt uf the fact thnt hithinm .
and sodium do nvt resvmble patassiom, rabid- ('u
ium, and caeshwmn o closely as these elements ’
resemble each other, it i8 sometimes cunsiderd RY !
hest to put both lithinim and sedivm ax M ypical © A;z
clements, introductory to both tlivisions. It is
a very eomnon procalure alka to put hydrogen (5
in Group I although it does not lurmanize with
the other elements.  Thus there muy he three
“typical * clements of this group, although not.
one of the three is reully typieal of hath divisias,
Fig. 4 shows thr relativiship of the members of this group,

The typical A division metals, potassimm, rolsdiung, aml
caesium, rescrable carh other remmrkully, In Divisian 1,
copper, silver, and gold are alike in many respects slthaugh
there are marked differonces also,  When members of the A
division are compured with the metals of the 13 divisian, very
few resemblanves ean be found, bt the cont mmsts are soost riking
that some have preferred to vmit capper, silver, and gald frean
Group I. Mendeleeff was evidently in doubt upen this paint,
for he put these three clements in Loth Gronps 1 ownd VL
It is doubtful whether the plucing of vapper, silver, and gahl
in the same family as the alkali metals is nuy less logienl than
putting manganese in the halogen fumily, A catapnrisan of

vy
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the A md B alivisious of the vurivus groups revenls the fact
that very elase resemblinees are 1o be almervidd in groups near
the center af the Periodin Tabile, bhut s we leave the conter in
either thraction the vesemblantes grow less markerl nml con-
trasts become nare noticrable.

The differences boetween the two divisions of Group T may bhe
stnnmatrized ar follaws: (1) The impartant, possibly the only,
valenee in the A divisian i [, while the most cammon valence
of copper ix 2 and i the mast stalde campeourads vf gold the pital
hs o ovadenser of 30 (2) The alkalt metals are the most netive
metals that we have, standing at the ead of the Blectromative
Series and dispdacing all other metals fram their cambinations.
They nre easily and quickly oxidised in the wir. Oa the nther
hand the members of Pivisian B s wmang the onst wetive of
aur metads, silver and gald remaining untarnished in the air,
while vopper oxidizes slawly 5 these metals are at the fant of
the Plectromotive Series, being displag] from salutions by
nearly all aother metals.  (3) The alkali metals are never faund
in anions and they yicld my complex eations, while the Divisinn
B nctals nre frequently Fownd in nnions suelt ns the important
compounds KAu(CN)g (IKV+Au((!N)g), KAg(CN), (K++
Ag(CN)e™), KAuO: (K AnOg"), KAu(CN)o (K¥+Au(CNY,),
They also nppenr in complex eations such ns Ag(NH,) (1
(Ag(NH)s* + C17), Cn(NIL)(NOs)s (Cu(NHy)t*+ -+ NOj),
(4) The alknli metals nre the strongest base fortning elements, as
i8 shown by the fuets that their hydroxides are strongly tomized
and their halides are not hytralyzed,  The oxides and hydrox-
ides of copper and gold are frebly basie, the latter even at
times weakly ncidie,  The haliles of these metals are hydro-
lyzer, so basic snlts are numerous,  Silver forms a rather strong
oxide, Ag0, nnd its hulides are not. hydrolyzed extensively,
(8) The oxides, sulfides, and chlorides of the alkali metals are
soluble in water, while the corresponding salts of copper, silver,
and gold are insoluble, with the exception of AuCl; and CuCls,
(6) The alkali metals occur in nature in combination, the com-
pounds being exceedingly stable. Copper, silver, and gold are
found abundantly in the free state, (7) The alkali metals have
been discovered within recent times and their uses are largely
for acientific purposes. Copper, gilver, and gold were among
the first metals to be used by primitive man and they have
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been used since time immemorial ax vronnwents. They are
almost universal and exclusiva roin mstals,

There are some similarities betwren Divisians A und I3, Tan
they are less striking and not so mumprnus ax the contrasts.
The crystal forms of some salts of the two divisians are iso-
morphous, showing a deep-seated rehutiouship.  For exnmple
Ag:80; and Na,SO, displuy istmorphism, while NaCl, Cut’l,
and AgCl are also isomerphous. Anvther relationship between
the two divisions is suggestetl by the fact that thee mest stulde
‘compounds of gold are trivident. and that potassinm, rebidinm,
and caesium probably all form trivadent sults, expevinlly iodides,

Considering the members of Division A, it is casily seen thut
lithium and sodium differ in many respects fram potassiin,
rubidium, and caesium, Lithiwn is not a particnlarly strang
alkaline element, while the metallic propertics of sadinn,
potassium, rubidium, and caesivum intrease grodunlly as the
atomic weight increases. Potassium, rubidimm, nnd caesiiun
form difficultly soluble tartrates and chlarpintinntes, and by
means of these salts these three vlnents mpy be sepreated fram
sodium and lithium. The alums of potassivin, rhidiun, and
caesium are also difficultly soluble, while the fliorides of thess
metals are more readily soluble than those of Lithinm wnd so-
dium. The carbonates uf potassium, rubidinm, and encsinm,
are deliquescent, while those of lithinm and sadimm ure not,
The valence of, lithtum nnd slitnn is appurently always e,
while potassium, rubidium, and encsivm form compands in
which the valences may be three or more,  The bist known of
these substances are the ioditles, sueh s the ane fapurd by the
solution of iodine in KI. Whether 1; dissuldves in KT furmning
KI; or KI- I is a question which eanmot he answered finmlly at,
present. But the corresponding componnd farmed by mlding
lodime to caesium iodine s a stable componnd, and rviasinmg
di-chloriodide is one of the most stalile nnd et impurtant
salts of this metal, The great variety of deuble sults of euositn
would seem to indicate that this element at lenst sometimoes has o
higher valence than one.

In comparing the members of the B division with each nther,
we find them showing resemblances in hardness, geeureence in
nature, general activity, and chamical behuvior. The eolor
of copper and gold is quite unique among the metals, The ine
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goluble chlorides CuCl, niul AgCl are white, and Au(l ix nearly
go. These metals furm stnilir denble sults, such as the eyanides,

It is pointed out forcibly that copper, silver, and gold form
transition elements between mickel, palladivm, and platinum on
the one hund and zmr, endmimm, and merenry an the other
hand. It i to be observerd fram Table VI that capper, sil-
vor, antl gohl tuke an intrrmediote position with respoeet ta fusi-
bility, volatility, conflivient of expansion, and atomnie volunes,

Taure VIiI

Mpyring Bt nie CupyyireNe vy A{;\nu

Py NT Pennr X pAssteN Vst My
Nickel . .| 1452 2340 (30 yun.) 085l 6.6
Copper . .| 10K3. 2310 NIAYE 7.1
Zine .. 419.4 920 02018 0.1
Palladium .| 1542, 2300 1280 0.1
Silver . .| o5 | 2100 0,1954 2
Cadmium 3200 778 0217 10.2
Platinum .| 1755, o 000221 13.0
Guid . ., 10633, 2530 KNS kY 10,2
Mereury .| —38.9 357.3 0182 Cubieall 147

U460 Apprax.

Lirrimum

Historical, — While werking in Berzeling lnboratory in 1817, Aug,
Arfvedsan diseavered in the mitiernls petalite amd sprabunstne n rew afknli
clement. It differed from the known alkslies tn the juschildlity of s
carbonate, the hygroseapie nutare of itx ehluride nml the lew melting points
of the chloride and sudfute.  Buuvase af the fuel that this alkuli was fonnd
in minerals it wus given the numo lithion, mesning stony, in eantrast to
sodium and potassinui, whish ame sa widdely distrilaites) in the plunt and
antnal kingdoms,  The wark of Brusen niel Kirehoff with the sped roscupe
showed ! that lithinm was alsu vary generally alistrilinted nmang both
plants and animals, althongh nsunBy iu small amotnts,

Occurrence, — Lithitnm is found in a consitlerable number of
minerrls which are widely distributed over the enrth's surface.
The three most important sources uf lithium in the United States
ares (1) Lepidolite, eulled lithin mica from its appearance, o
basic silicate of the theoretical formnla KLi(AI(OH)F); - Al

Y Phil, Mag, 80 {iv) 97 (15680;.
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Tasre IX
Properties of the Alkali Metals

Litmyum Soprom PorassioM | RuUBIDIUM Caxs)omM
Atomic Weight 6.94 23.0 39.1 85.45 |132.81
Specific Gravity 0.534 0.9712 0.8621 1.532 1.87
Atomic Volume 13.1 23.7 45.4 55.8 71.0
Melting Point 186° q7° 62.°5 38.%5 26.°5
Boiling Point | 1400° 877.°5 700.° 696.° 670.°
Specific Heat 0.941 0.293 0.166 0.0792 | 0.0482
Color of Flame | Crimson | Yellow | Violet Red Blue

(810;);, containing up to 6 per cent LiO, is mined in San
Diego County, California. (2) Amblygonite, AIPO, - LiF,
containing 8-10 per cent Li;0, found in Maine, Connecticut, and
especially South Dakota. (3) Spodumene, LiAl(SiO;)., con-
taining 4-6 per cent Li.O, is mined principally in the Black
Hills of South Dakota, where it frequently occurs in crystals
30 feet long. In addition lithium is found in varying amounts
in a large number of other minerals, in meteorites, spring
waters, solls, certain plants such as sugar beet, tobacco, cereals,
coffee, and seaweed, It can be detected in milk, blood, muscular
tissue, and lungs. Its function in the body is not known.

Mining of lithium minerals in the United States has recently
developed rapidly. In 1919 a total of 6287 short tons were
produced valued at $115000., This was more than 10 times
as much as was produced in any year preceding 1916. In 1920
the production totaled 11,696 short tons, valued at $173,000.
Lepidolite from Pala, California, and spodumene from Keystone,
South Dakota, were the chief ores.

Extraction. — From a silicate mineral, lithium compounds
may be extracted by long treatment with concentrated HCI.
After filtering, Na,CO; is added to precipitate other metals,
and the filtrate evaporated to small bulk. Addition of more
Na,COj; precipitates Li,COs.

From a phosphate mineral, lithium may be extracted by HC],
with the addition of some HNQ;; the phosphoric acid should
be removed by the addition of FeCl;. Evaporate the filtrate
to dryness, extract with hot water, add barium sulfide to remove
iron, then H,SO, to remove barium. To the filtrate add oxalic
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neid, evaporate and ignite; the alkali earbonates are formed,
of which LiyCO;y is thr least suluble.?

A third methnd of extrietion a8 deseriher] w8 follows: Finely
pulverize the mineral, mix with NILCL and CaCO;5, and
igite; extract with water, udd HCl and evaporate to try-
ness, then extract LiCH from the nsidue with wnyl nleohol or
pyridine.

Separation. — Lithium may be sepurated from the other
membas bf the slkali family Ly the salubility of {(he cidorile
in nnyl alabil, pyridine, prinmey wolutyl aleohal ar niwo-
lute ethyl nleohal i hy the insalulility of the aubunate ar of
the phosplate in the prosener of noanonin and cthylwlenhal 5 by
the solubility of the fhuosilivate.  Lithium nmy bé sepuratend
from sodiun by precipitation of NaC'l fram a solntion of the
perchlorales in nnhydrous n-hutyl nleolol by wildition of an
aleohalic salution of HCL

Metallurgy. — Arfvalsan, Ginelin, and Davy each tried to
obtain metallic lithivin by eleetrolysis, and prohably each ob-
tained w sinall unonnt of the element,  But the mnounts were
80 sud] that little was kearnetl abont its propertivs, 8o the
eredit far first sturlying the metal should go to Bunsen and
Matthiessen, who in 1855 used o more powerful current and
obtained considerable quuntities of the clement, They used a
bath of fused ehloride, but more recently it has been found ad-
visnble to add KCI to lower the fusion point of the elctrolyte.
Kahlenberg lms shown ® that if a current 8 passed through a
solution of LiCl in pyridine the metal is deposited. If LiCl
and calcium ehips are mixed together and hented in an atmos-
phere of hydrogen, metallic lithinn is obtained,

Properties. — Lithinm is n silvery white metnl, which tar-
nishes in the air, though more slowly than any of the other
alkali metals. It is a little harder than sodium but softer than
lead and is noticeably frinble. It can be pressed into wire or
welded at room temperature, It is the lightest of all metals,
floating upon both water and kerosene.

It reacts with water at ordinary temperature, but the heat
of reaction does not melt the metal and is not enough to ignite

1 Hugo Muller, Annalen, 85 251 (1858).
* Willard & Smith, Jour. Am, Chem, Svc. 44 2816 (1922),
3 Jour. Am, Chem. Soc, 84 401 ; Jour. Physic. Chom, 8 003 (1899),
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the hydrogen even if the wattr is bailing.  When heateal in e
air, lithium burns tquictly with o bright. white light, vivlding
Li;0, and at red heat it unites readily with hydragen, farming
LiH, which is quite stable. It unites alsa with nitrogen, forn-
ing LisN, and burns when heatal in vhlarine, hramine, iadine,
sulfur vapor, or dry enrban dioxide,  Dilitr sulfuric and hy-
drochloric acitls dirsolve the metal remlily, Tat cancentruted
sulfuric acts more slowly.  Nitrie acid attacks lithivm sa vio-
lently that the metal usunlly mrdis and aften ignites,

The metal is rather rare anl is usunlly quoted inone gring lots
at a price nround $1.50 per gram, I hax na conunereind use.

In its compounds lithium resembles sodivm iu that it chluro-
platinate is relatively solnble, but the difficalt. solubility of
LiOH, Li,COs, and Li;PO4« 2 20 ix in sharp eondrast with the
behavior of the corresponding sults of the ather alkali metnls
and suggests a close resemblance to magnesium,  LisCOy in
decomposed at high tamperature, in this respect vesembling
MgCO; more closely than the earbanates of the alkall metnls,

The lithium atom has heen shawnt to pantain twa isotopns
of atomic weights 6 aned 7.

Uses. — Lithium cumpounds nre used in tnercnsing umnunts
in the manufacture of glass, The vhiel nses of Hthis snlts
for some yecars has been in medicine nnd pyroteelusios.

Compounds. — The eatapaunds of Nihivn bear o gemvaal reactnbilnier
to the correspomding enmpannds of sodiea.  Nenrly adl thee campeannida
of lithium are remlily sohulde in witer, thee st fpertant yxeeptaons baitig
the carbonate, phosplate, and flineride.  The fidlwing une bngostunt
compounds :

Lithium chloride, TACL, forms solorhes vrystuls atd is v of the gt
deliquescent salts knawin. It haw s shurp saline tandee; isonduble in walder,
ethyl aleohol, amyl nleohnl, sther, ehberofarm, wal pyeridine,  (#e Tabike
X.) When an mpueous solution of TiCl s evaparuted 1 ddryposs, smyall
amounts of HCI nund Lig) nre furmaml in n munner streugly soggeative of
'the behavior uf MgCls, It is used in thu runnafuetires of lihin wiaters nind
1n pyrotechnics.

Lithium hydride, TiH, is farmed hy diret canbiannticn sf the elonnta,
Its properties indizatn thul it i n s, O destrolyvas in s vaenm,
hydrogen is libernted frian tha ansde nnd Lthin at the eathode,  *Plun
is the only instance yet roported in whish kiydragen appeenrs tu v aend
properties and to yicld a negnlivily chorged innus

¥ Aston, Nature, 108 827 (1021) ; Derapster, Phys, Ren, 18 415 [Li71 7%
* K., Moers, Z, anurg, chem, 118 179 (392,
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Tanre X
Solubilitics of Alkali Chlorale i 100 g. salvent at 25° (.

Fereevae Aananng Amyn AGhon
L¢r ... .. L. .o 25.8 HEX
NaCl . . . . . . . . .. 0.065 £).04)2
KCr ... 00000 0.2 0.0008
RuCGl . . . . . . . . .. 0.07S 0020
frovionn Alhovesiatd T o o e s L e e

Lithium phusgdinte is o white ervstalling pawder whiel v salyble in
acids bt diffieultly solubile in water.

Lithuun carbamote is 0 white {ewder, erystalline, whese salability in
water deerenses with rise of tengpernture: nt 9°, 100 g of water thissalva
1.530 g. LisCOy; nt 207, 1320 .0 ot JOO™, 0.728 ¢, 1t s nsed in mwelicine
far rhtmntism, gout, ete., its valine depewhing on the thenry that hithiam
urate, being more salalde than the sadinm salt, shoulll moks: the alimination
of uric aciil moyro camplett.  Diaddt, hiw been raimed as to s pfficieney for
this purpose.

Lithitim titrote has o fnint wlkaline taste und beense of its miled taste
and nomirritating effet s the mont popmlar litkisng solt in medlivinn,
The benzonte, Liromide, sufiey bty otel otbaer subts nee slea used in medicine
far gout, rhewnatism, concretinng, epibygsy, nepliritis, ete,

Lithiwin hydroxide (or earbonnte) s addel o the Falison storage
hettery to inrreuse its enpacity.  The chetralyvte is 21 por eent KO, wml if
50 . LiOH per liter of clestealy tee is ik} there 14 prskaesd 12 per vent.
higher cuparity nnd 21 per cent inerense i e cheetraly te resistance,

Lithtiun sults ar minernls are sanetimes nedded taahe nedt i the mnun-
facture of ghus on acemnt of the inereased fluidity whieh the lithiam
producrs.

Detection, -+ Lithium ecompomtsds are hest detertid by the spectro-
seope.  Two lines are protinent, a faint yollow e X014 and o Lright red
line at NO708.  As littlo an o millionth of n willigram may be detected
spectroscopically.

Rusiniem

Historical. — [0 1861, Bunsen and Kirehheff stuchios}? the alkaline eon-
stitatents extructal fra somo smingdes of bpithedite which b bien ob-
tuined from Saxeny,  They fagud that the precipitated patassiotn chloro-
platinnte candained a sult samowhint less solubihe than itself, whose speetrum
containted new Hnes in the violel, blie, green, yellow, nnd red.  Espedally
pramitieut were twe red lities lying boyand Frunnbofer's line in the onter-
mast. partinae of the red salar spestrun, Henee, the oot nadddinm,
dark red, wags suggested far the new clement. It was poosent t suvh small

} Phil. Mag. 3% (4) %30 (1561),
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amount in the minernt with which Bunnen ol RirchedfT werr workang that
they usert 150 kilagrurns uf the ore in arder t get vucgh of dae new shypmnt
to study its propicrties,

Occurrence. — Rubiduun occurs widely distributeal inonature,
always associnted with the ather alkali elrments and nsally
in very small amounts.  Amang the minerals, kepidalite cun-
tains the largest amount. The mineral fram which Bunsen
and Kirchoff discavered the element contained 021 per rent
RDb:0, though some sumples of lepidalite cantuin as much as 3
per cent of mbilin.  Leueite, carnallite, aml mast lithian ares
contain small amvunts of rubidinm, ax do aaast iron ares, same
aluminium ores, nml meteorites,  Traces are also faund in sails,
mineral springs, seawnter, nnud seaweed 3 in berts, talmera
(especially from Havana and Kentucky), coffer, tea, ank, and
beech treex. The presence of rubidinm in plants secms to o
accidental, since neither this clvment nor lithinm can in genersd
replace potassium as a plant foad,

Extraction, — Rubidiun may he extracted from lepidedite
by decompesing the finely grawnd minersd with ealeiun flueride
and sulfuric avitl} heat, then extmet with water, evapeante,
and allow the cuesium-rubidium alums to eryatudlize,

Anothvr methold may be uwsed to recover ruhidinm and ene-
stim from ny silicate are,  Ieat the finely ground mineral
with CaCly and NILCL coal, und rxtravt with water,  Fvap-
orate, add SOy, filter off CaSO,, and adil (NH 00, Fil-
ter aml precipitate enesium-rahidium chiloraplatinates,

Metallurgy. — Metallic rubidinm mny be prepureal in e varicty
of ways: (1) clectralysis of the fused chlaridy, (2) henting
RHOH with ahuninimm ar mugnesium, (3) henting 10'0),
with carbon or magnesivim, (4) heating RECH with ealetinn,
(5) heating the tartrate to white heat.

Properties, — Ruhidinm ix n sidvery white suetad; soft and
waxlike even as low as — 10°.0; melts ut 3%,5%, mnd hails nd 696°
giving a bluish vapor. It hus grenter affinity for axygen than
does potassium, since it takes fire spantaneunsly in tee pir,
giving an oxitle, probubly a mixture uf RO und B4, It
reacts vigarously with water, viclding RWOIL  The ntum has
two isotopes of atomie weight 85 und X7 which sre fouml in
proportion ;3 1,

Compounds of rubidium resemble thow: of potussium, with
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which they are msomorphains. As o rule ruldadiom salts are
more soluble than thr carrespanding potussitum salts,  Rnhid-
tun shows @ cluuneteristie tendency ta farn complex salts
with thr haligrns, sich us REIBry, and RIGCH.

The radionetivity of raladinm salts has been stadied P Lt
no difference in the intensity of the eadicncetivity 8 alwservalde
in its salts bf vivions ages. The penctration-of the rays from
rubidinm ik faamdd to be interawdiate hetwren the Beta rays
from UXy and radinm, the intensity af the enbiciim rays heing
15 times greater than thase fron UXy 0 The half life periad of
rubitiinm 18 ealealnted to he 10" years, whicl s between ane-
third and anr=reventh that of potassin.,

There are na camumerein] imes for rubidinm. s compoaiands
find inportant nse as regends i wirrachenastry, where their
ready ahility to form rrystalline esmnpounds makes them of
grent value in this mpartant and rapadly develaping fiechl. Tt
is difficult, to hay rulidian materd on secand of its sereity,
The aller vatnlogues (1911 B3 quated rubithion metad ut
$1.50-3L.75 per quarter grara and RICT at 13 cents per grum.

Separatlonand Detection. -- Rubidtisim nhel varsinm ure et separated
fromn the ather swanbers of thee wlkedi grangs by the grouter insedability of
thedr abims, ehbmstannntes OMS0Clgt, v vldamiplatinaten, (Sev Talde X11)

Tauny Xi
S’alubtlzt«'x af Smuc 41/«1!: .\allw n Il)f) q of ﬂ aler at I?"’

NadlEOs - 13110 | #log N LTRN 3077 g,
KAI(H(M a » 12 “3() 135 . I\,J"( }n 2,17 -8
RBAI(BO): + 12 110 g Rh Pl 0.20 g,

CRAIBO)s - 1210 | 0, CrdtCly 018

Rubidinm utul enswiring mny beosopnratiel foan rach sther by the differences
in tho sohuldlition af their whans or chlordatinntes; Ly the furtiation of
the more stulde und kess soluhle rubishinn keicd tortrnte ) hy the salulility
of CaC0; in ubsalute sliwhol; by the faration of the Jiffivultly soluble
CHOLT - CagPhCly, or CuBhyC'ly,

The quantitutive estimation of rublidium  may e accomplished by
weighing us sulfate, neid wilfnte, vhlorapistinate, vhloride, or perchlorate?

sumparisar of the intensity of the speetpun lines with thase fram standard

solutinns gives & mupid and sutivfnctory determination of ruhidium.?

¥ Physik, Zeit. 30 194 (1919),

2 Guosh and Bluke, Am, Juur. Bei, Nov, 3017, p, 353

Y Gooch nnd Fhinney, 44 (181 392 (1%04) ;  wlwo Jour, Ind, and Eng, Chem,
10 50 (191%),
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Carsium

Historical. — In 1846 C. F. Iuttucr nnnlyzal ¥ tho wminceral yedbix ar
poltucite from the Isle of Flbn nndd was inystitieal Yy the Taet that the totud
constituents shawel 92.75 yeor wont.  Coreful searels failed s reveal uny
error in nnalysis or amy cmstitients whieh hud lean averbodial, el
the matter romained o mystery anlil affer the dliseovery o ewesium. fy
1864, Pisuni repentesl 2 the nnnlysis of the soune aniaerad and fomsk that thee
alkali which Plattnrr bad salled potussitin was in reality swesivm, When
corrections are made for the difftrenves in nhemie weights Plattners resnlts
are found to he quite accurate.  This is n rerwnrkobde trilatie e Phittner's
gkill and relinhikity.

In 1860, Bunsen useil tho newly duvisil spevtrismegse i the exmninstion
of the minerul constitutnts of wertiin spring waters prud diseaversd two bhae
lines of unknown arigin. e lganupe renvineed that ey were charseter-
istic of & new alkali mectal und he proprsed thee name eavsivm, sky Tdne.
This was the first metal thsiuvercal hy means of the speefrosesgue, whisk
later revealed the presenee ¢of rubidium, thallinn, indiaw, gallivi, mvernl
of the rare earth group, and all uf the nahle goses. Theliseavery of tngh
caesium and rubidium was tinpassilde withaint the sild of the speeel poneape
because they are found in sueh sumll guantities nnd their rewiublues
to potassium 18 go striking thut the urcitney metholds of anslysis wre nat.
effective. The sensitiveness of Bunsen's speetrsseope is shiwn by the
fact that the water from whicl the cnesiman litnw werse first aldninel dhied
not contain more thun 2 or 3 gratns per tan, stel he was eonpelled ta ovaypma
rate 40 tons of the water in ordyr Lo ahiuin enangh enesbing far stndy,

Occurrence. — Cuesium is widely cistrilated in nature alinost,
always with the other alkalies s usially in very smull simounts,
The mineral pollux or pollicite, tssentinlly Ha0 02 Csgd) - 2 AL,
9 8i0,, occurs sparingly an the Isle of Bl and in Maine, [t
contains about 34 per rent CwayO. Caesimm s alsa fonnd in
small amounts in other minerals sich ws lepidolite and Juryl
in mincral waters, where it is almost always assacinted with
large amounts of the other nlkalios. It is nlsa fuund in trmees
in many soils, but anly n fow plaats, sneh ax tolmero, ghsarhs 3.

In the absence of potassium, wuexiin i 0 poison far et
forms of plant life,

Extraction; Separation; Detection, — See: Rubidium.

Metallurgy, — Metalliv cnesinm was first, propared in 1881
by Setterberg, who used the cleetralysis of & mixture of Cu'N
and Ba(CN)2,  The metal may also be prepared by redicing
CsOH with alumininm or mugnesimn; by heating sy
with magnesium or CsC1 with ealcium,

' Pogg. Ann, 69 443 (1864), 2 Compt, romd, 80 T14 (1N35).
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Properties, — Caesium is a silvery white metal when pure,
but it is frequently golden yellow due to the presence of a small
amount of oxide or nitride. It is one of the softest of the
metals, its melting point being about 26.°5. It is the most
electro-positive of all the metals. On exposure to air it gradu-
ally melts owing to the lowering of its melting point by the im-
purities formed in contact with the air. It finally bursts into
flame, producing the oxide. When thrown upon water it floats
in spite of its high specific gravity (1.87) and burns with red-
dish-violet flame.

Caesium and its compounds are more rare than rubidium,
Salts of caesium are used as reagents in microchemistry. The
metal was quoted (1911-13) at $1.75 to $2.25 per quarter gram
and the chloride at 30 cents per gram, but the material is diffi-
cult to obtain at almost any price.

Does Eka-caesium exist? — Several considerations point to
the possibility of the existence of an undiscovered alkali element,
with atomic number 87 and an atomic weight of approximately
224. Diligent search in caesium materials has been made!
for this missing element by fractionation of the nitrate, di-
chloriodide, chloride, perchlorate, sulfate, and alums. Inevery
case careful examination of the extreme portions of the mate-
rial failed to reveal any indication of a new element. If such
an element exists, it must belong very definitely to the radio-
active series and it may have such a short life period that its
detection becomes very difficult.

Harkins 2 points out that of the known elements bismuth has
the highest odd atomic number (83) except the radioactive de-
scendants of uranium or thorium, whose half life periods, so
far as they are known, are very short. The even atomic num-
bers from 82 to 92 are represented fully and many of these ele-
ments are very stable. It seems reasonable, therefore, to con-
clude that the electron systems required for the atomic numbers
85 and 87 are unstable and may not be able to exist at all.

Compounds of Group 1. — There is a general resemblance between the

compounds of the elements of the alkali group. The chief distinctive
features of the compounds of lithium, rubidium, and caesium have already

1t See Richards and Archibald, Proc. Am. Acad. 38 449 (1903) ; Gregory P.
Baxter, Jour. Am. Chem. Soc. 37 286 (1915) and Dennis and Wyckoff. tbid. 42
985 (1920).

2 Jour. Am. Chem. Soc. 42 1985 (1920).
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becn pointed ont.  ‘The principnd cumprunids of the groupe may I riefly
summarized as follows: —

All members of the gronp form severnl nxides aml n sprprising ameait.
of uncertainty exists concurning thens.  They prubnddy ol farn the singihe
oxide MO by tlirest umisen of the vlements, but thers is serae dondd, in
the case of rubidinm.  These uxitdes renet. with wuler fermiig the vharae-
teristic hases MOII, whase strength inereases with inerease in atonais
welght.

Peroxiles of the formnks MOz nre impeariant in the ense of each chment
of the family exerpt putpssiumn, nned IGO: may e, evin exist.

Oxides of the formuly MO, are repartend in the ense of all the dements
of the family sxeepd Hithinm nnd potassivn.

MO, ur MO, are impartont uxishes af petassinm, rubidinn, awl enesinm,
but an oxide of this compusition huas net bawn receguizal in the owsee af
fithium nnd smlium.

In adilition to the oxiles ulrendy enumernted the folliwing irrsgulur
oxides are mentioneil: Nagl), K@), KgOp Koy KOs Their existense is
quite nncertain.

All form curhonntes MyClO; unal learbumuatin M1ICO,,

Al form the hydride ¥ MIT by direet, union «f tho chenents nt sote-
what elevated tempuratures; the hyslriches with water give MOH |+ Hy;
the rubtdium and cnesinm byslrides pre austabile nt aridinary feaporntnres,

The alkali metuls are eujadde of fanning nitrickes af the foarmdn MON
as well as azotmiles of the farmukis MN Tl Intter ure Lesto ovmsirdered
as salts of hydr@zole (trinzuie) aeidl, NoJL AW meetnds of this graap form
amino compounds such as MNIL;; metal snmuaninuns like MNE; nro
algo characteristin. .

Each mumber of the fumily forms the simple snlt with eneh of the halo-
gens.  Potnssium, rubithivim, eneimm, also faem padyhndides 1k K1,
KICL, in which the valmnew of the meinds apyunrs ta lee 3 ar 5. Abwgg
mentions Csly, and Wells und Whender 2 deserilae n lithinm suanpesnal
of the formuln LilCl 4 IO,  Chesiun forms compdox chlurichs with
gold, silver, zine, enpiper ntal mereury sueh ws CwAuCl, CrgAiaAnd s,
CsZnAu,Cly, cte.

Chlorates, perchlorates, hramates, andl hakutes nre inguartnnt erponnds,

Carbides, M,(%, have been prepared for the first threy menilars af the
family. Thr carbides rent with woter, giving (ol amd MO

Sulfur, phosphorus, and siticon furtn mnny campaunds «f the fnmiling

types. .
! Moiunnag, Crompd, ronad. 136 ORT {14033,
¥ Zoit. anorg. Chem, B 250 (1801).



CHAPTER IV

GROUP II —RADIUM, RADIOACTIVITY,
MESOTHORIUM

TaE elements which are found in Group II of the periodic
table are easily divided into the A division including calcium,
strontium, barium, and radium and the B division including
zine, cadmium, and mercury. This leaves

Ble ‘both beryllium and magnesium as introduc-

Mg toz"y or ‘! typic'al ” glements. The relation-
/ ship is shown in Fig. 5. All the members
of thisgroup are characteristically bivalent;

Ca in fact two is almost the only valence shown.

7n The most important exception to this state-
ment is in the case of the mercurous com-

Sr pounds, but it has been suggested that this
exception is more apparent than real, since

Cd  in the mercurous compounds we have reason

Ba to believe that the mercury atoms are in
groups of two whose valence is two. Hence,

Hg Hg.Cl: not HgCl. The alkaline earth

metals form monovalent compounds with

Ra Fie. 5 the halogens, but these are obscure and
) somewhat doubtful.

All the members of this group form oxides of the type MO and
basic compounds M(OH);, The latter are soluble in the case
of A division metals and difficultly soluble in B division metals.

The only elements of this group which may fairly be con-
sidered rare are beryllium, radium, and mesothorium, The
first. named belongs distinctively to the B division and is dis-
cussed in Chapter V. The present chapter is devoted to radium
and mesothorium, with a brief discussion of the phenomena of
radioactivity.

The metals of Division A are designated as alkaline earths
because they are intermediate between the alkali metals of
Group I and the " earths! of Group III. These metals oxi-
56
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dize readily in the air and decanpass water at anlinary tene-
peratures, liberating hydrogen,  The oxides ane markeldly
basic, with very high fusion pubits and snch great stalility that
they were reganhal ax clements until 1807, when Davy shawiad
them to be camponmls of a metal and oxypen. They possess
striking affinity for water, with which they combine ta farm
hydroxides, the solubilitios of which inerease with inrrensing
atomic weight uf the nudal.  They also farm peroxides, MOy,
hydrides, and nitrides. The carbonates, ehramates, phosphates,
sulfates, and salts of many organit aeids are diffienitly soluble
in water,

Radium is classed with the alkadine earth metals with wheh
it properly belongs, although it shaws sare decided peenlinri-
ties. It is to by observed that in nearly every ense that e
ber of a family which falls in the Just series of the pesiodie tnlde
has certain markvd peculinritien,  The physicdd prapestios of
the members of this fuinily wre shown in Tabhe XT11.

Tantr XIL
Prapertics of the Alkaline Barth Metals

-

Catetey  (Seansmias)  DBagiey Hatarn

Atemie Weigght . . . .| 4007 N7t | 1787 | auno
Specific Genvily © . . . 152 250 W
Atowic Veiwe . . . ] 261 387 36,1 Mt 39
Specific et . . . . . 0. 12 0.06%
Melting Faint. , . . .| 780° S00° w50 Alunaad 708"
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Historical. — The phenomenon of radionetivity  wnse dise
covered by Henri Beeynerel in 1806, who olwerved thnt the
salts of uranium emit radintions which are cupisble of redueing
the silver salts of a photogrphic plate even when it is securely
wrapped in binck paper. This property was faund ta be chure

'Hee R. A, Millikan, Curie addrews oa * Phe Shndtienors of Haoblam,”* Me.
Jqu 1, 1921, puge 30, the wddrow skoliveret al o peswndstiae of sl Willnrd
Gibby Medal to M. Curie; O, wad Mil, Moy, 34 1132 (1287, R},
The Chemistry of the Budivuctrer SubisGames, Mavinilnee (1022,
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acteristic of uranium whether it was in the form of the element
or of any of its compounds. Becquerel also found that uranium
had the power to discharge an electroscope and that the rate
of discharge is an accurate measure of the amount of radio-
active substance present.

In studying the radioactivity of certain uranium minerals,
P. and 8. Curie found that the pitchblende residues from St,
Joachimsthal, Bohemia, were more than three times as radio-
active as uranium itself. This fact suggested the presence of
a powerfully radioactive substance, and led to a thorough ex~
amination of the residues.

Pitchblende is one of the most fertile sources of radioactive material,
Its composition varies widely, but it always contains an oxide of uranium,
associated with oxides of other metals, especially copper, silver, and bis-
muth; the Austrian mineral contains cobalt and nickel; the American
samples contain no cobalt or nickel but are largely associated with iron
pyrites and arsenic; zine, manganese, and the rare earths are frequently
present, while occasionally caleium, barium, aluminium, zirconium, tho—
rium, columbium, and tantalum are reported. Dissolved gases, especially
nitrogen and helium, are present in small proportions.

From this mineral it was formerly customary to extract the uranium
and discard the residue. The chemical study of such a complex mixture
18 an exceedingly difficult task, but by patient effort M. and Mme. Curie
succeeded ! in 1898 in separating two new radioactive substances to which
the names radium and polonium were applied. The latter is now com-
monly called radium F. Later Debierne discovered ? a third radioactive
constituent of pitchblende residues and named the new substancé actinium.

The method of treatment consisted in effecting a concentration of some
of the constituents of the residues and observing the radioactivity of the
various portions into which the material was divided. It was observed
that if barium was concentrated the radioactivity of that portion in-
creased rapidly. From a ton of residues there may be prepared 10-20
kilogrdms of crude sulfate whose activity is about 60 times that of uranium,
The Curies then converted the sulfates to chlorides and subjected the
material to the process of fractional crystallization. After a number of
erystallizations there was obtained in the most insoluble portion a fraction
of a gram of radium chloride which was a million times as active as uranium,
One ton of pitchblende is said to contain 0.37 gram of radium, 0.00004
gram of polonium 2 and a small amount of actinium.

In 1902, Geoffrey Martin suggested* that radioactive elements were
gradually undergoing decomposition. This theory was greeted with ridi-

t See Chem. News, 1903, for translation of thesis.

2 Compt. rend. 129 593 (1899) ; 180 906 (1900) ; 136 446, 767 (1903).

3 Marchwald obtained 3 milligrams of polonium from 15 tons of pitchblende.
4 Chem. News, 85 205 (1902),
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cule at first, bt within a venr Rutherford aml Saddy ndaptel this vinw
and soon estublished it firmly through their epmeh-minking investigntions,
Radium emanation was first resngnizesd 18 o gas in 1902 by Rothaerfoanl aud
Soddly. The revulutional fast that helinin results from the disimdegmting
of raslinm atoms was first dememsirntigd by Runsny aml Saddy in 1900
The positism uf the raliinmetive slements in the perindie table wan satab-
lished diy the munbined wirk of Fajaus, Russell, Fleek, nnd Sealsly 1 the
years 1913-11, thrnigh the develapmmnt of the canception sof indtagas.

Occurrence. — Rudium ix widely distrifuted n nnture, never
in very concentrited forn and usually in excocdingly minntn
quantities. The principal sowree of relivn antil recently was
the Bohemiwn pitehblende fraan which nulimn was first. ox-
tracted. This is still the most unportant source of mdiam in
Europe, but the carnotite ares of Colarndn naw pradnee a can-
siderable proportion of the world's radiiun sapply.

All uranium ores cantain rdinm and canseqiently muy serve
as a source bf radiwn.  Torbernite, o hydrtal eapper uraninm
phosphate, and nutunite, o hydrated ealebnn wmnimn phos-
phate, are found in Portigal and Anstralin, fram which cun-
siderable radium has been extracted. There wr apparently
extensive deposits of low grade tarbrrnite and nutunite in
New Mexico.

In addition to its distribution in minute wnoants in many
rocks and minerals, rudiim s fannd in muny minern] springs?
and m seawuter.

Mining and Concentration of Carnotite.? - Since curnotite is
the world's most nnportunt sonrce of radim, nmeh interest
attaches to its production. The main depasits now knawn
are in the sonthwestern part of Calomdo and extending over
into Utah. The tepasits are senttering, varying greatly in
thickness, extent, and purity of the ore,  The enrnotite s usu-
ally deposited in saudstone, upon which it forms smorplions
incrustations replacing the originad coment,  The valor of the
high-grade carnutite is & rich eanary yellaw, the lowser grndes
having various shudes vf yellow, orange, hruwn, green, ar blaek,
The ore frequently crops out along the cliffs or canyon walls,
and e¢venif the outerop is low-grade vro it may lead to n pocket,
of rich ore,

P Skinuer and Bale, " Rudivactivity of Water,” Jour, Ind. d Eng. €
14 949 (1922). and fing. ¢hem,

% Beo Burcau of Miucs Balletis, 103 (1017),
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In some localities open mining is used; in the gulleys small
tunnels are commonly used and occasionally shallow shafts
are sunk. The ore is loosened by blasting, and sorted into
waste, low grade or milling ore, and high grade shipping ore.
The sorting is a difficult matter and requires long experience
and keen judgment. Doubtful specimens are tested with an
electroscope for their uranium content. The high grade ore
is placed in small canvas sacks, in order to save the fine por-
tions, which are frequently very rich material,

The low grade ore, which contains about 0.8 per cent U;QOs,
is sent to the concentrating mills, where it is concentrated to
about 3 per cent U;0;. The concentration of the carnotite
involves the separation of the binder from the grains of sand.
This is done by coarse grinding (80-100 mesh) and separation
of the fine particles by either the dry or wet process. In the
dry method the ground ore is run through a special attrition
apparatus whose function is to rub off the carnotite adhering
to the grains of sand. Then the fine particles are removed
by suction. In the wet method of concentration, the ground
ore is elutriated to remove as much adhering carnotite as possi-
ble. Then the material is thoroughly agitated with water and
allowed to settle. Finally the slimes are drawn off and the pro-~
cess repeated as long as necessary.

Extraction,! — Many methods have been proposed for treat-
ing carnotite ores; they are of three general types — those using
(1) an acid leach, (2) an alkaline leach, or (3) fusion methods.
Of the acid methods the following are used: (a) Hot strong
sulfuric acid dissolves from the ore uranium, vanadium, copper,
barium, and radium; when the extract is diluted to 10 per cent,
free acid the impure radium-barium sulfate precipitates. The
precipitate may be boiled with Na,CO; and the radium-barium
leached out with HCl. This method requires much labor and
the cost is high. (b) Hydrochloric acid leaches out the radium
and barium, which are precipitated by partially neutralizing
the acid and adding a sulfate.? The acid used should be prac-

1 See *Extraction and Recovery of Radium, Uranium, and Vanadium from
Carnotite," Bulletin 104, Bureau of Mines; also H. D. d'Aguiar, ** Radium Pro-
duction in America,” Chem. and Met. Eng. 26 825, 877 (1921) and the comments
on the latter by 8. C. Lind, bid. 26 1012 (1922).

2See F. E. E. Germann, " Adsorption of Radium by BaSO,"” Jour. Am.
Chem, Soc. 48 615 (1921).
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tically free from sulfurie avid.  This methal will give an 8090
per cent extraction if thr are ik free fram sulfatrs ) lot siuee
gypsum is frerpuently found in rarnatite ares the ext ractian in
some ores is a8 low s 40-50 per eent, (@) The Buren af
Mines recomnniends the uste of nitrie avid, which dissulves prae-
tically all valuable constituents of the are, The exeess avil is
neutralized by NaOTH wml then BaCly und 11804 are adidid.
The sulfates are retlueel with awhean, dissolved i HOL oned
the radium-barium chilorides subjected to frnctivmal erystallizi-
tion. Thix methal extracts D0 per coent of the valinng, vearly
all the uraninm, bat leaves cunsidernhde vanadinm in the resi-
due. The cost of the acid wasld I prohibitive, exeept. fue the
fact that NaNOQ; is crystallimal fram the fued liquors,  In s
way the actual consunptivn of nitrie avid iR smndl,  The great
advantage claimed for the nitric neid methad s the vilicleney
in the recovery of radnim,

In the methods using wn alkaline lench the e s hailed either
with sodium carbonate whivh cxtravts a considerable purtion
of both vanadium nnd uranimm, or with sadbnn hydraxice
which removes vanadiun only. Itwlinm may then he ex-
tracted with HCI, after which the renmining urnnbwn and
vanadium muy be reclatmed,  This methiod extracts e valo-
able constituents of the orey, but mh diffiealty s experivnecd
iu filtering the TICI salution berause the Bhernted silicie arid
clogs the filtering mediun,

Two genernl fusion methods are used ¢ (o) Frasion with sodin
sulfate, uwed by the Austrinn Guvernment in treating piteh-
blende ores, bt cwmnot be ased with Amerienn carnolite,
(b) Fusion with Nay('O; brings the uraninm, vansdinm, nnd
silica into. soluble form,  From the insuluble vesidun 1HC
extracts the rudium wud barinm in the form of chlorides,

As the richer ores became more nnd more diflienlt. to obtnin
greater attention is naturally directed to extraetion mothola
which are efficient in dealing with low grntle ores, A nuethind !
which is said to give 83 per eont extrnction from awrnntite or
autunite containing no more than 5.0 X 10°7 per cent of rdinm,
consists in sintering the ore with NuCl or CuCly with the uddis
tion of CaCOs.  After coaling, the mixtiure is ground conrwdy
and leached with HCL; then HaSO4 und BaCly are udded. Tho

‘Ebler und Vau Rbyu, Z, angew, Chem. 34 477 (193215,
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rashum-barium sulfute 8 oldatne] as o milky saspension free
from quartz, therehy reducing the halk of the materiad ta 7 per
cent vf the origingl are.

Thr reevvery of rdiiiu from nsitegs prints s possihipe !
by dissolving the rudinn salts and precipitating rmdimo-harim
sulfate in the usmal way.  The les tloring revovery is about
1 per cent.

Purification. - The extretion methads vield o1 mixtore of
radinm and horium eliburides ar sulfates, IF sulfates e al-
tained, they are redieed to the sidtades by mixing with chareonl
wmd heating ta nhat 8007 e chungal to carfamaton by buil-
g with Nua( ;.

The sulfides or enrtenutes are grannd dissalved mn HCT amld
the ehlorides subjected ta fractional erystallization,  Rodunm
chloride is lews saduble than barinm ehleride sl cansequuently
the former colleets in the kews soduble prertion of the series,
Other mnpurities, such as iran, alumwinom, and vanadism, alko
colleet at the salubde end and cansequently give no tranble in
raddivun coneentration,  Lead if present s partienlarly tranhle-
some,  Some lead s removar] as chloride and soune ax sulfitde,
but the salubility of these salts and of the salfeehlaride,
(PBS), - PLCly, in aeid prevents its comple removal from
strongly acitl sobitin, 1 s cuupletely remaved by muaking
the fractions alkaline with amumanis sl stursting with 1.8,
The luss vf ratdivm during this aperation has been shown ta b
nat over 0.2 per cont,

After frnetionnting for & time as ehlaride, i is fonnd ndvan-
tageous 1o continue the process as hromides, which praduces
n more mpid coneentrntion of radium.®  The unnversion to
bromides isaccomplished by precipitating the rudinn and barium
with ammonium carhanute and slissolving the precipitnte in
hydrobromie acil,  Crystallization of the hromides s best
earried out in silica ware,  After 10412 erystallizations us bro-
mide the least soluble fraction, which shonld cantuin 14 por
cent radinm browide, is thoroughly dried and sealed in a glass
tube,  The rudium content may Is: detennined by the gamimna
ray mensurement,

After obtaining n number of tubes in this manner, their

VA, (L Praneis, J. Snc. Chem. Trd. 43 94 (14522),
1L Ea Beholl, Jour. Am. Chem, Soe, 48 5180 {1020),
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contents are put together and the higher fractiimatia carried
out in the samie manner. By w reprtition of this pracess, -
dium mecterial of i high tdegree of parity may he ahitained,

Various maodifications of these methods have Teva made,
such as the fracticnation of the hydrexides T and of the jadides/?

Supply of Radium. — It is extitunted that the tatal amotmt
of extracted ratium in thr warld ik alwemt 5 oimees. Ta this
supply there is buing added, during normal times, ranglily ahot,
an ounce cach year. Bnt sinee the produrtion of this muonnt
of radium requires the mining of ahant G000 tans of are, seri-
ous concern has heen felt for the futare supply of this element,
The deposits of Burope are alreudy showing signs of exhius-
tion, and the Bureau vf Mines estimates that the Colarada are
now in sight will not produre mare than 180 gruns of rdium,
Others are more optimistic and phiee the tatal yield of the
Colorado depusits as high ar 900 grams of the clement, 1t s
worthy of note also that new depasits wre leing discuvered sl
it is quite possiblt that new supplies of are and more efficient,
methods of extrnetion will cause the atput to inercuse enther
than decrease. Careful economy it the wse of rudium is wee-
essary in spite of the most bptimistic reports, hawever,

During the war thr incremsed demam! far radbnmn stinalated
production cnormously. With the signing of the armistiee
there came a greatly tlecreused demund, vansequently rudivin
production slowrd up consideradidy, wtil the stork an hund was
used up. Taward thre vlase of 1910 the mddimn indnstry res
vived apprectably and duritug 1920 the tatad prolnction of rme
dium amountral to approxinately 35 gruns of the olement
This is the lurgest aitput, of any yenr and is anly slightly less
than the total praduced np ta dute from Fuarapenn aroes,

New depasits of urnnimm-radivn ores are mparted from
Lusk, Wyoming, in Grant Cannty, New Mexicn, wnd near
Georgian Bay, Ont# The former in being develapel, yvielding
an ore contuining up to L5 per cent 6y, A mew deposit of
rich radium-uranium ore is reparted at Juchiymor, Bohowin,
which 13 said to contain sufficient. ore far 20 yours, A lnrge

' MeCoy, U. S. Pat. 13003,600, July 14, Litt,

tHopkins mel Ralde, Sel, Sci. aud Muth, 33 738 (30220 Prec, [l Stita
Acad. of Sci. 1921,

2 R. B. Moo, Eng, asd Mie. Jowr, 111 151 (184,
4 Ann. Report Out. Bur. Mincs, 38 414,
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and particularly rich deposit of pitchblende has recently been
discovered at Katanga, Belgian Congo.!

The price of carnotite ore is considerably higher than two or
three years ago, not only on account of increased demand for
radium, but also because of the steadily growing demand for
vanadium in the steel trade. The steel industry is also showing
increasing interest in uranium.

The price of radium has shown considerable fluctuation within
the past few years. During the war radium salts of high grade,
with a purity of 50 per cent or better, sold as high as $125 per
milligram of the element. During the early spring of 1920
one sale of over 2 grams was made at $89,000 per gram of ele-
ment, Later in the year the price rose to $110-$120 per milli-
gram, with a slowly rising market. In December, 1922, the
price had fallen to $70,00 per milligram owing to the rich de-
posits in the Belgian Congo.

Metallurgy. — Metallic radium was prepared by Mme. Curie
and Debierne 2 by the electrolysis of radium chloride, using a
platinum-iridium anode and a mercury cathode. The radium
was collected as an amalgam which was heated in an atmosphere
of hydrogen until the mercury was distilled off. Its properties
have not all been determined. It is to be expected that the
metallurgy of radium would present particular difficulties, not
only on account of the scarcity of the material and difficulties
in preparing its pure salts, but also on account of the fact that
the difficulties in reduction of the alkaline earth metals increase
with atomic weight., Metallic calcium is expensive, metallic
strontium is rare, and pure metallic barium has never been pre-
pared. Consequently, the production of any metallic radium
18 a distinet triumph.

Properties, — Radium is a white metal, with a melting point
of about 700°. It blackens rapidly in the air due to the forma-
tion of the nitride. It chars paper, and reacts readily with
water, forming the hydroxide. It dissolves easilyin HCl. The
element displays all the phenomena of radiocactivity which are
characteristic of its salts. On this account it is customary to
speak of the amount of radium element present in a compound

1 One ton of ore is said to contain 120 mg, of radium} Bull. soc. chim. belg.
80 219 (1921),
2 Compt. rend. 161 523 (1910).
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and disregard the presence af the clements with which it s in
combination.

In addition to the praperties which relute rudisa G the
alkaline earth metals, it is distingished from them strikingly
by possessing the properties bf o rudivactive subistanee.  7his
means that both the rlement and it compownds cautinunausly
emit the penetrating rays which Becquerel oliserved first in
substances containing uraniwm.  The cmission of these riys
is a permanent and abiding property of mdianetive atoms anld
the radiation is indeprutlent bf light, temperature, pressure, and
all other physicul conditions. Na imlication of chunge in the
rate of radintiun has been tetrrtod, slthough the phenotmcnn
have been observet] hetwrrn temprrtins af 20007 aral - 2507 €
Since all purcly chemical phenamens are inflizaeed by physicn!
conditions, it i8 necessary to conclide that radianetivity is nut
an ordinary chemical phenomenon, but i due to changes within
the atom itself. These intru-atomic changes are pussible he-
cause of the very complex nature of the rulicactive atams and
are caused by the fuet that within u given interval of thne o
definite proportion of the ntoms breaks up or disintegrates,
with the expulsion vf radiemetive influences, It is vow reeongs
nized that the seat of the explosion which results tu disintegrn-
tion of the atom is in the nncleus, hut the enise is unknown,
In a given interval af tiime a definite propurtion of the atams of
a radioactive clement. explodes, expelling part of the original
atom aml lenving hehind an atons with new praperties,

In addition to the inflience an the photagraphie plute anl
the discharge of the clectroscope, rudianctive sabistanees have
certain very striking offects. They render distnards, ribies,
fluorspar, and zine sulfile brilliantly phosphoresaent,  “They pro-
ducesevere burns on the flesh nnd kill lower nnismls | they congus
late proteid; transforn oxygen into oxone: form hydragen
peroxide, aml decanpure water slowly but vantinuously | Huey
change yellow phosphoris into red; reduce mervnrie sulis to
mercurous, and ferric to ferrous; they deconpose todaforn,
potassinm bromide, hydrogen sulfide, curbon dioxitle, and o her
compounily.

Three distinet. types nf ratliations are recognized, The
Alpha particles are positively charged, are projectid at varving
velocitics from differcnt atoms, It of the order of v the
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velocity of light.  Thry huve law penelriting power, so never
teaved far from their sonvee, but they are the main canse of phos-
ploreseence. They Tove s of four and sre known tu be
helnun stoms oneh carrying two pasitive charges of electrieity.
They camprise abaunt 90 per cont of the radiation froon radium,
Threy arve tlisthagnistoed Dy the fdlawing elaraeteristios s They
arre absarbed by 10 v of air av O mi of setallic aldninm ;
they shaw a pesitive detleetion e g magmetie field s they pro-
duce tanzatian of 0 gas, and affeet o dare photagraphiv plate
ruite strongly, thangh their ew penctrating puwer dues nat,
engthle themn to affect o pinte whiteh I8 wrappes! in paper, The
Beta particles ane negatively eharged and are shid off ot ve-
Tt es varyiug from 20 8 90 prer cont of the velocits of Bght,
They ccrvesprad te the entheade rays which are proalivaed hy o
vutnnra Sithie disehirge, und are considere] streanasod negatively
charged cleetrons.  Their smaller size mol higlar velaeity give
them greater pemdeating pawer than the ulplon partiches, They
ure able ta penctrate ns muoch as three milliieters of alondnting,
They comprive nbant nine per cent of the radimn radiatians,
They nre distinggistoad fram the ntlier Parns of eadiation by the
fart that they are absorbed inoa thick sheet of aluminbn,
that they shaw o murked negative defleetion me the naumetie
ficld, that they are highly effective in producing ionization, o=
rescence, and photagraphiv effeets. TheGagona roling was diffor
fram the alpha aud leta i that they e mat influeneed by a
powerful magnetic field,  They have tremondaus penetrating
power, as they have bean known to pass throngh 20 centimeters
of Iemzl,  Bince a solid hux the pawer of slearbing gaomna ravs
in direet propartion to its density, o sheet of nhuniniur st bo
five timaes a8 thick as lond i arder to praduce the sone nhsorp-
tion.  The gammu rays nre not materinl substaners at ull, Tt
pulsations similar to Rontgen rays,  They are vibestios of
very short wave length,

Thnw it is scen that o radiosetive substance is continnansly
emitting n trememlons amount of vnergy,  One gram of radinm
evolves energy equivalent. to 118 ealorps peer hour — mare
than vnough 1o raise it own weight of water framm 0% to 1O,
During the half lif period this represonts 250000 times o8
mtch energy ag is obtainable by burning an equal weight of
coal.



RADIUM AND RADIOACTIVITY 67

At the present time there are recognized about 35 distinctly
different elements which emit radiations. At first it was diffi-
cult to locate so many elements in the periodic system, but the
difficulty was solved when it was recognized that atomic num-
bers, not atomic weights, are the fundamental characteristics of
the elements. So the theory of isotopes explains how several
elements may occupy the same position in the periodic table.

These radioactive elements differ among themselves both in
the rate at which they emit radiations and in the type of radia-
tion. Some elements emit alpha rays only, others emit beta
rays, while a few elements appear to emit both. Since both
the alpha and beta rays are made up of electrons, it 1s evident
that when an atom loses either an alpha or a beta particle the
residue is different from the mother atom., If an alpha particle
is lost, the atomic weight is decreased by 4 and the residue must
take a position in the periodic table two spaces to the left. If
a beta particle is lost the atomic weight is not appreciably
changed, but the loss of an electron changes the chemical na-
ture of the residue, which moves one space to the right but re-
tains its former atomic weight. Thus the disintegration of
the parent element produces a radioactive element which
becomes in turn the parent of another product. So a whole
series of elements arises from a single primary radioactive
body. Three such series are recognized, usually called the
uranium, thorium, and actinium series. There is reason for
believing that the actinium series is in some way related to
uranium, probably through a branch chain from uranium II,
(See Table XIII B.) Both uranium and thorium are con-
sidered primary radio elements, since neither is the product of
the disintegration of any known element.

The relationship between the members of these series may be
better understood by studying a few members of one of the
series. Uranium, the parent substance of its series, has an
atomic weight 238, but its atoms are not permanently stable,
In any second of time one atom out of each 108 explodes and
emits an alpha particle which is a charged helium atom,
The residue accordingly has an atomic weight 234, and its
properties show that it is a different element. This substance
is called uranium X, and its chemical properties are identical
with those of thorium, from which it differs in mass alone.
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A — The Uranium Series

TI(238) _—
4,67 X 107 years
Primary body

Ra(z3s) &y
1690 years
Mesothoriuml
RaC'2l4) S5

10~ seconds
Polonium

UN(234)
246 days
Thorium

Rn(222)
3.53 days
Thuoron

RaDi2ion
185 years

Lesd

UNy(230 2. UIL2sd) LI, 1152 PR
1.15 minutes 2X10f years 6.9X10* years
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12,000 yesrs
UN;

I days
Thorium

AcAiSD 5 AeBis» 3070 AcCisp
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C -— The Thorium Scries

Th(zss)  —* 5 MsThI22S) —y MsTh2(228) _% | RATLEX _ 5, ThN@ _—°
1.31 10" years 6.7 years 6.2 hours 2.02 years 3.4 days

Tonium Rudium Actinium Thorium Radium

Ta(220) 2., Thi(216) 2., ThBEIY 5, ThCEy _ 32, ThC'oy o,
54 seconds 0.14 second 10.6 hours 60 minites 1071 secunds

Radon Polonjum Lead Bizmuth Polenium

ThQ'(208)

Stable

Lead

D — The Bronet Sovies

o0 otk B RaC'(214) =~ Uranjum Series o < —=ThC(212) ~%—> ThQ'(20%)
MC%

4 ThC <3je
% RaC(210)2— R0 210) ~ThC (208) Y5 Thov208)

1.4 minutes  Re;ble 3.1 minutes Sable
Thallium Lead Thltlium Lead

§ This table runformes with the recotmmendatene of the Intersatiapal Comnitter
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The atoms of uranium X, are likewise unstable, and during
each second one atom in every 107 disintegrates, expelling a
beta particle. This forms other new atoms which have the
same mass as those of uranium X,, but differ from them in
chemical behavior. These new atoms comprise the element
uranium X, But the atoms of this element represent a very
unstable form and one atom per hundred explodes each second,
liberating another beta particle and forming atoms of the ele-
ment uranium II, an isobar of uranium X, and uranium X,
and an isotope of the parent, uranium. Uranium II loses an
alpha particle, producing ionium, of atomic weight 230, isotope
of uranium X,. This process continues until a stable atomic
structure is reached, when the series ends.

If the atoms of the radioactive elements continue to * shoot
themselves to pieces ”” by throwing out radiations and forming
new elements, it is evident that in time any given sample of
an element will disappear. Since the rate of radiation differs
in different elements it is evident also that some elements will
disappear more quickly than others. The rate of disintegration
for the various elements has been studied and is usually expressed
in the time required for any sample of an element to disinte-
grate to half value. This is called the half life period. Table
XIII shows the three disintegration series, the atomic weight of
each element,! the radiation which it emits, the half life period
and the most common substance which is isotopic with the
product. The atomic weights shown in heavy type have been
determined experimentally.

Table XIV shows the position in the periodic table of the prin-
cipal members of the three series. By starting with the parent
element of each series and following the dotted arrows it is
possible to trace the series through to the end. Atomic weights
are shown under each symbol and the atomic number of each
group of isotopes is given in parenthesis.

In several places in these series an unstable arrangement
seems to give two disintegration products, due to the fact that
some atoms expel an alpha particle while at the same time other
atoms give off a beta particle. This gives rise to the branch
series, the more important of which are shown in Table XIII D,

}In the actinium series atomic numbers ‘are given because the atomic
weights are uncertain.
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It i to he nated that the branel series nsaally rejoesats anly
a very snud] prapartion of the atoms waed el these guickly
revert to stable nlams. In the ense of U7 H is pessible tht,
the Tewnelt series wmy give sise ta dhe setinain series, il
this s not yet definitely estaldishad,

The final praduct of each series is an isctupe of eal, Bat
aceording to the theary lead fram pdionetive sineves sbaatkd he
exnetly like ordinary Tewd exvept that it shanlil differ frou it in
mass. A remarkable eanfirmntitn of the theay vomnes fran
the fael that lead fram rrdisactive minerads lias been feonp] !
ta have o different :#mui(' weight froan that shown by ardinary
lewd,  The values cheek remarkably well with these required
ey the thearies.

Another canfirmmtion af the thearies of rulicnetivity comes
from the discovery # of the clement predapetining. Aetiniinn
was for n time considered the primary mslioclement of jisoseries,
but it was recagnized that it might e the dvenaposition prad-
uet of an wnknown prorent, I saeh o parent solistanen oxisty
it must produce actiniim by the loss of citler s bedu particle
or an nlpha purticle,  If the former tnkes plaee, then e pare
ent wontld have nn atomie mumber 8K, afumie weight 226, and
must full in Cronp 11 and be anosdope of radiom, Such o
substance would be indistinguishable from ratdiwn itself,  If,
on the other hund, nretinium ix formed from its prrent by the
loss of an alphs particle, then the motlnr substanee shanld
have an atomie number 81 nmd shanld bear the same relstion-
ship to tantalum that radinm bears to burim,  Henee tau-
talum salts might be used to conventrate the clement,  When
golublo tantalum salts were first added to pitehhlende resbiues,
then extracted amd purified, it was found that they hasl boenme
radioactive and that, the radionclive element. extrueted in this
way yielded actinium on disintegration,  The new eleinent han
been named protonctinium (or protaectinium), Pa, ntomic weight,
230 and ntomic number 91, It, in turn, may be the disintegra-
tion produect of uranium, (See Tables X1 and XIV.)

As soon ag the fact was established that radium disintegrates,

' Boddy and Hyman, Proe, Chem, Soe. 30 134 11914) ;. T. W, Riclords nid

hix co-warkemn, Jour, Am, Chemn, Soc, 88 1320 (1914) ;. 88 221, 1684, 2613 (1016 ;

39531 (1917) ; 40 1403 (1918) | 48 1360 (1920) ; Bumranry, Smithaorian Report,
1918, p, 205.

$ Hahn und Meituer, Phyeik Zeit, 19 908 (1015) and 90 127 (1119),
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yielding niton and helium, the question arose: ¢ Shall radium
be considered as an element or as a compound of niton and
helium ?” The general belief now is that radium is to be con-
sidered an element and that its disintegration is a phenomenon
entirely different from chemical decomposition. The reasons
for this belief are as follows: —

(1) Radium has a spectrum which resembles that of an ele-
ment rather than that of a compound.

(2) While the radium atoms are intact they obey the same
laws as other atoms, such as the laws of definite and multiple
proportion.

(8) The rate of disintegration is indepchdent of all physical
conditions, (See pages 65-67.)

(4) The disintegration of radium is accompanied by the
emission of particles, a fact which is not duplicated in a single
purely chemical reaction.

(5) The evolution of heat during the disintegration of radium
is vastly greater than during any known chemical change,

(6) The disintegration of the radium atom i8 independent of
the chemical combination in which it is placed, and proceeds
at the same rate whether the atom is in the metallic state or in
combination as a halide, carbonate, sulfate, cte.

Consequently, the decay of radioactive atoms is considered a
phenomenon which is produced by forces within the atom itsclf,
and is quite a different type of behavior from the disruption of
a molecule of a compound,

If the theory of the degradation of radioactive clements is
correct, then radium is a product of the disintegation of ura-
nium, and the former should always be present in ores of the
latter, - This is found.to be the case. Moreover since uranium
yields radium and radium in turn disintegrates giving other
radioactive elements, a balance ! must be established and there
should be a definite ratic between the amounts of uranium aml
radium in their ores. The ratio between the two clements in
various samples of pitchblende has been shown to be constant,?
but for a considerable time it was supposed that the ratio in

? It must be obscrved that this is not an equilibrium in the usual sense, sinco
the reactions involved are not reversible.
28ee Boltwood, Am. Jour. Sci. 18 (iv) 97 (1904); Gleditsch, Le Radium,

8 256 (1911) ; Pirret and Soddy, Phil. Mag. 31 (vi) 652 (1911) ; Marckwald and
Russell, Ber. 44 777 (1911).
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carnotite was not the same as that in pitchblende. But a
careful study!® of the radium-uranium ratio in carnotite ores
has shown that the ratio is 3.33 X 1077, which is identical
with that found in pitchblende. This is a splendid confirma-
tion of the truth of the theory.

A study of Tables XIIT and XIV makes clear the signifi-
cance of the terms isotope (meaning the same place) and iso-
bar (meaning the same weight). Isotopes are elements occu-
pying the same position in the periodic table with the same
chemical and physical properties except mass as, for example,
Thorium ‘(232) and Ionium (230), both with atomic number
90. Isobars are elements occupying different positions in the
periodic table, having different valences and different chemical
properties, but the same atomic weights, e.g. Thorium B (212)
in Group IV, resembling lead, and Thorium C (212) in Group
V, isotope of bismuth. It is evident that the change of an ele-
ment into its isotope involves a change in atomic weight, whereas
the transmutation of an element into its i1sobar involves a change
in properties. The latter is produced by the loss of a beta
particle, a negative electron, from each atom. Is this trans-
formation unique among radioactive elements or do we have
analogies among the common elements?

To answer this question consider 2 the relationship between
ferrous and ferric iron. These two forms of iron have the
same atomic weight and they differ in valence, chemical prop-
erties (one resembling magnesium and the other aluminium),
and in absorption spectra, We may change a ferrous salt to a
ferric by the removal of a negative charge or electron. So
ferrous and ferric iron appear to be isobars. But there is one
very essential difference to be kept in mind, The change of
ferrous to ferric is easily reversible and wholly within laboratory
control, while the change of a radioactive element into its iso~
bar is spontaneous and so far as we know now quite irrever-
sible. It seems quite reasonable to assume that in one case
the radiated electron comes from the outer ring of the atomic
structure, and in the other case it comes from the nucleus of
the atom,

) Lind and Whittemore, Bur. of Mines Technic. Paper 88 (1916).
2 See Stewart, Recent Advances in Inorganic Chemistry,
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Raprom

Uses. — Radium compounds find a limited use in such in-
struments as the spinthariscope, Fig. 6, and Strutt’s radium
clock. The latter is an electroscope so arranged that the leaves

are alternately charged by radium and discharged
by grounding. It isa curious contrivance which
transforms the radiating energy of radium into
motion which approaches perpetual. (SeeFig.7.)

The two most important commercial uses for
radium compounds at present are in medicine
and in the manufacture of luminous paint.

The use of radium in medicine depends upon
its ability to check the growth of animal cells.
It has been found to be efficient in the cure of
surface cancer, warts, lupus, and ulcers. The

—_—a—

Fic. 6. —SpPIN»
THARISCOPE

penetrating gamma, rays check the progress of such undesirable

Fi1g. 7.— Raprom
CLock

growths. Radium has recently been used for
the bloodless f‘removal” of tonsils. It is
also claimed that the emanation of radium
(niton) relieves gout, rheumatism, and di-
abetes, because it increases the excretion of
uric acid. It is administered either by in-
halation or by drinking its solution,

Many conflicting statements are made by
medical men concerning the efficiency and
safety of radium treatment for cancer. Itis
probable that many of the failures have re-
sulted from the use of too little radium or
from lack of skill in its use. It seems certain
that radium treatment has been wonderfully
successful in curing certain types of cancer.
Its use for this purpose is increasing rapidly.
On account of the high cost of the material
other sources of gamma radiation have been
used, such as mesothorium, radiothorium, and
radium emanation. Since the latter is the
most concentrated, it is the most effective.

Although the emanation deteriorates rapidly, on account of the
Intensity of its action and relative low cost it is being used
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with increasing fretuency.  Snoimpurtant o wedies] men
consitler thin use of mdimme wateriod tlet they liave the-
mnndal Tegislation farlddding the use of rdinm for Tununons
paints.

The nse of radimm i self-luminuns paints depends on the
fuet that when the adphe particles with their apprecinble ane
mittan strike scane specially prepardl zine saltiede ervstals a
glaw s pradured. The npderial is prepaeed Ly roising o me
divun sult, usially the neatead ehlaride ar bramide sodution, with
the phasplureseent zine sulide dndd drvivg in the daek. Tlan
o paste 5 mnde with varnish and same sedvent ke saey] aleshad,
care being tuken not toodestroy the ervstalline straetine of the
sine sulfide.  The mixture is apeplial with o brush, after which
it s dried and o prodective caatitgg of white shellae ndided. The
Ltter lengthens the life of the paing Tat bawers s hundnesity,
probubly Ly interfering with the alpha radiation, The amount
of mdimm used i exeeedingly small, Thee British Admielty
specified for its war-timwe wee Q-4 milligram of Raldrg per gran of
ZuS.  In the United States o smaller prapartiuy of volinm is
used, generally fram 00 o Q275 nilligram of the vlenvwent per
gram of ZuS.  Where law Juminasity sl lang fife are desired,
us Nittle ns 0.01 milligraan of radin s sl for o grom of Zns,
The statement i mende that 3 himinous wateh dial coutnins
from 10 to 20 vents’ warth of rudinm,

The degree of brightness of sach laminaus sarfaees Tz been
determined as of the urder of 10 micracambes per sunree eenti-
meter,  This may be campared roughly to the hrilliancy of a
picee of white puper illuminated by the light of the full moon,
When the puint is first. propsieed, s brightuess inerenses ruther
rapidly far 10220 duys, then it duntoishes gradanlly for o much
longer period, after which the lumimosity oansins almost con-
stant for sevoral years, The final exhanstion of the print may
be caused cither by the failure of the racdioactive prineiple
or of the zine sulfide. The raium seems 1o e oalile to pro-
duee luminosity for o long period of years, so the gine silfide
crystnls are exhansted first and berome ineapnble of respond-
ing to the alpha bombardment, This exhumtion ocenrs more
rupidly when the per cent of radium is Inrgor,  Thus the he-
minous paint prepared under the specifientions of the British
Admiralty loses half its brilliuncy in & year, while the American
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paints, which are less luminous at first, do not deterioriate to
half value in less than 4 or 5 years.

The luminous paint industry received a tremendous stimula-
tion during the war. Not only was the luminous watch dial a
great convenience, but instruments which could be quickly and
accurately read at night became an absolute necessity in the
navy, in the air service, and wherever an ordinary light could
not be used, It is said that a single airplane, equipped for
night flying, required nine different instruments with luminous
dials. One American firm claims to have sensitized over a half
million dials for the United States Government. The consump-
tion of radium for this purpose was at one time as much as 500
milligrams per month.

After the war-time demand had ceased, other applications of
the paint were made and quickly became popular. Now, in
addition to watch and clock dials, luminous paint is used to
mark street signs, door plates, push buttons, or almost anything
that may need to be located in the dark. The amount of
radium used in this manner has been enough to cause serious
concern in regard to the future supply, but the largest use of
radium at present is in treating cancer,

Attempts are being made to improve the color of precious
stones by radium treatment; in some cases the treatment has
been successful, but in other cases injury has resulted.

Compounds. — Not many of the compounds of radium have heen
studied carefully, owing to the scarcity of the material. They resemble
quite closely the analogous barium compounds. Their peculiar nature is
shown by the fact that they are always somewhat warmer than their sur-
roundings, due to the considerable heat which they are continually radiating.
Radium salts produce a carmine color in the flame. The principal salts
are as follows: —

Radium chloride, RaCl; or RaCl; - 2H;0, forms colorless crystals when
pure; but when barium is present the color is yellow or pink. It is some-
what less soluble in water and hydrochloric acid than is BaCl,, with which
it is isomorphous.

Radium bromide, RaBr; or RaBr; - 2H,0, is the salt most commonly
used in purifying radium material. It gives off bromine in the air, forming
the hydroxide. .

Radium hydroxide, Ra(OH),, is also used in purifying radium. It is
strongly basie, absorbing carbon dioxide from the air.

Radium carbonate, RaCOj, is insoluble like the alkaline earth carbonates
and is precipitated by adding (NH,),CO; to the solution of a radium salt.
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Radium sulfate, RaSO,, is less soluble than BaS0,, the two heing com-
monly precipitated together.

Radium nitrate, Ra(NOs),, is soluble and is formed by dissolving the
carbonate in HNO;.

Detection and Estimation. — The detection of radium may
be made by its effect upon the photographic plate. In testing
ores the length of exposure necessary to obtain
a given result may be nsed in a roughly quanti-
tative fashion. The discharge of the spectro-
scope is a sensitive test for radium and may be
used quantitatively by observing the time and dis-
tance at which dischargeis produced. ~ The radio-
scope, Fig. 8, is an instrument arranged to detect
radium emanation by its effect upon phosphores-
cent zine sulfide. The emanation is released by
previously shaking the finely ground ore with
Rabroscops  water.

The quantitative determination of radium may be made in a number of
ways,! the method selected being determined by the nature of the material
to be analyzed and the degrec of accuracy required.

The alpha~ray method consists in comparing the surface radiation of
the sample with that of an cqual surface of n standard. The method is
simple, rapid, and suitable to low-grade material, but is not capable of
great accuracy.

The gammasray method compares the rate of discharge of the electro-
scope as shown by the sample and a standard salt. This method is simple
and capable of an accuracy of 0.3 per cent. It is best adapted to the
analysis of solids comparatively rich in radium, but may e used for material
which contains 1072 grams of radium per gram of material.

The emanation method involves the separation of the emanation from
the parent radium and measuring the quantity in a special standardized
electroscope. The emanation may be removed from solution by boiling
or aspiration; the most accurate method of testing a solid is to inclose it
in a container for a month or more and test the emanation which is in
equilibrium with the radium present.

Radium may also be determined by precipitation as the sulfate,

In speaking of the strength of any radioactive body it is customary to
speak of the grams or milligrams of radium which are equivalent, Thus

'See 8. C. Lind, Jour. Ind. and Eng. Chem. T 408, 1024 (1915); 13 469
(1920); V. F. Hess, Proc. Am. Electrochem. Soc. Baltimore meeting (1922) ;
Hess and Damon, Phys. Rev. 30 59 (1922); Owen and Page, Proc. Roy.
Soc. 34 27 (1921); B. Szilard, Compt. rend. 174 1695 (1922); N. E, Dorsey,
Jour. Opt. Soc. Am, 6 633 (1922),



MESOTIIORIUM 79

the expression " one milligrmn of msethnrinm ¥ dues oot i n milki-
gram of weight of the element wesothariun but sl w puastity of this
clement ns wonhl give o gummn ray wctivity equal to that of o naltligre
of radiam in smnc wmmpound sucl as vk chleride

A unit. somatimes userh i the cerie, Ttis the amount of nehim etan
tion in cquilibrimn with o grom of rudinm wetol. Socn earie expreds the
same nimbier of alphn jartivhes per seraml s grum of radivun.

Likewise the intensity of wvery pricditet of the nraninnemdoun series
should he expressed in terms of the nulimn ecquivadent, Tl 2 ten
milligrats of pohminm ' signifies un ameewst of poloniua whisk wonld B
in enuilibrivm with ten milligrins of mdici clemeat ar ten nnliearnes

of emanation.
MisoTnonnm !

The heavy tlemiand for radium and ils senveity have grently
stimulated search for o suitable sulstittr. Tonbin would
be ideal if i cauld br obtained pure, it the nias, suecessful
substitute for radinm is mesothorinm,

This element was first idestified and deseribed hy Otto Hnlin
in 1905. It ix the fust decamposition protuct of thorinm
(see Tables XIII and XIV) und in neality is ctunposerd of niceso-
thorium 1, an wotope of radinm, wnd mesotharivm 2, un istape
of actinium and nnalogous to lanthannn in praperties,  Tihn
regarded the former ns rayless, with o half-life peeriad of 000
years, and the lutter as ciitting bhath batn and guomme rdin-
tions with a half perio] uf 6.2 haurs.  The deeny of mesotho-
rium 2 produces rulivthoriinm, an isatope of thoarinn, with o
half periocd of two years, yielding alpha radintions,  Canse-
quently, after merothorinm hns staod for o thne it eonsists of
an equilibrinm mixture of mesothariiun 1, mescthosiam 2, and
radiothorium, frome which alpli, hete, and ganunw radintiops
are expelled. Tt is to be noted thut rdinthavium, which ix
always present in thoriwn minvemls, cannot be separsted fram
thorium by any knvwn methad.  The anly somires of mioe
thorium is mesnthorium.

Mesothorinm iy mwre avtive than raditim,  Fromn a study of
the half-life ratio between mesothurinm and radimn (8 1800y,
Hahn concluded thut o milligram of mesothorium by weight
should be a8 active as 300 milligrnims of rading, The 11 S

2 ‘Sn; A(';tto Hﬁh}:. Z;‘;'t.!mmrg. Chew. 3% WUAD; Choos, Zty. 38 8 (342 .
wr. of Minvg Technical Puper No. 110, wipd eupecially War, of 3 a ferhy-
nical Puper No. 260 (1922), ) cctelly fur. of Mines et
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Bureau of Mines says that mesothorium is three times as active
as radium, weight for weight.

Mesothorium is found in all thorium minerals, The ratio be-
tween the two elements as determined by McCoy ! 1s 0.52X 107,
The reciprocal of this ratio 19.X10% is the weight in grams of
thorium in equilibrium with a quantity of mesothorium which
has a gamma ray activity equivalent to one gram of radium.
Hence, a metric ton of monazite sand containing 5 per cent
ThO,, which is subjected to 90 per cent extraction, would yield
2.5 milligrams of mesothorium. The importation of monazite
into the United States in 1914 was 385 metric tons, from which a
little less than a gram of mesothorium could be extracted. The
world’s consumption of monazite at present is estimated as
about 3000 tons annually. On the same basis this would yield
between 6.5 and 7.0 grams of mesothorium. This would be
almost a forlorn hope as a source of material to be used as ra-
dium substitute, were it not for the fact that the mesothorium
1s a by-product and that very large quantities of monazite resi-
dues have been stored up., Previous to the entry of the United
States into the war there had been no mesothorium extracted
in this country. But because of the ecnormous war demand for
luminous paints, methods were devised for extracting this ma-
terial. The principle involved in the separation is based upon
the fact that mesothorium is like radium chemically. Con-
sequently, the separation of mesothorium-barium precipitates
is similar to the separation of radium-barium which has already
been outlined. Mesothorium is said to be extracted from
monazite now used in the United States.

Since monazite contains an appreciable amount of uranium,
radium is always present and the methods of extracting meso-
thorium concentrate the radium also. Consequently, com-
mercial mesothorium contains considerable radium, which is
responsible for 20-25 per cent of the radioactivity produced.
Since, however, the mesothorium is much more active than
radium, it is estimated that commercial mesothorium is com-
posed, weight for weight, of 99 per cent radium chloride and 1
per cent mesothorium chloride.

When first extracted, mesothorium is useless for the manu-
facture of luminous paint, but as the amount of radiothorium

1 Mc¢Coy and Henderson, Jour. Am. Chem. Soc. 40 1316 (1918).
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increases the alpha radiation increases, making it more effi-
cient in luminous paints. The maximum alpha radiation is
reached after four or five years. Consequently, it is customary
to allow freshly prepared mesothorium to “ripen’ for a year or
more in order to develop its alpha radiations. After reaching
its maximum, mesothorium decays at a much faster rate than
radium, losing one-half its luminosity every five or six years.

During the ripening process mesothorium is emitting beta
and gamma radiations and is serviceable in medicine for the
same purposes as radium. It has not become popular with
the medical profession, probably because its relatively short
life makes 1ts final cost high.

Mesothorium is not a common article of commerce, so can
scarcely be said to have established a market price. In 1913,
it sold in England for £5 per milligram equivalent. In the
United States 1t has sold as high as $75 per milligram equiva~
lent, but the usual price runs from 40 to 60 per cent of that of
radium for an equivalent gamma radiation. In 1921 the price
ranged around $60 for an amount equivalent in activity to one
gram of radium element.

The development of mesothorium in medicine does not look
encouraging as long as the supply of radium is sufficient to
meet the demand. But its use in luminous paint seems to have
been well developed in Europe. It is particularly well adapted
for this purpose, especially for objects which are themselves
rather short-lived, and it is to be hoped that its use will increase
in order to conserve the radium supplies for medical purposes.

The separation and estimation of mesothorium are accom-
plished by the same methods that are used for radium.!

Y 8ee Bur. of Mines Technical Paper No. 110, pp. 25-27,



CHAPTER V
GROUP II —BERYLLIOM

TuE first four members of Division B show a striking family
resemblance, with gradual changes in properties. Mercury
in many respects resembles copper, as for example in the numer-
ous ammoniacal compounds formed. Zine, cadmium, and mer-
cury form a typical triad; beryllium and magnesium resemble
each other closely and form a connecting link between the
alkaline earths and the zin¢ sub-group. The wvapors of all
five metals of this division are composed of monatomic mole-
cules. The physical properties are shown in Table XV.

TaBLE XV
Constants of the Magnesium Family
BERYLLIUM | MaoNES:iUM ZyNe Caomium | MERCURY
Atomic Weight 9.1 24.32 65.37 112.4 | 2006
Specific Gravity 1.64 1.75 7.1 8.6 13.6
Melting Point 1280° 633° 419°4 | 321° | -38°.7
Boiling Point, 1120° 918° 778° 357°
Atomic Volume 5.5 13.8 913 13 15.4

The members of Division B differ from the alkaline earth
metals by being more easily reduced to the metallic state; all
the elements are stable in the air at ordinary temperatures,
except beryllium, which is slowly oxidized in moist air; the
ease of reaction with steam decreases with increased atomic
weight.

The compounds of these elements are all bivalent, except in
the mercurous series, and resemble the corresponding com-
pounds of the alkaline earths except that they show a greater
tendency to form basic compounds, Division B sulfates are

} Honigschmid and Birckenbach, Ber. 65B 4 (1922) obtsained the value 9.018
from a study of the ratios beryllium chloride to silver chloride and to silver,
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soluble and crystalline, readily forming double sulfates, with
the exception of HgSO, The hydroxides are nearly insoluble
and are more easily decomposed by heat than the hydroxides
of Division A.

Historical. — In 1797, Hally, a mineralogist, found that the minerals
beryl and emerald had the same physical structure, hardness, and specific
gravity. He asked Vauquelin to make a chemical analysis to see if they
were not of the same composition. In the course of the analysis Vauquelin
found that while these two minerals were of the same composition they
both contained an oxide very similar to alumina but differing from it in the
fact that it was precipitated from its KOH solution by boiling. Further
study showed other peculiarities; its salts had a sweet taste; its hydroxide
was soluble in dilute ammonium carbonate ; and its sulfate formed irregular
crystals but no alum with K,SO,.

In his published account Vauquelin unfortunately failed to give the new
element a name, but referred to it as * the earth of beryl.” The editors of
the Annales de Chimie suggested the name glucina, meaning sweet, be-
cause of the peculiar taste of its salts. This name, however, was not uni»
versally accepted, especially when it was recalled that a sweet taste is not
peculiar to the compounds of this element. The German chemists used
the name * beryl earth,” from which the name beryllium was applied to
the element. Whether the element shall be called glucinum or beryllium
seems to depend rather upon personal preference than upon any other
consideration.

The preparation of metallic beryllium has been attended with some
difficulties. Sir Humphry Davy attempted to reduce BeO with potassium
vapor but failed. Later he fused iron filings and BeO, obtaining? a metallic
mass, somewhat malleable, which was probably an alloy of iron and beryl-
lium. Whahler, in 1827, prepared metallic beryllium for the first time, re~
ducing BeCl, with potassium and removing the XKCl from the impure
beryllium by the greater solubility of the former.?

Occurrence. — Beryllium occurs in a large number of min-
erals, some of which are quite common and contain a consider-
able amount of the element. Beryl, Be;Al:(SiOs)s, contains
roughly 14 per cent BeQ; chrysoberyl, BeO - Al;O;, contains
19.8 per cent BeO ; phenacite, 2 BeO - Si0s, contains 45 per cent
BeO; and gadolinite,? Be,Fe(Y0):(SiO4),, contains about 10
per cent BeO. In addition beryllium is found in many less
familiar minerals, in some of which BeO makes up more than
half the weight of the material.

The best known and most important mineral is beryl, which

) Phil. Mag. 33 152 (1808).

2 Pogg. Ann. der Physik und Chemie, 18 577 (1828).
2 Jour. Am. Chem. Soc. 38 875 (1916).
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is known in a variety of forms. In the common opaque form,
beryl is found in large hexagonal prisms sometimes weighing as
much asa ton each. In the transparent forms, which are much
more rare, the color may be green, blue-green (aquamarine),
yellow (golden beryl), blue, or red (rose beryl). Emerald is a
variety of beryl which owes its bright green color to chromium.
The common beryl is widely distributed over the United States,
deposits being reported in nearly all the New England states,
in Virginia, Pennsylvania, Alabama, Colorado, and other states.
Numerous deposits are reported from France, especially in the
Vosges, where an exaggerated saying states that the streets
of Limoges are paved with emeralds. Particularly rich and
extenstve deposits are found in Madagascar.

It has been estimated that beryllium comprises between
0.01 and 0.001 per cent! of the earth’s crust, and there is
reason for the common belief that when the commercial uses
for beryllium become considerable enough beryl will be found
to supply any possible demand.?

No reliable information is obtainable in regard to the recent
production of beryl in the United States. It is estimated
that during 1919 the total production did not exceed 25 tons
of ore. The usual product contains 10-12 per cent BeO and
sells at 3-4 cents per pound wholesale at the mines.

Extraction, — A very large number of methods have been
proposed for the decomposition of beryl,® which is considered
the only commercial source of beryllium.

Gibson’s method 4 is based on the principle that ammonium
hydrogen fluoride effects the complete decomposition of beryl
at a low temperature, even if the mineral is only coarsely ground.
Much of the silica is volatilized as ammonium fluosilicate and
the beryllium and aluminium converted first to fluorides, then
sulfates. The former is separated by solution in (NH,),COs.

Lebeau's method ¢ fuses the ground mineral with CaFs,

Y J. H. L. Vogt, Trans. Am. Inst. M. E. 31 128 (1902).

2 H. Copaux, Chimie et Industrie, 2 Aug. (1919) and J. 8. Negru, Chem. and
Met. Eng. 31 353 (1919).

3See Parsons, Chemistry and Literature of Beryllium, 1908, Chem. Pub.
Co., Easton, Pa.; Copaux, Compt.rend.168 610 (1919); Negru, Chem. and Met.
Egal 21 353 (1919) ; also, James and Perley, Jour. Amer. Chem, Soc. 38 875
(1916).

4 Jour. Chem. Soc. 63 909 (1893).

s Compt. rend, 131 601 (1895),
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and adds H,SO, to the melt. Silica s expelled as :S‘Em, while
the aluminium and beryllium apprar as sulfal‘f-a. I'he exevss
acid is neutralized by K:COs amd an evaporntion nufst. af the
alumins, separates as KAI(SO): - 12'11,,(). Ammanium var-
bonate is used to separate the ln~x',\.'l.lmm. . .

The method proposed by Pollok ¢ fuses the heryl with cuu'm.w
soda, dissolves the mass in HCI, precipatates the h.\'(lruxu'lm
with NH,OH, and redissolvi:s in HCL  Then hy saturating
this solution with HCIl gas, the znhuuinn ix precipitated ns
AlCl; -4 H,O. Finally (NI14):('Oa i used ta sepande the
beryllia.

In Parsons’ method 2 the mincral is frsed with KO, dis-
solved in H,80,, and evaporated to dehydrate the silien. The
soluble salts are taken up with water and wamt of the ahunina
removed as alum by concentrating the saluting, The renuindor
of the alumina and the iron are remavel hy a cuncentrated salu-
tion of NaHCO,, while the beryllin is precipitaterl by diluting
and heating the bicarbonate solition.

A method proposed by Copaux ® disintegrates the are hy
heating with sodium fluosilicnte at K307 Rilien rewming uy-
attacked while beryllium sodiwm fluaride i formed,  "This
is readily soluble, while the carrespanding aluminium  salt
is nearly insoluble. The small mnount of unpnrities present,
are removed by converting to the sulfutes and erystallizing
BeSO, -4 H,0. This method has bheen in conunercinl use in
France since 1915.

A study of the efficiency of thrse methads has been made hy
I. E. Cooper* with the desire to test their efficieney,  Hix
conclusions are shown in Table XVI,

These results were obtained on HO-gram spruples, and should
be considered typical rather than final, They mdients twa
very serious problems which must e solved hefare the brge-
scale extraction of beryllia can become i considerable commer-
cial success: (1) obtaining Be() fairly frre from impurities,
especially iron and aluminium ; (2) deviking n moethol by whick
better yields can be obtained. The necossity for offivient
methods is evident from the lightness af beryllium itself, Thus

1 Trans. Roy. Duhlin Soe. 8 134 (1904},

* Chemistry and Literature wf Beryltium,

3 Chim'ie et Industrie 3 Aug, {1919},

4 Thesis, Universtty of Iinois, Juie, 1820,
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Tamry XVI

Cmaparatire Method: of Evtvctrag Brrylléuas

b b B . R
lw::'l."l";'n';- Prarry [ '.w:‘ .::v‘!;'vul;l;,:.‘ T Besangs

[ -~ e . ,

Gihsam 7.8 it 80,11 wighd
siere] an
Laree seule

Tobeun o, viry upare 0.6 Jomg sl
troniblessme

Pedlok . Very pure 0022 e

Prrsans 20403, viTy palre 60N rocess sita-
ple bt hindky

Coprux 14, pure 0.6 pratuddy of.
firient on
large weale

f S S R iy

T Sy 2T

a ton af heryl vontaining 11 per cent Bef) wanhl vield a little
over 80 pounds of metallic bervllimu if both the extraction
and reduction were 90 per cent officient,

Separation, — Beryllitnn is precipitated from it solutions
by alkalies along with aluminimmn and jron, with wideh it is
commonly assacinted in woture,  BetOH); ressmbles AHOT,
in being saluble m exerss of fixeed alkali, bt sliffers  from it
in that Be(OID; s repreeipitated an baoiling while AKOH),
i not,  One of the most satisfuctory methenls of separating
shupinimn fram beryllnn s by bailing a solution to which
just vuough 6 N NaOH huws been added 1o dissolve the preeipi-
tate which first forms, A satprated solution of sedium neid
carbonmnte dissalves Be(OIl); lut nat AMOH), or Fe(OH),.
If u mixture of AICL nned BeCly is tnken up with water and
cther, and HOT gas welded, AlCL - 4 TR0 s precipituted, while the
beryllium remaing in solution, By adding hot glieinl neetie
neid to a mixture of acetates, basie beryllium neetyte separntes
on eooling, Fusion with Na 00, converts ALOy Into soluble
NuAlOz while BeQ remains insoluble; fusion with NaSiF,
produces soluble NayBeF, and insoluble NuyAlF,,

In ench of these methods conditinns must, be very carefully

‘8eo H, T, B, Britton, Analyst, 48 350 uud 437 (1921); 47 50 (1022),
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regulated, since the behavior of beryllium is very markedly
influenced by minor conditions. These relations are not well
understood at present, hence the separation of beryllium
presents unusual difficulties.

Metallurgy. — The fused beryllium halides are almost non-
conductors of the electric current, consequently, the metal
cannot be prepared by the electrolysis of the fused simple
halides, If BeCl; 1s mixed with NaCl and NH,Cl, or BeF.
with NaF, the electrolysis may be carried out successfully,
The removal of the metal from the electrolyte presents some
difficulties. The melting point of the metal is higher than that
of the bath, consequently the beryllium separates in flakes,
which must be separated from the mixed fluorides. This
separation is laborious because the fluorides are difficultly
soluble in water and if the water becomes either alkaline or
acid the metal itself will dissolve. Secured in this manner the
metal is in the form of small flakes which may be melted and
run into ingots by heating in a vessel of magnesia or beryllia
in a stream of hydrogen. Beryllium oxide dissolves readily
in fused cryolite and the solution on electrolysis yields beryl-
lium or its alloys; electrolysis of a mixture of barium fluoride
and sodium beryllium fluoride is also a promising method of
obtaining the metal and its alloys.!

Beryllium has also been prepared 2 by other methods: (1) Be-
rylium chloride is easily reduced by sodium or potassium,
but the chloride must be in the anhydrous condition and its
preparation is very troublesome, (2) The Goldschmidt pro-
cess yields metallic beryllium containing about 10 per cent
aluminium, The application of external heat is necessary in
order to raise the temperature above the melting point of beryl-
lium. (3) Potassium beryllium fluoride mixed with sodium
and heated strongly gives metallic beryllium.

Metallic beryllium has never been obtained except in small
quantities, The metal is quoted (1913) at $3.75 per quarter
gram, which is about four times the war price for platinum,
This value is entirely artificial, and when beryllium ores are
successfully reduced the metal will be both reasonable in price
and plentiful in amount. It may never, however, become a

1 See E. A. Engle's Thesis, University of Illinojs.
2See Jour. Am. Chem. Soc. 38 875 (1916).
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tinn of the presence of isttapes.

The metu] 8 mure permanent in the air than negnesoun,
axicizing slawly and superficially inomost aie, When heated
to redmss in nxvgen B ooxidizes an the safaee, the axide wn
formed neting as o prateetive vonting. When thee powdened
metul W heated e the mir 8 brns hridlinmt Iy, foring the
oxitle,  The heat of oxithdian was ibtermined indireetly by
Copnux and Phillips ¢ and fannd to lee 15075 Cal, This plares
beryllinm mmediately after calebun and jnst before lanthanim
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iodine i more difficull. At the temperature of the eleetric

€ Bewe papocinlly Chem. and Met, Eng. 83 353 (1019,

Y S Chemns, and Met, Fog. 81358 (181%; . H, Uopanx tu Chimse ol Trduatrie,
2 14 (3919, elniman thal the eheelriind ropduelivity of beryBiuw s oae uarter
thut of magasinig mpd e sevouth That of nhimiania,

YL P, Thumson, Nature, 107 345 (19215,

¢ Compt, rend, 171 630 (1920),
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furnace it unites with silicon, forming a hard, brittle mass which
takes a high polish. It unites directly with both carbon and
boron and alloys readily with many metals. HCI gas attacks
it at slightly elevated temperatures and the solution dissolves
it easily, liberating hydrogen. It reacts with concentrated
H.S04, liberating SO, and with the dilute acid, yielding hydro-
gen. HNO; has very slight action on it even at the boiling tem-
perature. It is not attacked by ammonia, but dissolves easily
in KOH solution, liberating hydrogen.,

Uses. — The most promising use of metallic beryllium is in
connection with the formation of alloys, many of which have
been studied briefly. Of these the aluminium alloy has at-
tracted particular attention because of the lightness of both
metals and the hardness and strength of the alloy. These
metals alloy in all proportions. The mixture of 90 per cent
aluminium and 10 per cent beryllium * has a specific gravity of
2.5. The addition of beryllium to the alloys of calcium and
aluminium increases the solubility of caleium in aluminium
and makes a tougher and more malleable product. An alloy
of 85 per cent aluminium, 10 per cent beryllium, and 5 per cent
copper has a specific gravity of 2.8 with a tensile strength and
toughness equal to bronze.

An alloy with a specific gravity as low as 1.5 may be made
by using up to 25 per cent lithium with beryllium. This prod-
uct oxidizes superficially, after which it is said to be as resistant
to corrosion as iron. Alloys of beryllium with magnesium are
impossible 2 to make by direect methods, because the latter
boils at a temperature below the melting point of the former.

The alloys of beryllium and copper have received much
study, These alloys are of value in making scientific instru-
ments on account of their electrical properties, They also pos-
sess a resonance of excellent quality and are prized for the
making of musical instruments.

Beryllium and silver alloy readily, forming a eutectic at 878°
with 16 atomic per cent of beryllium. These alloys increase
in hardness and diminish in ductility as the per cent of beryllium
increases.

Alloys of iron containing up to 21 per cent beryllium have
been made, a eutectic being formed at 1155° with 38.4 atomic

17. 8. P, 1, 333, 965, March 16, 1920,  ? Zeit. anorg. Chem. 97, 6 (1916),
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hydrolyzed; the iodide is difficult to form and reacts readily with organic
compounds. The fluoride and chloride form many double salts. The
anhydrous chloride is best prepared by passing a current of chlorine over a
heated mixture of beryllium oxide and carbon or over the hot carbide.

Be(NO;3). - 3 H;0 is extremely hygroscopic and can be crystallized only
with difficulty, best from strong nitric acid. When heated on the steam
bath it gives a basic salt, Be - NO; - OH - H,0, easily soluble in water.

BeC, is obtained by heating a mixture of BeO and carbon in an electric
furnace. It is slowly decomposed by water and dilute acids, giving pure
methane. A basic carbonate of varying composition is precipitated as a
fine powder when an alkali carbonate is added to a beryllium solution.
When carbon dioxide is passed into a suspension of this basic carbonate the
normal BeCO; - 4 H,0 is formed and crystallizes with difficulty.

Beryllium sulfate crystallizes with 6, 4, 2, or 1 molecules of water. The
anhydrous sulfate is formed at 220° and at red heat BeO is formed. The
sulfate forms no mixed crystals with the sulfates of copper, nickel, or iron,
as do the other members of the magnesium family.

Beryllium forms double alkali tartrates in which beryllium not only
replaces the acid hydrogen but also to some extent the hydrogen of the
radical. The presence of the beryllium increases the molecular rotation
not only of the tartrates but even more noticeably of the malates.

Basic beryllium acetate is prepared by the action of glacial acetic acid
upon the dry carbonate or hydroxide. It is only slightly soluble in water
but is hydrolyzed, becoming soluble. It melts, boils, and sublimes without
decomposition. It was used by Parsons for his atomic weight determina-~
tions.

Detection and Estimation. — Beryllium is detected in qualitative
analysis by the reactions which distinguish it from aluminium, zine, and
iron. (See Separation.)

Spectroscopic detection of beryllium has been suggested.) Since be-
ryllium salts of themsclves give no absorption spectrum, it is necessary
to form a lake with some organic coloring matter. Best results are obtained
by a dilute alecoholic extract of alcanna root. When the minera} salts are
added to this extract, it is possible to detect 1.6 mg. BeO in the presence
of 2 grams aluminium and 2.0 mg. BeO in the presence of 2 grams of iron.

For the estimation 2 of beryllium, usually the hydroxide is precipitated
by NH,OH and ignited to BeO.

1 H. Brunner, Disgsertation, Techn. Hochschule in Zurich.
28ee Compt. rend. 168 612 (1919); also Parsons* Chemistry and Literature of
Beryllium.
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characteristic valence of all the clements is 3, although thallivm
forms a well-definatl series of univalent salts and several of the
rare earth group form pervxids,

The most striking facts concernming this group are in can-
nection with the abandanee of the cloments.  Aluminium ik
the most abundant metal and the third wast abundunt clement,
that we know, makiug up 7.28 prr cent ! of the warld whirh
we are able to examint.  With the exception of horun all the
other clements of this group are searce, nnd some uf them nre
among the least commmon of all the clanents of the periodic
table.

Tur Rare EArTHs

The term * rare carths ” is used to designate a group of ele-
ments, closely related cherically, which are placed in Divisitn
A of Group III. They were ealled ' varths ” heeause their
oxides resemble those of the nlkaline carths and the designation
“ rare ! was originally appliedd beenuse of their searcity,  Now
many of these elements are known to exist in considernhle quan-
tities, but the term “ rare ” is still strikingly applicable beenuse
of the unique relationships of the group,

The rare carths may be defined as n group of trivalent metals,
forming basic oxidrs, witlh axnlates insoluble in dilite mineml
acids. Their flnorides are alka tlifficultly salnbde, henee they
may be separated, in genvral, from ather elements hy wlding
oxalic or hydrofluoric neid to their solntion, to which same
mineral acid has previously been added, Donbitloss the most
striking fact which charncternzes these elvmoents s the remark-
able similarity in both the physicul and chemiend properties of
their compounds, Their main differences nre in the solubilition
of their salts and the busicity of their oxidos, which viries bee
tween that of the alkaling carths and that of nluminium,

The term “rare carth group” is a rather indefinite one
because there are no very sharply drmwn boundary lines,
Strictly speaking, the term should inelude only those ¢lements
between cerium with an atamic nwnher of 58 and tantalium, 73,
This would include the following cloments; praseodymium,
neodymium, ekancodyintum (undisevvernd), smmarium, iro-
pium, gadolinium, terbiwm, holmium, dysprosium, erbium,

! Bstimate of F. W. Clurke; ne his Geuchemintry,
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The mineral now known as cerite was discovered in 1751, but nothing
unusual was observed concerning it until 1803, when Xlaproth discovered
that it gave an oxide resembling Ekeberg’s yttria quite closely. Berzelius
and Hisinger made a similar observation simultaneously and the names
ceria and cerite were proposed for the oxide and mineral respectively.
These names werc derived from the planetoid Ceres which was then newly
discovered.

It was soon discovered that these oxides were in reality complex, and other
oxides were one by one isolated from the original mixtures. The detailed
history is long and confusing because of the complex nature of these oxides
and the great difficulty in obtaining pure compounds. An outline of the
history as it has finally developed is sufficient for the present purpose.
See Tables XVII and XVIII.

TasLE XVII
Historical Development of the Yitrium Group
Terbia
[y - . de Boisbaudran, 1895
Erbia — Terbia - ’
Mosander, Delafontaine, Urbain, 1904
1843 1878 Gadolinia
Marignac, 1886
[ Holmia
[ Holmia de Boisbaudran, 1886
Yttria, Cleve, Dysprosia
Gado- 1879 de Boisbaudran, 1886
lin
1794 Thulis  ( Neo-ytterbia
Cleve, Urbain-—Welsbach,
Terbia — Erbia 1879 1906-07
Mosander, Berlin,
1843 1860 Ytterbia | Lutecia
Marignac, | Urbain—Welsbach,
Yttria 1878 1906-07
Mosander,
| 1843 Scandia Celtia (?)
Nilson, | Urbain, 1911
1879

According to our best information at the present time the following
elements are recognized: scandium, yttrium, lanthanum, cerium, pra-
seodymium, neodymium, samarium, europium, gadolinium, terbium,
holmium, dysprosium, erbium, thulium, ytterblum (or ncoytterbium),
lutecium, and celtium.! There is some evidence for the opinion that " thu,

* Coster and Hevesy announce the discovery of hafnium (see Nature, Jan.
20, 1928, p. 79), an element, of atomic number 72. This element i8 described as
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t Widabanh, Monatach. 8% 373 119381, Josrwew, Jour. Sm. Chem, Soc. $8 1332
(LU

t Urbwin, Compt. rend. 374 1347, asal Dinuvdlion, dnd. 174 1349 (Q029).
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cates are the most eommon form, phosphates are nimerous
and important, while halides, cachonates, axides, titmtes,
uranates, columbatres, tantulates, and zirennules e feanul in
varying degreps of complesity.  There wie nbout 150 ditferent
rare earth minerals listed.! The fullowing are same of Hwe
best known : —

Gadolinite, a stlicate of beryllinm, iran, and ytirbmn gronp
metals of the typical formula 2 FeBeyYeSia(hy. 1t usually enn-
tains 35-48 per cent yttrin, with outside hinits af G 60 per ernt.
It is found in Nurway, Sweden, Trxas wil Colorada.

Xenotime, o rare earth orthophasphute with ThOy,, 8O-
ZrQs, cte. The cerium carths vary fram 0 to Hoper cont aned
yttria from 54.1 to 64.7 per cent.  Oceurs in the ditunand sands
of Brazil and in Nurwuy.

Euzenite, B(CHOgYe - Paa(TiOW - IO with U, Zi und Th,
contains 2.3—8.4 per cent Ce, 13.2-34.6 por cent Y, awl
20-23 per cent Ti0,. Norway, Anstealiu, Nurth Caredinm,

Fergusonite, BsQy - (ChT)u0s with Th, Zr, U, e, nnd (.
Ce = 0.5-13 per cent; Y = 27.9—47.1 per cent; 'ThOy |
ZrO, = 0-7 per cent.  Norway, Australis, Texas.

Samarskite, (Fe, Ca, UOy)y 15, (Ch, Tu)glly, contuims Cy
=.12-6.4 per ecent; Y =472-21.2; ThOy - Zr()y - O T
per cent.  Ural Mountains, North Carolinn.

Monazite, EPO, with Th, Si(),, ete,, Co = 49-74 por cont
Y = 0-7.6 per cent; ThO, = 1-20 prr eent,  DBreazil, Cara-
linas, Idaho, Ceylon, Imlia, ete.  (See Muntle Industry umlher
Thorium.,)

Cerite, baste silicate, Ha(CuTe)CesSizOu, cantaing o = 50,7
71.8; Y = 0-7.6; ZrO; = 0-11.7 per cent,  Swoden, Caneasus,
. Orthite or Allanite, a hydreated siliente, eossentinlly 11,0
4(Ca, Fe”| Be)O « 3(AITY10)y05 - 6 810y, Co = 3.6-51 por
cent; Y = 0~8 per cent; ThOy = 03,5 per cant. Widely
distributed in Greenlaml and Senndinavin,

Ytirocerite, CasEa¥ys+ 1§ H,0, containg (o = 0.318.2: Y »
8.1-29.4 per cent. Scandinavig.
' The examples given include typical minerals, which nre of
Interest mainly for their rare earth content. In addition to

' See Levy, The Rare Earths, pp. 7-59.

* In the formulas for minerads Y I {0 be nmsderstood ns reprosenting yttri
) , Yy
group elements, and Ce, cerium group slements. "y



98 GROUP III — THE RARE EARTHS

these, many minerals contain appreciable amounts of rare earth
elements but are themseclves of value chiefly for some other
constituent. Among such minerals may be mentioned badde-
leyite, columbite, ilmenite, polyerase, rutile, tantalite, thorite,
thorianite, titanite, and zircon. Nearly all the minerals of the
radioactive elements also contain small amounts of rare earth
materials. Since most of the typical rare earth minerals are
distinetly radioactive, it has been suggested that there must
be some relationship between these two groups of elements,
No definite relationship has as yet been established.

Extraction. — The method selected for the extraction of rare
earth material from its ores depends on the nature of the ore
itself, the presence or absence of certain related elements and
the particular purpose for which the extraction is to be made,
The following discussion must be considered general in scope
and by no means exhaustive.!

The ore is ground to a fine powder and extracted with acid
or fused. The acid used is generally HCl or H,SO,, although
HF is sometimes employed. The fusion mixture may be
KHSO,, NaOH, or KHF,. The use of HIf or KHF, is generally
limited to minerals containing considerable amounts of colum-
bium and tantalum. The fluorides of these two elements are
soluble, consequently they may be effectively separated from
the msoluble rare earth fluorides. The latter may then be
decomposed with H,SO,

The solution of rare earth salts is saturated with hydrogen
sulfide to remove lead, copper, bismuth, molybdenum, ete.,'
and the rare earths precipitated by adding oxalic acid solution,
Separation from the common clements is somewhat more ef-
fectively accomplished if both the solutions are boiling hot,
the oxalic acid being added slowly while stirring. The crude
oxalates are filtered and thoroughly washed.

If either thorium or zirconium is present in any amount, it
is usually removed at this point by boiling the crude oxalates
with (NH,):C20,, which dissolves all the zirconium and most of
the thorium.? Some rare earth oxalates are dissolved slightly,

? For more detailed discussions see such works as Levy, The Rare Earths; Spen»
cer, The Metals of the Rare Earths; B8hm's Darstellung der seltenen Erden, vol. 1.

2 Many other methods have been used for removing thorium, such as the

use of H;O:, Na:8;0,, PbCOy, or precipitation as sebacate, fumarate, meta-
nitrobenzoate or fodate,
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but for the most part they remain undissolved. Thorium may
be completely removed from the rare earths by repeated treat-
ment with (NH,)4C:04 or by precipitation from a ncutral or
very slightly acid solution with H;0,. 'The white precipitate
so formed is a good qualitative test for thorium.

Separation. — After the removal of columbium, tantalum,
thorium, and other elements which might interfere with the
separation of rare earth clements from each other, the next
step is usually the separation of the material into cerium group
earths and yttrium group earths. This is best accomplished
by the James method as follows: Mix the dried oxalates with
enough H,30, to form a thick paste, then ignite cautiously to
expel the excess acid. Dissolve the anhydrans sulfates formed
in this manner in ice water and sift in solid Nu1,80, or K,SO,.
The former is usually less expensive, but more is required to give
asaturated solution. The order of precipitation is approximately
scandium, lanthanum, cerium, prascodymium, ncodymium, sa-
marium, europium, gadolinium, terbium, ytirtum, dysprosium,
holmium, erbium, thulium, ytterbium, and lutecium. The
sodium earth sulfates of the first six clements are difficultly
soluble, and these arc sometimes separated and designated as
the cerium group elements. The double sulfutes bf europium,
gadolinium, and terbium are slightly soluble, and these wre
designated as the terbium group. The double sulfates of
yttrium and the clements following it in the above list are
very soluble. These are called the yttrium group clements.
Usually the sulfate separation is used t» divide the rare earth
elements into the two groups known as the cerium and yttrium
groups. In this case the division takes place at gadolinium,
which is found partly in one sub-group and partly in the other.

The separation into groups cannot he made sharply because
the yttrium group elements begin to come down before all the
cerium group has been precipitated. Consequently, to obtain
the cerium group free from the yttrium group, much of the for-
mer must be left in solution ; likewise to precipitate completely
all the cerium group enough alkali sulfate must be added to
cause the precipitation of a considerable amount of the yttrium
group. Consequently, the amount of alkali sulfate added will
depend on whether the object is the elimination of the cerium
or the yttrium group.
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ments arrange themselves in the solubilities of their salts will
vary somewhat with the different salts and the order of
basicity varies slightly, but in general the order is that shown
in the table.

The method of fractional crystallization is used to separate
members of the rare earth group from cach other. It depends
upon the fact that analogous compounds of the elements have
slightly different solubilities. This method is carried out by
the use of various salts and a variety of solvents. Its general
principle may be illustrated in this manner: If we have a satu-
rated solution of a mixture of sults of differing solubility and
evaporate ¢ of the solvent, ¢ of the solute will crystallize; the
crystals will be composed largely of the least soluble members of
the mixture, while the mother liquor will contain nearly all
the more soluble salts. If, now, the crystals are dissolved in
enough solvent to form a saturated solution, then again partly
evaporated, a new crop of crystals is formed more nearly pure
than the first. By adding the second mother liquor to the first
and repeating the partial evaporation, another crop of crystals
is produced. By continuing in this fashion adding the mother
liquor from each fraction to the next more soluble portion, the
original mixture may finally be separated into a series of frac-
tions, each one differing from its neighbors. Sharp separations
are difficult by this methdd and impossible if the differences in
solubilities are slight. As applied to rare earth mixtures, thou-
sands of crystallizations are necessary and at best the separa-
tions are not quantitative, It is evident that the end fractions
are more easily purified than the intermediate ones. If the
salts are quite soluble, the least soluble one of the mixture will
be most easily purified,

Methods depending on the differences in basicity are of sev-
eral types, such as fractional precipitation, fractional decompo-
sition, etc. As an illustration of the method of fractional pre-
cipitation we may consider adding a precipitant like NH,OH to
a solution of a mixture of salts. If only a small amount of
ammonia is added, the precipitate will contain more of the less
basic constituents than the mother liquid, If the precipitate
is filtered out and more ammonia added to the filtrate, another
precipitate may be obtained. By proceeding in this fashion,
the mixture may be separated into any desired number of
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fractions in which there may be nated n progressive degree of
basicity. Separations by these methods arr perhiaps less tedi-
ous than by fractional crystallization, hut they usaully invalve
moére work and are never quuntitative.

Fractional decomposition depends an the fuet that if the mre
earth salts of oxy-ucids are henterl they femn busic salts which
are difficultly soluble. The case with which this change takes
place depends upon the busivity of the clianet.  Accurdingly,
if a mixture of nitrates ix hieutral grntly, the malcenles con-
taining the less basic metal ae chinnged o the inruluhle Lnsic
nitrate first. As usually carried ont the mixed nitrates nre
heated in a casserole ty the dresired temperatie, paired ont an
a marble slab, taken up with watter, and the isednble materind
filtered out. By dissolving the lasic salt in LTINOy the process
may be repeated aml a serivs of friuetions obluined similar to
those formnd by fractional erystallizations,

It is evident from the principdes upan which these fractionnl
methods are based that only by long continued roepetition enn
anything like a pure pritluct he ablawined.  In very few grses
will a single method suffive to yield o pure campannd,  Almost,
always the worker is ruquired to selrel @ comubination by whiel
the desired clement is separated first from ane neighbor, then
from another.

It is to be obscervid] that nny fractionation method is waste-
ful of material. When i is consitlered that the originnl ore
contains only a sl per cent of mixed rare carths thut, of
this mixture only a small prr eent of # certaiu clement is present.
that in the purification of that vhanent thaands of fractionn-
tions are necessary ; aml that at varh step some of the desired
material is lost — when these fucts nre vansihored, we oun
understand why the chemistry of this group has develupied
slowly. Large quantitics of expensive muferials wre mguived
and a tremendous investment bf time and Iabor is invalved,

As any maothod of fractionatinm continues i is ossentinl 1o
watch the composition of the fractions in arder to know what,
effect the treatinent is producing.,  Thix is dane in severnl ways ;

F1Y TRir ahavman ton aridsom s S ioe S vimilee ae iaa e
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eetitanting the oelaGsre ranapseatiay of 3 naxture of two oxides
1= by nweanes of e nopaetee sgereptdainy, The rare ecarth
eleme et ddfor mote widels fomt one another 1 their mngnetio
prrogqreatye. e an aney oty wa, l"nuw!)ilrn‘!h‘ this method is
eapubde of weenrate dnd efhiernt asen contralling the system
of fravtemntion. AMter the appayotir has Ioon anee mijusted,
detenmitatints sy e wassle rapedly aud sconrately,
Separation of the Cerium Group.  The bewt miethod for
the prelunmsry separatoas of the menbwrs of the cerimn group
fromeach othey s the fenetianal ervstalhzation of the double mag-
nemuny mtrate of the fonnals 2 BONOL O3 MeiND}, - 24 B0,
The cerumy geoup niteates are pved with the ealeulated nmount
of M Nihsy sned sulgected to fractional ervstalliantion,  After
satie Dt 4t e goteesd that the fractions begin to develop dis-
et raors s the crystalhzation progresses,  The clements
ervstulhar vuan the neder shown in Talde XX, which gives
alwy the ntotnre weghite and the eolors of the salis.  The frace
tionnl crystallization of the doubde niteates does ant give sharp
seprarations st canpnot be used alone for the purifiention of
these palts. But the sepuration of neodyinium and ssmarium
i thaxr way 1 (sl satefartory. Maum nt the table shows
the rather sentakabde faet that drder of increasing solu-
bility i exsetly the onder of Jncrvasiog atomic weights,
Lanthunsum w ope of the nwwt easily purified members of
the sare earth gronp becanse it the iost basic of all the group
and because e salts ane the Joast soluble,  Pure lanthanum
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TasLe XX

Cerium Group

ORrDER OF INEREASING SOLUBILITINA *F THE Donm s Nitgates

e - o s e

La Ce Pr Nd Su Fat
139 140.25 140.6 | 144.3 | 1504 152 1073
No / \ Green | Red Tapaz Faint | N
color | 2 1 0 to Yellow | Rase utele
o! - Vivlet
No  Orange
color to
Red

material may be obtained by the long-continued fruetionntion
of the double magnesium nitrate or the deuble numonium
nitrate; other methods used effectively are: (1) the tuble
potassium carbonate, after the removal vf ceriinn ) (2) suturate
ice water with impure Las(S04)s, then warm gradunlly ta :32°,
when pure lanthanum sulfate crystallizes out.

Praseodymium is difficult to obtain in pure companunds hath
because of its searcity and close rescmnblanee to other elements,
The best methods of separation are as follows: (1) Set. out from
a double magnesium nitrate scrics such fractivns us cantuin
only lanthanum and prascodymiurm; continue the fractionn-
tion of the same salt or of double wmmonium nitmte,  Pruseo-
dymium appears at the soluble end, but usundly neodymium
appears there also, even if its presence is unsuspectoed i first.,
(2) Remove from the magnesium double nitrate serios the frie-
tions which contain only praseadyminm und neadyminm nixd
continue the fractionation as the mangancse double rdtrte,
when praseodymium separates in the least soluble poriions,
Other methods used are Crystulhzatmn of the oxalntes from
nitricacid ; of the double ammonium nitrate or double carbonnte,

Neodymium being one of the more abundunt rare enrth
metals, is more easily obtained in pure compounds. The lnst
impurity to be removed is usnally praseodyminm, which is
separated by the methods already given. The following methods
are also valuable: Fractionation of the meta-nit robenzonte,
of the simple nitrates in strong nitrie acid, or the fractional
precipitation of the chloride by HCI gas.
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If the magnesinm donble mitrate fractnee st otan ann.
rium, eurapiim, arul padedinagy reastiaze sl a0 vgane
ties af the yttrnm groaip varthe ersalliontn e o nd
plier well, - Whaere trvhle of the wort sweae s an the bRk
end of o corinm grap frartomatia, ot Dooaraes ey
to repent the yiirim groap srpuratiod Vodore Wfteng top ta
purify samarinn, varapane, or padabisen,

Samardon may be alimost quantitasedy cepaatod foam
neodyminm by a simphe eontinaatieg of e o oot e
nitrmte ervatullizntion, Froouw voropuotn sed e oo
iy be sepnrsted by aeleditig s thee cortnes warn oy gt h 1t
and continuing the fem-taoratin, The toonads ot g0 oy
phous with the rare e th widte aned souderaiedite s dyl dors
hetween snmarina sied enropuas T s mainey canariam
erystallizes in the fess solilde portvns and Bl eoromean]
from it hy hydrogen sulteles Tl drotioas]l vt dlisnteg
of g dimethylphosphiats serec v g donld noageatione ity
series in nitrie neid e alo officeent,

Enropium s one af the yarest mosidere of the rare cart)y
group,  Itx hines in the are spaectoam ane partealaly ontene,
so minnte amoads of the clement guay To detscrad Jrs
separation is parteealarly duficadt and regenres o vers large
amount. of material, o e nmgeoss daubde nitrate f ot
ation it colleets in the samarmi fGartiere frem whioh 3 may
be remaved by the fractionatiom wath Lamgth mteate

Gadolinium weay by vldamed fronn the et sodubide Yrartams
of the magnesinin danbde nitrte scnies, enpecsalls of voropann
isabaent and bismath nitratiogs bl 1 as abaeo b sdotagsa ol
(l) at fhf‘ inmdnhlv (‘ml of n "mlMt' tucke) mileate nerien PR Y
the erystallizntion of the sunple mtrate g 30 gus cont JINGO;
and (33 at the imsolable end of 5 brotst s

Sepmﬁon of the Yttrium Gmup. Hofote an altesupd g»
made to separate the yttrinm group cbaents fromy ench vther,
it is usually advisahle to soe that al) cormn has Yaaen prmosed
The first. step in sepnriting the vt smetals from e snother
is Qm"'ﬁv"!y a"""ml’“ﬁ!‘l‘“l by meany of the frastional creatnlhie
zation of the hromntes.  The vttenin graup sulfates sre treated
with barium bromate nnd the precintated s, Gltered ot

THee ™ Ahmarpting Spwetrum of Samseiam and Futcpesy ® Lol anmty.
Chom, 118 08 (1921}, g ]
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As the ervstulliztion wf the hrumates contines the clements
nrennge thensedves in thee arder shown i Teble XX, which
pluees the least sduble first,  The stamic weights and pre-
dominnting volors of the sults are alsa showne Again there ix
a sirikingly celose relsthaship betwoen the arder of solndalities
and the menasing atomie weights,  The noticeahle exeeptions
i thee vire of viriom and seamdionn have led Lo the suggestion
it these oloments shani not be eonsttlered as typieand memlers
uf the rare carth grongs,

Paumk XXI
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Y Kr 4
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Perbivnm ix found i rsre earth mmterial in exeerdingly somdl
amaunds and s purfiedion s ntusuedly diffienlt. Far the
votuplete separation of terliam fram other eloents, severnl
steps are necessary. After o long fractionntion of n bromate
seepien, the teghainn fractions are best subjoctod fivst to frnetianal
eryvstalltzation of the pitrate fran nitrie aeid tn the presenee of
bistauth pitrate, then by ervatallization of the dauble mickel
pitrates, uned finslly by fractional precipitation with wmmanin,

Diyspeaseane it o fairle pure slate may be prepared by bag
cuntintned fractionaticn of o brammte sertes alone, Mare epid
resilts and prodaddy o ore nenrly pure pradiet s olituined
b the feaetionation of aovimple nitrate serpes, o danhble bismnth
nitrte series, or an othyl aalfat e worios,

Holodwm wocne of the more rare cloments miad it 4w por-
tiendarly diftienlt ane 4o ohitnin in pure form, on which neeount
e imslividonity s still sompewhat sloubtful, The purnficstion
mvulves several stope, stich ne eryatnllization of the menitro-
benzene sulfimates, of the spople nibrntes, of Ythe doublis am-
maniim oxalates, anel Gnally fractionnl previgatatnm with nin-
monia,  Concentrution of holimum inay nlss e nevomplished
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by using an ethyl sulfate series, fractional precipitation by sodium
nitrite and especially fractional decomposition of the nitrate,

Yttrium is one of the most abundant rare earth elements
and its purification s easily accomplished. Yttrium fractions
from a bromate sefies are freed from dysprosium, holmium, and
erbium by fractional precipitation with ammonia, K,CrO,, or
NaNOQ,. Thelatter is probably the most effective. Yttrium salts
give no absorption lines in the visible portion of the spectrum,
consequently the removal of holmium and erbium is easily
observed by the direct vision spectroscope.

Erbium may be prepared from the erbium-yttrium fractions
of a bromate series by methods similar to those used in puri-
fying yttrium, except that erbium is concentrated in the less
basic fractions. Fusion of the nitrates gives a rapid separa-
tion of these two elements.

Thulium in a fairly pure state may be obtained by the long-
continued fractionation of a bromate series. The separation
of erbium and thulium is fairly satisfactory by this method
alone. According to Welsbach ! thulium is a mixture of three
elements which he designated as thulium I, IT, and III. Prob-
ably no better thulium material has ever been obtained than
that prepared by James? using the bromate method, which
gave a homogeneous product after 15,000 operations.

The difficulty experienced in the preparation of pure thulium
illustrates the fact that separations are extremely difficult from
the soluble end of a bromate series unless an element differs
noticeably in basicity from its neighbors.

Ytterbium (or neo-ytterbium) may be separated from lute-
cium by the fractional crystallization of the ammonium double
oxalates In concentrated ammonium oxalate; or by the frac-
tional crystallization of the nitrates in nitric acids; or by the
difference in the volatility of their chlorides.

Celtium was isolated from the soluble end of a series from
gadolinite by fractional crystallization of the nitrates in nitric
acid, Its compounds have properties intermediate between
those of scandium and lutecium. Its atomic weight has not
been determined, but the atomic number 72 has been assigned
to this element, The discovery of hafnium, a close relative of

1 Zeit. anorg. Chem. T1 439 (1911).
3 Jour. Am. Chem. Soc. 88 1333 (1911),
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zirconium of atomic number 72, has raised a question concern-
ing the existence of celtium.

Lutecium (called by Welsbach cassiopeium) may be separated
from the old ytterbium by the fractional crystallization of
the nitrates, the double oxalates or the bromates, in each case
the lutecium salts being more soluble.

Scandium is usually present in rare earth minerals in small
amounts (the rare mineral thortveitite containing 37 per cent
Scq0; 18 an exception). It collects in the soluble end of the bro-
mate fractionations, but it is easily separated from the other
soluble salts by the fact that it is the least basic of the whole
group. Consequently, fractional precipitation or fusion of
the nitrates concentrates the scandium rapidly. Scandium
may also be precipitated from boiling acid solution by sodium
silicofluoride ; its double ammonium tartrate and double potas-
sium sulfate are also difficultly soluble.

Metallurgy. — The metals of most of the cerium group ele-
ments have been prepared, three general methods having been
used : (1) fusion of the anhydrous halides with sodium, potas-
sium, caleium, or aluminium ; (2) electrolysis of the fused chlo-
rides or of a solution of the oxide in the molten fluoride;
(3) heating the oxides with magnesium, calcium, or silicon. Re-
duction with aluminium has also been tried, but it is not satis-
factory except possibly for cerium itself. Electrolysis has been
the most successful, the other methods usually giving at best
an alloy. ‘

The yttrium group metals have never been prepared in pure
form, Impure yttrium has been prepared by methods similar
to those used in preparing the cerium group metals, and a mix-
ture of yttrium group metals has been made by action of finely
divided sodium upon the metallic oxides. The difficulties in the
way of preparing the yttrium group metals are mainly two: The
metals have much higher melting points than the cerium group
metals; and (2) the chlorides are easily volatile. Reference
to Table XXII will show that in the cerium group the melting
points of the elements and the chlorides are of the same order
of magnitude; while in the case of the yttrium group elements,
the metals melt at a much higher temperature than the chlorides.
Hence, any method involving the fused chlorides is difficult
or impossible because of the freezing of the bath.
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TasrLe XXII
Properties of Rare Earth Metals

Hyar or | Cokrri

N‘g}’g' . FoRMAS oNRNT
THON FER | OF A¥h

CoLor MI]f(r)‘;“ING Pg;,m Sp. GrR. |Kquyv.Wr.| NRTiNA»

NT Crro- op gxtbu 1(*))0»: OF

o N L:ALO- XD

RIDES ! s X 10-6

Lanthanum White 810 907 | 6.1545 | 74,100 | —0.18

Cerium Gray 623 848 | 7.0242 | 56,100

Praseodymium| Yellow 940 818 | 6.4754 | 68,700
Neodymium Slightly 840 785 | 6.9563 | 72,500 | 33.5

Yellow
Samarium Pale 1350 686 | 7.7-7.8 6.5
Gray
Yttrium 1250 | 680
Dysprosium 680 290
Erbium 1250(?)
Ytterbium About

1800 880

Electrolysis of the fused mixture of the rarc earth chlorides
18 & process of considerable commercial importance producing
what is called misch metal. (See Chapter X, pp. 170-172.)

Properties. — Cerium group metals resemnble cach other
closely both in physical and chemical properties. They are
white or slightly yellowish in color, moderately stable in dry
air, but tarnishing in moist air, lanthanum oxidizing most casily.
Compared with some common elements they may be arranged
in the order of increasing hardness as follows : lead, tin, cerium,
lanthanum, zin¢, neodymium, praseodymium, and samarium.
Cerium may easily be cut with a knife while samarium has a
hardness comparable with steel. They decompose water slowly
in the cold, quite rapidly at the boiling temperature, hydrogen
being evolved, At higher temperatures they show great affin-
ity for oxygen. Their oxides have heats of formation compara-
ble to those of alumina and magnesia. Hence, they are power-
ful reducing agents. They dissolve in dilute acids easily and in
general they unite directly with hydrogen, nitrogen, the halo-
gens, sulfur, and phosphorus. They alloy readily with such
metals a8 magnesium, zinc, aluminium, and iron,

Uses, — Few uses have as yet been found for the rare earth
metals or their compounds, A mixture of the metals contain-
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ing roughly 50 per cent cerium is used under the name misch
metal. (See p. 168.) Compounds of neodymium and praseo-
dymium find a limited use in ceramics, where they are used to
produce certain color effects. Neodymium phosphate pro-
duces ! an amethyst red color in porcelain, while the praseo-
dymium salt produces a bright green, and various mixtures give
many beautiful shades. The oxides of the same metals are
used n the manufacture of blue optical glass. Neodymium
tungstate produces a bluish red color in porcelain. A mixture
of neodymium and praseodymium nitrates is used for stamp-
ing the trade mark on incandescent gas mantles. (See p. 188.)
The salicylate of these elethents is sold under the trade name
“ Dymal ¥ as a soothing antiseptic dressing for wounds.

Compounds. — A surprisingly large number of compounds of the rare
earth elements has been prepared. This is probably due to the persistent
effort to find combinations which would permit easier and more efficient
separations than the cumbersome fractionations which have always been
used. The most important compounds are enumerated in the following
summary : —

Ozides of the type R:0; arc formed by all rare earth elements, by the
ignition of the hydroxide, nitrate, sulfate, carbonate, or oxalate. In general
the basicity decreases with increase of atomic weight, though yttrium and
scandium are exceptions to the rule. The basicity of lanthanum ap-
proaches that of the alkaline earths, while scandium is about as basic as
aluminium,

Cerium forms the oxide CeO,, which is more stable than Ce;O;; the
series of ceric salts are well defined and stable compounds. Both praseos
dymium and terbium give higher oxides but neither of these forms a
geries of salts. Terbium peroxide has a brownish black color and is the
most highly colored compound of the group.

The hydroxides are precipitated in a gelatinous mass by the action of
the alkalies upon the hot solutions. If the alkaline solution is added to a
rare earth in the cold, the precipitate is usually a basic salt or a mixture
of the.hydroxide and basic salt. The hydroxides are not soluble in excess
of reagent, but dissolve readily in actds and generally absorb carbon dioxide
from the air.

Sulfides RyS; may be formed by the reduction of the sulfates or by the
action of H,S gas on the hot oxides. They are not formed in solution.

Carbides RC; are prepared by reduction of the oxides by carbon in the
electric furnace. When moistened, the carbides give a complex mixture
of gases, of which acetylene, hydrogen, ethylene, and ethane are the most
prominent.

Halogen compounds are soluble except the fluorides. The chlorides,

} Ber, deut. Keram. Ges. 1, part. 1, 24 (1920),
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the best known, are easily prepared by dissolving the hydroxides, ca
bonates, oxides, or, in some cases, oxalates in HCl. They form crysta
of the formula RCl;- 6 H:0 (an exception is praseodymnium which givi
PrCls- 7 H,0). Basic chlorides are obtained by heating the hydrates to
temperature around 120° C., but if the heating is done cautiously in :
atmosphere of HCI, the anhydrous salts are obtained. The ¢hlorides sho
little tendeney to form double salts with other metallic chlurides.

Cyanides of the simple type are unknown. The addition of KCN to
rare earth solution precipitates the hydroxide. Double ryunides a
sometimes used in separations of rare earth mixtures. For exwunple, whe
K, Fe(CN)gis added to a solution containing yttrium XYe(CN)s - 3 H:0
precipitated as a gelatinous mass.

Chlorates of the yttrium group only have been prepared, best by adilis
E,(80,); to Ba(ClOs),, when there is formed a hydrate of the furmu
E(C10s); - 8 H,O. The bromates are similar ani ure of great service in t!
yttrium group separations.

Sulfates are formerl with varying amounts of water of crystallizitio
For example Cez(S0,); forms hydrates with 12, 9, 8, fi, or 4 malecules
water. The solubility of the sulfates decreases with rise of temperature -
a fact utilized in fractionation and separation of rare earths from oth
elements.

Acid sulfates are formed by using an excess of acid and on heating the
normal sulfates are formed. It is doubtful if all the cxcess acid can
expelled without partial decomposition of the normal sulfutes. Bas
salts of the type R.,0;-S0; are formed by heating the normal sulfat:
These reactions are of much importance because many rare earth aton
weights have been determined by the use of the snifates.

The double alkali sulfates are used in separating the yttrium and ceriv
groups. The ethyl sulfates are very useful in certain sepuarations, but th
are rather difficult to form and they must be handled very sarefully beeat
they decompose easily, even at room temperature. Sulfites, thiosulfat
dithionates, selenites, and selenates of most of the metals have been p:
pared. :

Nitrates of the cerium group, R(INOy); - 6 HO, are crystalline but the¢
of the yttrium groupswhich contain 3 or 5 molecules of water, are r
easily obtained in crystalline form. These salts are deliquescent, solul
in both water and aleohol, but difficultly soluble in HNO;. The solubili
in HNOs is greatest in lanthanum, diminishes to a minimum in gadolinit
and then increases agam. Thisfact is very useful for certain fractionatio:

Basic nitrates, insoluble in water but decomposed by acids, are form
by heating the nitrates. This bebavioris of great importance in {
separation of certain elements.

Double 'nitrates of the cerium group are easily crystallized. Th
stability decreases gradually with rise of atomic weight of the metal, a
in the yttrium group crystalline double nitrates do not form. C«
sequently, the use of the double nitrates in fractionation is limited to 1
cerium group.

Phosphates are precipitated as a gelatinous mass when a solution of ph
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phoric acid or alkaline phosphates is added to a solution of rare earth salts.
The phosphates, espectally the complex salts, are found frequently in nature.
For example, monazite and xenotime are orthophosphates.

Carbonates are formed by passing carbon dioxide into a suspension of
earth hydroxides or by adding an alkaline carbonate to a neutral rare
earth solution.

Basic carbonates and double carbonates are formed by some of the
rare earth metals. The stability and, solubility of the latter class of com-
pounds increases with increasing atomic weight of the rare earth metal.
Both the sodium and ammonium double carbonates are less soluble than
the corresponding potassium compounds. These salts are likewise useful
in fractionations.

Ozalates are of prime importance because of the fact that the rare earth
oxalates are insoluble in acids. Hence, the addition of oxalic acid to a
solution containing rare earth salts and free mineral acid furnishes a con-
venient method of removing the common metals. The rare earth oxalates,
however, absorb many salts from the mother liquor, and repeated precipita-
tion is necessary. to remove the alkali and alkaline earth clements. Best
results are obtained by bringing the solutions together at a boiling tem-
perature and stirring vigorously as the solutions are mixed. A large
number of precipitations will remove all but traces of the alkali metals,
but one or two precipitations with ammonium sebacate will accomplish
the same result more quickly.

Double alkali oxalates are formed by the elements of the yttrium group. .

In addition to the compounds listed in the foregoing tabulation a very
large number of salts of the rare earth elements have been prepared and
more or less thoroughly studied with respect to their usefulness in the
separation of the rare earths. Among these salts of minor interest may be
enumerated the following: chromates, molybdates, tungstates, uranates,
columbates, formates, acetates, tartrates, benzoates, succinates, hippurates,
citrates, glycollates, cacodylates, and phthalates.



CHAPTER VII
GROUP III — GALLIUM, INDIUM, THALLIUM

TrE metals of the aluminium sub-group are permanent in
the air at ordinary temperatures, but when heated in oxygen
or the air they become coated with their oxide. The volatility
of the metals increases with the atomic weights, and the heavier
metals are more easily reduced than those of lower atomic
weight. The metals are all malleable, fusible, have small
atomic volumes and form hydroxides, M(OH);, which are typi-
cally amphoteric in the first three elements of the sub-group and
basic only in the case of thallium. The last four members of
the family form alums, and both aluminium and thallium form
organo-metallic compounds, resembling zine in this respect.

The typical valence in this sub-group is three, but gallium
forms a chloride, GaCly, while indium forms two sub-chlo-
rides, InCl, and InCl, and thallium forms four chlorides, TICl,
TICl;, TLCl;, and TICl. Thallium forms a whole series of
univalent salts which are more stable and better known than
its trivalent series. The thallous compounds resemble the anal-
ogous compounds of the alkali metals.

The physical constants of the members of this sub-group
are shown in Table XXTII.

Tasre XXIII
Properties of the Aluminium Family

Boron A LOMINIUM Garrrum | Inprom |TEALLYUM
Atomic Weight 10.9 27.0 70.1 | 114.8 204.0
Specific Gravity 2.45 2.7 5.9 74 11.8
Atomic Volume 4.5 10.0 11.8 15.5 17.3
Melting Point | Above 2000°, 657° 30° | 176° 285°
GaLLIiOM

Historical. —— Special interest attaches to the history of gallium because
its existence, properties, and compounds were predicted by Mendeléeff,

114
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Within five years after he had made an extended list of the properties to
be expected in eka~aluminium and its compounds, the element gallium was
discovered. The prompt fulfillment of the prophecy did much to strengthen
faith in Mendeléeff*s generalization.

Lecoq de Boisbaudran, while examining some zin¢ blende from the
Pyrenees in §875, discovered two new lines in the violet of the spectrum.
This led to the identification of the new element, for which the discoverer
suggested the name gallium, after the old name for France.

Occurrence. — Gallium has been found to be widely dis-
tributed in nature but always in small amounts. The richest
source known is a certain English iron ore which is said to con-
tain 1 part in 33,000, Another one of the principal sources is
the Bensberg sphalerite, which contains 0.016 gram per kilogram.
It is present in zinc ore generally, in some pyrite deposits,
and manganese ores and in many iron ores, especially mag-
netite, but not siderite; it is said to be a constant constituent
of bauxite ores and generally of kaolin. It has been detected
in certain mineral waters of France, and its presence in the
sun’s atmosphere has been shown. The principal source of
gallium in the United States has been from the zinc deposits
of Oklahoma.! During the war the high price obtained for
pure zine encouraged the redistillation of the spelter. In this
process a small residue was obtained representing 0.5 per cent
of the spelter. The residue was largely lead from which a small
amount of a gallium-indium alloy was separated by sweating,
From this material much of our recent information on both
gallium and indium was obtained,

Extraction.?2 — (a) To extract gallium from an ore, the ma-
terial is ground to a fine powder, dissolved in aqua regia, and the
excess acid expelled by heating, Cool, add zine, and filtet off
the precipitated metals, then boil for a long time with zinc,
when a basic gallium salt is precipitated along with aluminium,
iron, zine, ete.

(b) From a lead residue, gallium and indium may be extracted
by dissolving the material in nitric acid, and evaporating to
dryness, Add 1:1 sulfuric acid to form lead sulfate; then
filter and add NH,Cl and NH,OH, which precipitates the
hydroxides of gallium and indium.

Y Jour. Ind. and Eng. Chem. 8 225 (1916) ; Am. Jour. Sci. 41 351 (19186).

2 See Dennis and Bridgman, Jour. Am. Chem. Soc. 40 1531 (1918) ; Richards
and others, Jour. Am, Chem. Soc. 41 131 and 133 (1919); Porter and Brown:
ing, Jour, Am. Chem. Soc. 41 1491 (1919).



T QRO B GALLEA, InDIEN, THALLI M

() From zine e date Teads eadhann coel i say
hee aldnimsd b iy disoolving the matend oo vaec 0l vgg-
mereind FOL addipg o Ditth KO0 el et Gerneeipean
distills aver aned gallvame iy Teeoorpoaated Toan the pusonng
solut . .

Purification. - Siner polliim i net prergatataod L L8
skl sultdism i is reeils srpmeaed (o bl supper s erenry,
aned arsenie. It ie sepurnted Trom vl Loeobndt e s
geanesse, aned the sthaline cnrthe Tl foer b i pevospained
by NILOW 0 tlee peesenre of NH AL I feeed T v,
titantun, Hhallic vaanpemads, ninaav, o, ared e rare
carths by the sedudalisy of o hivdeenade i NaOH, Ehironaning
s vanadiamn tee b penooved by nseans of angliang apents,
Cinllitn i woopnrated Trom alamason, ol and tervls
lima by the abdition of WPet" N teon sodute ety
maeh HOL when Ga ¢ FotO'Nogsy is preegatated Froan the
ferreeymide e pullismn woy b vecovensd by L slier Jung
in alknli and Ll ding in 0y, when o Lot padhaiy varlatinte
precipitates; ar, (20l zane osbeaent, the ferreesanide sy hae
axidized to ferrievanile by 05 in slkadiee coduten, then
NHOD ol NHOH ehbdd. The precipatated Go 01, 1
froe from eyunidhes”

The xeppration of zine and gl mny T scrnmphieched Dy
precipitnting oo OH s with NHOH o the presenee of NHJL
but the gelntious (oecipatote adlores badls 1o the ade of e
dish, filtern slowly and aeelades g salte. Aptier ethod
of separnting gallunn and zine o o peecipitate the Litter with
potnssinm merenrhe thicevaunte, then paveqatate the exoesn
mereury with Hp® and the gnllion wath NusSOh g vhe prosenee
of HCL  Galhum may Ie separated foan g small anoont of
zine by ndding NalISO,; aor NHHBO, ta a nentrsd or shghtly
acid solution nnd boiling, when the gallima w preeipatated.

Gallivm and indinm may be separated by the solulality of
GalOH)y in nn excess of NaOH or KOH? Ly pssing n cureent,
through a solution »f their salts, indinmn sepnrutig first ;. sl
alan Ly fractional ervatallization of the sgmmonisn gallium.

} Fog and Jnmes, Jour. Awm. Cheme Kor 41 947 (3505

! Potter nte] Uiowning, Jour. Am. Uhem Soe €8 111 (1932))

Ui savthod dhws o rreamve sl the sudian.  Hichasde wid Boyer, Joer,
Am, Chem, Noc, 41 133 (1914,
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my, the gallinm separating at the inseluble end. Tt
doalae dted gallinm and fudiom metals may be sepa-
rolenged henting at 18007, CGallinm, ndiun, and
cseparsted Ly fruetinnal distillation uf thetr chltytides.
Sl 205 2207 bt it may he sublimal in 1 vnawm
Trlure as law us 65 8075 InCly heging to volatihize
1 distills mather slawly nt 600°; ZnCl, boils at 730°.
RY.  Laeogde Buisbaudran exhibital, nt the Paris
tny INTS, 62 grams of metallic gllinim which he had
rora 2400 kilagrams of sine blende, 18 method of
1+ was the cleetralysis of an alkaline solution of o gnl-
This is «till the best known method of producing
. Sometines the netal collects on the platinum
n the liquid state and sametines in the solid, as »
itnet with the salid phase does not always start the
e trow, Toat voaling the bath with ice eauses the tree
Fhe trees formed an the enthode are hard and stable
hey are kept at least 10° below the melting point,
y8, ~— Mutallie gnllinm is gray vr white, bt shows o
on its bright surfuce. It i w brilliant, dinmagnetic
n striking metallic luster, farming o splendid reflee-
however, tarnishes quickly, It 18 tough, but soft
e et with o knife,  Its melting point as determined
I in 30°8, which is somewhat higher than previous
ions,  The latent heat of fusion is 19,03 enlories
of metal. Molten gallimm resembles mercury in
, and the metal has the ability of remaining liquid
th it is undereooled as much as 30°,  Gallhum ex-
solidifving, It has been suggestod that this prop-
toy the presence of impuritios, hut the most careful
tichards shows that the solid has a specific gravity
« the liquid of 6,095, The liquid is clectro-negative
. Liquid gallium has a coefficient of compressi-
° of 3.87 X 10-%, while the solnl has a value of 2.09 X
e compressibility of the liquid is almost identical
f mercury, while the element conforms to the almost
xperience that the comprassibility of a solid is less
of its liquid.

(8o Am. Jour, Soi, 48 (IV), 380 (1016),
s Jour, Am, Chem, Soc. 48 274 (1921).
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Ciallium has vaaly slight aetion apon el water, bt ot the
bailing teraperature e tewetvnr b viporos b U nepenne
unehanged in the sir ot sedinaes bepesitanes, Tt wlen heated
i axtdizs supeertieialle, althongeh 0 doee ed bagae 2t pad beear,
I diseadvin in diliste THOT aand sn Nalob Bleratigy haodogen,
In HCT tlae sodud powe et sedvatiegs e i bl than ihe
Hepaied.  Cddatilte nrtrie aebd hos Bl et vgeas it bt wlon
wartned the aetd sttacks e wetal chaade Aua on ey
spdvnedie] solvent, whibe st ddieodves 3t Janle Bonnares
rapicly with ehloeiee, v dlowlv apth breanue, Lot will ned
nnite witlo it sl o Jeea e,

I oalleevs pensdily with slomiumn, aned these gl nre wasd 1
tecampeese vold wider sembdys The allve tich e prallions e
Baped, T renehily albovs alse with arediun,,

Uses, Cullinu hias v eomoneiriad gecs 2t prosent. i
has born sugested that thee palliam-alanonian oo weould
farty an officwent eatloslo ac o uetal vapeor Jauget 10 et
nleer be speful i nmeamfaeturing opteesd peiras. [ gee gy
high temprerature thermometers p o femmbde Javionse the B
wetr bt glass aml qunstz,

rotaldy shee ot preorpsiang saggooded gos of prlbsan woan
congerction with the preporatea of o woterhromatio g,
A gallg-cwbninag sl ooutiping 200 per rert pathum
listillead wt 0001 smur. prosssine pto the bagye Thive ataperes at
110 valts nre manansed, snd oo purre red bight o wae bongth
A 639 i produecal, The Tumpe el prohesting 5t the stard,
The funvtiin of the galbum socts 1o Tae Lo wdten e cud,
mium, it anler to preveat jury to the Laag when e ks
mium wolblifors,

Compounds The eompoutols of galham remodde theae of ahisnoatu
wpaitee closels, nllwagh thers gn raneade Gebsle v s ndenins o 5 alightly strange
bnxirity. ,

The waede of gallinm, Gusdy, o greginted biv agartmg the hadinsah o
niteste. It e white, sbfnmbile at pred hioat, slicat odgdide sy tedds acsde
anel nllslion nfter (8 has beu strongdy sgnded  § pisy be peabpeedd sgt))
Lvelrugen to n supposisl subsospde Galr, ur 1o the metal When e
with the exule of mamatiom or of chromaaty, )t Yeeotars plhimpdpetoncs ol
inaler the infinenee of the enthonds ravs

Thedydroride, prewtmaldy GadH ), w prrogatated as o while gelate

EAm Joaur Sev $% AV %G (10,
Yier, Pat. Lendeidtdal. (1310 § 704
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nealy s by mnmnia. Tt i remdily satuble in the fixed alkulios snd
oulv shightle sedadide i exevas of snain.

The natrate, GafNOys, 15 prepmred by lissalving CinaQg in HNO;. It
b dehequeserent sl i eraapletely dheampred 1t 200°, giving the oxide,

Phe ehlordrs, GuCly el GuCl, pre funnal. The ltter is proqunsd Ly
heating Une weetad in hydeogen chlorisde ur chlurine. It is erystalline,
deligueseenl uwl virbds g eloar sohtin with o smanll quantity of water,
bt o htlieultle sobuabde Lasée sadt. with o borger wmount of water. The
thehloridse a1 formeod Ly the aefion of the metal v the trichluride.

tiollban fortres Hee hramile atd ialile GaXy hy direst corubination of
thee chents,

Thee wulfuate, Gua'SOgn, ix soluble, in et deligiteseent, nnd erystallizes
withonusediauin, pmbesaan, rubiding, vwesiim, aned thallinm (TH) o form
mdms, Phe varauns sl s sl Tor the sepuention of gnBinm wnd indium
b frnetimad erystudlization us well us for wiern-chemiond analysise

The ferrveyanide, Ving FetlCON)y)s, in provigitutal by sdding K Fn(CN),
tee n gl sehutinn eontauining one third its valume of eancentrutad HCL
Thix s o churnetenstie reaetion, Wefid ia thosepardinn of gallium and cape-
abbe o devertingg s LG ms 0.0008 gram of thao cloment,

Detection and Estimation. - CGallinig is best sdidactod spectroscopically
the spinrk spuertrim showing twa bright lnes in the vialet, ut A 4171 and
Mot By tlus et beal 0008 milligents of gallive may be doetoeted in the
presenee of 103 malligrais of itelineg, Thofullowing wee qualitutive tests:—

3 pmgs wlluy sall in el provipitatsd by 1,8, Lat in o faintly weid or
atatimndaeal sedation containing silver, zitie, maugehiose, uroarseutons
aeebte, OBy s eeanpbetely precipatatoal slong with the othor sulfide.  Boiling
o nentral we slightly aeidd wibtion of u gallinm salt with NalISO; or
NHHS, paredaeen 0 greeipitate, bt imliom must be absent and zine
prresalit in ot lon byrgen prapeertion,?

GalOy in presipitntiad by NHOIL (NT1)5C0,, or the enrhonates of
the slkuli ar slkaline cnrth metals, ur by bailing with an exenss of proeipi-
Ltk enprie haleoxiche e precipitate is salnhile in the fixed alkalios,

A sheliente toat fur geHinm is the proeipitatiuts of Gua(Fo(CN)g)s by wkl-
ing K Fe(CN ta a galliom salution eantaining 33 per cont by volume
of vroneensrated 1)

Phe gquandilative cstinmtion of gallam is usually nocomplished hy
privipititing the hydeaite from a purs salutiun with o slight exeess
of nramanin, bailing W expel the excoss previpitant and finally igniting
the hydeexide to GrOy Pracipitates ohtaitus] by adiding NaHSOs or
NH HBO, mnuy alsa be ignited to Gag0)s,

INpruM

Historical. — In 1883, Reich and Richter were oxamining some zine
sulfiede from Freiberg, when they observed twn now hlue lines in the spurk
i For the are spectrum of galllum soe Ulder uad Tauch, Aatrophy J, 88 201

{ta),
1 Purter and Browaiug, Jour, Am, Chem, Soc, 41 1491 (1919),
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wpeetrang, Vg Hee caon getenal e sireerdedd g sepiaatan o tew
et eheueat, for slarh oo pogeesd e e of aednag apnd e
i]u}ign | BHITOR

Occurrence.  Dwlittin, ree of the vap-t of wetads, 1 foge]
i tminnde mneants i e umodeer of moeeezd e arennt
never exeesds gy ool b oper o eents B e pevent et
zine bletrdes sred i smes, i s ann oees el siebetite
(chistinet frenn palling ;i sonee wisnpate e, booel, ared yoags
sberg et D 3t T sdesy Tearn dlebeetes] g the st pdiere o e
s, The primeignd soaipee w0 Saec st from thee 2 saebers,
tr zine from abist=lwaring Blemde,

Extraction.  hwelium sy e extracta] frotn ane b adpes
solving the tetal inoa spuentity of aepd jusd sssflivent o pive
comnplete sedution,  Upeg the pevidue o andisanlsed ane there
codleets nn stanshitge 2 spragey fss, wheh voratipeend o bead,
capper, enddingn, ti neecwe, dra, and aadiase Vhae s an
eollected, waslss], shwodved o HNOL, sl evaperated sath
LSOy The bead salfate g Hepad off ond the hodeaanles of
iran atd indimy precypatated by oan eveee of NHOHD Tlese
wre climeedvrnd inen samall canennt of OV sl the wdatpa, whe'h
shouhd b pearly peanral, s boaled sath oo enevas of Nulistg,
when ndiima preeipatates as the Yoo salfite of the famala,
Frg(SOy) s - Dl O g - 5 100 Phas miaw Tae dimadvedd s HLRU0,
und the indiun preeipitated by dditms of NHLOH,

Indinin win] trear mny aleo b aeqaratead by sdiling protassium
sulfueynnide to the saxed chlurdes ws aeud sodution and »xtraet.
ing the ferrie sulfouevanide wthether, Tndios s Y wecpnrate]
from both slutsioum sod ron by sdbling an sleaholie pyrdie
solution to the chlordes, whon InCl O HN s precimtated,

Metallurgy. - Motallic iuduin ney be prejured inos pumber
of ways: (1 heting the osde with hydrogen ) (2) heating
the oxide with sodinn produess first 0 hratthe alloy frum which
the sochum s removed by water and fused Na O, (3) by
adding zin® 1o n solution of imhum eompounds ;. (4) eleotrols
yuinof the ehlaride or walfate solution in the presenee of pyridine,
hydroxylsmine, or formic scid, 0 branched teee hang formed.
The fractionsl electrolysis of the sulfate wolution is the best
means of obtaining pure indinmn?  The spongy metal may
be dried at 120° and fused in an ntmosphere of hydrogen,

tJour, Am, Chem, Sac, B8 $80 (1007,
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Properties. — Indium is a white metal, softer than lead, easily
IMalleable, ductile, crystalline, and diamagnetic. Its coefficient of
X pansion is 0.0000459, its specific heat 0.057, its compressibility
2t 25° 0,0000027, which is about two-thirds that of mercury.

It does not decompose water, even at the boiling temperature,
At low temperatures it is stable in the air, but when heated it
b>urns with a blue flame, producing In.0;. The heat of com-
4 N}stion is 1044.6 calories per gram of metal. It unites directly
With the halogens and with sulfur. It dissolves in mineral
2rcids, but not in KOH solution. In the electromotive series
l’t falls between iron and lead. It forms alloys with lead, thal-
lium, tin, gold, platinum, gallium, mercury, and sodium.

Compounds. — Indium forms compounds similar to those of gallium, but
tnore basic and in some ways suggestive of the compounds of iron. The
<haracteristic valence is 3, but well-defined bivalent and univalent com-
>ounds are formed.

With ozygen, indium forms three compounds, InO, In;0s, and In;Os.

In,O; is formed when indium burns or its hydroxide, carbonate, nitrate,
©x sulfate is heated. It is a light yellow powder, easily soluble in acids
tariless it has been heated to a high temperature, after which it is almost
insoluble. It is more infusible than Al,O;. InO, the subsoxide, is formed
Y>3 the careful heating of In,Os with hydrogen at 300°. It is a black
¥> v rophoric powder slowly soluble in acids. In;O, isomorphous with Fe;Oy,
is formed by heating In;0; above 850°. .

In(OH); is precipitated by adding the fixed alkalies to an indium salt.
Xt is insoluble in excess of the precipitant. It has only the slightest acidic
properties, only one indate being described, namely, the magnesium salt
of the formula' Mgln;04-3 H:0. It is obtained when the chlorides of
snagnesfum and indium are mixed and boiled.

A nitrate, In(NOy); - 4% H,0, is formed when the metal is_dissolved in
xaitric acid. It crystallizes from nitric acid readily, but not easily from a
ncutral solution. It forms a double ammonium indium nitrate. If the
smolution of the simple nitrate is heated, a difficultly soluble basic salt is
formed.

Halogen compounds, InX, InX,, and InX;, are all known except the
mono- and di-fluorides; the oxy-chloride and -bromide, InOX, are also
easily made.

InCl; is prepared by the action of an excess of chlorine on the metal,
t.he lower chlorides, or a heated mixture of In,Os and carbon. Itis a white,
deliquescent solid, easily soluble in water, in which it is slightly hydrolyzed.
Yt forms double chlorides with the alkali chlorides. The solid vaporizes
at 600°, ‘

InCl, is formed by heating the metal in dry hydrogen chloride, Water

} Renz, Ber, 84 2763 (1901),
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decomposes it, forming InCl;and In.  InCl is formed by heating a mixture
of InCl; and In. Itis a dark red compound, which is decomposed by water,
giving InCl; and In.

Sulfur forms three binary compounds with indium, In,S, InS, and
In,S;. The latter is prepared by direct union of the elements, by heating
In,0; with sulfur or H2S; or by passing H,S into the weakly acid solution
of an indium salt. The precipitated form is yellow, and the salt formed
by dry methods varies from yellow to brown. It is soluble in mineral
acids, readily forms colloidal solutions, and gives complex salts with the
alkali sulfides, such as K,In,S,.

In,(SO,); is a white solid, very hygroscopic and very readily soluble in
water. The simple sulfate forms a hydrate with difficulty, but the am-
monium, rubidium, and caesium alums crystallize readily ; double sulfates
resembling the alums but of the composition M,SO, - In,(SO4) ;- 8 H.O have
also been prepared with sodium, potassium, ammonium, and thallium.

Detection and Estimation. — Indium salts produce a blue-violet color
in the flame,! in which two brilliant blue lines are visible, X 4511.5 and
X 4102. Very small amounts of indium may be detected by microchemical
methods, using rubidium indium chloride. Other reactions are: —

Precipitation of yellow In.S; by H,S from neutral or faintly acid solu-
tions.

Precipitation of In(OH); by alkalies or BaCO;.

Precipitation of In(CN); by KCN, soluble in excess, but hydrolyzed on
standing or boiling, precipitating In(OH)s;.

For the estimation of indium, it may be precipitated by ammonia, the
excess removed by boiling, and the precipitate dried and ignited to In,Os.

TaALLIOM

Historical. — In March, 1861, Crookes was examining some selenium
residues from a sulfuric acid factory in the Hartz Mountains. He expected
to find tellurium, but being unsuccessful with chemical means, he tried the
spectroscope, the use of which had in the year previous resulted in the
discovery of rubidium and caesium. He found a single bright green line,
which he later proved to be evidence of the presence of a new element
for which he suggested the name thallium, meaning a green twig. He was
unfortunate in having only a small amount of material to work with, so
he did not succeed at first in correctly establishing the relationship of the
element. But by May, 1862, he had collected a few grains of the metal in
powder form.

Over a year after Crookes’ original discovery Lamy, in France, made a
similar investigation of the lead chamber deposits of a sulfuric acid plant
which used a Belgian pyrite. He found thallium in considerable quantities,
and by May, 1862, he had a considerable amount of the metal in lump form.

He studied the physical and chemical properties of the element and many
of its compounds.

? For the arc spectrum of indium, see Uhler and Tauch, Astrophys. J. 56
291 (1922).
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Vhe pdatvardop of thallinne s the ather slements presental muny
puszhug prsdders s can seenant f ity verisd resanbdonee ta lend, slver,
prbvc i, alnesmens el anepenry, Soopeaadexieal ddid the elemat,
ppgeear fo b thad Lmens edeseoreterized it s tlae omitharhyuehus of the
wetale Hat whes Meadeliefl pabdidiad his tabile, e argirel convineingly
that thallonn shewdd boe il i Greange 1 ander inalinm and hetween
merenses ued bewd 10 ba alwa v reruniiaed in this position.

Fhaller o e sedogee uf nebiniom 1) andd thoarom Dy and it may bear o
rebaiiranalap to thee pplienedivr elenamitx sonewhnt similur ta that shown
by badd. Sebds ugpeda] P that thallinn was nue of the bwa el pradnets
of theorsim siratrgratg, qtwe The theeiaan minemls often contaitxd tao
Inede Bt oo condomen to tlae tlawory that hasl was the unly final prudaat,
Frrettemoate of thepimnte, Joawvever, shiws 2 {had. i eantaias hoss than 0.005
prer sent d tallon, votseguently Budhdy b withadenwn the suggestion.

Qccurrence,  Thallinm i found in considerable amounts
inad least fonr rare minersls s croskesite, (CaTlAg) Se, contains
Wi 19 per eent thollnn, fannd in w0 copper mine in Sweden;
Iorandite, TIA«S,, cantaing 5 60 per cent thallinm, found in
Muerdhaia ; vrlaite, TIANSSBR,, containg 2030 per cent
thndlin, foasl in Macedonin ;. Ingehinsonite, (T Ag, Cu)sS-
Ay 4 Pl e An Ry, cqantaing 1825 per cent thallium,

In weblitian 1o Vhese distimdively thallinm minerals, this
olempent s found in small yuantities in n wido range of rock
atsl tinernls, showing the varnety of its chemical relatives,
At these v b muentioned  lepitlolite, sylvine, carnallite,
alunite, sphiaderite, pyrite, hnemmtite, marcasite, brannite, bor-
zelianity, sl ehaleopyrite, It has also been found in mineral
waters aml father witdely distributed nmong plants.  Because
of ith aevurrenee in 5o many inerals it i sometimes found in
eommerein] products, such as zine, eadmium, platinum, bis-
mth, tedlurium, sulfuric acid, and even hydrochloric acid,
Thoe st fertile sanress are the flue dusts of iron furnaces and
sulfurie weit) plants using thalliferons ores. Bome flue dusts
eomtiin ns meh as 8 per vent, thalliun, but usually the amount
1% lews than 0,20 yer cent,

Extraction, - Crookes’ method of extracting thallium from
mincrals was to grintd the ore to a fine powder, dissolve it in
ayna regin, add sulfurie acid, and rvapornte to expel excess
aeid,  Dilute ta lurge valume, neutralize with NagCOs, and
add KON to precipitate lead mial bismuth, Filter and add

¢ Nuture, 99 244 (1917, 3 Cotter, Nuature, 108 423 (1919),
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H.S to precipitate T1, Cd, and Hg. Dissolve the T1.S; in very
dilute H,30,, in which the sulfides of cadmium and mercury are
insoluble.

In flue dusts, thallium is usually present as oxide or sulfate,
both of which are soluble in water. The dust is thoroughly
extracted with water, the solution concentrated, and TICI pre-
cipitated by adding HCl. The extraction is sometimes made
with water, slightly acidified with H,SO,.

The precipitation may be made with zinc, producing metal-
lic thallium, or as sulfide or iodide.

To purify the crude thallium material it 1s transformed into
the sulfate and its dilute solution is acidified; then H.S is
added to precipitate mercury, copper, silver, arsenic, anti-
mony, and bismuth, Ammonia is added to remove iron and
aluminium. The purified thallous sulfate is then evaporated
to crystallization.

Metallurgy. — Thallium is very easily prepared from its
compounds in several ways: (1) fusion of the thallous chloride
or iodide with Na,CO; and KCN; (2) electrolysis of the car-
bonate or sulfate; (3) addition of zinc to a thallous solution;
(4) heating thallous oxalate in a covered crucible.

Properties. — Thallium is a white metal with blue tint, and
when freshly cut it has a brilliant metallic luster. It is so soft
that it may easily be marked with the thumb nail and leaves a
black streak on paper. It is malleable but has little tenacity,
and when an attempt is made to cut it with a file or saw it
stops up the teeth of the tool. It has a crystalline structure
and emits a sound similar to the tin cry. It exists in two modi-
fications, the transition temperature being 226°. It melts
at 303°, commences to volatilize at 174°, boils under atmos-
pheric pressure at 1515° and may be distilled in a stream of
hydrogen. The coefficient. of expansion is 0.000031 and the
coefficient of compressibility is 2,33 X 10~¢ per atmosphere.
The latent heat of fusion is 7.2 calories per gram, the mean spe-
cific heat is about 0.03. The electrical conductivity® in recip-
rocal ohms per cubic centimeter at 20° is 5.28 and the magnetic
susceptibility is—29 X 10~ C.g.s. units per unit volume, In
the electromotive series thallium comes between iron and cobalt,

} For the potential of thallium electrodes, see Proc, Am. Acad, Arts and Sci.
56 199 (1921)
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Thallium oxidizes slowly and superficially in the air at or-
dinary temperatures, but above 100° the reaction becomes
more rapid, forming thallous oxide at the lower temperatures
and thallic oxide at red heat. Thallium does not react with
oxygen-free water at ordinary temperatures, so one of the best
methods of preserving the metal is under water which has been
deprived of its air. At red heat thallium decomposes water.
It combines directly with the halogens, sulfur, selenium, tel-
lurium, phosphorus, arsenic, and antimony, but it does not unite
with hydrogen, carbon, silicon, or boron. It dissolves slowly
in HCl, more rapidly in H,80,, and readily in HNOQ;, liberating
hydrogen in each case except HNO; and concentrated H,SO,.

Thallium alloys readily with many metals, especially sodium,
potassium, mereury, magnesium, caleium, gold, silver, cadmium,
copper, and zine,

Uses. — Thallium compounds possess unusually high re-
fracting power, so they are used in the manufacture of certain
kinds of optical glass in which a high refractive index is desired.

A liquid amalgam containing 8.5 per cent of thallium is used
in thermometers for temperatures as low.as — 60°. Thallous
chloride is one of the few lower chlorides which is more stable
than the compound of the higher state of oxidation. So-it is
used as a '‘getter ” in tungsten lamps to prolong the life of
the filament.!

Alloys of lead and thallium 2 are distinctive in that they have
higher melting points than either component. The amount of
thallium varies from 3 to 65 per cent. The alloy containing
10% thallium, 209, tin, and 709, lead is resistant to the
corrosive action of mixtures of sulfuric, nitric, and hydrochloric
acids. This alloy is especially recommended for use as anode
for the electrolytic deposition of copper, in which its corrosion
is less than one-fifth that of lead alone.

Thallous chloride is changed * by sunlight from white through
various shades to brownish black; the change is hindered by
mineral acids and hastened by ammonia, ethylamine, glycerol,
toluene, ete. Thallous iodide changes from yellow to green in
the sunlight, These changes may become useful in photography.

t Chem. and Met. 33 471 (1920) ; L'Industrie Elect. 29 472 (1920).

2Fink and Eldridge, Trans. Am. Electrochem. Soc. 40 51 (1921); also U. S.
Pat. 1, 384, 056, July 12, 1921.

8 Carl Renz, Helvetica Chem. Acta 3 704 (1919) and 4 950 (1921).



126 GROUP III —GALLIUM, INDIUM, THALLIUM

Mixtures of thallous nitrate with silver, mercurous, and mer-
curic nitrates have low melting points and densities ranging from
4.8 to 5.3. Such mixtures are useful for separating minerals
of different densities.

The “ Thalofide ” cell ! is more sensitive to light, especially
that of low intensity and long wave lengths than the selenium
cell. TIts electric resistance drops 50 per cent on exposure to a
quarter foot candle. The sensitive material contains thallium,
oxygen, and sulfur and is essentially an oxysulfide of thallium.

Compounds. — The compounds of thallium form two distinet
classes: (a) thallous with a valence of 1, resembling the analo-
gous compounds of the alkali metals in the soluble compounds,
and those of Jead in the more difficultly soluble ones; (b) thal-

-lic with valence of 3, resembling the compounds of iron
and aluminium. The former may be vaporized without de-
composition and are highly lonized in solution. The thallic
compounds are considerably hydrolyzed and are stable only
in the presence of an excess of acid. Thallous compounds
are oxidized almost completely to thallic by such oxidizing
agents as permanganate, chlorine, or bromine. The reduction
of thallic to thallous is easily accomplished by SnCl., HySO3, or
metallic thallium. The addition of (NH,).S to a thallic salt
precipitates thallous sulfide and sulfur; while KI precipitates
TII and I. The contrasting character of the thallous and
thallic salts 1s shown by the fact that they readily form complex
salts with each other, such as TICl;-3 TICl. A thallous-thallic
alum, T1 TI(SO,), - 12 H,0, is described, but the existence of such
molecules is open to question because of the difficulty of obtain-
ing a definite crystalline form. It seems certain, however,
that both the thallous and thallic conditions are present in
solution.

Thallium compounds are cumulative poisons, resembling lead.

Thallous Salts. — The ozide, T1,0, is a heavy black powder, which is
formed when the metal is oxidized at low temperatures, or when TI(OH) is
heated at 100°. It absorbs water readily, producing the hydroxide, and at

300° it melts to a liquid which attacks glass rapidly. It is easily reduced
or oxidized.

The hydroride, TI(OH), forms yellow crystalline needles, and may be
formed by dissolving thallous oxide in water or by adding baryta to thallous

1 Cage, Phys. Rev. (2) 16 289 (1920) and U. S. Pats. 1301 227 (1919) and 1316
350 (1919)
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t¥ee M Priabon, Compt, rend, 178 342 (1931),

¥ Rorenth ated Fopmpmchicd. Z. aunrg. allgem, rhem. 131 361 (1922),

8 Cattien aad Parinling, Ees, ehin (d, 83 1380 (1921} 1 C, A 18 3087 (1921),
s Ibid B8 1 141 (192250 €. A 16 SORG (1022).

« (3, Cagorrl, Guats, chim. sial, 88 138 (0205 €A, 16 1715 (1922),
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acids, but after drying it dissolves slowly. It is a brown, amorphous sub-
stance, resembling Fe(OH)s in appearance, and extremely msoluble in water,
having a solubility produet at 25° of 10753,

The chloride, TICl; - H,O, is made by passing chlorine into water in which
TIC] is suspended, and allowing the saturated solution to stand. A tetra~
hydrate is also formed, from which the anhydrous salt is prepared by
dehydrating at ordinary temperatures. With a small amount of water
thallic chloride forms a clear solution, but on dilution the salt suffers
hydrolysis.

The bromide and todide are similar to the chloride but still less stable.
The iodide behaves as though it were a mixture of thallic iodide T1I,; and
thallous periodide TII - I, analogous to KI - I,. It has been suggested that
it is a tautomeric compound,! sometimes thallous and at other times
thallic in behavior. It readily forms double salts.

The nitrate, TI(NO;);, is prepared by dissolving T1,0; in nitric acid.
It forms deliquescent crystals, TI(NOs)s - 3 H0, is easily hydrolyzed and
decomposed, and forms double nitrates.

The sulfide, T1,S;, is made by direct union of the elements. Attempt
to prepare it by precipitation give T1,S and S. It is a black solid, brittle
below 12°, soft and plastic at higher temperatures.

The sulfate, T12(8O04)s, is easily hydrolyzed by water, producing a basic
salt. It forms double compounds very similar to the alums, such as
(NH,),S0, - T1:(SOq)s - 8 H,O, but the formation of true alums s still
doubtful.

Detection and Estimation. — All thallium compounds impart a green
color to the flame and yield a green line at A 5350.

Qualitative tests for thallous compounds are: (1) brown precipitate
TLS with H,S or (NH,):S in neutral or slightly acid solutions; no
precipitate in presence of a strong acid; (2) soluble halides produce TICl,
white, TIBr, pale yellow or TII, bright yellow; (3) K.CrOy precipitates
yellow, TLCrO,; (4) H,PtCls precipitates yellow, T1.PtCly (quantitative) ;
(5) sodium cobaltinitrite precipitates thallous salts quantitatively as thal-
lous cobaltinitrite, brilliant red.

Thallic salts are identified by the brown precipitate produced by am-
monia or the alkali hydroxides; or by reduction to the thallous state and
the tests given above.

Quantitatively, thallium is determined as the iodide, chloroplatinate,
chromate, or sulfate. Thallium may be determined volumetrically, also,
by the use of permanganate ? or iodometric measurement.

! Abegg and Maitland, Zeit. anorg. Chem. 49 341 (1906).
1 A. J. Berry, J. Chem, Soc. 121 394 (1922).



CHAPTER VIII
GROUP IV — TITANIUM

Tae elements which comprise Group IV occupy the exact
center of the periodic table. Recalling that each series of the
table shows a gradual transition from metal to non-metal, it
is to be expected that the elements falling in the center of the
series will be distinctly amphoteric and electrochemically in-
different. There ought also to be less marked differences be-
tween the members of Divisions A and B than in the other
groups of the table. So slight are these differences in fact
that the division into sub-groups is scarcely necessary except
for convenience, It is to be noted, however, that the differ-
ences between A and B sub-groups increase as we pass from
Group IV toward either end of the table.

All the members of this group are metallic in nature except
the first two members, which are mainly acidic. All the me-
tallic elements except tin and lead have high melting points;
none suffer more than superficial oxidation at low temperatures ;
but all the elements of the group, when heated strongly, com-
bine readily with oxygen, yielding the dioxide, except in the
case of lead. The dioxides of the elements of lower atomic
weights are acidic, but the basicity increases with increased
atomic weight of the element.

The principal valence of Group IV elements is 4, each ele-
ment of the group except lead forming its principal series of
compounds in the quadrivalent state. Valences of 2 are com-
mon, and 3 occasional. The quadrivalent halogen compounds
of most of the elements form characteristic double derivatives
with the alkali halides, of the type M';M'"Xs. These com-
pounds, especially the fluorides, are of much importance.

Nowhere does the unique character of the first member of
the family stand out more strikingly than with carbon in Group
IV. The ability of carbon atoms to form countless chain and
ring compounds, the relationship of carbon to all forms of life,
and its peculiar chemical behavior make this element stand in

129
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precipitated by the alkalies in the presence of hydrogen peroxide.
This behavior is sharply in contrast with the elements of the
B division, and is intimately related to the greater electro-
positiveness of the A sub-group. The physical constants of
sub-group A are shown in Table XXIV.

Tasre XXIV
Properties of Titanium Sub-Group

TYTANY UM Z)RCONIUM CER)UM THORIUM
Atomic Weight . . 48.1 90.6 140.25 232.15
Specific Gravity . . 4.87 4.25 6.73 11.00
Atomic Volume . . 9.88 21.32 19.92 21.13
Melting Point . . 1795° 1500° 635° 1450°
TrrantoMm !

Historical. — Rev. William Gregor in 1789 discovered a new metal in
the magnetic sand from Menachan, Cornwall, which was known as mena-
chanite or more commonly now as ilmenite. He suggested the name
menachin for the new element. A few years later, Xlaproth found a
new element in rutile, and suggested the name titanium, from the Titans,
the giants of Grecian mythology. In 1797, he proved that menachin
and titanium were identical and the former name was dropped. The
pure oxide was not prepared until 1821, when Rose successfully purified
TiO,. Early attempts were made to produce the element by reduction of
the oxide with carbon. Berzelius in 1825 prepared a metallic substance
which was supposed to be the element until in 1849 Wghler proved it to
be a cyanonitride.

Occurrence, — Titanium is usually regarded as a rare ele-
ment, but it is one of the 10 more abundant elements in the
earth’s crust, TiO, making up 0.73 per cent of the whole litho-
sphere. It is almost twice as abundant as carbon and exceeds
chlorine, phosphorus, and sulfur in abundance. It resembles
silicon in its combinations, since it is never found in the free
state, but in combination with oxygen either as the simple
oxide or as titanates.

As TiO, it occurs in three distinet crystalline forms known
as rutile, brookite, and anatase, the first named being common

) See report by R. J. Anderson, U. 8. Bur. of Mines, Serial No. 2406 (1922).
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Ilmenite and titaniferous magnetite are found in many locali-
ties, the best known foreign deposits being at St. Urbain, Que-
bec, and in Norway and Sweden. In the United States! two
deposits are notable: at Lake Sanford, New York, the ore
;averages 62.8 per cent magnetite and 30 per cent ilmenite; at
Iron Mountain, Wyoming, the average composition corre-
sponds to 49.8 per cent magnetite and 40.15 per cent ilmenite.
The two deposits are estimated to contain many millions of
tons of ore. A recently developed deposit at Pablo Beach,
Florida, was producing in 1919 considerable quantities of
ilmenite and rutile, along with zircon and monazite.

The production of titanium ores fluctuates widely from
year to year. About 200 short tons of rutile (959, TiO:) are
marketed annually in the United States. The amount of
ilmenite produced was 1644 tons in 1918, but in 1920 only 268
tons were reported. A small amount of rutile is imported from
Norway, and considerable ferro-carbon titanium is exported.
The 1922 prices are about as follows: rutile (95%), 12 cents
per pound; ilmenite (529 TiO,), 15 cents per pound; ferro-
carbon titanium (15-18%), 20 cents per pound; and carbon,
free titanium, 30 cents per pound of contained titanium,

Extraction. — Rutile is exceedingly resistant to chemical
action. Either rutile or ilmenite may be brought into solution
by fusion with alkali, alkali carbonate, or bisulfate and extract-
ing with acid. By adding ammonia to this solution a mixture
of iron and titanium oxides is thrown down. Another satis-
factory method fuses the ore with carbon in an electric furnace,
subjects the carbides to the action of chlorine, and distills off
the volatile titanium tetrachloride.?

Iron and titanium may be separated by several methods:
(1) dissolving the mixed oxides in HCl and extracting FeCl,
with ether;® (2) reducing the iron with NaHSO;, adding KCN
and ammonia and heating nearly to boiling, TiO, precipitates,
iron remains in solution as ferrocyanide ;¢ (3) adding ammonium
tartrate to hold the titanium in solution then precipitating iron
with ammonium sulfide, evaporating the filtrate with a mixture
of sulfuric and nitric acids to destroy the tartaric acid and pre-

} See Bull. 64, U. 8. Bureau of Mines.

2 Stiahler, Ber. 87 4405 (1904); ibid. 38 2619 (1905).

3 Barneby and Isham;, Jour. Am. Chem. Soc. 32 957 (1910)
4 Bornemann and Schirmeister, Metallurgie, T 723 (1910).
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cipitating the titanium with ammonia ;! (4) heating a mixture
of ferric and titanium oxides in the presence of HCl -and S,Cl,;
the iron distills out, leaving TiO; unattacked.?

Metallurgy. — Titanium is obtained in the metallic condi-
tion with the greatest difficulty, because of its extremely high
melting point, the ease with which it unites with oxygen and
nitrogen of the air, or hydrogen and carbon as reducing agents,
and its readiness to alloy with most of the common metals which
might be used for utensils or electrodes.

The methods which have been used to prepare the element
are as follows: (1) reduction of potassium titanofluoride with
sodium or potassium — this method does not effect complete
reduction; (2) reduction of TiCl, with hydrogen is not suc-
cessful, but heating the tetrachloride with sodium in a cast
iron bomb gave3 a product containing 95-99.7% titanium;
(8) reduction of TiQ: with magnesium, silicon, or aluminium
does not give good results because titanium alloys with these
metals; (4) reduction of TiQ, with carbon gave good results 4
if the temperature was high enough to decompose the com-
pounds formed between titanium and carbon and nitrogen. In
this way carbon is the only impurity, and it may partly be re-
moved by fusion with more TiO,. Moissan obtained in this way
a product which contained 98 per cent titanium ; (5) reduction® of
TiO, by calcium shavings in an evacuated iron dish. The product
was very pure; (6) electrolysis of a solution of TiO; in fused
CaCl; gave® a product nearly free from nitrogen and carbon.

These methods all gave the element in powder form. The
fused metal was prepared? by pressing the powder into bars
at 70,000 atmospheres pressure and using these as electrodes
in a vacuum arc. The metal fused in the form of globules on
the ends of the electrodes.

It is worthy of note that the metallurgy of the element tita-
nium is in the same state of development at the present time
that aluminium was forty years ago.

? Thornton, Am. Jour. Sci. 34 (iv) 214 (1912).

2 Bourion, Compt. rend. 154 1229 (1912).

3 Nilson and Pettersson, Zeil. Phys. Chem. 1 28 (1887) . Zeit. anorg. Chem.
99 123 (1917) ; and Trans. Am. Electrochem. Soc. 37 513 (1920).

¢ Moissan, Compt. rend. 130 290 (1895).

5 Wedekind, Arinalen, 396 149 (1913).

¢ Borchers and Huppertz. Metallurgie, vol. 1, p. 362 31904).
7 Weiss and Kayser, Zeit. anorg. Chem. 66 388 (1910),
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v R, J. Auderson, Jour, Frank Insl, 184 407 (1917).
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Ferrntitansam is prcnhrd o two grades (1 e congtagn-
g consideratde carbion o calbd ferpomearbons Grammm, 1t
is produesd by the reductum of thaenite with eoke or of ratthe
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aluminium,  In Germany a nushiied  Goldselunsdt thenmit
reduction ix used which adids Bugf ¥y or Nust)y to seeclernte the

fRew Wosal, Joor. Am. Chem Soc 38 90 (18 anet Trass Awm Inef $ve.
Eng. 83 532 03801, Vo Maltite, MBN wod Eoen, B9 1908 (10081, findl 4,
U8, Bur.of Mines; sl Prikiy Modal mldrosss tor 1187 Joor Ind and Kng
Chem. 10 138 (1938), W M. Cloeubwiss, Teans Hog Tan. Inel 18 A5 (1021
G F Coramack, Chem. and Mol 88 105 130213 . Lenn Age, 108 1T (1921) wnd
109 U7 (142d),

Y U8B, Paia, 1374038 and 1,974,086, April 5, 1971,
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reaction; in America the Rossi process! is used, in which an
electric furnace produces a bath of molten aluminium. To
this is added the desired amount of scrap iron, or high-grade
iron ore if a very low-carbon product is essential. After a
layer of molten iron is formed below the aluminium, thetita-
nium material is added, either in the form of titaniferous iron
ore or rutile or even titanium slag. The reaction is exothermic
solittle currentis required to maintain the reaction temperature,
This process yields an alloy containing up to 75 per cent tita-
nium and with from 0.12 to 0.8 per cent carbon. The American
product usually contains about 25% titanium, 5% aluminium,
and 1 to 1.5% silicon. This gives a low-melting titanium
aluminate on fusion in the steel bath. There is keen rivalry
between the two methods of producing the ferro alloy.?

The use of ferro-titanium in the steel industry is rapidly
gaining favor, especially in the United States. The effect of
the titanium is twofold: (1) its striking affimity for both oxy-
gen and nitrogen makes it efficient for the removal of the last
traces of these elements; (2) it apparently has the unique prop-
erty of causing the separation of occluded substances like
oxides and sulfides of iron and manganese, silica, slag, etec. As
ordinarily used, very little, if any, of the titanium remains in
the steel, hence its purpose is purely that of a cleansing agent.
The fluidity of the slag is increased because of the exothermic
reactions which accompany the removal of the impurities,
hence the separation of the slag is more nearly complete. The
importance of removing oxygen, nitrogen, and iron oxides 1s
becoming more and more evident, as experiments tend to show
that these impurities are more troublesome than small amounts
of sulfur.?

The beneficial effect of titanium treatment is most evident
in Bessemer steel ; it is less marked in open-hearth steel and it
is even applied to crucible and electric steels and cast iron.
The addition of titanium is best accomplished as an iron alloy.
If the element is added alone, its high melting point and low
specific gravity make it difficult to obtain a good mix. In

' Auguste J. Rossi, Elect. Chem, Ind. 1 523 (1903).

2 8ee R.J. Anderson, Jour. Frank. Inst. 184 467 (1917) ; C. V, Slocum, Trans.
Am. Electrochem. Soc. 30 265 (1911).

3 8ee Iron Age, Jan. 13, 1916, p. 146; Bull, A. I, M. E., Oct. 1916, p.
1841; Chem. and Met. 11 144 (1913),
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The use af titaniom in east iren has heen trivd,? Tt the re-
stilfs are somewhid hoss convinving,  The alloy used for this
purpese generally cantnins from 0.1 Lo 1.0 per cent of titanium,
The offeet of the titanitim is Lo remove oxygen, gitrogen, ad
sulfur; ta theow down graphite and ta prevent the preeipita-
tian bf ran enrhide. Tt s celabmerl that the product has in-
erepsed strength, soundness, and Juerdness, as well as improved
machining qualities.

Treatment of tran and ather metnds with titaninm has o ean-
siderable offeet upan the wagnetic properties,  Iron which hoy
breu treatiel with titanhun has higher magnetisation curves
and lower hysteresis lasson® These offerts nre prolably pro-
dnced by the cleansing avtion of titanium.  If same titanium
retains in the iran, the magnetie properties are lower than
pure iron.  Ferrostlicon, when trented with titanhnn, gives an
oxceedingly high permenhility and low hysteresis lass,

Other alloys of titaniom are prepureed® usindly fram eatile,
since generadly these nllays must, etatain little or no iron, These
sliovs wre mude in the electrie furmnee or by the Goldschunidt
process.  Cupro-titaninm comtaining 5-12 per cent titnnium
i aunde by adding vapper ta the ghaninisun buth, then adiling
rutile. The addition of 12 per ant of this alloy tu malten
capper ar hrass pradoces nometal which can casily be ot in
sand mid W free fram hlawhales When present in simall
uneunts, titanimn rases the tensile strength amd lowers the
duetility of eupper,  The toughmess nnd resilienry of alunin-
pun x invreused by 2 per eend of titaninm, but this nlloy lacks
durability, A tituninm-silver alloy * addel to molten silver
tmproves the structure of the metal nnd prevents ¢ gpitting '
during the couling process,  An alloy of mangianese, containmg
3035 per cent tituninm, is used as 2 droxidizer in bronze prac-
tier,  An allay of silican and titanimm s produced ® by smelt-
g Ti0y and 8Oy with earbon in the clectri furnnee, 1t 18
used for the addition of both silicon nnd titanhun to steel,

YR, Muldenke, Trana, Am, Foundrymen's Asace. 17 67 QQ89068) o Bull. Am,
Inat, Miu. Eng. Y12, p, 4240 Bbhaom, Chen. Fnyg, 18 257 (1814) ; Staughtoa,
Trans. Aw, Tox(. Min, Eoy, 44 IN2 (1012,

* Trann. Am, Electrochem. Soe, 37 503 (1920).

¥ Bew Mineral Industry, 8 734 (3900),

& s Meteel wmd Rrz, 13 10 sl 48 (3914),

Y Honst, £ 8. Patg, § 024470 ninl 1,026 426, Aug, 1012,
8 Jour, Soc, Chem, Ind. 89 630 (1910) ; e, alwo, Iron Age, June 1, 1018 p, 1640,
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slight tendency to vaporize, and the brilliant light emitted.
The filaments must be made of very pure titanium, since even
traces of impurities render them extremely fragile. The cost
of producing the pure metal makes these filaments prohibitive.
Efforts have also been made to utilize the brilliant light of
titania in ineandescent gas mantles.

As mordants and dyes the compounds of titanium find a
variety of important uses in dyeing cotton, wool, paper, and
leather. If leather or textile goods are immersed in a solution
of a titanium salt and then steamed, the hydrated dioxide is
precipitated. This forms permanent lakes, producing bril-
liant colors when the material is put through the dye bath.
In the more delicate fabrics titanium salts of organic acids are
used to prevent injury by free mineral acids, Formerly quad-
rivalent titanium compounds were used for this purpose, but
they have been very largely displaced by trivalent salts, which
are serviceable not only as mordants but also because of their
great power as acid-reducing agents. The chloride, TiCls,
and the sulfate, Ti:(SO,);, are the salts generally used, In
using direct dyes on cotton goods, sometimes the color is un-
even or the shade too deep. If it is necessary to remove the
dye, a process called stripping, it may usually be done quickly
by immersion in a 1 to 5 per cent solution of titanous salt.
In the same way in figured goods in which the color has * run,”
the background may be whitened.

Potassium titanium oxalate is used extensively for both mor-
danting and dyeing of leather, giving various shadeés from yellow
to brown. The lactates of titanium under the trade name
“* corichrome ** are used in the leather industry both as mordants
and “ strikers.” The use of titanium salts in dyeing leather
does not produce so brittle a product as iron salts.

Titanium pigments are known in several colors, The ferro-
cyanide has a fine green color, used in place of arsenical pig-
ments in wall papers. Various shades of yellow, brown, and
red are produced by roasting rutile or .ilmenite with other
materials. A light yellow pigment made from ilmenite ! forms
a protective coating for iron and steel, especially when mixed
with asphalt. Precipitated TiO,, titanium white or * titanox,"’

} R. J. Anderson, Jour. Frank. Inst. 184 467 (1917),
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has been used successfully ! as a paint base, where its perma-
nence, great opacity, and non-poisonous nature have increased
its popularity very rapidly. It may be used in mixture with
BaS0Q,, forming essentially a titanium lithopone. Calcium
titanate also gives promise of becoming a useful paint material.?
Titanium paint is unaffected by sea water,® has no saponify-
ing action on linseed oil, and has more than a third greater
covering power than white lead. The manufacture of titanium
paints has reached large proportions at Niagara Falls and in
Norway.

Ceramic colors frequently utilize titanium compounds,
Rutile is used to give a soft yellow under-glaze color to porce-
lain, replacing the more expensive uranium compounds for
this purpose. It is also used in tinting artificial teeth, poreelain,
tiles, etc., in which the amount varies from 0.5 to 5 per cent,
depending on the depth of color desired. The characteristic
blue color of sapphires is presumably due to trivalent titanium,
since synthetic stones identical with the natural product have
been prepared ¢ by fusing alumina with TiO, and Fe,Os.

Titanium trichloride has been used ° extensively in the labora-
tory as a powerful reducing agent. It reduces many organic
substances and one part of gold in twenty million may be de-
tected by the colloidal solution which it produces. In about
1 per cent solutions it is convenient for the quantitative deter-
mination of iron, copper,® tin, chromium, hydrogen peroxide,
chlorates, nitrates, hydroxylamine, and many other substances.”
Its use has been much more general in Europe than in the
United States, where its introduction has been hindered by the
difficulty of preserving an accurately standardized solution.
Its popularity is increasing rapidly and 15-20 per cent solu-
tions of titanous chloride or sulfate may now be obtained from

Y H. A. Gardner, Circulor 62, Educ. Bur. Paint Mfg. Assn. of U. S., April
19019 ; also Chem. Ztg. 43, 356 (1918).

2 U. 8. Pat. 1.436,164, Noy. 21, 1922.

t Chemie et industrie, 6 815 (1921).

1 Verneuil, Compt. rend. 160 185 (1910).

§ See Ber. 36 166, 1549 (1903); Brandt, Chem. Ztg. 43 433, 450 (1918);
Jour. Am. Chem. Soc. 43 91 (1921) ; also, New Reduction Methods in Volumetric
Analysis, Longmans, Green and Company (1918) ; Hendrixson and Verbeck,
.(Iloéuzrl) Am. Chem. Soc. 44 2382 (1922); Hans Rathsburg, Ber. 54, B 3183

¢ W. M. Thornton, Jr., Jour. Am. Chem. Soc. 44 998 (1922).

7* Titration of Azo Dyes with TiCls,”’ D. O. Jones and H, R. Lee, Jour. Ind.
and Eng. Chem. 14 46 (1922).
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American manufacturers. These solutions may safely be di-
luted for use if sufficient acid is added to prevent hydrolysis.
The standard solutions should be kept in an atmosphere of
hydrogen, but the titration may be made in air although some-
what better results are obtained in an atmosphere of carbon
dioxide.

Titanium tetrachloride came into great prominence during
the war as a material for producing toxic smoke. Its value
in this connection depends upon the fact that the colorless
liquid is quickly hydrolyzed in moist air, forming the dense
hydrate, TiCl,.5 H;0. If the amount of moisture is excessive,
the hydrolysis is complete, giving HCI and Ti(OH),, which has
less obscuring power. In case the latter reaction takes place
the density of the cloud is greatly increased by adding NHj,,
which forms a cloud of NH,Cl. If, however, NH; reacts with
TiClsin the absence of moisture, TiCl, + 6 NH; is formed, which
has little obscuring power. Consequently when TiCl, is used
in shells it is generally planned to disperse it with a high ex-
plosive, and after a few moments ammonia from a separate com-
partment is also dispersed. In this manner the total obscuring
power ! is 50 per cent higher than is obtained from SiCly. The
latter is more volatile, therefore more easily handled from a
nozzle, and requires a very wet atmosphere for giving its highest
obscuring power. Consequently it is better adapted for use
in the navy. But in the army, TiCl, is used in shells and gre-
nades. The production of TiCl, during the war became an im-
portant industry, crowding out for the time the manufacture
of titanium pigments. During 1918 it is said that 160 tons of
titanium ore were used 2 in the production of tetrachloride for
military purposes.

Titanium compounds find a limited use in pyrotechnics,
where they increase the intensity of the light. TiO; is deposited
in minute particles on CaSO,in the manufacture of linoleum;?
it was also used in place of SnO; as an opacifier in glass am‘iﬁ

} The total obscuring power (T. O. P.) is the product of the volume of smoke
in cubijc feet produced by 1 pound of the substance, multiplied by the density
of the smoke. The density is the reciprocal of the depth of smoke layer in feet,
beyond which it is impossible clearly to distinguish the filament of a 40.watt
Mazda lamp. The T. O. P. of phosphorus varies from 3000 to 16,000, depend»
ing on the humidity.

28ee Trans. Am. Electrochem. Soc. 356 323 (1919).
3 Brit. Pat. 110, 324.
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enamels; the nitride may become useful for the fixation of at-
mospheric nitrogen as well as for a refractory. Clear crystals of
rutile are used as gems; “ siloxide ”’ quartz contains some TiO,
along with ZrO,, the product being somewhat more satisfactory
at high temperatures than ordinary quartz. Pure titanium
rods are employed in astronomy for the production of spectra.

Compounds. — Titanium forms four distinct classes of com-
pounds whose relationships are shown in Table XXV. In
general the compounds resemble those of zirconium, colum-
bium, and tantalum. The oxide, TiO., is a little more acidic
than ZrQO;, and most of the titanium compounds easily yield
a difficultly soluble basic salt, consequently the presence of
free acid is essential to complete solution,

TasLe XXV
Classes of Titantum Compounds

CHARAC:

TER TYPIOAL SALTS NamEs REMARKS

Oxme Hyproxipe

TiO Ti(OH): | Basic | TiCls, TiS, Dichloride | Easily

only | TiS0, Monosul- | oxidized ;
fide, etc. not im-
portant

Ti30, |Ti20s - X(H0) | Basic | TiCls, TizS;, | Titanous Easily
only | Tis(S0,),, ete.| (or tri)chlo-| oxidized
ride, sesqui-| and
sulfide, ete. | strongly
hydro-
lyzed

TiO, | Ti(OH), Feebly | TiCl,, TiS, Titanic (or | Fewsalts
basic tetra) chlo-| of weak
ride, disul- | acids;
fide, ete. forms
complex
salts

Acidic | Na,TiO, Titanates | Stable
FeTiO; com-
pounds}
forms
complex
titanates




TITANIUM 145

Hydrogen appears to combine directly’ with titanium, but the sue
cessful preparation of TiH, has only recently been accomplished.? It is
best prepared by the electrolysis of a dilute solution of H,S0, with a tita»
nium cathode. It is a colorless, odorless gas, which burns readily, and in
Marsh’s test leaves a residue varying from black to brown, gradually
becoming greenish.

With oxygen titanium forms TiO, Ti,04 and TiO,; other oxides, TizOq,
Ti;0y, Ti;0s5, and TiOs, are described, but their existence is doubtful.

TiO is formed by reduction of TiO, with carbon or a metal like zine or
magnesium: 2 TiO; + Mg = MgTiO; + TiO. This reaction shows that
TiO; is more difficult to reduce than Si0,. Ti(OH), is a black precipitate
formed when an alkali is added to a solution of TiCl,.

Ti;O; is formed by reducing TiO; with hydrogen or when the vapors
of HCl and TiCly are passed over white hot TiO,.

TiO» may be prepared artificially in the three crystalline ® forms, since
anatase is the stable form below 860°, brookite between 860° and 1040°,
and rutile above 1040° C. The amorphous TiO: is prepared by precipita-
tion of a quadrivalent salt with ammonia or by igniting ilmenite with
chlorine and hydrogen chloride: 2 FeTiO; 4+ 4 HCl 4 Cl; = 2 FeCl; +
2 TiO; + 2 H,0. From this mixture FeCl; is removed by distillation.
TiO; is insoluble in water and difficultly soluble in acids, but it dissolves
in sulfuric acid when heated. On fusion with the alkalies or alkali car-
bonates it forms titanates.

Orthotitanic acid, presumably Ti(OH), forms a gelatinous white
precipitate when ammonia, the alkalies, or alkali carbonates are added to a
cold solution of a titanate in HCl. When first formed it is soluble in dilute
acids, but on standing, and especially on heating, it is gradually dehydrated,
forming more sparingly soluble hydrates. On ignition it glows, yielding
TiO,.

Metatitanic acid, TiO(OH)., is formed by heating a solution containing
Ti(OH), or a titanic salt, or by action of nitric acid on the element.
Ti(S04): is easily and completely hydrolyzed on boiling. The meta acid isa
goft white powder, insoluble in hydrochloric acid, forms colloidal solutions
readily, and when ignited yields TiO; without glowing.

When H,0: is added to a titanic solution a yellow color is produced,
generally ascribed to the formation of derivatives of the superoxide, TiOs.
These pertitanites may, however, be related to Tiy05.¢ Other derivatives
have been formed,® such as NayQ,+ TiO; - 3 H,0, BaO,- TiO; - 5 H,0.

With nitrogen titanium reacts vigorously, forming a compound now con-
sidered¢ TiN, though various formul® were formerly assigned to it. It
is also prepared by heating a mixture of TiO; and carbon in the presence

1E. A. Schneider, Z. anorg. Chem. 8 81 (1895).

2 A. Klauber, Z. anorg. allgem. Chem. 117 243 (1921).

3See Knop, Jahrbuch Min. 1877, 408 ; Daubree, Compt. rend. 29 227 (1849),
80 383 (1850), 39 153 (1854).

4 M. Billy, Compt. rend. 172 1411 (1921).

s Melikoff and Pissarjewski, Ber. 81 678, 953 (1898).

¢ Ruff and Eisner, Ber. 38 742 (1905) ; 41, 2250 (1908).
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of nitrogen or TiO, with ammonia. It is as hard as diamond, and exceed-
ingly refractory. A nitride, Ti;Ny, is also formed,’ but no nitrate, other
than the basie salt, 5 TiO; - N,O5- 6 H,0.2

With fluorine titanium forms TiF; and TiF,. The former is produced
when K,TiF, is ignited in a stream of hydrogen or when the same sub-
stance in solution is reduced by zine and HCI or sodium amalgam.

TiF, is best prepared by the action of anhydrous hydrogen fluoride on
‘titanium or titanium tetrachloride. It unites with the metallic fluorides,
forming sparingly sofuble titanifluorides of the type M’;TiF; and M"“TiF;,
which are isomorphous with the similar silicon, zirconinm, and tin double
fluorides. It does not combine directly with HF, but yields additive com»
pounds with ammonia and pyridine.

With chlorine titanium forms three classes of compounds in which it
is bivalent, trivalent, and quadrivalent.

TiCl, is formed by reduction or heating of TiCls, which yields a mixture
of TiCl; and TiCl,. The latter may be distilled off. The properties of
the dichloride vary considerably with the method of preparation.

TiCl; is produced by the reduction of the tetrachloride with hydrogen
or a metal like silver or mercury. When heated in the air it breaks up,
giving the volatile tetrachloride and the solid dichloride. TiCl; is deli»
quescent, forms a reddish violet solution with water, and violet crystals,
TiCl; - 6 H:0, from a hydrochloric acid solution. An unstable green hydrate
of the same composition is formed when an aqueous solution of the tri-
chloride is covered with ether and saturated at 0° with HCl. From the
violet form all the chlorine may be removed by AgNO;, but this is probably
not true of the green modification. The trichlorides of chromium and
vanadium likewise are known in two forms. ~ TiCl; forms double salts with
the chlorides of rubidium and caesium. It is a more powerful reducing
agent than stannous chloride and on this account finds extensive applica~
tion in both qualitative and quantitative analysis.

TiCl, is prepared by passing chlorine, carbon tetrachloride, or chloro-
form over the metal, its carbide, the ferrotitanium, or a mixture of the oxide
and carbon. The crude TiCl, may be separated by fractional distillation
from SiCls.

Titanium tetrachloride is a colorless mobile liquid which has a specific
gravity of 1.76 at 0°; it freezes at — 23° and boils at 136°. It is hydrolyzed
by water, forming a series of oxychlorides. In spite of its hydrolysis TiCl,
dissolves in water to a clear solution because enough HCI is formed to pre-
vent the precipitation of Ti(OH),. On boiling the precipitate appears.
The chloride dissolves readily in HC), apparently forming H,TiCl,,. On
adding NH; or organic bases to this solution erystals of the type (NH,),TiCls
are formed. The chloride forms many stable additive compounds with
non-metallic chlorides such as: TiCl- PCls; TiCl,- PCls; TiCls- POCls;
TiCl,- 2 POCl;, ete. Additive compounds are also formed with ammonia
and organic substances.

? Ruff and Treidal, Ber. 46 1364 (1912).
2 Merz, Jour. prakt. Chem. 99 157 (1866),
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With the other halogens titanium forms TiBrs, TiBr,, TiCl,Br;, TiClBr;,
Til,, Til,, Til,.

With carbon titanium combines directly, forming TiC, which is a metallic
appearing substance used somewhat in artificial lighting. If nitrogen is
present also, a cyanonitride, probably Ti(CN);-3 Ti;N,, is formed. Tita-~
nium forms simple or double salts with many organic acids, such as formie,
acetic, oxalic, tartaric, thiocyanie, and thiocyanuriec.

With sulfur titanium forms the three sulfides, TiS, Ti,S;, and TiS,, besides
corresponding normal, basic, and double sulfates. The ability to form
sulfates distinguishes titanium rather sharply from silicon and germanium.

TiS is a very stable compound formed by the reduction of the higher
sulfides with hydrogen at high temperatures. It is a dark red metallic
appearing substance, resembling bismuth. It is unaffected by dilute
acids or alkalies, but it is slowly oxidized by nitric acid and aqua regia and
dissolved by concentrated sulfuric acid.

Ti.S; is produced when TiS, is moderately heated in hydrogen; or when
TiO: is heated to bright redness in moist H,S and CS, vapor; or when TiN
is heated with sulfur and hydrogen. Itis a black metallic powder, insoluble
in dilute acids but dissolved by concentrated sulfuric and nitric acids.

TiS, is formed by the action of CS; upon TiO:; by heating TiO,,
sulfur, carbon, and sodium carbonate; or in purer form by passing TiCl,
vapor with H;S through a heated porcelain tube. It dissolves in acids
with difficulty, and decomposes in boiling potash, giving potassium sulfide
and titanate.

Ti2(804); is prepared by reducing TiO, with sulfuric acid and heating
with an excess of the acid. It forms typical alums with the alkali sulfates
and other more complex double sulfates like 3 Ti,(SO4)s- Rb, SO4- 24 H,0
and 3 Tiz(SO4)a . (NH4)2SO4 .18 Hzo

Ti(SO4): - 3 H,O has been deseribed,! but its existence is doubtful. The
basic sulfate, 2 TiO,-380;-3 H;0, and the titanyl sulfate, TiOSO,, are
definite compounds related to the normal titanic sulfate.

Titanium also forms such compounds as TiP, TiO, - P;0s, and TiSi,.

Detection. — Titanium compounds do not color the Bunsen flame, but
show a number of spectral lines in the blue and greén region. The borax
or phosphate bead is colorless in the oxidizing flame, and after heating in
the inner flame is yellow while hot and violet when cold.

All titanic salts are hydrolyzed on dilution and boiling, especially in the
presence of Na,S;0;, but not in the presence of citric and tartaric acids.
If KOH is added to a cold titanic solution, Ti(OH),, easily soluble in acids,
is precipitated ; but if the solution is hot, TiO(OH),, more difficultly soluble,
is formed.

K,Fe(CN); gives a brown precipitate from slightly acid solutions.

H;0, produces a yellow or orange-red color when added to a slightly
acid solution of a titanic salt. Vanadic salts must be absent.

Thymol added to a sulfuric acid solution of titanium produces an intense;
bloodred color.

) Glatzel, Ber. 9 1829 (1876).
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A titanic salt in acid solution may be reduced to the trivalent con»
dition by zine or tin. The solution is violet in concentrated solutions,
pink in dilute. Dihydroxymaleic acid gives a dull yellow-brown color,
which becomes a brilliant orange by oxidation.

TiO; is not volatile when heated with H,S0,4 and HF.

Cupferron precipitates titanium.!

Estimation.? — Titanium is determined gravimetrically as TiO.. It is
precipitated as the hydroxide with ammonia or by hydrolysis of the salts;
or precipitation may be accomplished with cupferron after removing iron.?

Estimation may be made colormetrically ¢ by adding H0. to the solu-
tion and comparing with the color of a standard titanium solution.

Volumetric determination may be made by reducing the titanium to the
trivalent condition with zine and then titrating with potassium perman-
ganate, ferric chloride, or methylene blue.®

1 Jour. Am. Chem. Soc. 43 1439 (1920); Jour. Ind. and Eng. Chem. 12 344
(1920); Analyst, 44 307 (1919).

2 See Hillebrand, Jour. Am. Chem. Soc. 39 2358 (1917); also, <bid. 42 36
(1920); Ettele, Chem. Analyst, 27 10 (1918) ; Cavazzi, Ann. chim. applicata,
11 94 (1919); C. Grandjean, Chemie et industrie, 8 46 (1922).

3 Waddell, Analyst, 44 307 (1919).

4 Cavazazi, Ann. chim. applicata, 13 105 (1919) ; T. Dieckmann, Z. anal. Chem.
60 230 (1921).

i F. Ferreri, Giorn. chim. ind. applicata, 3 497 (1920) ; C. A. 15 2261 (1921).



CHAPTER IX

GROUP IV—ZIRCONIUM '

Historical. - When studying sanie sumples of tho mineral zircon from
Coylun, Klaprath jn 1789 frad o large siiamnt of nn axide which rossmbled
shiuninn elosely ht dliffered fram it v heing insolubile in alknlies. It
proavael tee b e uxishe of o new metal ts which thty nnme zirconium was
upplisal frean the mineral sircan, which name is peolably o corraptinn of
jargeay, no Persinn wenl meaning  gobbealured. Berzelins stadied the
clement. anst s sanponndds, whichk he supposel were trivalent,  He first
preprest the metad a8 wu jran grny pawiler in 1824 by reducing potassium
flenzireunate with patussinm.  The erystalline metal wis first prepared
hy Trocst, in 1865, In 1847 Deville and Tracst iletermined the vapor
density of the vhibiride nml establishal the goadrivalenee of the element.
The homageneity of zircenin has hieen frequently questionnd heenuse of
thee crmplex nrixtares in whieh the element is foand in natitre, the difficulty
i the preporutivig of e woterinds nml the ense with which gircontum
forum widely slivergent hasiv vampounds.  1u 1845 Svanberg reparted the
pew parth noria ;. in 18G4 Nylunder tatisved ho had separated two new
oxbles fring ziresming in 18689 Sarby anvouneced the diseovery af jurgonia
atel Churels fend the new slanent nigriam; in 1901 [Tufmann and ¥randtl
thringal to hnve separutisl vaxenenle fram the girconin of cuxenite. Each
of these aunoyneenents s fuiled of confirmntion, and zirconium is eom-
meily regarded 2 ann o histinet vhemien} imlividaal 2

The ehvintey of the clement ling developed very slowly hecasse pre-
viatun b 1802 the muin source nf supiply woas the scariie fuinbral zireon,
which is very refruetary. With the disovery uf huddeloyito, o natural
exidh, in PN miwh lueger sapply of materinl hecame availahlo, and its
extrartion hus hern grently simpdified,

Occurrence.* -~ The chicf zirconinm minerals are zircon,
an orthasiliente, ZrSiQ,, and baddeleyite, ZrQg, with traces of

1 Rep * Zireotdam and Its Cumpeanadn,® by ¥. P. Vonable, Am, Chem, Soc,
Maosogrnph (1122),

! Hawwer a1el Wirth, Ber. 43 4443 (1008) anvd 48 1807 (1910).

VY he mapamrstnont, wis revently made of the saparation of anothor olement
(o sieerannme. Costor and Hevosy (see Nature, Jan. 20, 1923, p. 79) have
wepuratsd Tty zircovdu matorisl @ substanee whose Xoruy spectrum Hnes
vesiteide ety with the positing wideh shosuld ba verunied by the linos of the
vivauaal whome ntogeie syanber s 72, They have named the new element
bafuistmy, frse Hufolas, v nanw ki Copenhagen. They report that most
2irvouinas s engbait 004 to 0,15 hefuium, bat & Narwegian ore contained
uhwaat 302 uf the new elament.  Its atontie weight is somewhero hetwoen 120
and 181,

1 8ps W. T, Bohallor, Min, Resourcen of U, 8., 1016, part II, pp, 377-886,

149
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the oxides of iron, calcium, titanium, thorium, and many other
elements. Zircon forms tetragonal crystals with a density
4.6-4.8 and hardness 7.5. They are colorless, red, yellow,
brown, blue, or green, The more delicately colored ones are
used as gems under the names hyacinth, jargon, jacinth, or
Matara diamond. Zircon is found chiefly in Ceylon, the Ural
Mountains, Greenland, Australia, the Carolinas! Virginia,
New York, and Colorado. The mineral baddeleyite, similar
to brazilite or zirkelite,? is found mainly in Ceylon and Brazil.
Extensive deposits; as yet undeveloped, exist in the Caldas
region of Brazil?® where it is mixed with zirconium silicate.
Isolated bowlders weighing as much as 30 tons are described.

In addition to these minerals, zirconium is found in several
rare minerals which are mainly silicates, less commonly titanates
and tantalates. It i1s widely distributed in various igneous
rocks and is a frequent constituent of rare earth minerals, It
has been found in spring water and in the solar spectrum. It
is doubtless present in small quantities in many materials in
which its presence is not suspected because of the lack of a deli-
cate and characteristic test.

The production of zirconium minerals has never been exten-
sive, nor has the supply been uniform. The United States
production has come almost entirely from the North Carolina
deposit, which rarely produces more than a ton per year, though
in 1883, 26 tons were reported. The exportation from Brazil
also shows a wide fluctuation, varying from 7 tons in 1903, to
1119 in 1913, and 8 tons in 1915. The demand during 1920
was brisk, due to increasing interest in zirconia. During the
first half of the year zirkite ranged in price from 4} to 7
cents per pound wholesale, but during the latter part of the
year the price fell to 3% to 4 cents per pound.

Extraction, — From zircon 4 extraction may be made by sev-
eral methods: (1) fusion with acid potassium fluoride and ex-

Y See J. H. Pratt, N. Car. Geol. Surv. Bulletin 25 (1916).

2 The names of these ores are used loosely, especially in commercial circles.
Baddeleyite is ZrQ:; brazilite is the Braziljan dioxide, mixed with varying
amounts of zirkelite, which is (CaFe)Q- 2(ZrTiTh)Os, zircon, and a nsw unnamed
silicate. The term zirkite is a trade name, applied to the partially purified ore;
this name does not appear in the 1922 edition of Dana's Mineralogy.

3 See Miller and Singewald, The Mineral Deposits of South America, McGraw-
Hill Company (1919).

¢ Zircon may be more easily ground to a powder if the ore is first heated
strongly and then plunged into cold water.



ZIRCONIUM 151

travtion with hot water; potassium fluozirconate crystallizes
an eonling; (2) fusion with potussium bisulfate and extraction
with dibiste hoiling sulfuric acid ; the basic sulfate is left undis-
solved ; €3) heuting with NaOH and NaF and extracting with
water, the sparingly stduble sodium zirconate is dissolved in
HOD und on evaparation ZrOCly separntes; (4) fusion with
Nug{0y and extructing with water, The zirconate is dissolved
in HOL ar 1802

The preparation of zirconium material from baddeleyite usu-
ally consists in the rauaval of irbn, silica, and less commonly
titunnnn. Fey); is present in nmounts varying from 0.82 per
rent to 1026 per cent, silica 0.19 to 26.30, and titania from a
trace ta 3,12 per cent. The method of treatment depends upon
the purity desired in the product, (1) Boiling with strimg HCL
or Ha50, removes most of the iron and titaninm ; ignition with
HF and 80, remaves the silica. Y(2) For o product free from
unpurities, it is recommended that the ore be fused with Na,COs
nnd N2 The melt s extractal with water and the
zirvonium salt vrystallized out. ) (3) Fusion with NaOH? in
an iran cruethle folluwing by extraciion with water and HCI,
then precipitation af hasie gsivconimn sulfate yiclds a pure prod-
uet, (1) Fusion with BaCOy at 1400° for 2 hours gives barium
zirearude, whivh nmy he dissolved in HCLand the solution evap-
arnbesl tae reneve silien. Dissulve the sirconium in acid and
wlluw ZrOC o ervstallize. () By healing the ore in the elec-
tric are with earben the non-valutile zireaniwn carbide is formed
aml ix vasily sepamted from the valudile silicon carbide.  Aqua
regin is tsedd toalissalve the ZrC, (5) A method recomiuended 4
far the barge sealt purifiention nf zirkite etnsists in mixing the
nre with sufficient enrbon to fornn silicon carbide, then henting
in an are furnace Yo tempernture nbove 2220°. This removes
90-15 per cent of the silivon, hut noiran,  Next the materinl i
heated i Vhe presence of ehlorine or phusgene to remove iron,

Separation, - The zirconium compounds prepared from the
ores alinvst invariably eantain iron, which is difficult to remove
completely,  Several metheds are available far separating iron

LIS, Pot, 12201 48, April 9, 1918, claims thet by s similar method 99.6 per
cont Lrth oy be alitalned,

¥ e ndonr Snoksot wnd Bhuw, Jour. Am. Chom. Soc. 44 2712 (1922),

3 femniter ared Suadern, Jovr, Soe, Chem, Tnd, 40 7¢ 7T (1921),
4 J. G, ‘Thommon, Proc. Am. Blectrochem. Soc, 50 445 (1921),
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and giveaniune (1) NuaSaOs, celded toon boiling et sedution
uf zirconitim ralt which cuatains u litdle free ucid, precipitates
sirconin, tharin, snd titaaoia, Tad dron, alnminiwa, and the noe
enrths are not precipitated. (25 (NT S i the presenee of -
tnrie neid precipitates i gt not ziceemiimo, 03 Ber ex-
tracts PeCdy from o schdion eantaining HOL Dt net ZrC],
) Repented erystallizations of the oxyebdarides will separate
iran el ziveanium, G} Vaporizations of 15O 0t 2007 O,
(6) Pheny! hydrazine sl sufurons acid precipitate zipsninm
but not ivan.

Zircanium mny he sepranted fram titaninm by (15 Dedling
with dilte salfurie and aectiv aekls, taninmn heing pevripsis
tated ; (2) redieing titaninmm to e trivalent conditnay and pre-
cipitating potussbun zirconim sdfate; G precipibating osie
zirconimn phaspliate wish hydrogen peraxishe nrd sodinm phis-
phate,

Zirconin may he separatial quuntitutively freas sidien hy
fusion with NagC'Oy; extraet the melt with water, filtar, evap-
orate with nitrir ncid, dehydrte the silies, snd vspel it with
HE and H;80,,

Titanimn and tin may be removed from zireoninm by fusiun
with large excess of KIS, dissidve in water und nitrie neid,
and ignite the SuOg msidne,  Candully neatealize the saln-
tion and precipitate the zireanium with HaOyp uud from the
filtrate precipitate the titaninm with NHOI,

Metallurgy, -~ Pure zirconium s diffienlt to obtain for
severnl reasons; the oxide s very stuble nnd does nat decn-
pose except at a temperntnre ot which the seoxidation of the
metal is prevented with difficulty ; zireonimn eombines rendily
with oxygen, nitrogen, hydrogen, boron, silicon, and alloys
readily with metuls which might serve ax reducing ngents such
a8 magnesium or aluminium,

The attempts to prepare metnllic zireonitum have been made
by the same methods and with mmeh the same remilis as those
used in the reduction of titanium, The most important in-
vestigations are us follows: (1) Berzelins reduced b potassium
fluozirconate with potassium and obtained an amorphous pow-
der which must have contained much oxygen. (2) Troost?
passed the vapor of Zr(:l, over heated sodium or magnesium and

i Pogy, Annalen 4 117 (1824). tompt. rend, 81 1M (1RBH
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phitained o fairly pure metal in pawtler form,  (3) Wreiss and
N oldained f the vlenwnt by redneing potassinm fluo-
sireamed e with sadinn inoaniran bamb containing NaCl, Their
prachiet eontained DT 08 per cent zireanbun and whint used as
cheetnnles in o vaenn are, the practically prre metnd was ob-
tuinecd, By replacing the sodiomn with wluminiinn n coherent
proiet 998 per cent pure was obfained® (1) The anhydrous
chbide mey e raduced @ in o vacanm with saliunt. (5) The
rxide s pretty suemssfully redieed with nimgnesium® or eur-
b nt the high temperdare of the cleetrn furtnee® or ende
ciut in nn evaeisited] fran dish.@

Tl rapil progress heing mede i the development of the
chemistry af zirenninm lowds ta the prediction 7 that the inetal
tn pawder form will seon he nvailihile in semi-caommeraiasl (uans-
tities at w price of abioyt $12 per panul for materinl 95 per
¢ent pure.

Properties, ~— Muny canflicting stutemonts are mude in re-
gnrd to the propertios of zirconium,  This faet in easily under-
stoad wher it is remerabered that the pare element hoas rirely
if ever heen prepared, and muny stutements are bused an the
condnet of nllays or mixturs,  Formerly it was staded thut the
element exists Both in n erystalline and amorphous (ar graphitic)
candition, toit this statement s yel to be proven with ponre
material,  The purest zireaniiim is known a8 a black iunsorphaoss
powder, which burns hrilliantly when heated to o high tempern-
ture in thre air, The hent of combustion s given as 195K.7
ealorien per gram, U s oxilized when fused with wlkall ni-
trates, carbvnetes and chlorutes, but 18 anly slightly attaeked
by acids. When the fmpure powder s pressed into peneils
untl lented in hydrogen at low pressnre, the metal melts, form-
ing steel-gray drops which take s high polish,  The hirdness
vf the campaet metal s still open to question, Moissnn repott-
ing 4.7, Marden and Rich * 6.7, and others giving values as high

| Weisa and Neuttnn, Zeil, anorg. Chem. 68 Y48 (1910} ) son also ibid, 99
128 (3T,

:Aarden el Rirh, Juur. tud and Eng. Chem. 12 003 (10203,

*ady noed Haomlarwrr, Zeit. aimorg. Chem, 37 208 (3934),

! Phipeem, Compl. rennd 61 745 (ING5).

8 Moissnnt, Campt. rend. 116 1202 (18835,

* Wodekind, Annabra 898 14 (1414).

YH. C. Meyer, Kug. and Min. Jour. 111 151 (14921).

¥ Marden and Rich, i oo,
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a8 7 or even 8. The statement that it is hard enough to seratch
quartz or rubies probably refers to material containing con-
siderable carbide. Determinations of the melting point vary
from 1530° (Burgess) to 2350° (Von Bolton) ; recent specific heat
determinations vary from 0.0656, giving an atomic heat of 6.19,
to 0.0804 corresponding to an atomic heat of 7.31, the highest
atomic heat assigned to any substance. The metal has been
reported both paramagnetic and diamagnetic.

Zirconium burns readily in air, the powder form more readily
than the compact form. The affinity for oxygen is so strong
that zirconium will reduce the oxides of lead, copper, boron,
titanium, and silicon. The oxide is very stable. Zirconium
combines with hydrogen when heated below 700° but at 800°
the hydrogen is completely expelled; a nitride is formed when
the metal is heated in the air or in ammonia, but this compound
does not exist above 1000°; it also forms a carbide, a silicide,
and a boride by direct union of the elements; chlorine and
bromine form tetrahalides and sulfur combines with the hot
metal. Zirconium is slowly dissolved by hot HCI and H,S0;,;
HNO; has very slight action, it is rapidly oxidized by aqua
regia, and hydrofluoric acid is its best solvent. The impure
metal dissolves in alkaline solution with the evolution of hy-
drogen, but the pure metal does not.! Fused alkalies attack
zirconium somewhat, while fused KNO; reacts with it vigorously.

The compounds of zirconium are frequently found to be radio-
active, but this is probably due to the presence of related radio-
active substances, especially thorium.

Uses. — Up to the present, there have been few suggested
uses for metallic zirconium. A form of pure metal which is
malleable has recently been mentioned as possessing proper-
ties making it an interesting substitute for platinum., But
no definite announcements have been made. Formerly zir-
conium filaments were used 2 to some extent in electric lamps,
but they have not been successful, because of the difficulty in
preparing the pure metal. The electrical conductivity, high
fusion point, and high emissive power make such filaments very
efficient. The marked affinity which zirconium has for oxy-
gen has suggested its use as an efficient reducing agent in the

} Wedekind and Lewis, 4Ann. 371 366 (1910).
2 Zeit. angew. Chem. 28 2065 (1910).
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prepuration of other metals; it sheuhl also make oo valunhle
BEIVenger,

The prinvipal wses to whieh zireaniinn has heen pnt are in
s allays s i certain of s coampeantals, Daddless the
most praaisivg of these allavs is faeraziveoninm,! whivh nuy
he e Ty peadinetion of o mixture of zivesnn aned fren are inoan
eleetvie firnnes By Disionood oomixture of ziveon, enst iron, e,
and Hieespar s © ur by the raluetion of the wixal oxidis with
sdipininnn, Ax wsadly prepared, they esndain whant 530 40
per cent ziveoninm, with small aunstds of varhon, almminium,
il itaniom usaedly present. 10 o bweenrlon praduet ig dee
sived, rebuatings the ordinaey fermaivesninn with 10y i rec-
anmuended.”  Sonae of these allays aee reststant * ta axidaticn
wed vhempeal vorrasion, and ane suffidatly mnllable and
dnetile ta peringt their nse ax ilaeents ininentleseent unps,
Ancther allay contuiving 110 per vent iran and GO 490 per
ernd zirronunm, with o it tantinn fe inerease faughiness, is
recaametgded * for Tt filnoend s, spark peants, and trans-
former vhanents, Ferrozireonnnn b daen e ¥ oas 0 seay-
engey in tlee partfientim of steed o the sane msnner as ferro-
titaninmg, bt it serrs G have e sdvantage aver the itter,
Zirevningy steed 7 hus peoently atbeaeted soane attention, L
ix kneewn that just befur the wintheesk of the recent war the
Krupp were vxperimonting with alley steels rantaining a small
amannt of zireomitmy, These steels are said 1o he well mdapt e
far use s arnnw plate and armar-piereing punjectiles ® nml for
Bigh xperal Yonks?  Daring the exvitetaent of the war periold
extriovignnt stotend s wens made caneerning the officioney of
zivevnitun stee] for use inomnking light aemcr pdate, Later
studies ™ indieate that as nmcl ax one per cent of zireaninm
has litth effeet, cither goad ar bad, upen the praperties of
steol,

PR 1S Iwe 140,65, Der, 47, 1928,

VLTS Mata, §ANLIG5-7, 190t

LN Do LATRAGT, Mpad b, ta2l.

VI8 Pt LS

SIS Pet g

* My Rehallor, 88 God Sare . Miw, Ren Y, 20 GG,

PR 1008, Foata, 1,400,056 1,408,907, Diee, 27, 30215 el LITAINR, Aprd
It

8 fran JAge, Mav 3, M7, . 10T,

$ Manisig, Mo, apd Sei, Prega, Joaee 99, J018, po N85,
19 Moy Nuvdae, Burenuy of Sospdonte, Chem, ol Mot Kug, 36 D0 (3022,
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A serien af alluys of dreanini aned nickel, free frou iron and
enrbon, is enlled " caperite,” and shows saane valnndde prop-
erties far the preparstivn of catting toudsd The alloy iy
b cast andd anly u ittle grimdine is recpniresd for findshing, The
toals sre self-hurdening, s no temperitg i aesded, el anee
the nlloy hus s high heat conduetivity the tenls ane wmsially
officient. fer high speead wark. The hardness i gnemased by
inereasing the mmennt of ziveorsura, An nllae cantaining
2-10 per cent zircaninin tkes o e enttagg e, bat of the 2o
caniun I8 inereased e 30 per eent the sl b very hanld, ot
its melting paint aml tensile strength are lowersd, I dyh-
demun 8 added the melting paint s maisdd. Zireounnn allavs
nre nlso servieenble for e rrasitg e stremeth sd pesistanes o
corrosiim of hruss ol hranze, sinee siuall quunbitios aunl in
seauring sound cnstings,

Other ziveanum albeys whieh levve bien prispared nmd stipdivd
somewhat are thase with calwdt, alnmiminm, magnesian, amd
gilver,  Zircanim spparently furts ne alluys with tin, lead, or
the metuls of the alkali ar slkaline earth gronps,

The oxide has Ieen used in a varbty of ways aid s ot prresent
by fur the most pramising zirconiun materal from the stand-
point of commercinl applications,  The propertios which mnkse
it especinlly vuhuable are its very high melting puint, its resist-
anee to corrosion ceven nt high tomperatures, its Jow pornsity,
low heat conduetivity, nnd the low eneflicient of expansion,
These are the properties of nn almost idend refractory, but un-
fortunately & very small per cent of impuritiva in the girconin
mudify these propertics materinlly, and the preparation of the
pure oxido s still an expensive procesa,

Zirkite brick for furnuee linings hos been on the market
for some time, Tha nse of this materinl has been greatly stin-
ulated by war conditions, and the resnlts so fur obtained show
clearly the importance of zirconin as u refrctory.  Due to its
low coefficient bf expansion (linear corflicient of expansion for
pure matorial is 0.00000084 compared to 0.0000007 for quartz),
it is especially serviceable in furnaces requiring extremes of
temperature with sudden changes. A small experimoental fur-
nace lined with girkite materisl is reported to have shown no
poticeable deterioration after 150 heats of 2-3 hours ecach at

t U, 8. Pais. 1,321,700 (1918); 1,277,048 (1918) ; 1,887,863 (1921),
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temperatures of 1-4007-1600" G, Bath heating up and cooling
aff were tane rapicdly.

In addition to i use us entire refractory brick, soume sneecss
has hern necamplished with zireonia as o conting far other re-
fruetary muteridds.  One Martin-Sienuuns firngece was Loster] 1
et in Burape sl gave exeelbent sitisfnetion for seven or eight
menths, representing w saving of 50 per eent in the mninte-
nanre cost, thagh the inttind coxt was high.

Very interesting resulis hivve alsa boen olddined with the use
of zircanin i erucihhs, mauffles, and oher high tempernture
utensils, The wateriad s put together with various hinders,
sueh s gebtimas ZreOll),, starch, phosphorie weid, glyeerine,
tar, Lorates, ar silivates, depending an the purpose far which
the atensils are to he used. Sametines magnesin and other
refrnctary materinds are mixed with the zireanin, Thest disbies
ame drieed for several days, then fired an 2000° 30007, when
a wane s nbtained which is bapervious ta most Jigpdds nd re-
sistant Lo many fukion mixtures,  On account of the law ther-
uind canductivity the wills nre made nueh thinuer than when
elay v nwed. It hos heen shown by *“aceclernted setion !
tests that zireonin ernceihilis . temperatures af 12007 16007 €,
withstand sureessfully the carrasive action uf avitl slngy contnine
g manganois and forrags oxides, glass of varions kinds, nnd
eatudt-nickel speiss,  Resistanee to corrostan is samewhat. loss
nrke] in the ease of lithurge, Poartlund ectent, coapper axide,
forriv- oxnle, ar any busie slye, The vircanin W unsuited for use
witlt iron sulfide, senlium hydraxide, or carbamte, cryolite,
fluarapar, or any churge yiclding vapors of thiarine ar hydro-
fluoric rerd.  Sach vapors canse the zivconin ta sxwell and e
came spongy, while the eaunstic fusions ure absorbed by enpil-
lary attraction which vnses the materinl to crnck,  Bisulfnte
fusions alsa attack zirconin,

Luboratary utenmils of zireonin are also nviiinble for use s
erucibles, combustion tnbes, muffles, pyrometer tuben, ote,
The most serious olstnele to be overcome i the mamifnetore
of this sort of ware ix the tendeney to ernck at high tempern-
tores, due to high shrinknge,  The most succossful methed of
overcaming this defeet is to fuse the materind to a hard, compaet,
mass in an are furnsee, then grind ap and mix with a saitable

! L, Bradford, Chem. Trade Jour. 63 284 (1814),
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binder, and shape into the desired utensils. This process is said
to give a porcelain-like ware which has very useful properties.
The efficiency of zirconia crucibles is increased by the addition
of 1 or 2 per cent of alumina, thoria, or yttria,? especially for
use at temperatures 2000°-2400° C. Zirconia ware takes a
polish well, but it is difficult to find a suitable glazing material.
A mixture of feldspar, alumina, ete., i1s quite satisfactory. If
fired at a sufficiently high temperature, the dishes are quite
strong, and capable of withstanding a considerable blow. On
account of the low coefficient of expansion the white hot ware
may be safely thrust into cold water. It has the advantage
also of being free from devitrification.

Recently a brand of silica ware, known as * siloxide,” has
appeared on the market. It is quartz containing 0.5 to 1 per
cent of zirconia with titania, which produces increased re-
sistance to metallic oxides, especially the alkaline oxides, In
addition the tensile strength of the ware is increased, and the
tendency to devitrification decreased.

The future of zirconia as refractory is still somewhat uncer-
tain. It has highly desirable properties which would make it
an ideal material for high temperatures, especially in the elec-
tric furnaces. But unfortunately it has some properties which
are fatal to its popularity. Accordingly, zirconia refractories
are highly praised or vigorously condemned, depending on the
viewpoint of the experimenter. The main problems yet to be
solved are connected with cost and preparation of a purer material.
The refractory should be practically free from iron, titania, and
silica. The removal of iron by a method which will be both
inexpensive and efficient is probably the most essential step in
the development of this refractory ? since iron acts as a flux.
The successful counteraction of the high shrinkage would per-
mit its use in situ and accordingly lower its cost and increase
its usefulness enormously.

Zirconium dioxide has been used for many years in connec-
tion with the problems of artificial lighting because of the bril-
liant light emitted when it is heated to incandescence. As
early as 1830 an attempt was made to light the streets of Paris

| Bayer, Zeit. angew. Chem. 23 485 (1910): Podszus, ibid. 30 (I) 17 (1917);
Weiss, Zeit. anorg. Chem. 65 220 (1910) ; Ruff, 7bid. 86 (1914).

2 Ruff and Lauschke, Zeit. anorg. Chem. 97 73 (1916).

: B, H. Rodd, Jour. Soc. Chem. Ind. June 15 (1918).
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Iy the use of imenleseent ziveamn battans, The fiest. Wels-
Jieh gas mantke was wanede largely of ziveinin, bt this mate-
rinl sean was eoappdetely replweed by tharin, sinee the Tutter
ghews ot a nowed lower temapertare. IFare o lang thae zircanin
bz Beeyy spaad Lo cont $lee B v ieyznesise preneils in the Drn-
mwsned Hehty wheere it b distined mdvantage Tecmse af itw hril-
Heaney nned the fuet thad o chas mad alwords enrbon diceside ar
uwdsture frowe thae aiv. e, zireonia peneils give o steadier
heddt thaw vither lie ar magmesin, Sueh pencids have hoeen
nxved Ter amomaldle Jusdlights, in the Bldrat Tanps whivh nse
zivennizy vals leated G emalercener. Nemnst propased fa
uses Pals of pre ziveanin (or megnesin) i his fisst attenpt
tueddain a uwpans of Pamination by use of the olectrie enrrent,
whirh wanhl Le superior to the earbon flament Tnmp, These
oxides have the dimolvanbage of requiring prehenting, sinee
they are num-caudnetars ot onlivary tempeeartures, hat when
heuted tu ahoont G347 they lave thpe ability te conduet eleetricity
at vrdingry voltoges. Loter hie arrnged o shunt eireuit with
w platinum sparsd tee effeet the peelenting, and by using u aix-
ture of the uxtdis of zirerninn, therion, ytvinm, and sometimes
ecrinm he rditained ouicker reapanse and wore intense light,
These vxides npe enllea] eatehrtias of Hie seeand arder ! that s,
the oxides are artnally tontged, the metal migeading tethe eatlunle
aned axygen fe taounode, The gos eseqpes, Bt the nntpls re-
ceanbine with cxygen of the air as soan as they are lhepated,

Zirvaninun axice fitels ponwerens stlior spplientions esides
e omees ax o refmetory and o artificind ghting, 1y cornmies it
i an apucibier suld aader the trwle noune ** terear, whieh cine
mta estensive use darmge the war s a vesadt of the high cast af
stannie axitde. “Plue gaire axinhe s superior o stnnnice oxide s
nnoaparifyvitg agend hrrse it gs Jess easily redueed, o oss
valutile, and presluces an et wlhirh is ticre resistant (o vegoe-
table und frait uebls, SPreparal in varlods ways zireonis is
tisen] us a tealet poweder, as o gmlisbing powder, uy o nterind far
mnufaetaring simall ebetrie fonaces, and nnder the frnte
e kantrastin i b waea] B defining the intestines in
X-ray staedbs of aligestivn, When 13 per eont Zelyy s mbiled
ta poreelan, the stivngth and eleetrien] resistines at, high tem-
perature are improved,

VPZust, vlectrochesn, 6 41 (1509},
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Other compannds of zireuninm have been ssed inomany wavs,
Vurious atternpts hive been made G ase zirvoning naaternal
ns filnments in cleetrie Inmpse Matallie zirvamivm, whiel can
e fmed i the electrie are i viwaa, gives oosatisfaetory hphs,
bt the cost is very high. Zireoninm alloyvs, expeeanlly wirth
iron, have slso hoeen trivd Jan unsnecessfully. The nsest prom-
ising virconium waterial fur this purpeee is the carbidy, whaels
enn be prepared withent Jdiflienlty sl grves an effodent light,
Intt it 18 unable ta catapetr with tanesten fikauents?

Zircaninn vampannds, suel as the oxnle, siheate, Tade var-
bonate, pluspluite, ete, are useful ax whide pagiments ssl puosnt
bases. Thry possess good cuvering power,” mix readhby wath paiint
vehieles, are permanent, wnaffeeted Ty hivdrogen sullide, neids,
or alkalivs, and huve the milvantage of Leing umepatsonnns,

Zirconium waterind in the furm of the axide and mtlor insoli-
ble camponnds is inearporated with rubber * before valeaniza-
tion far the dauble purpose of secelesting the waleanizatum
with milfur and of giving n product of greater teaghness aml
tensile strength,

Zirvonimmn wiliente yields n superior spark plag poreelnin ¢
whieh lins high divlietric strengtly, grat merhanivad strength,
and is go indifferent to tempernture ehanges that it may be
hented to 13007 C, aud phinged inta lee water withont develops-
ing cracks,

Zirconivmm basic aeetate hus been ysed for weighting silk;
several componntls Lhave boen suggested ax mordants and in
the prepuration of Ine dyes; the nitrate bas boen cmployed na
a food preservative; the hard compomnds, fike the earbide,
make effective abrasives ; the elear erystalline zircon is user] ax
& gem, the red variety being known s hyneinth, the yellow is
called jncinth, the white ix known as jargon, the pale brown
erystals from Geylon are decolorized by heat and colled Matnrm
diamonds,

Compounds.! ~ Zirconinm is exsentinlly qundrivalent in it
compounds, The only exceptions to this fact nre i the eases

* Boe Knumhnuer, Zeit, angee. Cheom. X3 3905 (1010),

tHow pumpdilet by Ho AL Gaeduer, Cirewdur 62 (April, 1919), Educational
Burean Paiat Manufoetnurers Asv'n of 11 8,

U8 Pat. 3247257, Nav. 20, I9DIN.

S AL Pritehard, N, J. Coramaad, 1 145 (1921},

s For mare detailed infurnmtion coneorning reeent optribsitions & some
of the compounds «f sirconivm soo Jour. Am. (hem, Soc, 41 1722 (1939 5 ind,
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of the hydride, Zrlly, the sesquinxide, Zrs);, and the saper-
pxides, Zrg)y snd ZrQ)y,, These canponds da et farm salis
of the same vrder mad aee et well estaddished, Sinee ziree-
ninn s definitely amphoterie, 3 forms two general classes of
vanpunids, the  ziveanium salts and  the gireanntes, The
narmal zireanion salts) like ZrCl, da noto exist in water sohtion
sinee they are casily hydndyzed, giving vise to the zirconyl and
Iasie zircany] salts which cantain the hivalent endienl ZrO,
Cunsequently, campauneds of this arder wre morve nmmerous and
mare impartant than the nonnal slts, There 8 freqently o
temleney far several siveanyl radieals ta cahine with one anion,
forming a series of ecamnpounds bf inereasing hasieity,  7his
tenddeney is nt times sa pronauuecd that it seems impassible
to consider the praduets as definste rhemdeal camponnds,
Sirh substanres may he cansidered u alserptiom caomponnds
in which the calloidal hydraxide s absorbed the weitl rdiead,
There is mueh eonfurion when wiiempts are made ta represent
the composition of the complex sirconyl vampaounls by chemical
farmile,

Ta s componnds, zirvoninm resemlbdes tanhan clasely, It
differs front it i valenee and the degree aof neidity of its hydrox-
wle,  Tts greater basicity i also shawn by the formntion of a
nitrate gl enrlnmate,  The fhozirconates resemble not anly
the carrespontding salts of tituninn bit ndsa those uf silican nnd
tin, s auadrivalence amld hasieity suggest thorium and there
i ulko i resembilanes to the compatinds of gernnninm,

¥ith hplrogen gireeminn forms the bivalent eeanponmld Zek, by dlirect
anion of the ehanetts ul 7007 aml 1.5 ntmuspliere prossury:; or by redieiog
zirconin with both hedeigen nul wogiesinne. Tt is o wdid, resenbling
the hydrides of the nlkali snd wlkaline earth aetals torie chosely thun the
gimrons biyilrichs of vurbon, sitbean, nml germnninm, The existenen of a
gaseaus hydeile of girennium hus been deniel?

With vrygen aireoninm fins bween roported aw forning a subeaxide, Ze0),
but itn existesier 14 dandaful 10 Zry€)y in formned by hurning the hyedrids in
nir; hydeated peraxichn, 26,06 XHO aned ZeOy - X0, nre formud Ly pres
cipitation in the prsence f 1,0, The ouly impartent, uxidle is Ze(d;,

Zr(); muy b prepared in the lnbarntary by igniting the hydexise,
nitrnte, sulfate, carbanate, ar exalate, When prepired by gentlo ignitian

4% 2833 (Y920); Zeil, nnory, Chem. 108 1 {($338) , Compt. rend, 167 203 (34187 ;
ihied, 184 946 (3U3T) o ihd. 168 20 (3ulTi ., Jaar. Uhem, Seoc, R11 (1) 300 (JUIT1
tchwarts nod Koaurnd, Ber. B4B 2132 (1U2)),
¥ Behwars and Deislor, Ber, 88 (1) 1506 (3019),
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it is a fine white powder, insoluble in water, easily soluble in acids, but on
hieating to high temperatures it seems to undergo polymerization and is
soluble only in concentrated sulfuric and hydrofluorie acids.

Zr(OH),, the normal hydroxide, is precipitated in the cold when an
alkali hydroxide is added to the solution of a zirconyl salt. It is gelatinous,
resembling AI(OH); both in appearance and behavior. It is insoluble in
water, difficultly soluble in weak acids, readily soluble in strong mineral
acids. When dried at ordinary temperatures it loses water continuously,
but at 100° the definite compound ZrO(OH): is produced, which is un-
changed up to 200°. When heated to 300° the material begins to glow,
and at higher temperatures there are small explosions as it crumbles to a
fine powder, ZrQ,. Zirconyl hydroxide, ZrO(OH),, is also produced when
an alkali is added to a zirconyl solution at a temperature of 85° or more.
The hydroxide is almost insoluble in ammonia, but dissolves somewhat in
KOH and better in NaOH. The compounds formed are zirconates, but
these may be much more easily produced by fusion methods. Colloidal
solutions are readily formed, in which the hydrosol is positively charged.
The hydrogel has remarkable powers of absorption, as is shown by the fact
that it drags down alkalies and retains them tenaciously, while it possesses
the ability of removing the cuprammonium complex entirely from solution.

With nitrogen zirconium unites directly, but less readily than does
titanium. Several nitrides have been deseribed, but the most definite,
perhaps the only, compound formed is Zr;N,! This results also when
zirconium is heated in an atmosphere of ammonia, or the compounds are
reduced in the presence of air. It does not burn in oxygen or chlorine, hut
evolves ammonia when fused with potash.

The nitrate may be obtained by adding HNO; to the hydroxide and
allowing the mixture to stand over phosphorus pentoxide and sodium
hydroxide. If the solution is evaporated, nitric acid is given off and a basic
salt is deposited. Stable crystals of the formula ZrO(NOs),- 2 H,0 are
formed, but these cannot be dehydrated.

With fluorine zirconium forms ZrF, when the oxide is heated with am-~
monium fluoride or when the chloride is treated with hydrogen fluoride.
At 50° its solution begins to suffer hydrolysis, but on evaporating a solution
containing free HF, a deposit is obtained to which the formula ZrF,- 3 H,0
was formerly applied. It hassome properties of a salt of this composition,
but its behavior seems to indicate a composition ZrOF, -2 HF - 2 H,0.2

Double fluorides are numerous and important. When a moderate
amount of XF is added to a solution of ZrF,, the crystalline precipitate,
potassium fluozirconate, K,ZrFe, is formed. It is also obtained by fusing
zircon with KHF;; it is used in the purification of zirconium, the prepara-
tion of the element and its quantitative determination. Caesium, sodium,
ammonium, lithium, thallium, magnesium, zine, cadmium, manganese,
nickel, and copper form similar fluozirconates. Double fluorides of the
formulse KF - ZrF, - H,0 and 3 XF - ZrF, are also formed.

? Wedekind, Annalen, 395 149 (1913).
2 E. Chauvenet, Compt. rend. 164 630, 727, 816, 864, 946 (1917),



ZIRCONIUM 163

With chlorine the tetrachloride ZrCly is formed in many ways such as:
(1) heating the carbide with chlorine at 300°; (2) heating ZrO, to 800°
in a stream of chlorine and carbon tetrachloride; (3) heating the metal
in the presence of chlorine or hydrogen chloride; (4) passing a mixture of
carbon monoxide and chlorine over ZrO., at 400°. ZrCl, hydrolyzes easily,
so it is known only in the anhydrous state. It fumes strongly in moist air
and reacts vigorously with water, forming the soluble oxychloride, ZrOCl,.
It is a white crystalline solid which sublimes readily. In formation and
behavior it strongly resembles the chlorides of the non-metallic elements.
Addition products are formed with ammonia, organic hases, and phosphorus
pentachloride. It also forms condensation products with esters, organic
acids, phenols, ete. '

With carbon zirconium unites dircetly at high temperatures, forming
ZrC. This compound may acrordingly be prepared by heating zircon
with carbon in an electric are. It is a gray colored crystalline mass, hard
enough to seratch glass but not rubies, and it is not decomposed by water
even at red heat. In the latter fact the relatively slight electro-positiveness
of zirconium is shown, since the carbides of the more active metals are
readily decomposed by water, yiclding hydrocarbons.

No anhydrous carbonate has been prepared, but basic carbonates like
ZrCO,- Zr0O; - 8 H,0 may be precipitated by adding Na,COj; to the solution
of a zirconinm salt. The precipitates are soluble in excess of reagent, with
the possible formation of double carbonates.

* Zirconium forms normal and basic acetates, a basic formate, and several
oxalates and tartrates.

With silicon there are formed the silicide ZrSi,, the natural silicate
Zr8i04, and various coinplex silicates. Native zircon as well as certain
other zireonium ores are quite strongly radioactive, and when heated they
display luminescencc and suffer a change in density and color! Zircon
also shows 2 the property of triboluminescence.

With sulfur a compound of the formula ZrS, is produced by the action
of CS; on zirconia at red heat. It forms steel-gray crystals which are not
decomposed by water nor most acids, but HNO; oxidizes the zirconium
and precipitates the sulfur. The zirconyl sulfide ZrOS is obtained when the
anhydrous sulfate is heated to red heat in a stream of HsS. It is a bright
yellow powder which ignites readily in the air.

Neutral zirconium sulfate, Zr(SO,),, is prepared by heating zirconia
with an excess of concentrated sulfuric acid and then expelling the excess
acid. This salt dissolves slowly in water with the evolution of heat,
presumably forming a tetrahydrate, which may be obtained in crystalline
form. The normal sulfate is easily hydrolyzed, yielding a solution with a
strong acid reaction. Such a solution yields no precipitate or one that
forms slowly when oxalic acid or ammonium oxalate is added, while both
these reagents produce an immediate precipitate when added to most
zirconium salts. On electrolysis of a sulfate solution zirconium concen»

t See Venable, Zirconium, Am. Chem. Soc. Monograph, p. 99 et seq. and also,

Jour. Elisha Mitchell Sci. Soc. 34 73 (1918).
2 Karl, Compt. rend. 146 1104 (1908).
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trstes abatrl the aumde, while in o soshitin o Z0C e 1OCT Hae naetyl e
tee the entlude,  These proalissitees uew I esplates] by thee faet that ot
wertain dilutions there iy preseat ig wlabion avid salfae sealbal alay zie
er-splfnrie neieh of tlae Porreala ZrQsen, - HSO wlharh wanzes, piving
211 ArOeeL) 2, Phin explastion oo pot, however, s areopb © with sl
kiawir fuets.

A Basie sadfate, 4 Zrtye <3 8Oy 33 100 separatys {rom o Jilite enjutim
af thae salfube,  Vhisosoll e b apesd for stonne worpht shfrrupuntums,
Other Yausie wnd sanplex sul{ytedune s,

Zirmapiun  shar foras o salile,  ZriR0s THAL  p o seleante,
ZetsO gy - 110, aml a owlenitye, ZeaSidd g THO), me well e surmeniw
singele nned bbb ghmpdintes. 11 adwe i wadiy with waode, tartane,
citriv, splieytiv, il othier wrganie aeprh

Detection and Estimation.> - Zireimisza in distingaisdeol {pota abis
miniain wisl bervilingg by the Lot thet tlae hvbeasiche s prreerepilatml by
NaOH, KO, NILOW, or INH S, but the prevgatate 0 naohidde iy
excess auf the reagent,  (ONH e preepitutes thae floceudeta bopre caps
hemute, whicl is sdubde it exees of nonent hat reprveipitadnl on babng,
Ar oxeess aof wlhuh velate sldest {a w0 gicenainm sabttinn vontaunng HNGO,
previpifates the zireaniutg guaptizatively, leaving the abusionm in sbh-
tien,  Thorian amb tHituninn mast be slewad,

Zircotitta s ihstingnisheds) froaa thorinn? (3 by thee Dt that the poblithon
of oxalic avid previpitutis the white zireoninia oxobe, sdulibe i oxeess
of the rugoent; (20 hy the fpilure of vireanium tn form n presipitste
with HI'; () Ly the furmation of lewie sirestum salfnte, sduble in
dilute hydrochlorie weiil, when K80, s adiled to n budling sirconiumg
sulution,

The separation «f iron sned zisentinte v of jnrtbenlir inguartates, cpe
pecially on tae lirge peabe. (See Sopartion, 1 1513 Far the dedpenainns
tlan the twe axithes nuee bee wighod together swd they Sl iraa mediesd
and estiimmted Yy titeativn, 1 Sitaniam uned vireabiatm seear together,
both miny be peevipadantel Ly hologoa peroseste sml the Hitaniam deters
minul culuraptrienlly b Both tiisniun aml cchinabinn imay Te sepuented
hy fracticnnl previpization af she baling sdution sith o,

Zirvonin und sifive may be seporstad by bnding thapowhly with 3§
and un exeess of 1,80,

Tamorie pager ix erbored pink or psbdish brown by gireeninm alta in
HC salution.  Ferrie aalts ol titanismn shonld be redhosd Ly gine,
When NayHPO), is added fcn hvdmchlorie netd salution of sireanivm 8
voluminous precipitate fortm,  Thie test ity be wsal m the peesence of

VBe Ruer, Zed. amwmg. Chem, 4% 57 11004) 1 Huuwer, ilid, 84 108 (1907 ;
Rosenheitg uml Fronk, 8er. 38 K12 (39151 nid 60 %03 (1H07),

3 oo Vennble, Zireonivm, A, Chem. Sor. Maimgraph, pge. 7880, 142,

* Far wonpdendid dincission of the analysis of sivespdum mineeads sl alloys
oo Chymic of industrie, 3 388 (3914) ; nleo Zeit, angew, Chem. 84 (1911) 1 Zeit.
anal, Chew, 80 T4 (3911) ;. Theain of Helurich Pope, Frodrieh-Wilthelsn $ni-
vetrlty (Y17, nnd Theaiw of Magdalene Hbniger, wbed, (1019) ; Veasble, Zir
conium, A, Chem. Boe, Monngraph, p. 129,

* Dittrivh ansd atlers, Z, anory, Chem, 48 240 (1004) ; 88 347, 344, 348 (1007),
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iron, slaminiam, titenune, thorium, nngd the e carths, sad will diteed
Q.0007 jaer eont of zinsunia.

Pvragallnkablehvibe prodaes g vollaw ealar or preeeipatate with tharinm
salts nued tlasnror resulta witle ziremimn ermnpottaeds atter Jedling or adding
10,1

Cuplerron s nseed for baoth genditative detesetion oid guugtitutive
estimatinn of aicentoim?

Ziremninm ey e procipitotind from its solutions s tlae hydroxide ar
axaliute, then igritsd il weighiol ax %O,

Ackhivion of sevomdary mpnw iy plecgdite {o w aireanimn seihation i
20 jrer went 35S0 nnd da the preesenses of 1101 preeipitides zireonitin
it itatively S even in tlae presenec of toon, ghouiniaag, fleotaiun, eerbian,
and thoria, O dguitieas el 6y 1 forauel,

Zireaninm may Le chtermuined  ps the Dmsie sulfzste ooven e thse gereasnm
af irsn and phainitun.

Relegivnis neird prectpitutes b a basie zircouivin seleaite whieh on ignition
yiekls thy nxiile.  This tiethod is sutinfactory aml inny bo apgdied te sir-
eonin ares,

UYL Kaservr, Cheas, Zodt, 43 170G (1011,

1Ry Jur, Am, Chens, Soe, 39 2005 (UI3T7) ¢ (hid, 43 14008 (1020) ;. waed Joner,
Ind. nod Boag. ke, 13 D48, 352 (100,

3 New Jarr, dhan, Chept, Soel 4% IROL (3085 5 ahael. 48 3G (302 5 Cuarpd, rend.
168 2w 1IN,

¢ Rrmnileer aeed Sogebas, Jone, Nee, Chea, [od. 40 70V € H021),

s Sualh el Jueses, Joxer, Aol Cleae, S, 43 1704 (B,



CHAPTER X
GROUP IV — CERIUM AND THORIUM

CERIOM

THE element cerium is inseparably connected with the rare
earth group, and it is gencrally customary to discuss it with
the members of Group III. But it differs from the other rare
earth elements in forming a well defined series of quadrivalent
compounds, resembling thorium quite closely. Because of
this relationship, as well as its greater abundance and commer-
cial importance, it seems best to discuss certain phases of the
chemistry of cerium with Group IV. The history, occurrence,
extraction, and separations are discussed in Chapter VI.

Purification. — Both cerium and thorium usually accompany
the rare earths when these elements are extracted from their
minerals. The separation of cerium from the other members
of the rare earth group usually depgnds upon the fact that
under the influence of oxidizing agents cerium forms quadriva-
lent compounds in which it is much more feebly basic than
in its trivalent state. Since thorium resembles the ceric com-
pounds, it is concentrated along with the cerium. Several
methods are used: (1) The solution of the mixed nitrates is
poured into very dilute nitric acid when basic ceric nitrate precip-
itates. (2) Addition of the required amount of potassium per-
manganate to anearly neutral solution causes the precipitation of
the cerium, (3) Boiling a dilute solution of the nitrates precipi-
tates the basic ceric nitrate; this method is especially effective
in the presence of ammonium sulfate or magnesium acetate.
(4) Boiling the nitrate solution, which is kept neutral by the pres-
ence of marble, with KBrO; precipitates the basic nitrate very
satisfactorily. (5) Separation may also be accomplished by
passing a stream of chlorine into a suspension of the hydroxides
in sodium hydroxide. The basic ceric hydroxide remains un-
dissolved, while the other rare earths dissolve as chlorides.
(6) The double ammonium ceric nitrate is sparingly soluble
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in nitrie aeid and may he precipitated hy wlding NHNOy to
1 sehition of nitrates vandaining minch free nitrie neid.

Theritm may Te remaved frome cerinm maderin] by preeipi-
tatiem s (1) with NawRoOy and hailing ;s (2) with copper sl ru-
pruns oxide when added taa nearly neatral sahition of the boeil-
ing chlarides s aned 68 with anusaninm axalate, after oxidizing
thre eerons salls Lo eerie.

Zireanbmm iy Je remaoved by Pusing the oxides with KITF,
and extracting with water aeidified with 1. The zirconnun
tissalves, farming KoZrby, hit hath ceriim and thorhnm flno-
rickes surne insabhle,

Metallurgy, - Metallic crrium was first prepared in powdor
farm Iy Masander, who beated the ehleride with sadinan,  The
yirdd i panr, antl the praduet contaminated with sadinm and
scaditun chloride,  Roeduetion of thee fluaride with enlaum or
alwminitin or of the oxide with magnesiung, slaminimg, enleium,
enrbon, or stlican yivhls cither un alloy or acompound af ecernim,
The wost sucressful methods of reduction nre by eleetralysis,
Hillehrand and Nartan ! prepmred cansideralde qunntition of
the metid by eleetralysin af the rhlaride,  Thix wmethod has
Teen elabornted by nomonber of workers,* and mneh cerimn pro-
tured fu this way.  Bleetrolysis of the fusal fhioride or of the
oxide dissdved in the fused fhuoride has been surcossfully tried ®
in Burapse.

The purifieation nf cerinm is best. geeomplished necording to
Mirsely by forming the ameadgan and skimming the bupuritios
off fram the surfuee of the malten mase,  The mercury niny
then be distitler] away by hesting to g highoer temperature in a
viemm,

Properties. — Pure cerium 8 n mwetn] which is mnlleable,
duetile, and saft enangh ta be ent with o knife, It innchines
fuirly well, It requires enre tn prevent hiekling, It resemblos
stecl i appearanee, takes a pulish well, atel has o density of
6.92. I i a fuir eundnetor of hiext, bt does not eondnet the
clectrie enrrent well, ity resistunee being 706 micra-ohms per
centimeter enhe at ordinary teperatires,  [U s pueamagnetie,

t Pogr, Anaiten, 188 G (1877 1 188 468 (18T,

P Roe enpeeially Mathasonn, Hofer, qd Woinn, Anseddon, 330 290 (39602) ;
Muthannan ynd Weiss, b, 381 3 (40901 ; Hiewh, Jour. Lod, ind Eny. hem,

SRRUTI9) 465 QN Trcua. Am. Kyctroehens, Sue, 20 17 (311,
5 Muthmann aod Scheidmandel, Aanalen, 388 110 (1907),
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its magnetic susceptibility at 18° being 15 X 10~¢ C. G. S.
units per gram. According to Hirsch the specific heat over the
interval 20°-100° is 0.05112, which corresponds to the unusually
high value 7.17 for its atomic heat. Cerium is the only metal
which has a greater molecular heat than aluminium, conse-
quently it may be used to dissolve the skin of Al;O; which forms
on the surface of molten aluminium. The melting point is
635° (Hirsch). In dry air cerium is fairly stable, but it tarnishes
quite rapidly in moist air. Its surface may be protected by a
coating of hard paraffin or wax. At 160° it takes fire and burns
with greater brilliancy than magnesium, involving a large
amount of heat. When scraped with a file or knife it emits
sparks, It reacts only very slightly with cold water, but at
the boiling temperature there is a slow evolution of hydrogen.
Cerium burns vigorously in chlorine at 210°-215° and in bro-
mine at 215°-220°. It combines directly with iodine, sulfur,
selenium, tellurium, arsenie, antimony, nitrogen, and hydro-
gen. Its affinity for oxygen is strong enough to permit it to
reduce both carbon monoxide and carbon dioxide. It decom-
poses carbon tetrachloride, so pyrene is useless for extinguish-
ing the burning metal. It is not attacked by concentrated
sulfuric acid or sodium hydroxide; it is slowly dissolved by
dilute solutions of hydrogen peroxide, ammonium chloride, or
potassium chloride ; it dissolves readily in both dilute and con-
centrated nitric or hydrochloric acids and in dilute sulfuric acid.

Uses, — Pure metallic cerium has no commercial uses, but
its alloys are both interesting and capable of wide application,
The most important of these is the alloy called misch metal,
mixed metal, commercial cerium, or simply * cerium.” It is
essentially a mixture of cerium, lanthanum, neodymium, and
praseodymium, but as usually prepared it contains from 1-5
per cent iron and véry small amounts of other elements, The
most abundant constituent is cerium, which sometimes runs as
high as 70 per cent or more, though generally it is about half of
the mixture, The alloy is produced from the rare earth resi-
dues of monazite sand. This mineral is used in large quanti-
ties for the manufacture of incandescent gas mantles (see
Thorium : Uses), which usually contain 99 per eent thoria and
1 per cent ceria. The composition of various monazites is
shown in Table XXVI,
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TasrLe XXVI

Composition? of Some Monazite Sands showing Typical Analyses of
Material from Different Sources

GENERAL
CeyroN NIGERIA Inp1a Brazm) %}::', ‘:?ﬁf%’z"
MiNgr
ThO, 9.45-28.20] 3.20- 8.00{10.22—- 8.65| 6.06| 4.32] 5
CeO: 27.15-20.65|36.53-30.50( 31.90
LayQs, }61.11 62.12(34.32{ 30
Diy03, 29.59-21.63|30.00—28.80 28.00 31.24/ 30
ete.
Yttrium
Group 3.93- 0.94] 0.39- 1.43| 0.46- 0.62 0.80; 1.10 2
Oxides ’
Fe,04 0.87- 1.13| 1.20- 0.81f 1.50— 1.09| 0.97
Al O4 0.17- 0.29| 0.10- 0.20| 0.17- 0.12] 0.10 5
Ca0O 0.45- 0.10{ 0.21- 0.17| 0.20— 0.13| 0.21
SiOs 1.67— 6.09] 0.63— 1.79! 0.90— 1.00| 0.75| 0.86
P05 26.12-20.20|28.29-28.16(26.82— 50.26|28.50(29.30; 28
Loss on
Tgnition } 0.48-none | 0.20- 0.21| 0.46— 0.45 0.38

From this table it is evident that all monazite contains much
mare ceria than thoria and since the mantle is mainly thoria a
very large part of the ceria is not needed for mantle manu-
facture. The residue which remains after removal of the thoria
contains about 45 per cent CeQz, 25 per cent LasO; and 15 per
cent didymia, the remainder being yttrium earths, samaria,
etc. The residue represents 60-65 per cent of the original
monazite. Since the total world’s consumption of monazite
has been estimated as being about 88,000 tons up to 1918, it
is evident that the supply of cerium material has been very
large. Some firms have stored enormous quantities of these
rare earth salts, and others have thrown them away. The
residues are transformed to the chlorides, which are carefully
dehydrated to prevent the formation of basic salts. The
purity of the chlorides is not important, but the phosphorus
and sulfur content must be low, and iron and aluminium should
not be present in more than small amounts. A mixture of the

} Analyses by S J. Johnstone, Jour. Soc. Chem. Ind. 83 56 (1914).
2 J. H. Pratt, N. Car. Geol. Surv. Bull. 25, p. 27 (1916).
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anhydrous chlorides with ealciwm, hurimm, sadium, patussium,
or ammonium halides is fused in an iron pat and snlgected to
electrolysis. If too much busic chluride is present, the metal
and chloride emulsify and prevent the agglonwration of the
metal. The misch metal colleets in the botten of the pot and
is drawn off at intervals into molds.  Prepured in this imanner,
the metal resembles iron in appearnnee sl cantains from 1 ta
5 per cent iron, with small mmounts aof nxiles ninl varbides. Tts
properties resemble those of cerium very chsely. s must
interesting property is its pyraphoric nature if serutrhed
with a file bright sparks nre given off.  Thrse nuy bae dawe vither
to the formation of n superficinl layer of a sulenxide ! ar to
the breaking off of small particles which are ignited by the
heat of friction. The pyrophoric property i much inereased
by alloying with a hardening mctnl, sueh s iron, nickel, man-
ganese, tin, zinc, cobalt, and other metals,

The most widely used pyropharie alloys cantuin inm? which
produces the spark-giving property when present in quantities
varying from 10 to 65 per eent.  Auer metal. which cantains
35 per cent iron and 65 per cent misch motal, gives espwcindly
brilliant, sparks and is widely used for cigar Tighters, gas lighters,
etc. During the war much use wax made of pyraphorie
alloys for firing mines, signaling, msking traver bullets, nnd
shells for night firing, ate. ‘The friction of the air eauses the
alloy to ignite and the puth of the projectile is ensly abserved,
Very little misch metal is needed for gus lgliters sinee it s esti-
mated that 1 pound of Auer metnl will muake 1300 1800 * fire
stones,” each of which will give 2000- 6000 ignitions,  The war-
time demand was very vonstderable, wml nfter the seiznre of
the patents by the Alien Property Custodinn snd the issuing
of permits to several firms production was considderuble,  No
definite figures of production are available, but it is estiminted
that in 1919 between 2000 nnd 3000 pounds per month were
made in the United States? This estimate in doubtless canserva-
tive, because a single plant in December, 1918, was pricducing 100
pounds of misch metal daily and was installing additionnl equip-
ment which would nearly double its espucity. The price of

} Hirach, Chom, and Met, 9 1543 (1011),
3 Hirach, Trans. Am, Electrochem, Sov, 87 359 (i),
'H, C, M(:ycl'. Eng. and Min. Jour, 108 233 (1959,
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the ferracerimn is the highest of all ferro-alloys. Under
Austrian padents in 1917 the price was $25 per pound, but
during the first half of 1919 it was from $15-818 per pound,
ated Euter in the year it dropprd to $14 per pound.  Misch
medal sold for fram $7-80 pre pouml.

The sinlden elimindion of the demnnd for military purposes
stimulated thae offorts ta find ather nses for misch metal, On ac-
evamnt of s extrome netivity, especially townrd oxygen, it is found
to be o pawerful redieing agent, sl ns such it is used for the re-
dnetian of scune of the mure refrartory oxides, such as those of
gireanium, tantalum, and cohnabium,  Its extensive use for
this parpose wunld e Jargely controlled by cost. A small
st of the mnetal i powder form finds use as 2 component
of flushlight powders, where it prodices more intense action.
Revently it has heen applivd as a seavenger for cast iron with ex-
coedingly interesting resnlts,  Hs usefulness for this purpose
deperals on the facts that its melting point is below that of iron
arw] that its affinity for oxygen is great enongh to remove oxi-
tized prticles, but its netion i not #o intense as to be difficult
of eantrol,  Kxperiments have shewn that the addition of small
amonds of reriun remove oxygen thuroughly and increase
the fluidity by keeping the metal hot for o Ionger periotl.  As a
msidt, the easting hus n finor structiire with more uniform dis-
trilmtion of graphite, greater soundness, and it machines much
Iottor,  Miseh metad melts ab nhout. 750° . and is so active
that mel of it is kst inoadding it to the molten iron,  If the
ferroccernim is uxe, s melting point is still below that of iron
aml its chemieal netivity is decrensed s the loss is less, The
alluy is best adedeid in granalar form hy sprinkling it into the
stresun of metad as it flows intn the ladle.  The granulation of
ntiseh metal must be wecomnphshed under a hydraulic press, as
attempts to pulverize it with a hammer will prohably ignite it.
The amount neetlel ta prify cast iron is simall,  As little as
0.05 0,10 per vent, i suffieient if care und skill have been used
in the prepuration of the charge.  If as much as 0.50 per cent
in ndded, none of the cerinm seems to remain in the casting, If
larger mmounts are used, some of the cerinm remains in the iron
as an nlloy, but so fur as is known it produces no beneficial re-
sults, Consqnently, the eerium is added in very small amounts,
causing only slight increase in cost,
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The addition of 0.2 per cent misch metal to aluminium has a
very beneficial effect as a purifying agent, greatly increasing
the ductility of the metal.! The cerium is added by mixing
its fluoride in the electrolytic bath while the aluminium is being
prepared, or, better, misch metal is thoroughly incorporated
with the molten aluminium. The alloys of aluminium with
copper and magnesium also have increased ductility when
cerium is added, but those with zine do not appear to be in-
fluenced. This is an important consideration since these alloys
normally possess low ductility.

The addition of cerium to brass is harmful, since it increases
the number of leaky castings and lowers both tensile strength
and ductility. Cerium forms many other alloys. Tin mixes with
it in all proportions,? forming pyrophoric alloys up to 80 per cent
tin. The hardest and most pyrophoric alloy contains 30 per cent
tin, and those with low tin content are not very stable in the air,

Cerium and aluminium may be alloyed by heating the two
metals together rapidly,? though there is some difficulty in
obtaining a uniform product. The alloys richest in cerium are
pyrophoric, the others are not; those containing not more
than 25 per cent aluminium are slowly attacked by water and
the atmosphere, but the ones containing more than 25 per cent
aluminium are remarkably stable.

Magnesium alloys * readily with cerium, but uniformity is
possible only by stirring or by repeating the fusion. The alloy
containing equal molecular quantities of the metals has a hard-
ness of 5, is strongly pyrophoric, burns violently on heating
but is stable in the air at ordinary temperatures and is more
resistant to acids than pure cerium. The alloys with magne-
gium are extremely brittle; those containing 60-75 per cent
cerium are easily powdered and make excellent flashlight pow-
ders or reducing agents, Cerium alloys with both silicon and
bismuth,® the union taking place at elevated temperatures
with considerable vigor.

- Sodium and cerium unmite quietly and form a hard alloy which
1s somewhat pyrophoric. It oxidizes in the air.

Y Metal. Ind. 30 142 (1922), translation from Metall und Erz, May 22 (1921).

2 Vogel, Zeit. anorg. Chem. T3 319(1912).

3 Vogel, ibid, 79 41 (1912-13).

4 Vogel, bid. 91 277 (1915).
& Vogel, tbid. 84 323 (1913-14).
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Silver forms a hard, brittle alloy with cerium, but the gold
alloy is fairly soft.

Copper alloys are unstable if they contain more than 30 per
cent cerium. The alloys containing 55 per cent cerium or more
are pyrophoric.

Calcium forms very hard white alloys with cerium. They
are stable in the air and strongly pyrophoric.

Other pyrophoric alloys are prepared by mixing the misch
metal with titanium, boron, cadmium, lead, manganese, anti-
mony, mercury, etc. Stearn states that 200 tons of ceria are
used annually in the manufacture of pyrophoric alloys.

Compounds of cerium and its relatives find numerous sug-
gested uses. The pyrophoric metal known as “ kunheim ”’
is a mixture of the hydrides of the cerium earth metals with
magnesium and aluminium. Cerium fluoride and titanofluoride
have been used in the preparation of electrodes for the flaming
arc light. By impregnating the carbon electrodes with the
cerium salts a more intense light is obtained and the arc burns
evenly and quietly. Stearn declares! that 300 tons of ceria
are used annually for this purpose.

Cerium carbide and nitride have been tried as filaments for
incandescent lamps.2 Pure cerium nitrate is used in the manu-
facture of gas mantles. The reducing action of cerous com-
pounds is used for producing a variegated effect in dyeing
fabrics. The salts of cerium are used for making aniline black
and as a base for the alizarin group of dyestuffs.

The oxides have been suggested for use with tin compounds
for weighting silk. In dyeing leather cerium compounds are
good mordants. In the manufacture of glass the cerium earths
are used as coloring agents, one per cent producing a clear
yellow and larger amounts producing brown. The fluoride,
dioxide, and silicofluoride have been used in the preparation of
enamels. Ceric titanate produces a shining yellow color in
porcelain, while the molybdate produces a bright blue, the
tungstate a bluish green, and manganese ceric titanate an
orange yellow. In photogsaphy the sulfate is sometimes used
for removing silver from an overdeveloped negative and in
the preparation of color photographs. In medicine the mixed

1 Johunstene, Jour. Soc. Chem. Ind. 87 373 (1918).
2 Elect. Eng. 48 416 (1908).
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oxalates have been suggested us a remedy for scasickness,
epilepsy, and hysteria. Cerium phenalade s w disinfectant
which is as efficient as phenol aud mnch Tess toxiet " Creri-
form ” is an antiseptic whieh ix comprsed af cortnin cerie denble
sulfates. The sulfates may be used ns catalysts in the contaet
process for sulfuric acid, und the ehilorides when Tieuted ta 3307
480° C. arc cfficient cutalysts in the Dencan process fur mana-
facturing chlorine. Ceritnm hyalvide and utivide eatudvze the
union of hydrogen and nitrogen in the dircet mannfurture of
ammonia, but no method has yet been diseuversl for provent-
ing the mass from lasing its aetivity, Cerium sulfate is fannd
to have certain advantages over lead as an wecimnilatar in stor-
age batteries.  Cerie vxide 8 an netive uxidizing ugent useful
in the manufacture of ahlehydes, quinones, ete., from sramatie
hydrocarbons. If these reactions are carried omt in un elee-
trolytic cell, the cerous sulfute farmed Ly the resction s -
mediately reoxidizel, and the pracess Tecomes condinnons,
The oxidizing power of cerie bxide is also usctl in the eonhise
tion tube for ultimate organic numlysis®

None of these uses, however, seems destined to erente tany enn-
siderable demand for the ceriun granp compomuls,  Phore is
no concern about the supply of cortnm sinee adl that s used nt
the present time may be cvnsidercd ws o hy-product. I the
demand should exceed this supply, much eerium eanld be ex-
tracted from minernis like allanite whiclt are now not ugsed,

Compounds, — Cermm farms two well define] serivs of salts
in which it is trivalent nnd qudrivalent, respertively,  Tn ite
trivalent condition cerium is more hasic than in its quuslrivalent,
state, hence, the cerous salts ure more stable, mvd more nmee-
ous, The cerous salts of calorless neids ure white, while the
ceric salts are yellow, orange, or retl in color,  Clorous salis are
oxidized to ceric by lead peroxitle ar bismnth tetroxide in nie
tric acid solution; by ammbniutn persullate or sodivim bisnus
thate in sulfuric acid solution ; by electralysis of the nitrate or
sulfate in a strongly acid solution; by sodium hypochlorite or
by potassium permanganate in ulkaline solution. Hydrogen
peroxide in alkaline solution oxidizes cerous to cerie or pereerie
compounds. Because ceric chloride is 80 very unstable oxida-

Y Ger, Pat, 214, T82 (1909),
? Dennstedt method, Bokk, Ber, 48 2574 (1913),
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tion to the ceric condition cannot be carried out in hydrochloric
a.cid solution,

Ceric compounds are reduced to cerous very easily by such
Treagents as hydrogen peroxide in acid solution, sulfur dioxide,
hydrochloric acid, oxalic acid, stannous chloride, ferrous sul-
fate, etc. The transformation of ceric oxide to a cerous salt
Trequires the presence of the desired acid and a reducing agent,
since CeQ, is difficultly soluble in mineral acids. It may be
accomplished by: (1) nitric acid and hydrogen peroxide;
(2) hydroquinone and hydrochloric or sulfuric acids; (3) hy-
drochloric acid and an alkali iodide.

The cerous salts are derivatives of Ce;03s, which may be pre-
Pared by reducing CeQ, with hydrogen at 2000° C. and 150
avtmospheres pressure. Ignition of a cerous salt produces CeQ,,
completely in the air and partially in hydrogen or in a vacuum,
"The cerous salts resemble those of lanthanum and yttrium very
closely. For the characteristics of the individual compounds
See pages 111-113.

The ceric salts are derivatives of CeOs, which is feebly basie.
A a consequence they are considerably hydrolyzed in solution
and give an acid reaction. Normal ceric salts of weak acids
are unknown, and even the chloride and nitrate are known only
a.s double or complex salts. Reduction to cerous compounds
is easily done in acid solution, but much more difficult to accom-
plish in alkaline media, Ceric compounds easily form colloi-
dal solutions which do not appear to be basic salts of the
ordinary type.

A few of the more important ceric compounds are included
in the following summary.

Ceric owide, CeO,, is prepared by igniting cerium or any cerous or ceric
salt of an oxy-acid. Its density depends upon the method of preparation.
“The color is the subject of much discussion.) We would expect a white
oxide like zirconia and thoria. White oxides have been prepared, but
Brauner has shown that such ceria contains impurities. As usually ob-
tained ceria has a pale yellow color. It volatilizes without melting or de-
composition at about 1900°. Besides being a weak base it shows slight

evidence of faintly acidic properties. While pure ceria is insoluble in
nitric or hydrochloric acids, a mixture of rare earth oxides dissolves readily

1 See Sterba, Compt. rend. 138 221 (1901) and Ann. Chim. Phys. 2 (viii) 193
€ 1904) ; Wyrouboff and Verneuil, tbid. 9 356 (viii) (1906): Meyer, Zeil. anorg.
Chem. 37 378 (1903) ; Brauner, ibid. 34 207 (1903) ; Neish, Jour. 4m. Chem,
Soc, 81 517 (1909) ; Spencer, Trans. Chem. Soc. 107 1265 (1915).
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provided the ceria does not exceed 45-50 per cent. The usual explanation
of this peculiarity is that the ceric oxide is acidic to the more basic rare
earth oxides and forms salts of the type M:0;- 2 CeO, or 2 M;0;-3 CeO,:
Deep blue crystals of the composition UO, - 2 CeO; are obtained by ignit-
ing a mixture of cerous and uranyl sulfates or by precipitating an aqueous
solution of uranyl and cerous nitrates with ammonia or dilute potassium
‘hydroxide. The so-called cero-ceric oxide, formed by reducing CeO, with
hydrogen at red heat, to which the formula Ce,O; is usually given, may
be a cerous cerate of the formula Ce;0;- 2 CeO,.

Ceric hydrozide, Ce(OH),, is not known. A hydrated oxide, probably
Ce;0(0OH)y, forms as a yellow gelatinous precipitate when ammonia or an
alkali hydroxide is added to a ceric salt. It may also be prepared by the
oxidation of cerous hydroxide. It dissolves in nitric acid, forming a ceric
salt, in sulfuric acid yielding a partially reduced product, and in hydro-
chloric acid giving cerous chloride and chlorine.

Ceric nitrate, Ce(NQj) 4, is not known as a simple salt, but double nitrates
of the type Ce(NO;)s- 2 M'NO; are formed with the alkali metals and
ammonium. In aqueous solutions these salts are readily hydrolyzed,
but they are the most stable ceric salts. The ammonium ceric nitrate
is important in the purification of cerium. A series of double nitrates,
M'(NO3)s2 - Ce(NOs)4 - 8 H,O, is also formed, but they are less stable than
the alkali double salts. When ceric hydroxide is evaporated with nitric
acid, crystals of the basic salt 2 CeOH(NO;), - 9 H.O are obtained.

Ceric fluoride, CeF, - H.0, is probably the only ceric halogen compound
known in the solid form. It is a brown powder insoluble in water, prepared
by adding hydrogen fluoride to ceric hydroxide. It readily forms double
fluorides with the alkali metals and copper, cadmium, cobalt, nickel, and
manganese.

Ceric chloride, CeCly, & known only in solution. It is prepared by dis-
solving ceric hydroxide in concentrated HCI, but the evolution of chlorine
begins at once and proceeds rapidly if the solution is hot. It forms double
chlorides with organic bases, such as pyridine, quinoline, and triethylamine.

Basic ceric carbonates of varying composition are formed as a yellow
gelatinous precipitate when an alkali carbonate is added to the solution of
a ceric salt. Perceric potassinm carbonate, 4 X,CO; - Ce2(CO;);0; - 12 H,0,
is prepared by adding hydrogen peroxide to a mixture of ceric and potas-
sium carbonates. If more H,0; is added, all the cerium is precipitated as
an orange yellow precipitate.

Ceric sulfate, Ces(SO,)s is prepared in the anhydrous condition when
CeO, is heated on a sand bath with H.SO,. It is a deep yellow crystals
line powder, soluble in water, somewhat hydrolyzed and on dilution or
boiling a basic sulfate is formed. When heated in the air the normal
sulfate begins to lose weight at 155° and at 300° it loses all its sulfur
trioxide.

Detection. — Very small quantities of cerium may be detected by adding
the neutral solution to warm concentrated potassium carbonate solution
and then adding a few drops of dilute hydrogen peroxide. A yellow color
indicates cerium.
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fran Thar, s of filas, Searelieaveare g of wor, ba 1824 he hoengo
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eunrth watle paoageetion waggestivee of e Dnpmer thorn, Mo he teapsfernnd
thee tame arel showed thae resrnldionew 1o gicerann o I Berganinn
anaonneel the abpenviry of 1w et valbol dbariom feom e
surveraborangite ) o ISE2 Ualer shisererreel wasinan, Dat both these edonnsita
v lwenn sliown 10 bae pletitond with thorpoe

Eduur. Ser. Chem Tood 39 165 A (102D).
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The homogeneity of the chament hus dwin whestinned avend tioes,
The most notable case was in 190}, when Buskerville anuesoss] that by
the fractional distillation of thoriww ehluride e hinl pnlotim] Twe 1w
elements, berzelium and caralinin. His conelusion has ot e o
firmed * and thoriwn is nuw regardud as o distinet vhamival vleinent, s
topic with ionium, radinthorinm, ite. N prartiendar ettt W gl
to the clement until Aurr von Welstorh devisel the steneheant o
mantle in 1885. At that tine the sy sonrees of thoriate huowa wers: the
rare earth minerals, whirh wire tear rane tae stpgidy ny vinpsirkerid doe rvay-
merecial demuml. A gadugical survey was eunductel, however, el oo
tensive deposits of inonazite sund herame availohle.

Occurrence. — Thoriwin farms @ rure stheate, known as e
rite, which resembles zivcan rlascly, 1 is usially o Bluaek Diy-
drated mineral, but is somctimes clewr with an wrange-yellow
color, when it is known as the gem orsngite. It eandains alaart
60 per cent thoria asspeisted with the silietes of arannnm,?
iron, manganesc, copper, magnesiun, lemld ting ulimininm,
sodium, and potagsimn. Thardanite i another mre wineral
which contains about 80 per cent thoria, assacinted with the
oxides of the rare carth metals and wraninm, 11 18 found elnefly
in Ceylon, where the mineral was discavered in 1904, The
following year nine tons of this mineral werr praducsd, tat the
supply is uncertain, and #0 it is not nn important sonree of tho-
rium. The thoria is easily extructed, hawever, smd when 1ho-
ranite is available it commands 2 high price.  In 1905 it sold
at prices up to £1700 per ton. Thariym wlso bectrs in varying
quantities in most of the rare enrth npnerals, especially mong-
zite, gadolinite, cuxenite, and smnnrskite, It is found in traces
in many of the common mincrals, and in muny igneous and
sedimentary rocks.

The principal supply of thorin is obiained from monazite
sands, which are found in Brazil, India, the Carlings, TdabaX
and in many other localitics. Monazite is essentinlly n phos-
phate of the cerium earths which contains varying amounts
of thorium as an accessory constituent, Originally it is n ean-
stituent in pegmatites, granites, and gneisses, in which it oveurs
(19,02;? gaslcsewille. Jour. Am. Chem., Sm:. 23 781 (1901 26 92
Py Qe e B i 007 it o
Wm.oiz aé s(t;a(;ysgg t(};% ;I;l): »:U (;;ozt::: t;;‘ ;z;;h(n;e&l;)fm« Meyer, Sitel. Akod. Wi,

? See U. 8. Geol. SBurv, Min. Resou f \ s U
Bl a0 i rees for 1009, p, 898 U, 8, Geol, Hurv,
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in oo sl quantities for canmmercial use, The wenthering of
tloese recks has heen fllowed by thee water cancententian, so
that the anly eammereind deposits e along the river beds or,
upon the bpchies, where it ix nseacinted with other honvy
minerils,

The depusits in Brazil are an the seawshore wnl along the river
Lottuans of the interiar, The ldter are pxpensive to wark on
gecannt of the low maonazite cantent bout 0.3 per cont) and
tho diffiecaltvs of trnspartativn. The beneh sunds have nge-
canlingly supphied  mast of the matevin] which has been ox-
purteel. Far many years these deposits supplicd o very Inrge
part of the world's thori,

The deposits in Indis are chiefly on the sencoast af Truvin-
core, They cover o knawn aren of 1427 nerer, and in same
pliwes the deposit is nenrly 20 fet deep, The monazite in
sight was originally estimmted st 1,776,000 tans, but recent surs
veys inditnte that this estimate s mich tao small. The per
went of tharin s nenrly danble that of the Brazil minemd (seo

uhble XXV puge ), and siuce Tubar s very chioap, the cast
of productian is law,

The Carolim deposits are alang the river beds nnd are cav-
ered by sahont 4 feet of carth, The depasits vary fram 1 1o 10
feed in thirkness!  For severad yowrs considernble  monnzite
wik obtuined fren these depasits, Ing the diffienlty of mining,
the law tharia content, nnd keen competition has nbinost wholly
clisninated the Amerient supply fran the warld's mrket,  Mf-
furts lave recently een uewde ta devidop the depasit at Pabilo
Bearly, Florida,

I prrespeeting far monazite 8 aastaunry Lo coneentrate
the sand by panning ax inn senrch for gald,  "The mamazite i
heavy and has o vellnw ar brawn calur (rarely snlmost bluek)
s a peenline ster. The presence bf eertain rave earth cle-
ments mankes aecurate fickd dingnasis prssible by the uso of a
hand spectyoscope, 1 the comeontrated sand i speead out on s
piece of puper or 1 eloth and exaine] by the spectroseope with
natsunl light falling direetly an the sand, a hrond line is ob-
served betwoen the yellaw and red and a nirrower line in the
green,  These ubsorption lines are probably due to the presence
of neodymiunm aml erbiunn,

i 8oe J, H, Pratt, Bionomie Paper, No, 14, N, Caraliun Ced, Bure,
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The mining of monazite is accomplished by open mines,
usually of the simplest sort. The first steps in purification are
taken before shipment is made, and they depend on washing
out the lighter grains of silica, magnetite, ilmenite, zircon, and
garnet and leaving the heavier monazite behind. Such methods
of concentration are wasteful, but pretty satisfactory results
are obtained by sizing the gravel before sluicing. More refined
methods of concentration are now generally used, such as the
shaking tables of the Wilfley type, used in Brazil, and dry blow-
ing, used in India. The final and most efficient means of con-
centration is by the use of clectromagnetic separators. These
separate the other minerals from monazite and to some extent
from each other by means of the differences in magnetic per-
meability. As usually carried out the partially refined mona-
zite is dried and carefully sized and subjected to electromagnets
of increasing intensity. These remove in order (1) magnetite,
(2) hematite and ilmenite, (3) garnet, platinum, epidote, apa-
tite, olivine, and tourmaline, (4) coarse monazite with small
amounts of zircon, rutile, epidote, etc., (5) fine monazite. The
non-magnetic residues, containing gold, zircon, rutile, quartz,
feldspar, etc., may be separated by means of an oscillating
table.

Attempts have been made to utilize the by-products but
without marked success, The ilmenite finds difficulty in com-
peting with the native ore. The garnets are small, with rounded
corners, and so of no value as abrasives. A small quantity of
garnet of larger particles has been broken and used as abrasive,
The gold has been recovered at a profit even when present in
so small an amount as 13 cents per ton of the original gravel.

The world’s consumption of monazite is estimated at about
3000 tons per year, Three-fourths of the world’s supply of
monazite in 1915 came from India, and since this ore contains
a higher per cent of thoria, this corresponds to 90 per cent of the
thorium production. This is used for its thorium content, which
determines the price of the mineral. During 1920 monazite sand
with & guaranteed minimum of 6 per cent ThO, ranged in price
from $25 to $30 per unit,! duty paid. Thorium nitrate sold
wholesale for $3.75 to $4 per pound.

} A unit means one per cent per ton. Thus, six per cent sand at $27 per
unit would cost $162 per ton.
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TasLe XXVII
World’s Production of Monazite Sand in Metric Tons
BraziL UnITED STATES INDIA CeyrLoN
1909 6,359 242 None —_
1910 5,345 44.3 None —_
1911 3,627 1.6 819 —_
1912 3,344 0.6 1,135 —_
1913 1,415 None 1,234 - —
1914 599 None 1,185 —_
1915 439 16.1 1,108 —_
1916 None 16.5 1,202 —
1917 1,136 34.7 1,940 —
1018 499 No data 2,117 20
1919 146 No data 2,023 40
1920 1,153 No data 1,667 70
1921 — No data Ca 1,600 | Ca70

From monazite residues mesothorium is extracted, and a small
amount of misch metal is prepared.

Extraction. — From thorite and thorianite the extraction of
thoria is easily accomplished, The minerals are easily dissolved
in hydrochloric or sulfuric acid (nitric acid may be used for
thorianite) and the solution evaporated to expel excess acid and
dehydrate the silica. The residue is extracted with water, and
the solution saturated with hydrogen sulfide to remove heavy
metals. Separation from the rare earth metals may be accom-
plished by the carbonate, sulfate, or oxalate methods,

From monazite the extraction is difficult because of the
small amount of thoria and the large quantities of elements
with similar properties. Many methods are available in the

laboratory which would be too expensive for factory use. The
" methods actually used are carefully guarded secrets and doubt-
less differ in accordance with the type of ore used. The follow-
ing may be considered as typical. The ore is ground, if it con-
tains large grains, and added gradually to twice its weight of
hot concentrated sulfuric acid in cast iron pans. Heating is
continued until the monazite grains have entirely disappeared.
Then the mass is poured slowly into cold water, and silica, rutile,
zircon, ete., filtered out. The solution contains sufficient acid
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to prevent the precipitation of the sparingly soluble earth phos-
phates. If ammonia or magnesia is added, or if the solution is
largely diluted, the thorium phosphate is precipitated since it
is more sparingly soluble than the rare earth phosphates. The
removal of the phosphoric acid may be accomplished by dis-
solving the mixed phosphates in HCI and precipitating thorium
oxalate with oxalic acid. A less expensive method is to digest the
phosphate with soda ash and precipitate Th(OH), with sodium
hydroxide. The phosphorus must be completely removed since
phosphates cause the mantles to be exceedingly brittle. Not
more than 0.0004 per cent of P,Os is generally permitted.

From the sulfuric acid solution, thorium may also be ob-
tained by precipitation with sodium fluosilicate, sodium hypo-
phosphate,! or sodium pyrophosphate.? An ingenious method
for removing the phosphorus has been proposed by Basker-
ville ® and used on a large scale. It consists in heating in an
electric furnace a mixture of monazite, coke, lime, and feld-
spar. The phosphorus is distilled out and the mass allowed to
cool. When extracted with water, acetylene is evolved from
the calcium carbide formed during the heating, and the re-
mainder crumbles to a fine powder. This is dissolved in
hydrochloric acid, and the cerium earths removed.

Separation. — The separation of thorium from the rare earth
metals with which it is still mixed may be accomplished by
three methods : (1) the carbonate separation depends on the fact
that thorium carbonate is much more soluble in sodium car-
bonate than the carbonates of the rare earth metals; (2) by
the fractional crystallization of the mixed sulfates at 15°-20°,
crystals of Th(80,);: 8 H;O are obtained at the insoluble end of
the series; (3) thorium oxalate forms a soluble double salt
with ammonium oxalate, while the rare earth oxalates are al~
most insoluble in this reagent. Some other methods which
have been suggested are fractionation of the chromates,* of
the hydrogen alkyl sulfates,® of the acetates, by the use of
sebacic acid ¢ and hydrogen peroxide.

? See Rosenheim, Chem. Ztg. 36 821 (1912); Wirth, Zeit. angew. Chem. 36
1678 (1912) ; Koss, Chem. Ztg. 36 686 (1912).

* Carney and Campbell, Jour. Am. Chem. Soc. 86 1134 (1914).

8 Eighth International Congress of Applied Chem. 2 17 (1912).

4 Muthmann and Baur, Ber. 88 1756, 2028 (1900).

8 Ger, Pat. 233,023 (1911). ¢ Ger. Pat. 266,459 (1912).
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Far the nxumfurture of gas anantles very pure tharium ni-
trde is recuireds sinee the presence af more than very slight
truees of other uxiles greatly veduees the enndle power of the
lght.  As an imlivation of the efficiency of the extrnetion und
prifiecsticen methads i ois warthy of note that helween 80
and 9O per cont of the thorie present. in the monagite s bh-
tiined in the farm of the nitre of sufficiend purity for nuntle
namfnetyre,

Considersdde thariung mtrate is abtained from fuetory trim-
pings el wornst ntless Usidly this maderind s pul-
verized, sieved, dissedved in julfurie acid, eonverted ta the ni-
trate anmd wsed again imnking up the lighting flaids.

Metaiturgy. - The high melting paint of tharium, itx chemi-
cal aetivity towanl hydrogen, axygen, nitrogen, and varbon,
sid s Forudness for allaying with metids make s wetadlurgy
partieularly diffienlt,  The metal has nol yet heen obtained
ina pure stafe.

Berzelins attomptial in 1829 to reduee the daubh: ehlorile,
2 KCL<THC, with sadinn or patassiam, bint fuiled to get ecom-
plete redurtion,  Magneshun anly  partinlly  reduces ThOy,
while silican yields n silteide, carban gives o varbide, aml nly-
winitm produces an alloy, By elertralysis an impuore metal
ix abtained which alwavs cantoing oxide and other inpuritios,
Proladdy the hest vesults have hern obtained by redneing enra-
fully prepared auliydrous tharisin ehlaride with sodbnn in o
seled tuhe, By this method Maissan and  Honigselnnndt
prepured the mietal which cantnined only 3 per cent of the oxide,
amdd vun Boltun * obtained » product which he claims wis froe
from axide,  Thorium has also been pradueet by prasing sodiinm
vapar with such volatile thorbum compaunds as the actyls
neetanate through o wedohat tube?

Properties, - As ondinarily prepured, thorinm is » dark gray
powder runsisting of shining microscopic phites, It nny e
hammered ar rolled into the coherent form, when it rasemblos
platinum in appearance, hurdness, und duetility,  The powder
has n density of 1L0-11,3, nad the coherent metnl of 12,16,
The inctal is magnetie, having s susceptibility of +0.18 X 10-%,

¢ Anm, chim, Phye 8 (vili) 182 (1908).

S Zueit. Klektrocham. 14 U8 (1008).
t Slemans mid Hadsky, Clers Pal. 133,959 (1900),
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its value rising rapidly with inerrastd temperatore to 45)0".
According to von Bolton the melting point s HA07. The
specific heat is 0.02787 at anliniry t('nlp('r:x'lur(u\'. '”l(" fine
powder ignites when rubbett or erushed in the aiv and vhe ribhon
burns brilliantly just below red heat, giving off o shawer of
sparks and forming the oxitle.  Its heat of combust i is 1%‘2(3,0(?0
calories. At a tempernture arbund 1307 it hnrns Drillisntly in
chlorine, bromine, ixdiue, and sulfur: alaart 0M0° 11 cam-
bines directly with either hytlragen ar nitreggen. ('mwunlrfxtml
hydrochloric acid aml aqua regin dissulve Hae medal rapidly,
but sulfurie, hydroflueric, and dilnte hiydraehlurie aeids attack
itslowly. When first imumrsed in nitric neid it is dissedved very
rapidly, but the metal is soon rendered prssive npad the action
stops. The alkalies do not attack it. It is slightly muve elec-
tropositive than magnesiwm, and ulluys readily with such metals
as aluminium, copper, nicked, siveaninm, and tungsten,

Thorium is strongly radioartive,

Uses. — Alloys of tungsten and tharitm s used for making
the filaments of incantlescent. clectrie bunps,  When tungsten
alone is used, much difficulty s cneanntered Joeenuse wflor short
use the metal becomes crystulline and vaparizes, resultisgg
blackening of the bulh.  The filament berames hard and brittle
and frequently breaks. Thix tendenay tn erystallize may lurgely
be overcome by alloying tungsten with thorium il ather rare
earth metals. Somctunes tungstic axide is mixed with 1-4 per
cent thoria,’ pressed into rods, und vedueed by hytlrogen at
red heat. Another process utixes 7 per cent tharium tung-
state with finely divided metallin: tungston and an arganie bind-
ing material 2 and produees the filmment by a squirting process,
Filaments are also mmle by mixing colloidnl tungsten with
thorium, These alloy filaments wre snid to be exeeedingly
ductile, even in the cokl, and have the ahility to resist erystalli-
zation during long use, The function of the thorivm in these
filaments has not as yet been definitely established, It is pos-
sible that ThO, forms a solid solution with the tungsten.®

An alloy consisting of tungsten eontaining from 0.5 to 10
per cent of thorium is used as the enthode of an electrical dis-
charge apparatus devised by Langmuir. [t is suid to give an

} Eng. Pats. 5026 and 8758 (1(n2), t French Pat. 447 584,
YE. Wedekind, Edel Erden und Erae, 8 109 (31922),
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electron emission at 1300°-1380° A, which is equal to that given
by pure tungsten electrode at 2000° A.

Thorium salts have a, bactericidal and antitoxic action, as
is shown by experiments with guinea pigs. Ten pigs which
had received twice the lethal dose of cholera survived when
treated with thorium or lanthanum salts, while the control
pigs not so treated died within 30-36 hours.! A solution con-
taining 0.5-1.0 gram of thorium sulfate per liter is as toxic to
lower organisms and ferments as mercuric chloride,?

The compounds of thorium find extensive use on account of
their radioactive nature.

Thoria has been used successfully as a catalyst in the syn-
thesis of many organic compounds. Thus both symmetrical
and unsymmetrical ketones may be prepared directly from
monocarboxylic acids;?® alcohols are converted into ethers or
olefines according to the temperature employed; benzyl alco-
hol forms esters with formic, acetic, propionic, isobutyric, and
benzoic acids; and ammonia and alcohols passed over thoria at
360° yield olefines and primary amines.*

Small pencils of thoria containing about 1 per cent of ceria
become brilliantly incandescent when heated to a moderate
temperature. Such lamps are finding considerable use wherever
the electric current is not available, for searchlights, automobile
headlights, and projection lanterns for moving pictures.

Numerous patents® have been issued for the use of thorium
chromate, thorium tungstate, and other salts in the preparation
of magnesium flashlight powders. It is claimed that such
powders evolve less smoke than those which consist of magne-
sium alone.

The only important commercial use of thorium, however, is
in the manufacture of incandescent gas mantles. This industry
had a very modest beginning in 1884 when Welsbach patented
the use of a fibrous network of rare earth oxides which were to
be heated by an ordinary gas flame of the Bunsen type. The
first mantles were composed of a mixture of zirconia, lanthana,

1 Compt. rend. 169 410 (1914).

2 Ibid. 143 690 (1906).

3 Senderens, tbid. 148 927 (1909); Koehler, Bull. Soc. Chim. 18 647
(1914).

4 Majle, Chem. Zeit. 34 1173 (1911),

¢ French Pats. 14,692 (1908) and 403,722 (1909) ; Eng. Pat. 27,267 (1904).
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and yttria. These were not successful hecause they were very
fragile and possessed low powers of illumination. In 1886
thoria alone or with a small per cent of rare earth oxides gave

better results, but not until

e ) 1893 can it be said that
/Z \ actual success was assured.
" In this year a patent was
w / 1ssued for the use of 99 per
. gp / cent thoria and 1 per cent
§ o / ceria. This gave a mantle
§ 7 7 which wils. strong am{l e~
L o came brilliantly Iluminous
e at relatively low tempera-
T tures. No other arrange-
% —F4 ment has yet been discov-
2 ered which produces so
” satisfactory results. If the

Oz s 04 a5 05 a7 28 09 40 4 22 amount of ceria is either in-
Z i
CERM per cen creased or decrcased, the lu-

Fre. 11.—ErrecT oOF Comrosx:rrow minosity decreases rapidly.
oN THE INTENsITY OoF LiguT EMiT-

mep BY Mixtores or Curia anp So¢ Fig. 11, It is probable
THORIA. that the ceria is held in solid

solution ! by the thoria,.

The importance of this industry is seen in the statcment
that the world’s annual consumption of ineandesennt mantles
is about 300,000,000, of which the United States consumes
about 80,000,000. Since each mantle contains about 0.5 gram
of thoria representing 1 gram of the nitrate, the world’s total
consumption of the nitrate will be 300,000 kilograms. Pre-
vious to the outbreak of the war the industry was almost abso-
lutely controlled by German and Austrian interests, inglish
and French mantle manufacturers depended on German and’
Austrian suppliés of thorium nitrate. With the outhreak
of the war this supply was cut off, Soon there developed a
vastly increased demand for gas mantles on account of the
‘“stripping ”* of the gas supplies of those constituents which
give luminosity to the gas, in order to obtain material for the
manufacture of high explosives. The stripped gas still possessed

} White and Travers, Jour. Soc, Chem. Ind. 31 1012 (1902).
2 Estimate of Karl L. Kithil, Bur. of Mines, Tech. Paper 110, p. 9,
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splendid heating power and could be used efficiently for light-
ing if the burner were provided with an incandescent mantle.
To meet these increased needs European manufacturers turned
to American sources of thorium nitrate. As a result several
new producers entered the market and production increased
enormously. See Table XXVIIL. Thirty or more producers '
are said to be engaged in the manufacture of mantles in the
United States and the exports now exceed the pre-war imports.
Competition has been keen enough to keep prices down and
quality up. v

TasLe XXVIII
Principal Imports of Thorium Material into the United Siates

"MONAZITE (AnD THORITE) Trorion NITRATE
Pounds Vajue per Pound Pounds Value per Pound

1913 |* 1,145,010 $0.082 112,105 $1.89
1914 770,840 0.080 101,927 2.35
1915 | 1,873,971 0.117 67,406 2.52
1916 1,221,399 0.098 909 427
1917 4,598,926 0.065 1,188 1.98
1918 | 2,994,515 0.068 None —

1919 632,568 0.077 3,307 1.59
1920 1,814,182 0.078 35,640 1.21
1921 542,130 0.047 44,554 2.01

The manufacture? of incandescent mantles is based upon the
impregnation of a combustible fabric with the nitrates of tho-
rium and cerium and the ignition of this material by which the
fabric is consumed and the nitrates converted to the oxides.
The fabric selected was first long fiber cotton, which is still
extensively used in the United States. Better grades of man-
tles are produced by the use of ramie, which before the war was
used for the production of 90 per cent of the mantles made in
Europe. Artificial silk has been used with very satisfactory
results, as. it gives a mantle which is strong and elastic, and

1 ¥, 8. Tariff Commission, Informaiiors Series, No. 14 (1920).

3 The process described is for mantles made of cotton or ramie. For more
extended account see Johnstone, Rare Earth Industry, p. 15 ; Levy, Rare Earths.

p. 265; Bbhm, Das Gasglighlicht (1905) and Chem. Ind. 29 450 (1906). For
artifictal silk mantles see Wirth, Chem. Zeit. 86 752 (1911).
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possesses high illuminating power, which it retains well. Arti-
ficial silk fabric has the advantage that it may be prepared in
very pure form, thus making the long washing process unneces-
sary., The fiber is woven into a long tube or * stocking,” va-
rious stitches being used and the tension of knitting depending
on the purpose for which the mantle is to be used. The fab-
rics before impregnation must be free from fatty substances
and nearly free from mineral matter. To this end the cotton
fabric is washed first in dilute caustic soda, then in dilute hydro-
chloric acid ; while ramie is soaked in dilute nitric actd, washed
in water, then soaked in ammonia. The fiber as finally used
should yield between 0.02 and 0.01 per cent ash. If the ash
excedes 0.02 per cent, the mantle becomes brittle, especially
if silica is present.!

After washing, the mantle fabric is thoroughly dried, then
impregnated by soaking in the “ lighting fluid.” This is a
solution containing 25-50 per cent thorium and cerium nitrates
mixed in proportion to yield 99 per cent thoria and 1 per cent
ceria. Occasionally beryllium nitrate, magnesium nitrate, or
other salts are added to increase the strength of the ash. In-
verted mantles sometimes have 0.5 to 0.8 per cent ceria. After
immpregnation the excess liquid is removed by a wringer or a
centrifugal machine and the material carefully dried.

The asbestos loop and other supports are attached, and a
process called fixing is sometimes employed, gspecially for man-
tles which are designed to withstand shock. This is accomplished
by applying to certain parts of the mantle a solution which may
contain borax, or nitrates of aluminium and magnesium. When
the mantle is finished those parts which have been treated in
this fashion are found to have a denser and stronger oxide, be-
cause of the greater shrinkage during the burning process. In
this manner those portions of the mantle which are exposed to
the greatest strain are reinforced.

Branding is accomplished by stamping a design upon the
mantle fabric with a rubber stamp, wet with a solution the
main constituent of which is * didymium ” nitrate. This on
ignition yields a colored oxide.

The mantle is next shaped on a wooden model and burned off,
beginning at the top with a low temperature flame and finishing

Y Jour. So¢, Chem, Ind, 41 2841 T (1922),
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with a blast lamp. When first formed, the oxides which make
up the mantle are soft and shapeless, but on ignition at the higher
temperature the oxides become much more dense and rigid.
The burning off was formerly done by hand, but now it is gen-
farally qlone by maqhinc. During the burning off process there
is considerable sh?'mkage,‘the amount of which depends upon
the fiber, th'o particular stitch used, the tension of knitting, the
amount of impregnating fluid, the ratio of ceria to thoria, and
other factors. When thorium nitrate is ignited to the oxide
it expands at least tenfold, but cerium oxide has essentially
the sume volume as the nitrate erystals from which it is pre-
pared, Accordingly, the ratio of eeria to thoria by volume in
the usual mantle is approximately 1 to 999.

After the hardening process the mantles are in exactly the
same condition as when they are in use upon a burner, But
in order to protect them against the shocks of transportation
they are dipped into a collodion solution to which is sometimes
added nitrates of thorium, zirconium, or beryllium for the added
protection which these salts supply. After drying, the mantles
are trimmed and packed for shipment.

The number of mantles manufactured from a pound of
thorium nitrate varies widely with the size and quality of the
mantles. In the United States about 325 is the average num-
ber produced from a pound of thorium nitrate, while m England
the number varies from 225 to 450, As many as 600 of the
cheaper German mantles are said to be prepared from a pound
of the nitrate.

Compounds. — In its chemical relations thorium resembles
both zirconium and quadrivalent cerium. It is somewhat more
markedly electropositive than either of these elements, acidie
properties being entirely absent. Its neutral salts are hydro-
lyzed somewhat in solution, and consequently are acid to indi-
cators. They are however sufficiently stable to permit recrys~
tallization from water solution. In basicity thorium approaches
the elements of the yttrium group. Double salts are less
common than with cerium and zirconium, but characteristic
double nitrates, Ro'Th(NOgj,, crystallize well and are iso-
morphous with the analogous ceric double nitrates. Thorium
resembles cerium in forming a double potassium sulfate which
is insoluble in potassium sulfate solution, but differs from it in
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forming a double ammonium oxalate which is soluble in excess
of ammonjum oxalate.

The salts of thorium with colorless acids are colorless. In
all its compounds thorium is quadrivalent.

Hydrogen unites directly with thorium at red heat, forming ThH, a
stable powder, gray to black in color, unaffected by water but dissolved by
HCI, yielding hydrogen. The formation of a gaseous hydride by action
of dilute acids on an alloy of magnesium and thorium has been affirmed *
and denied.?

Ozygen forms ThO., the most important oxide, and a peroxide, Th,O;
or ThO;. The dioxide is prepared by igniting the hydroxide or the salt
of an oxy-acid. It isa white powder whose properties depend on the source
and temperature of formation. The nitrate yields a light voluminous
powder, the sulfate gives a much more dense product. When fused with
borax it yields tetragonal crystals isomorphous with rutile and cassiterite.
When pure thoria is heated it glows very little, but when mixed with a small
per cent of other oxides, especially ceria, it becomes brilliantly incandescent.
It is difficultly soluble in acids, especially after ignition at high tempera-
tures. If the oxide is suspended in concentrated sulfuric acid and the
mixture evaporated, it is transformed into the sulfate. Fusion with
KHSO0, accomplishes the same result, but it is not attacked by an alkali
carbonate fusion. It exists in an isomeric form, somewhat similar to that
shown by zirconia and stannic oxide. The isomeric form is obtained as a
gel, soluble in water, by repeated evaporation with small quantities of acid.
It is sometimes called thorium meta-oxide and was formerly assigned the
formula Th;O;. It is now generally considered as possessing the same for-
mula as ordinary thoria.?

The peroxide is obtained as hydrated Th;O; when ammonia and hy-
drogen peroxide are added to the solution of a thorium salt. It is unstable
and loses oxygen readily, forming the relatively stable ThO, This is a
very useful means of detecting and estimating thorium, by which it may be
distinguished from both zirconium and the rare earths.

The hydroxide, Th(OH),, is precipitatet] as a gelatinous white mass when
an alkali hydroxide or ammonia is added to solutions of a thorium salt,
It is readily soluble in acids, forming salts, and in solutions of alkali carbon-
ates, forming complex carbonates. It is not soluble in the alkalies, hence
thorates are unknown. It is easily obtained as a positively charged
colloid from which small quantities of electrolytes precipitate it.

Nitrogen unites directly with thorium, forming Th;N4. This compound
may be prepared also by heating a mixture of ThO; and magnesium or
aluminium in nitrogen or the carbide in ammonia. It is a dark red powder
slowly decomposed by cold water and quickly by hot, forming ammonia
and ThO..

3 Klauber and v. Mellenheim, Zeit. anorg. allgem. Chem. 118 306 (1920).
3 8chwarz and Konrad, Ber. 54 B 2122 (1921).
3 Stevens, Zeit. anorg. Chem. 27 41 (1901).
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The nitrate, Th(NOy)4- 12 H;0, is obtained by dissolving the oxide or
carbonate in dilute nitric acid and allowing the solution to evaporate at
room temperature. On heating the solution a hexahydrate is obtained,
and if a considerable excess of nitric acid is present a pentahydrate forms.
A dihydrate is also known. The commercial thorium nitrate is not a
definite hydrate, but contains a quantity of water equivalent to a tetra-
hydrate. If the pure salt is ignited, a dense and harsh oxide results;
but, if there is present 1 or 2 per cent of sulfuric acid the oxide is soft and
bulky, occupying 6—10 times the volume of the nitrate. The voluminous
ash is usually prepared for mantle manufacture. It forms a large
number of double salts, like 2M’NQ; - Th(NO;), with the alkali metals and
M"(NO3):- Th(NO;)4 - 8 H;0 with nickel, cobalt, magnesium, zine, and
manganese. It also forms addition products with pyridine, quinoline,
diethylamine, etc. )

Phosphates of thorium are numerous. The normal phosphate,
Th;(PO4) - 4 H,0, is precipitated as a bulky white mass by sodium phos-
phate. The precipitate always contains sodium. Thorium phosphate
is more difficultly soluble in dilute acids than the other phosphates of
monazite, consequently a partial separation of thorium is effected by means
of sulfuric acid. A pyrophosphate, ThP;0,- 2 H,0, is precipitated by sodium
pyrophosphate, and the meta~phosphate, Th(POj),, is formed by fusing
ThCl, and HPO,;. Double phosphates are formed by fusing ThO. or
Th;(PO,) s with the alkali phosphates; and mixed halogen phosphates, like
3 ThO; - ThCl, - 2 P;0s, are prepared by heating the halide and meta~
phosphate.

Fluorine forms anhydrous ThF, as a fine white powder when hydrogen
fluoride vapor is passed over ThCl, or ThBr, at 350°~400°. When HF is
added to the solution of a thorium salt ThF, - 8 H,O is precipitated, but on
drying in the air ThF, - 4 H,O forms. Thorium fluoride is insoluble in excess
of HF, which permits the quantitative separation of thorium and zirco»
nium. Onigniting a hydrated thorium fluoride the oxide remains. Thorium
fluoride forms double salts with the alkali luorides, such as K. ThF, - 4 H,O,
KTh.F,- 6 H,0, XThFs- H,0. These salts differ from the other double
fluorides of Group IV by being amorphous and very sparingly soluble.

Chlorine forms ThCl, in a number of ways in all of which oxygen and
moisture must be absent to prevent the partial formation of the oxychloride:
(1) a pure salt is prepared by heating ThO; in a stream of chlorine and sulfur
monochloride; (2) a mixture of the metal and its carbide, obtained by
heating ThO; with C in an electric furnace, yields the chloride when heated
in a stream of chlorine; (3) phosgene reacts with ThO,, giving ThCl, and
CO,; (4) ThOCI; at red heat gives ThO, and ThCl,. The anhydrous
chloride forms colorless crystals which sublime at 720°-750°. They are
deliquescent and dissolve readily in water with the evolution of much heat.
The hydrate ThCl, - 8 H,O forms on crystallization; these yield a hepta-
hydrate on drying at ordinary temperatures, a tetrahydrate at 50° amid
ThCl,- 2 H,0 at 100°. Above this temperature basic chlorides are formted.
Anhydrous thorium chloride combines directly with ammonia to form
many addition compounds, some of which are decomposed by water and
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gome are not. It also forms ndditian cumpautals with wethylamine,
cthylamine, propylamine, tolnidine, jiyridine, amd ypivadine; with uleo.
hol, acetaldchyde, cinnamic allebyds, wrctine, solieylaklehyde. 1t forms
double salts with the alkali chlorides, althaugh sueh wompmmds are less
numerous than in the case of tha trivalent curths.

ThOC], is formed when hysrated thorium vhloride is hented to 2500,
It is also forined when carlan tetraehlarish: bagins tie avt wpen hut ThO,.
It is very hygroscopic aml dissidves in water withoul. descingusithm,

Bromine and indine form vompaumls sinilar ta the ehlorine derivatives.

Th(IOs), is of considerable hnpuriinee in the thetection nnd estimation
of thorium hecause in the presenee of n large vxeess of nlkali imlnte it is
insoluble in strong nitric acid while the rore vartds salts dissulve readily,

Carbon forms ThC, when ThO: und e¢urbon are heatinl in the clectrie
furnace. It hurns brillinntly in air, forming The),, nud in salfur, giving a
sulfide. Concentruterl neils huve Httls netion upan it, dibate neids and
water reart mure rendily, prodiwing n very msnjdex smxture of gases which
includes 47-48 per cent acctylene, 27-31 per vent methane, nbaut 5 per
cent cthylene, 16-18 per cent hydrogen, and snanll mmounts of cthane,
propane, butane, propylene, and somne higher members of the acetylene
series,

Carbonates are numcrous, althuugh they wre mustly alaubde «r basic
salts. When an alkali enrbanate is mldhedd to the salution of o lawie salt
there is precipitated a basic enrbonste, suluble in wxeess uf tha presipitant.
The solubility of the donlde alkuli therimn varbountes is the Lnsis of an
important method of separnting tharinem fron the rure eurdd grouge. Crys-
talline double thorium curbanntes, such ns 3 No OO - Th{(!0y)s - 12 11,0,
may be obtained hy adding alewhal to the pagiuams solutism of thie douhle
carbonate. Hydrates of the nurmalaurtlimsrbanate, saeh ps Th0, - 2 H0,
are obtained by passing earbon liuxide intn thorunn  hydrexhle under
pressure. The basice carbonate, 2 Th(0)1]),- Oy, is furmesd at atmospheric
pressure.

Thorium oxalate, Th(C304)2 - 6 (), is preripeitatelns o white amorphous
powder when oxalic auid is adilet to w sulution af o thoriin salt. 1t
dissolves readily in solutions of nmmunimun snriwinate s ammonium
oxalate, but is less soluble in sulfurie teid then the rare earth oxalntes and
is insoluble in nitric acid. Douhlc alknli oxulates, acid uxulates, an:l mixed
salts have been prepared.

Sulfur forms ThS,, which is best prepared liy the netion of hydrogen
sulfide on a hot mixture of ThCl, and NuCl. 1t firmns lnrge brawn vrystals,
which react violently with nitrin acid. ThOS is formed at thr same time
ag small orange-yellow crystals. The twu pruducts may be separated by a
sieve.

The sulfate, Th(80,)., may be prepared by heating the hydrated salts
at 400°. The anhydrous salt is a white crystalline powder which is ex-
tremely soluble in ice water and forms highly supersaturated solutions.
From these hydrates with 2, 4, 6, 8, ur 9 molecules of water sepurate at
various temperatures. The solutinns «f tharium sulfute are considerably
hydrolyzed, the g; solution being 46 per cent hydralyzed.
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There are also formed the acid salt, Th(SO), - H,SO » and a basic salt,
ThO:; - SO, which has several hydrates; double alkali sulfates of the formula
Th(S0,) 2 My'50;- 2 H;0, of which the potassium, rubidium, and caesium
salts are difficultly s?luble and formed by precipitation ; double salts with
the sulfates of_ organic bases, such as pyridine, quinoline, diethylamine, and
phenylhydrazine.

The sulfite, Th(S0;), : H.0, is' prepared by warming a mixture of thorium
sulfate :Lpd sulf.urous acid. It is soluble in solutions of the alkali sulfites
from which hasic double sulfites separate on standing.

No thiosulfate has been prepared.

Thorium forms a silicide, ThSi,,! two borides,? ThB, and ThBs, a selenate,
Th (ScOQz . 9.1'120, and a selenite, Th(SeO;), - H,0, besides numerous salts
of organic acids.

Detecﬁon. — From solutions of thorium salts, Th(OH), is precipitated
by alkuli hydromdcg, ammonia, or ammonium sulfide and the precipitate
does_ x}ot dxssolv'e In an excess of the precipitant. Sodium thiosulfate
prexipitates a mixture of the hydroxide and sulfur, while sodium azide,
NaNj, precipitates the hydroxide from boiling solution. The latter test
is distinctive if the ceric salts are first reduced to the cerous condition.
.0, precipitates the peroxide from a warm slightly acid solution. A
golution of potassium iodate containing considerable concentrated nitrie
acid yrecipitates thorium iodate, insoluble in oxalic acid; cerium must be in
the trivalent condition; zirconium iodate precipitates but dissolves in
oxalic acid. Sodium hypophosphate precipitates on boiling the hypo-
phosphate of thorium from very dilute thorium solutions, even in the
prisence of concentrated hydrochloric acid; cerie, zirconium, and titanium
salts must he absent. Sodium pyrophosphate precipitates the thorium
salt, sparingly soluble in dilute mineral acids; zirconium and ceric salts
must be ahsent. Oxalic acid precipitates thorium, insoluble in excess of
reagent, while zirconium oxalate is soluble in excess. Ammonium oxalate
previpitates the oxalate soluble in excess, and not reprecipitated on dilu-
tion, while rare earth oxalates reappear on dilution. HCI reprecipitates
thorium oxalate from solutions of its double oxalate, while zirconium does
not.

Estimation. -—— The quantitative determination of thorium in a solution
frec from zirconium and the rare earth group is very simple. It consists
of precipitating the hydroxide or oxalate and igniting to the oxide. In
the presence of other similar salts the process becomes elaborate and usually
involves several precipitations by the same or different reagents in order
completely to remove interfering substances. Some of the more im-
portant methods of determination are outlined as follows:—

(1) Hydrogen peroxide added to a neutral solution of the nitrates
containing NH,Cl or NH,NO; precipitates thorium completely.® The
precipitate may be ignited directly or dissolved in HCI and reprecipitated
by ammonia.

} Hénigschmidt, Compt. rend. 143 157 (1908).

2 Ibid. 141 191 (1905).
3 Zeit. angew. Chem. 16 297 (1902) and Compt. rend. 127 412 (1898).
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(2) The iodate method? is available in the presence of phosphoric acid,
so may be applied directly to a solution of monazite in sulfuric acid.
Add HNO; to the sulfuric acid solution, then KIO; and HNO;. Repeat
the precipitation and finally dissolve the thorium iodate in HCI, precipitate
as Th(OH),, and ignite.

(3) If a little H:0, is added to an acid solution containing thorium,
then the solution brought to a boil and a solution of sodium hypophos-
phate 2 added drop by drop as long as a precipitate forms, thorium
hypophosphate is precipitated along with zirconium. Treat the pre-
cipitate with a mixture of sulfuric and nitric acids, evaporate to dryness,
take up with water and precipitate thorium oxalate; ignite and weigh
as ThO,.

A volumetric method is based on the fact that ammonium molybdate
precipitates thorium as the normal molybdate but has no action on the
rare earth elements.? The mixed nitrates are dissolved in 1:15 acetic
acid to which a little sodium acetate has been added. This solution is
titrated cold with ammonium molybdate, using diphenylearbazide as an
outside indicator. The end point is the appearance of a deep rose color
which fades quickly. Another volumetric method ¢ precipitates thorium
from a mixed nitrate solution with hot oxalic acid; let stand, filter, wash,
and add the precipitate to hot water, then add 1: 1 sulfuric acid and titrate
with decinormal permanganate.

Thorium may also be determined quantitatively by measuring the
radioactivity of the ore or compounds.?

The use of cupferron for the determination of thorium is not successful.®

Y Chem. Zeit. 34 306 (1910).

2 Chem. Zeit. 36 686, 821 (1912) ; Zeit. angew. Chem. 25 1678 (1912).

3 Metzger and Zons, Jour. Ind. and Eng. Chem. 4 493 (1912).

4 Gooch and Kobayoshi, Am. Jour. Sct. 46 227 (1918). f

8 Jour. Am. Chem. Soc. 41 42 (1919); 43 2003 (1921): Borgstrdm, Finska
Kem. Meddel 1917 ; C. A. 156 1677 (1921).

8 Jour. Ind. and Eng. Chem. 12 344 (1920).



CHAPTER XI
GROTUP IV — GERMANIUM

TeE clements carbon, silicon, germanium, tin, and lead com-
prise Division B of Group IV, As a group these elements re-
semble the members of the A division in general, there being
fewer contrasts hetween the two divisions than in any other
family of the periodic takle. Elements of Division B are some-
what less electropositive than the corresponding members of
Division A. Division B elements form no superoxides but do
form organo-metallic derivatives.

There is a close family relationship between the members
of Division B, whose physical properties, so far as they are
known, show a gradual change with increasing atomic weight.
(See Table XXIX.) The chemical properties likewise show in-
teresting family relationships. All the elements of the family
form both bivalent and tetravalent compounds and in all cases

Tasie XXIX
Properties of the Carbon-Lead Family

CARBON Siuicon | GERMANIUM TN Lzap
Atornic Weight 12.005 28.1 72.51 118.7 207.2
Specific Gravity | 2.3-35 2.35 5.47 58-73 114
Atoric Volume 4.5 12.04 13.26 18.25 18.18
Melting About | 953°-963° 231° 326°
Point 1500°
Boiling About 220° 1500°
Point 3000°
Boiling Point 76° 59°.6 86° 113°9 | Decom-
MCL, poses

Y Miiller, Jour. 4m. Chem. Soc. 43 1085 (1921) finds 72.42.
195
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except lead the compounds of the higher vilenve are more ifn-
portant and more characteristic. sarbon niel silivan are :w.u'l-
forming while germanium, tin, and lead are ineressingly: Tasic
in character, as is shown by a comparison of the halides, the
monoxides, and the dioxides. The trtrachlurides are inereis-
ingly hydrolyzed by water as the atomie weight of the rlement
increases, but the dichlorides of thr: heavier vlements are e
most stable. Tin and lead arc known in similar allotrapie
forms. Lead resembles thalliun amd bismuth, farnaing @ link
between this family and its neighbors of the periadic systen.
Like many of the other elements bf high atamic weight it hus
peculiarities which differentiate it from the uther mandwers of
its family. Its relationship to mdionctive clments ik pretty
definitely established.

Historical. — The element ckansilicon was predictel liv Mentdelesf
and its general physical and rhemiead propertion faretahl.  (See Tubede 111,
p. 8.) No element was discovered which fultillesd these prupheeiies until
1886, when Clemens Winkler was unalyzing the newly dimmvered silvar
mineral argyrodite. The total constititents wldech up gnve hetween 013
and 94 per cent. He repeated the nnnlynis earefully severnl titses wmmnl
obtained good checks but could not find any kniewn wdemoent whicly inle
up the balance of the mineral.  After muich enreful wark lae dlisroverisd that
when the mineral was heated out of cuntiet with the air, there was formed o
dark brown sublimate, which he pravial was mude ap of the sulfidis af
mercury and a new element for which he prespasasl the nune germnninmn.
On further study he founil that it presental close ngroement. with Nlende
leeff’s ekasilicon.! The mincrnd upon which he wun warking nppacnrs tn
have been a mixture of argvrlite nntl ather mincernls 2 s tlint it peolnhily
contained not more than 0.02-0.03 pcr rant of germaniuni.  Mroan this
material he extracted 180 gramns uf the pure wlement.

Germanium is one of the least known of ull the clrtnents, sinse abhmest.
all of our knowledge coneerning it has heen furnishid by the resenrehios of
its discoverer.?

Occurrence, — Germanium is a very rare clement, found
in only a few minerals. Tt is usually fountl in nrture as the
sulfide and is very commonly associnted with silver stilfide,
The principal ore is argyrodite, contnining 6.93 per cent. ger-
manium. This ore comes from a Freiberg, Saxony, mine and
is very similar to canfieldite, 6.55 per cent germanium, found in

} See Roscoe and Schorlemmear, Vol. 2, p, 70.

2 Urbain, Compt. rend. 160 1748 (1910).
2 Jour. Ind. and Eng. Chem. 9 661 (1917),



GERMANIUM 197

Bolivia. A recently discovered! mineral, ultra-basite, from
Freiberg, is thought to be a mixture of the sulfides of germa-
nium, silver, lead, and antimony, containing 2.2 per cent ger-
manium, This element is also found in smaller amounts in
zine blende from various sources. Urbain examined? 64 samples
of blendes from as many localities and reports some germanium
in 38 of them. From 550 kilograms of a Mexican blende he
obtained 5 grams of pure germanium.* It is also found in
some samples of tantalite, columbite, cassiterite* and such rare
earth minerals as euxenite, samarskite,® gadolinite, and fer-
gusonite. Traces have also been detected in certain mineral
waters. From 250,000 liters of a certain French mineral water,
Bardet obtained ® 60 mg. GeO,.

The richest sources of germanium now known are the spelter
residues from certain American zine ores,” especially those from
Wisconsin and Missouri. It collects in the spelter retort resi-
dues, since the oxide is easily reduced by carbon at red heat
and the metal is only slightly volatile at 1350°. In the zine
oxide furnaces, germanium burns to GeO; and passes off with
the dust to the bag houses. Probably the ores of Wisconsin
and Missour1 contain not more than 0.01 per cent germanium,
but the amount seems to be more uniform in the case of this
element than it does in the case of gallium.

Extraction. — Germanium ores may be decomposed in a
number of ways. (1) The mixed sulfides may be dissolved in
strong sulfuric acid and evaporated to dryness. If the sulfates
are taken up with water and treated with sodium sulfide, both
zinc and germanium are precipitated. The former may be
dissolved in sulfuric acid (15:100) while the germanium sulfide
remains in solid form# (2) A more satisfactory separation
is usually accomplished by suspending the oxides in 1: 2 HCl
and saturating with H,S, Filter, wash with dilute HCl, and

1 Zeit. Kryst. Mineralogie, 65 430 (1921).

2 Compt. rend. 149 602 (1909).

3 Urbain, Blondel, Objedoff, Compt. rend. 150 1758 (1910).

4 Hadding, Zeit. anorg. allgem. Chem. 128 171 (1922).

§ Dennis and Papish have shown that American samarskite does not contain
a detectable quantity of germanium ; Jour. Am. Chem. Soc. 43 2131 (1921).

8 Compt. rend. 168 1278 (1914).

7 See Hillebrand and Scherrer, Jour. Ind. and Eng, Chem. 8 225 (1916)
and also tbid, 9 661 (1917).

8 Urbain, Compt. rend. 180 1758.



198 GROUP IV — GERMANIUM

dissolve the precipitate in Na,S. Bring the solution to the
neutral point by adding dilute H,SO,4 and let stand. Filter
off the precipitated sulfides of tin, arsenic, and antimony;
to the filtrate add an equal volume of strong HCI and saturate
the solution with H,S, when pure GeS precipitates.! (3) To
separate germanium from ZnO, the ore may be added in small
portions to commercial hydrochloric acid? in the proportion
of a kilogram of oxide to 2400 cc. of acid. After the solid is
dissolved add KCIlO; cautiously until the oxides of chlorine
begin to appear, then distill at once. GeCl, distills under these
conditions, between 120°-140°. (4) From argyrodite germa-
nium may be extracted by fusion with sodium carbonate and
potassium nitrate. Cool the melt, pulverize, and extract the
alkaline germanate with water, add sulfuric acid and evaporate
till all nitric acid is expelled. If the residue is dissolved in
water and allowed to stand, germanium oxide separates from
the solution.

Separation. — From most of the metals, germanium may be
separated by the formation of the sulfo-salts with ammonium
sulfide. It may be separated from arsenic, antimony, and tin
by exactly neutralizing the sulfo-salts with sulfuric acid and
filtering after 12 hours. Evaporate to small bulk, add ammonia,
ammonium sulfate, and sulfuric acid and saturate with H,S.
GeS, precipitates while the other metals remain in solution.

Germanium may also be separated from arsenic by either of
three methods : (1) Fuse the mineral® with Na,COj; and S, form-
ing the sulfo-salts, add NH,C,H;0,, acidify with HC,H;0.,
and saturate with H,S. Under these conditions arsenic is
completely precipitated and germanium remains in solution.
(2) Germanium chloride may be distilled in the presence of
strong HCI by oxidizing arsenic to the less volatile pentachloride
by means of a chromate.4 In this manner 0.5 mg. of GeO, mixed
with 100 mg. As;O; gave an arsenic-free germanium chloride.
The completeness of the separation by distillation has been
questioned.® (3) If the oxides are dissolved in an excess of

} Truchot, Les Terres Rares, p. 294.

2 James, Jour. Am. Chem. Soc. 41 947 (1919).

8 Browning, Am. Jour. Soi. 44 313,

4 Browning, tbid. 45 663.

8J. H. Miller, Jour. Am. Chem. Soc. 43 1085 and 2549 (1921): see aleo
Dennis and Papish, <bid. 43 2131 (1921).
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HF and H,S is added, As;S; is quantitatively precipitated while
germanium is left in solution.!

From lead, cadmium, and selenium, germanium may be sep-
arated 2 by distilling a strong hydrochloric acid solution in the
presence of a little KMnO,;, MnO,, or KCl0;. The delivery
tube should end just above the surface of the water in the
receiver, which is surrounded by a cooling mixture, A precipi-
tate of GeS; may be obtained by saturating with hydrogen
sulfide.

Metallurgy. — The metal may be prepared by: (1) heating
the oxide with carbon; (2) reducing potassium fluogermanate,
K,GeF,, with hydrogen or sodium; (3) heating the oxide in a
stream of hydrogen ; or (4) reducing the oxide with magnesium.

Properties. — Germanium is a grayish white metal with a
brilliant metallic luster, crystallizing in regular octahedra.?
The specific resistance at 0° is 0.089 ohms per cubic centimeter.*
Thermoelectric determinations indicate that germanium ex-
ists in more than one form. It is brittle, has a density of
5.469 at 20°, and melts at about 958°.% Its boiling point has
not been determined definitely. In the presence of the oxide
it begins to vaporize at a temperature as low as 750° but in
an atmosphere of hydrogen or nitrogen it produces little vapor
at 1350°. The specific heat 0°~100° is 5.34. It is stable in the
air at ordinary temperatures but when heated it burns to GeO,.
It is not acted upon by hydrochlorie acid, but dissolves readily
in aqua regia; toward nitric acid it behaves much like tin,
being oxidized to GeQ,. It is dissolved by sulfuric acid, which
it partially reduces, liberating sulfur dioxide, It combines
directly with the halogens.

Uses. — Recently some success has been met in the treat-
ment of anemia by means of germanium compounds.®

Compounds, — Germanium forms two series of compounds.
In the germanous compounds the element has a valence of 2.
These compounds are not numerous, are quite unstable, and
resemble the compounds of silicon and carbon, In the ger-

1 J. H. Miiller, ibid. 48 2549 (1921).

2 Browning, Am. Jour. Sci. 44 331.

1 See Albert W. Hull paper read before the American Physical Society at
‘Washington ; note Chem. and Met. Eng. 26 1024 (1922),

4 Bidwell, Phys. Rev. 19 447 (1922).

¢ Biltz, Zeit. anorg. Chem. 72 313 (1911).
¢ Catalyst, 8 No. 1, 7 (Jan. 1923); ibid. No. 4, 14 (Apr. 1923).
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manic compounds the valence is 4, the stability greater, and
the behavior more suggestive of tin and titanium.

Hydrogen forms a gaseous hydride, GeH,, when germanium chloride
is reduced by sodium amalgam or when a germanium solution is introduced
into a Marsh generator. The mixture of hydrogen and GeH, burns with
o reddish blue flame which deposits a mirror on a cold surface. This is
goluble in sodium hypochlorite solution. When the gas is heated in a tube
it decomposes, forming a deposit which is red by transmitted light and green
by reflected light. When GeH, is bubbled through a silver nitrate solu-
tion, silver germanide is precipitated. Concentrated nitric acid converts
this into GeO,.

Germanium chloroform, GeHCl;, is formed when hydrogen chloride
is passed over slightly heated germanium powder. It is a vapor which
forms a volatile, colorless liquid, by cooling with ice. On exposure to air
it becomes turbid, due to formation of GeOCl;, and it reacts with water,
forming Ge(OH),.

Germanium tetraethyl, Ge(C.Hs):, was foretold by Mendeleeff and
shows the ability of germanium to form volatile organo-metallic compounds.
It is formed by the reaction of germanie chloride and zin¢ ethyl in an atmos»
phere of carbon dioxide. It is a colorless liquid with a boiling point of
160°. It is lighter than water with which it does not mix. The
vapor burns readily, forming an explosive mixture with oxygen.

Ozygen forms two compounds with germanium.

Germanous oxide, GeO, is a dark gray powder which is obtained by heat-
ing Ge(OH); in an inert atmosphere or by reducing GeO, with germanium
or magnesium. It is volatile and dissolves in hydrochloric acid.

Germanous hydroxide, Ge (OH),, is precipitated when an alkali is added
to a solution of germanous chloride. It is soluble in excess of alkali.
When first precipitated it is distinctly yellow in color, but on heating it
turns red. This change is believed to indicate a tautomeric change,

Ge<8§:0 = Ge<OI_II_I- The latter is a germanium analogue of formic

acid. This view is strengthened by the fact that germanium chloroform
is hydrolyzed, giving germanous hydroxide: HGeCl; + 2 HOH =
HGeOOH + 3HCL It has been shown? that certain metallic hydroxides
behave as feeble acids and that the order of increasing strength as acids
is zine, beryllium, lead, stannous and germanous hydroxides. In the
acidic compounds of the last three, the elements become quadrivalent.
By studying the electrical conductivities and the rate of hydrolysis of
ethyl acetate, it appears that germanous hydroxide is slightly weaker ag
an acid than acetic acid.

Germanic oxide, GeO,, is prepared by direct union of the elements,
by igniting the sulfide or oxidizing it with nitric or sulfuric acid, or by adding
acids to dilute alkaline solutions of germanium salts. It is a dense white
powder, which melts to a clear liquid, but is not volatile at 1025°. It is
sparingly soluble in water, forming an acid solution, from which it crystal-

Y Hantzsch, Zett. anorg. Chem. 30 289 (1902).
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liges in seandd rhumabsiv erastals. 14 thasalves with some difficulty in aciils,
fumigiog gerrunnie =alis, and in wloldies, farming germanates. Neither
GrfOH 1 mor COO1 ), 08 knsewn,

Flowring forms Loth Gel's and (e, thie furmer by reduction of KaGeFe
witlh hydragen nad the Itter us the trihydrmte, when o solution of GeO,
in P s eveporated wver sulforie aeid. Geldy -3 10,0 forms hygroscopic
srystuls, eosily solulihs in water, but it is somewhat hydrolyzed.

Fhangerasmie neid, HgGeFy, i3 hrmed by passing the vapor of GeFy
into wnter. M KO is wldil to the stdution, patassium flusgermanate,
Rabie¥e, is forssl. When KCland [P nre adiled to o solution of GeCly,
» choretenidée gelitinons presipitite of K,GeFy is produced. On
standding the previpite te laweames erystalline, isomorphous with ammonium
flrumiliente,

Chlwrine forms Gl 'ly, GeCly, and (eOCl,.

Cermanas ehbarisde 8 nimde Ly pussing kydrogen chloride over heated
Geso It iw o colarhas liguil, which fuanes in moist air nnd is completely
hydredvard by water. It is soluble in conventrated hydrochlorie acid, its
subgtion seting us o powerful rednving agent,

CGermnnie chloride, GeCly, i prepared by lirning the metal in chlorine,?
or by daeating the retad ar il slisulfisde with merarric chloride. It is a
thein ealarkess Hguidd whieh fimes in muist air and emits a crackling sound
when mixasl with water. It mells ut -49.5° and has a specific gravity of
LY74 Voabows mt renet with HaS80,4 it is slowly decomposed by nitric
acis] iandd reacta vigorously with nmaonia ond the alkulies.

Cherrmn i oxyvebdorich, GeOCly, is prepared hy axilation of germanium
ehlurofursy by werming the lntter or labhiling air through it. It is o colox-
lewn adly Heygunl wlhich does nut fiuune in tho nir,

Bromine aged iodme npite clirectly with germanium, forming GeBr, 2
and Gely) which resernbide the corresponding chloride.

Sulfur forrgs Ge8 and GiSy,

Germinncns solfuly, GeS, is prepared hy heating GeS; with the metallic
gettaaniitm inon inert ntiuosphiere, or by partislly reducing GeSz in hydro»
gen.  GieS may be precipitated hy adding T8 to & germanous solution.
The preeipitnteal ferm is walark red amorphous powder, and that prepared
in the dey way furms metaliv-lonking erystals, dark gray in color by
reflort ] light nnd red by tranwmitted Light. Tt may be melted nnd vapor»
izeel witheart elecotnposition, sait i the most definite germanous compound.
It is slightly saluble in water, and dissolves in acids, alknlics, and yellow
ammonium sulfile, forming with the latter a characteristic sulfo-salt of
(i('g).

Cermanie sitfude, CeSa, oecnrs in nature and is prepared by adding
H,.8 ta & solutivn of o germanic salt or hy acidifying a solution of GeS
in ammenimn salfide.  For the latter an excess of strong mineral acitl is
necessary because the sulfo-neid is quite stable. GeSzis a white powder

1 Depain and Hanee, Jour. Am. Chem, Soc. 44 209 (1022).
* Dennls and Hanoee, Lo, cil.
3 Dennis and Moo, Jour, Am. Chem. Soc. 44 2854 (1022),
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which does not mix readily with water. It dissolves shightly in water,
but the solution evolves H.S because of the hydrolysis which takes place.

Detection. -—— Germanium compounds give characteristic blue and
violet lines in the spark spectrum; the blue line )\ 4686 is especially
characteristic.?

Germanous solutions are identified by the precipitation (1) of the yellow
hydroxide with alkalies, (2) of brown GeS with H,S, (3) of the white
ferrocyanide with X,Fe(CN)s. They also reduce chromate and per-
manganate solutions and precipitate metallic gold from the chloride.

Germanic solutions are characterized by the formation with H,S of a
white sulfide, GeS,, soluble in ammonium sulfide, also by the formation of a,
gelatinous precipitate, K:GeFs, when KCl and HF are added to GeF,.
This precipitate becomes crystalline on standing. The hydrated dioxide
is partially precipitated by ammonia, ammonium carbonate, and sodium
carbonate. The fixed alkalies produce no preeipitate because of the ready
formation of the germanates.

Estimation. -— For the quantitative determination of germanium the
element is usually precipitated as GeS; and weighed as such or converted
to GeO. by nitric acid and then weighed.? Magnesia mixture precipitates
Mg,GeOy, which may be filtered, ignited, and weighed as the ortho-
germanate.?

1 Jacob Papish, Chem. News, 124 3 (1922).

2 Dennis and Papish, Jour. Am. Chem. Soc. 48 2131 (1921).
3 Mtller, Jour. Am. Chem. Soc. 44 2493 (1922).



CHAPTER XII
GROUP V — VANADIOM

TrE elements of Group V are easily divided into two families,
vanadium, columbium, and tantalum making up Division A,
and phosphorus, arsenic, antimony, and bismuth comprising
Division B. Nitrogen is an introductory element which re-
sembles both divisions in some ways, but differs from each in
other characteristics. These two sub-groups resemble each
other in many respects, especially in their chemical properties.
All the elements of the group formn an oxide, MsOs, which is
strongly acidic in the case of elements of low atomic weight but
with decreasing acidity as atomic weight increases, until BiyOs
can scarcely be called acidic at all. All the elements of the
group form two definite series of compounds, one trivalent and
the other pentavalent. Valences of 2 and 4 are also common,
This group is especially characterized by the large number of
oxides and halides which its members form.

Members of the two divisions have much greater differences
than are shown by the two divisions of Group IV. Thus if we
consider nitrogen as an introductory element, we find that phos-
phorus, arsenic, antimony, and bismiith are easily reduced from
their oxides, melt at relatively low temperatures, and vaporize
easily. Phosphorus has the characteristics of a non-metal, but
metallic properties increase with increasing atomic weight, bis-
muth presenting fairly typical metallic properties. All the
members of this division form organo-metallic derivatives and
all except bismuth form very characteristic volatile hydrogen
compounds. All the members of Division B are well-known
chemical elements which have found numerous applications in
the industries.

In contrast. to these characteristics the three members of
Division A are extremely difficult to reduce from their oxides
and have high melting and boiling points. They are all typi-
cally metallic in appearance and general behavior. Vanadium
is less basic than columbium and tantalum, as is to be expected,

203
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but there is not a regular intrease of hasicity with inereased
Considering that colimnbium forms axy-sults
more readily than dores tuntuhnn and that
N tantalum halitles arp meupletely hydralyzed
while the columbium vougpunds are hydro-
P lyzed only to the pxysalts, it appears that
tantalum in some rospeets is satewhat ess
metallic thau cohundium.  These threr cle-
As ments do nut farm volatile campounds with
hydrogen. Al members of Division B may
Cb be consideral rare, at Teast in the sense that
they have only recvutly eame ta atiract the
attention of chensists.

T The relatiouship between the members of
the two divikions ix shown in IFig. 12. The
blank spuces fallowing rolinuhiwn and anti-
Ta mony may possibly represent rlements el
Bi yet discovered, but the proximity of the rure
carth group makes it seem prohable that these

atomic weight.

wm
o

Fia. 12 .. . .
spaces do nat represent missing chemieal in-
dividuals. The close resemblante betwern cahnmbium and {un-

talum is hardly suggestive of b wissiug intermedinte vlement,
while there is greater reason for expecting an chunent to fall
between antimony and hismnth.

The physical properties uf the members of Division A nre
shown in Table XXX.

TasLe XXX
Physical Properties of the Vanwliam Fanily
Vanaviun Cingism s Tanrarom?
Atomic Weight 51.0 93.1 1814
Color. .. Silvery Stecl-gray Iron-gray
Specific Gravity . 5.4 7.08 8.0
Atomic Volume 9.3 13.3 23.0
Melting Point . 1720¢ 1950° About
2910°

P —

1 For additional properties of tantalum seo table by C, W. Balke, Chem. and
Met. Eng. 37 1273 (1922).
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VANADIUM

Historical. — In 1801 Del Rio announced the discovery of a new metal
which he had found in a certain lead ore from Zimapan, Mexico. He sug-
gested the name erythronium, meaning red, because its salts became red
when heated with acids. In 1805 Collet*Descotils concluded that this
new metal was an impure oxide of chromium and Del Rio accepted this
conclusion. But in 1830 Sefstrém found a new metal in a Swedish iron
ore, which he proposed to call vanadium after the name Vanadis, the Scan»
dinavian goddess more frequently known as Freya. During the same year
Wahler showed that Del Rio’s erythronium was a new element identical
with vanadium and that the Mexican ore was a lead salt of this element.
Berzelius took over Sefstrdm’s material, and in 1831 published the results
of his extensive investigation. He concluded that vanadium belonged in
the group with chromium and molybdenum because of its acidic trioxide.
This view was accepted till 1867, when Roscoe showed that the element
belongs with phosphorus and arsenic, that the volatile chloride contains
oxygen and is analogous to POCl;, and that Berzelius’ metal was either
the oxide VO or the nitride, depending on the method of preparation.

Occurrence,! — Although commercial vanadium ores are found
in only a few localities, the element is estimated to comprise
0.017 per cent of the earth’s crust and 1s known in a large num-
ber of rare minerals. It is generally present as a' vanadate, though
in some important minerals it is found as silicate, sulfide, or
oxide. The more important minerals are: —

Vanadinite, 3 Pb3(VO,).- PbCl; or (PbCl)Pb,(VO,)s, is the
mineral from which Del Rio first obtained vanadium material.
It contains from 8 to 21 per cent V;05, varies in color from deep
ruby red to a straw yellow, and is found in Mexico, Urals,
Sweden, Argentina, and abundantly in the mining regions of
Arizona and New Mexico.

Descloizite, 4 (PbZn)O - V05 - HyO, contains 20-22 per cent
V305, cherry red to reddish brown, found in New Mexico and
Arizona.

Carnotite is a potassium uranyl vanadate for which the for-
mula K;0-2U0;- Vo058 HyO is frequently given. The ore,
however, varies materially from this composition. It con-
tains 19 or 20 per cent V,05 and is valuable for both vanadium
and uranium, as well as radium. It occurs extensively in Para-
dox Valley, Colorado, and in Utah, South Australia, Portugal, etc.

Roscoelite is a silicate of doubtful formula, probably a mus-

' W. F. Hillebrand, Jour. Am. Chem. Soc. 29 1019 (1907) and Eng. and Min.
Jour. 93 1093 (1912),
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covite mica in which a part of the aluminium is replaced by
vanadium. It is found in San Miguel County, Colorada, and
is the most important simple vanadium orc in the United States.

Patronite is a sulfide of vanadium as associated with pyrite
" and a carbonaceous substance which contains much free salfue,
It varies widely in composition, but a typical wnalysis gives viumn-
dium sulfide 35 per cent, iron pyrite 5 per cent, free sulfur 35 per
cent, and silica 15 per cent, with small wnounts uf malylslenum,
nickel, aluminium, calcium, ete. It is fouml in the Andes
Mountains, especially in Peru.

Asphaltite is an extremely soft, friable deposit of low specific
gravity, containing 80 per cent hydruearbons, but yielding an
ash which contains from 5 to 50 per cent V4Os. It is faund nenr
Page, Oklahoma, and Palisade, Nevadn, but the min deposit
is in Peru.

In addition to these commercial ores, vanalisn in fonml seensiunally
as vanadic ocher, V,05, bismuth ocher containing 1-29 prer vent Val)s, nrc
many others, still more rare. It ig almost alwnys present. in rutile, which
may owe its color to the vanadium rather thun ta theiran cantent.  Traces
have been found in eertain copper and irm ures, in many rluys, especinlly
fire clays, in trap and basalt, and in certain caal ddepusits. Tl ash fre an
Oklahoma coal shows varying amounts of vamulium, sometinies riuning
as high as 34.5 per cent V:05  Ash from sume Perit il Argenting mmls
may contain as much as 38 per cent V0. Vanadisun hns recently been
found in the blood of certain fish, whern it evidputly repliees ron. A
brown spotted holothurian, Sticopus mébii, fram the Tortigns, showed
0.0247 g. of vanadium in 20 g. of the driel animal bady.! Tws vther
species of holothurians showed no vanadium, but this element has heen
detected in the blood cells of certain ascidia taken fram the Buy of Naples,

The world’s most important vanadium supply comes from
Peru, which formerly supplied 70 per cent of the world’s vana-
dium.2 The raw ore averages 20-25 per cent V403, but before
shipment this is increased to 35-40 per cent hy calcination.
Occasionally small quantities will run as high as 50 per cent.
The mines are high in the mountains, being ahout 15,000 feet
above sea level. Transportation was formerly by Wlamas and
boat, but recently a system of motor trucks and a narrow-gauge
railroad has been provided. The annual shipments have shown
considerable fluctuation due to exhaustion of some of the rich-

1 Am. Jour. Sci. 48 473.
3 8Bee Hewett, Trans. Am. Inst. Min. Eng. 40 291 (1909) ; Hillebrand, Jour,
Am, Chem, Soc. 29 1019 (1907): Wilson, Chem. and Met, Eng, 36 699 (1923),
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est deposits of patronite, as well as difficulties of transportation.
Fert i 1919 supplicd 60 per cent of the world’s vanadium,
nearly all of which was shipped to the United States. The larg-
est Honwstie deposits are in San Miguel County, southwestern
Caloratlo, abbyut 36 per cent of the world’s vanadium coming.
from Vanwlium, Coloratlo.  These deposits are mainly roscoe-
lite with u little carnotite, averaging 1.5 per cent VO, but the
tleposits are Lurge wml easily worked! At Cutter, New Mexico,
there are vein deposits of vanadinite, but the ore is a difficult
ane v work.  Sundl amounts of vanadium are obtained from
the ’lags bf certain iron ores, especially Swedish magnetite.?

Previons to 1906 Spain was the greatest producer of vana-
tium.  The tleposits are vanadinite in sandstone, containing
anu avernge of 3 per cent VO, which is raised to 14 per cent
hy concentration.  Other ileposits are found in Mexico, Argen-
tine, Kngland, Sweden, Russia, and Germany.

Extraction.? — The methml used in extracting vanadium
from its ores varies widely with the nature and richness of the
ore and the valne of the by-products. The difficulties encoun-
tered are mainly in connection with the purification of vana-
dimm from uranium, aluminium, iron, and silica. It is probable
timt no two mills use exactly the same process. In general
the methods 4 use (1) an acitl method, produeing soluble vana-
tyl compounds; or (2) an alkali method, producing soluble
wlkali vindates. The fullbwing outline methods illustrate
the genernl printiples employed : —

(1) The Kuoenig process consists in treating the crushed
ore with o 20 per cent solution of sulfurie or hydrochloric acid
nt a temperature of 200° and a pressure of 225 pounds per square
inch, After several hours the liquid is filtered, evaporated,
and the salts ignited to cxpel excess acid, then roasted with
sodium carbonate. The mass is leached with boiling water,
and enrbon dioxide hubbled in to precipitate alumina. This
method is recomimended for roscoelite and vanadium-bearing
sandstone,

(2) The Fleck process, which may be used upon carnotite

b Heo UL 8. Bur. of Miws, Bull. 70, p. 51.

2 Kjoltberg, Jornkontorets Annalen (1921), p. 147.

3 Hee Bull. 104, U. 8. Bur. of Mines; Bloeckor, Chem. and Met. Eng. 11 501

(911).
4 8ce Bull. 104, U. 8. Bur. of Mines.
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ores, consists in treating the finely ground ore with dilute sul-
furic acid. The iron and vanadium present in the solution are
reduced by sulfur dioxide, then sufficient powdered limestone
added to precipitate the calcium. Next the uranium and vana-
dium are precipitated by boiling the solution with more lime-
stone.

(3) The U. 8. Bureau of Mines nitric acid method of treating
carnotite 1s outlined in the diagram, Fig. 13. This method is

Ore heated with nitrie acid

Residue Acid solution
(discarded) Nearly neutlra.lize; add BaCl, + H,S0,

. . [ |
Precipitate : Radium-Barium Sulfate Solution, boil with excess N2;COs

[ |
Reduce Precipitate : Iron, Calcium Sodium-Uranium Car»

with Aluminium (discarded) bonate
Carbon Sodium Vanadate
Partly neutralize with HNO;;
add NaOH

Radium- f |

Barium Sodium Uranate Solution neutralized

Sulfide Contains 7-8 per cent V.05 with HNOs; a.dd'FeSO4
I |

Chlorides Ferrous Vanadate Solution evaporated

(or Bromides)

Fractional

Crystallization Sodium Nitrate

Radium Barium Nitric Acid

Chloride Chloride
F1a. 13

said to extract as much as 90 per cent of the radium and nearly
all of the uranium, but some vanadium is left in the residues, es-
pecially if roscoelite and similar vanadium ores are present in
the carnotite. This method is especially recommended on
account of the high recovery of radium. Its cost is greatly
reduced by the fact that enough nitric acid is recovered to dis-
integrate the ore, but in spite of this saving it is relatively ex-
pensive.

(4) For vanadinite ores experimental work done at the
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Bureau of Mines' shows that an efficient method of extracting
the valuable constituents is as follows: flux the ore with soda
ash, when the lead is recovered as a metal; from the slag vana-
dium and molybdenum are extracted with water and calcium
vanadate precipitated with slacked lime, while the molybdenum
remains in solution. Vanadinite ores may also be ground and
extracted with sodium sulfide, when lead sulfide precipitates and
sodium vanadate dissolves, free from sulfides. By adding
NH,CI a precipitate of (NH,);VO, is formed, or after purifi-
cation Fe;(V0Q,). is precipitated by adding FeSO,, or V,0; is
precipitated by acidification.

(5) From the cupro-descloizite of Brisbee, Arizona, vanadium
may be extracted by the sulfuric acid leach, but a better method
is a combination of nitrate fusion and sulfuric acid leach,? in
which the cost of treatment is less than the by-products re-
covered.

The method formerly used by the Primos Chemical Company
at Newmire, Colorado, depends on fusing the crushed roscoelite
with sodium chloride. The sodium vanadate formed is dis-
solved out and ferrous sulfate added to precipitate ferrous vana-
date. The uranium is not recovered by this process. Other
similar processes fuse the ore with an alkali carbonate and car-
bon, ® sodium nitrate, or potassium acid sulfate.

(6) The Haynes-Engle process consists in digesting the
coarsely ground ore with a solution of sodium carbonate until
the uranium and vanadium are extracted. Sodium hydroxide
is added to precipitate sodium uranate and slaked lime to pre-
cipitate the vanadium.

Vanadium is obtained from many of the extracts, either by
precipitation as ferrous vanadate or caleium vanadate or by
electrolytic deposition. If ferrous sulfate is used, it must be
present in considerable excess in order to prevent loss of vana-
dium. The electrolytic deposition has some advantages over
the precipitation methods, but it does not produce a pure prod-
uct. If ferrous vanadate is desired, a nearly neutral solution
is used, the anode is iron and the cathode almost any metal.
A potential difference between the electrodes of four volts is suffi-

1]J. E. Conley, Chem. and Met. Eng. 20 514 (1919).
2 Ibid. 20 465 (1919).
3 Herrenschmidt Compt. rend. 139 635 (1904).
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cient to cause the vanadium to collect around the anode. For
the precipitation of vanadic acid a strong mineral acid may be
added to a solution of sodium vanadate, but about 10 per cent
of the vanadium cannot be removed in this manner. Vanadic
acid may be obtained by heating ammonium metavanadate or
adding hot HCl to dry calcium vanadate. In one electrolytic
method, vanadic acid is precipitated in a porous cell which is
surrounded by water that has been made slightly alkaline,
The solution is hot and contains a slight excess of sodium car-
bonate. A platinum anode, an iron cathode, and a potential
difference of 6 to 8 volts are used. This method yields a prod-
uct which is 98 per cent pure.

Metallurgy. — Metallic vanadium may be prepared in a
number of ways. (1) By reduction of vanadium dichloride
by pure hydrogen. This method is difficult to use because at
red heat vanadium unites readily with oxygen and water, so
both must be carefully excluded. (2) By making a plastic mass
of vanadium pentoxide with carbon and paraffin, shaping into
rods and passing theelectric current through them in a vacuum,
(3) By reduction of the pentoxide with misch metal ! or silicon,
(4) By reduction of the trioxide with carbon.2 (5) By the
thermite reduction process.®* A product which was 99 per
cent pure has been obtained by this method or by reduction
with vanadium carbide. (6) By electrolysis of a solution of
the trioxide in fused calcium vanadate.t The anode is made
of carbon and the cathode is prepared by pulverizing ferro-
vanadium and pressing the powder into a cone-shaped form.
The current density used is 4.5 amperes per square inch of anode
surface. .

There is relatively little interest in the production of pure
vanadium, at least 90 per cent of the vanadium extracted being
produced and used in the form of ferrovanadium alloys. These
usually contain from 25 to 50 per cent vanadium and may be
prepared by either of three methods: (1) reduction by the
thermite process; (2) reduction with carbon in an electric
furnace; and (3) several electrolytic methods.

1 Muthmann and Weiss, Liebig Ann. 337 370; 385 58.
2 Ruff and Martin, Zeit. angew. Chem. 25 49.

3 Zeit. anorg. Chem, 64 217 and 225 (1909).

4 Gin, Electrochem. and Met. Ind. 1 264 (1909).
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The electrolytic methods do not seem to have been very
generally used, although the product obtained is free from
both carbon and aluminium. Of these methods the following
illustrate the principles used: —

(1) Gin's electrolytic method for ferrovanadium!® uses
vanadic acid dissolved in a bath of fused iron fluoride and cal-
cium carbide. The anode is a mixture of vanadic acid and
retort carbon, and the cathode is fused steel. (2) A French
process uses vanadic acid dissolved in calcium fluovanadate,
and a current of 0.7 ampere per square centimeter of anode
surface. (3) An American process electrolyzes a solution
of vanadic acid in molten ferrosilicon. (4) Another American
process passes an electric current through a charge made up of
vanadium oxide and the calculated amounts of iron and carbon.

The reduction by means of aluminium has been the main
method of producing ferrovanadium and is especially serviceable
for the production of a product free from carbon. The redue-
tion is carried out successfully in furnaces capable of producing
125,000 pounds of alloy per run.2 The large units used give a
greater uniformity to the product and a much higher tempera-
ture (2500°-2800° C.) than in small crucibles. In thisway a
fluid slag is produced and the separation of the metal is more
complete. Not all of the vanadium is extracted by the thermit
method, some being left in the slag. This process is somewhat
expensive, due not only to the cost of the aluminium but more
especially because of loss of this element through volatilization.

When the presence of a small amount of carbon in the ferro-
vanadium is not objectionable, reduction by carbon in the
electric furnace is employed.? The ore used may be the vana-
date of iron or calcium or the oxides of vanadium. Roasted
patronite is sometimes reduced directly in the electric furnace
by the use of lime to remove the sulfur. This process is diffi-
cult to carry out, requires an excess of carbon, and its large-
scale operation has only recently been accomplished. A very
high temperature must be used also and the reduction must be
completed in a short time. But by using a high voltage, high
current density, and close spacing of the electrodes and then

1 Zeit. Elektrochem. 9 831 (1903).

2 Min. Ind. 1919.

8 Seo R. S. Anderson, Trans. Am. Electrochem. Soc., 87 277 (1920), and B. D.
Saklatwalla, ibid. 37 341.
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feeding the ore directly into the heut zane ! gaad results ure
obtained. Considerable carbbm is vetainred hy the ferravana-
dium, a part of whith is resmsved by fusian with cither an oxide
of iron or an oxide of vanadiviu.  The fued pradnet cantuins
from 1.5 to 6 per cent earbon, which is o matter af serions con-
sequence in the steel mminstry, hecnuse the vanuliom vom-
bines with the carbon, forning a stihle varbide which dissalves
in the steel without decompusition, sa the Lenvficial wallacenen
of vanadium is not produrcd. The dceetvie veduetion takas
place mainly at Bridgeville, Pennsylvinii, wheve Hue thennite
reduction process has bheen in use for sowme time. Recently
an electric furnace capuble of praduring whaut 75,000 paauds
of alloy per month waus instidle] far trenting the slag fram the
thermite process dump. Euwly in 1920 prodaction of ferro-
vanadium in the electric furnace was bregan at York, Irnnsyl-
vania.

Several patents have been issucd far the production of fero-
vanadiumin an electric furnnee, using silicon ax o rechicing agent.
The process produces a high tempraature aml hence 19 sieess-
ful. The product, however, contains som stlicon,

The vanadium industry has grown very rapidly within re-
cent years. It is said that in 1006 the total ferrovancdinn
produced did not exceerd $50,000 in value.  But five yoars Inter
it amounted to $1,500,000. During the Warld War the envrmaous
demand for vanadium steel gratly stunulated praduction and
the output increased at an axtoulshing rate.  During 1920 the
total production of the vanndium indhistry pralmhly exeeetled
4,000,000 pounds? of V0. Practically afl the viozulinn
produced in the world is unter tin: control of the Vanudian
Corporation of America.

During the latter part of 1918 ferrovanmlium sold for 84
per pound of contained vanadiun. Dwing 1919 the demand
was strong, and the prive rwe to $7 or more per pound for
the alloy low in both carbon und silicon, The demand was so
strong that the alloy with 4 high carbion and stlicon content
sold freely, and for the first time purchasers of carnotite were
compelled to pay for the vanadinm which it rontainal. During
the latter part of 1920 the market became dull, possibly due to

? See Pat. 1,435,742; Chem. and Met. Eng. 3T 1232 (1922).
2 R. B. Moore, Eng. and Min, Jour, 111 152 (1921).
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t?xc general business depression along with the active produc-
tiotl of recent months. The Chemical Products Company of
Denver, Colorado, who have been producing vanadium and
mdiurm announced the indefinite suspension of activities be-
cause of the poor market for vanadium.!

Properties. — Vanadium prepared by the reduction with
hydrogen is a light gray powder, from which a crystalline mass
miy be obtained which possesses a brilliant silver-white luster.
The metal takes a splendid polish, which is not tarnished by
exposure to air. It has a specific gravity of 5.68 and is harder
than steel or quartz. It may be heated in hydrogen to redness
without fusing or vaporizing. It is non-magnetic. When the
wompact form of the metal is heated in the air it is oxidized,
showing various colors as the oxidation progresses: brown
(V20), gray (V:0,), black (V,03), blue (V0,), and red (V,0s).
When the powdered metal is thrown into a flame or heated in
oxygen it burns with brilliant scintillations. When heated
in an atmosphere of chlorine it combines directly with it, form-
ing VCl,; at high temperatures it also combines directly with
nitrogen, forming VN, and with carbon, probably forming VC.
It is not soluble in hydrochloric acid nor in dilute sulfuric acid,
but dissolves in nitrie, hydrofluoric, and strong sulfuric acids.
Solutions of the alkalies have little effect upon it, but with
fused alkaline reagents it reacts readily, forming water-soluble
vanadates and liberating hydrogen.

It alloys with iron and aluminium,

Uses, — The greatest uses of vanadium are in connection
with the preparation of special grades of steel. The effect of
adding vanadium is twofold : (1) it acts as a scavenger, being
especially efficient for the removal of nitrogen and oxygen;
(2) o small per cent remains in the steel, passing into solid solu-
tion in the ferrite, making the metal more coherent and impart-
ing increased toughness and tensile strength.

As a scavenger its efficiency depends upon its ability to unite
with nitrides and oxides and carry them into the slag. It is
more efficient for this purpose than ferrosilicon and ferroman-
ganese. Consequently it is added after these alloys have pro.
duced the best results of which they are capable. Vanadium
has accomplished surprising results in improving the quality

1 Chem. and Met. Eng. 24 491 (Mar. 16, 1921).
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of crucible and open hearth steel, but it is used also for Bessemer
and even in cast iron. It is usually added as small lumps or as
a powder to the ladle as the steel is being drawn. Usually
little difficulty is encountered in obtaining a satisfactory mix,
The melting point of ferrovanadium containing 30-35 per cent
vanadium is 1425°, but the melting point rises as the amount of
vanadium is either increased or decreased beyond these limits.
For use at moderate temperatures an alloy of this composition
is preferred. The quantity added depends upon the amount
of scavenging which it is expected to accomplish, but only a
small amount is needed as a permanent constituent of the steel.
For case hardening material 0.12-0.14 per cent is sufficient;
for axles, shafts, saws, dies, etc., 0.16-0.2 per cent is used;
springs usually require a little more; armor plate, gun shields,
ete.,, contain 0.3-0.4 per cent and high speed steel contains
0.35-0.5 per cent. For the latter purpose as much as 2 per
cent vanadium is sometimes used, but for general purposes the
amount does not exceed 0.3 per cent. Vanadium steels are less
porous, and will withstand strain, vibration, and shock very suc-
cessfully. The effect upon high speed steel is much the same as
chromium, since it increases the hardness and red hardness of
the cutting edge, and imparts greater durability to the tool.

In modern steel making, vanadium is generally used in con-
nection with other alloying elements. Typical of these are
the chrome-vanadium steels, which are generally made in the
open hearth furnace, the alloying metals being added a short
time before the casting is made. This variety of steel is used
commonly for making automobile parts, where it is valued, not
only on account of its toughness and strength, but because it is
particularly free from surface imperfections. It resembles
chrome-nickel steel in physical properties and is able to com-
pete with the cheaper nickel because the latter acts only as an
alloying element and not as a scavenger.

In cast iron the amount of vanadium varies from 0.08 to 0.15
per cent. Its function is that of a scavenger, and its beneficial
results are almost wholly indirect. It causes a more even dis-
tribution of the carbon, lessens porosity and brittleness, and
checks spalling and flaking. The strength of the casting is
increased 10-25 per cent by 0.1 per cent of vanadium. It is
claimed that the decrease in the number of rejected castings
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more than compensates for the increased cost of the vanadium
treatment.

Vanadium forms alloys with other metals, some of which
are of considerable commercial interest. The aluminium alloys
containing 10 per cent or less of vanadium are malleable, while
those containing 20-25 per cent vanadium may be pulverized
in water. The alloy of the composition AlV is the hardest one
of the series. A copper-vanadium alloy containing 10-15 per
centvanadium, 60-70 per cent copper, 10-15 per cent aluminium,
and 2-3 per cent nickel is prepared and used for the production
of solid copper castings and bronzes and in the manufacture
of aluminium alloys. Approximately 100 tons of cupro-vana-
dium are sold annually to brass and bronze makers.! Vana-
dium is also used to harden gold for use in dentistry.

The compounds of vanadium find a wide variety of appli-
cations, but none of these use more than a very small amount
of the element. For many years vanadium salts have been
used in photography, where they are serviceable for the produc-
tion of a green color on bromide prints. One plan uses a mix-
ture of vanadium tetrachloride, oxalic acid, ferric oxalate, and
potassium ferriecyanide.? A plan for using vanadium or its
alloys in place of lead and vanadium salts in place of sulfuric
acid in storage batteries 1s covered by French patent 357,601
(1905). Writing inks are made by mixing vanadium salts
with tincture of galls. These inks produce a deep black color,
which is unaffected by chlorine, acids, or alkalies, but it fades
gradually and accordingly has not won great popularity. In
the textile industries, vanadium compounds are used as mor-
dants in the dyeing and printing of cotton and especially in
fixing aniline on silk. Ammonium vanadate has been used in
the dyeing of leather. In ceramics the colored compounds are
used to produce certain colors in both glass and pottery, while
V05 or HVOQ; is serviceableas a gold bronze. The oxides of
vanadium not only serve as oxidizing agents, but they are
efficient catalysts, serviceable in the oxidation of certain organic
compounds,? such as the oxidation of sugar to oxalic acid or

' Thomas, Raw Material, 4 167 (1921); also Chem. and Met. Eng. 37 1185
(1922?4).'Lumiere, Moniteur Scientifique 42 437 (1894) ; and German Pat. 215,017

(1909) ; and U. 8. Pat. 979,887 (1910).
3 Premch Pat. 345,701 (1904) ; Jour. prakt. Chem. 76 146 (1907).
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bleaches indigo as quickly as chlorine. A neutral lavender vanadious
He >Iution is as delicate a test for free oxygen as alkaline pyrogallate, since
1t fluickly becomes dark brown because of the absorption of oxygen. The
Oxicle issufficiently stable to permit it to enter into combination as a radi-
cal, forming such compounds as vanadyl mono>, di-, and tri-chloride.

. Vanadium suboxide, V0, forms as a brown coating when metallic vana-
dium is exposed to the air at ordinary temperatures. At higher tempera-
tures itis transformed to the other oxides. It forms no salts.

R IV ztrogen forms two vanadium compounds, VN and VN, The former
s 'f.he stable, metallicrappearing powder which Berzelius sometimes ob»
tuined when he was attempting to prepare the metal.

Fluorine forms VF;-3 H,O and VOF,, besides a very large number of
double and acid fluorides.

Chlorine forms the simple chlorides, VCl,, VCls, and VCl,, and the
"X,Vchlorides, VOC];, VOC].z, VOC]., VzOzCl4 -5 Hzo, VzOzCl, a.nd
V20>5Cl, - 4 H,0.

"CThe tetrachloride, VCl,, is formed when the vapor of VOCl; is mixed
with chlorine and passed over red-hot charcoal. It isa dark reddish brown
Hepuid which fumes in moist air and is decomposed by water. It has a
apecific gravity of 1.85 and boils at 154°. At ordinary temperatures it
slowly decomposes, yielding VCl; and chlorine; this reaction proceeds
more rapidly at the boiling temperature or in strong light.

"The trichloride, VCl;, is formed by the decomposition of the tetra~
¢iiloxide or by heating V;S;in chlorine. It forms pinkish, shining tablets,
roscmbling CrCl; in appearance, which are extremely hygroscopie. It is
non-—volatile, but when heated with hydrogen it first loses a third of its
chilorxine, forming VCl. and later all, leaving the metal. It forms a hydrate
V(1 - 6 H,O and sparingly soluble double alkali chlorides, such as
VC:I; v 2 KC]. * H20.

"I’he dichloride, vanadious chloride, VCl,, is made by reducing VCl,
with hydrogen. It forms fine light green crystals which are exceedingly
«lelicquescent and yield a lavender solution, which has marked bleach-
ingz properties and is a more powerful reducing agent than chromous
chloride.

V anady! trichloride, VOCl,, is a greenish yellow mobile liquid prepared
by the action of chlorine on the oxides VO and V.0, or by reducing V,0s
inn mn atmosphere of chlorine. It fumes in moist air, and when a small
arryount of water is added it turns blood red due to the formation of vanadic
ncid by hydrolysis; but on further dilution the vanadic acid dissolves,
giving aclear yellow solution. When reduced, it yields vanadyl dichloride,
VICL,, green tablets, deliquescent; vanadyl monochloride, VOCI, brown
powder, insoluble in water; and divanadyl monochloride, yellow crystals
line powder.

Fromine and todine form compounds similar to the chlorine derivatives.

C'arbon reduces V;0; in the electric furnace and unites directly with
the metallic vanadium, forming VC, which forms very hard silvery white
erystals. They melt at 2750° and burn in oxygen.

WV anadium forms a number of complex cyanides and sulfocyanides such
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af the urcompnnying sbatanees,  The falawing hrief sitlines nre stiggen-
tive s -

Gruviterrieally, vavading is gsunlly weighott us the pentaxide,  This
miny b obtuined hy igniting the damnonitan metavaniednto, or meeenry vatine
dnte ar vausdie avisde  Cnpderron i 1 papuilnr aml aficiont previpitunt,$

t Muser noed Bhellech, Borr, 88 B 430 (14922),

Y Anhdew woe, quiin, Argeotinn, § 183 (1917),

¥ Rewe Jeall, 70, U, 8, Greaol. Bure., p. 810, WL B, Bloseker, Chem, and Met, Eng.
9 M (301 W W. Clurke, Chem, and Mrt. 11 91 (3913) : J, Kent Smitd,
Eng. and Min. Jwur, 93 1004 (1912); Mimaon, Bull, soc. chim, Belg, 3% 123
(19225 ; Sehanl, Jour. Ind, ond Kng, Che;, 18 089K (341231,

VAm Jour, Scy. 4L 8840 Junr, Iud, asd Eng. Chon, 13 350 (14020),
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CHAPTER XIII
GROUP V — COLUMBIUM AND TANTALUM

Historical. — In 1801, an English chemist, Hatchett, studied a black
mineral which had found its way from the Connecticut valley to the British
Museum. The mineral was found to be eomposed largely of iron, but it
containesl a small per cent of another element which possessed new proper-
ties. It was described as forming ' a white tasteless earth, insoluble in
hot and cold water, acid to litmus, infusible before the blowpipe, and not
dissolved by borax.” Hatchett believed he had discovered a new element
and suggested the name columbium, since the mineral from which it
was extracted came from America.

In 1802, Ekeberg, in Sweden, studied a mineral from Finland and found
in it an element which resembled tin, tungsten, and titanium, but differed
essentially from each. He proposed the name tantalum for the new
element, because its characteristic insolubility in acids suggested the famil-
iar Greek myth regarding Tantalus, since the substance ' when placed in
the midst of acids is incapable of taking any of them up.”

The similarity shown by Hatchett’s columbium and Ekeberg’s tanta»
lum attracted attention, and in 1809 Wollaston attempted to prove’ that
the two elements were identical. He prepared a list of similar properties
shown by the acids of the elements, and claimed that the greatest difference
was the specific gravity of the minerals — tantalite having a specific gravity
of 7.95 and columbite 5.91. This difference he explained as due either to
different, conditions of oxidation or to different states of molecular strue:
ture. His deductions were accepted, and for many years the * element ”
was called etther tantalum or columbium. .

In 1839, Wahler showed? that the acid obtained from Bavarian tantalite
had strange properties. In 1844, Rose concluded? that certain columbites
yielded two distinet acids, one of which resembled the acid prepared from
tantalite and another which differed in properties. He considered the
latter a new element and suggested the name niobium from Niobe,
daughter of Tantalus. The individuality of the two elements was gradus
ally developed by Hermann, Blomstrand, and Marignae, but the final step
in the proof came in 1865 when Deville and Troost determined* the fors
mulas of certain ¢olumbium and tantalum. compounds by vapor density
methods. Columbium and niobium were found to be the same element.
The name niobium is commonly used in Germany, but in England and

} Phil. Trans. 92 49 (1802).

3 Pogg. Ann. 43 91 (1839).

* Ibid. 63 307, 693 (1844) ; also 69 118 (1846).
4 Compt. rend. 60 1221 (1865).
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10 per cent. Tantalum ores are also found in Finland, Sweden,
Norway, Russia, Bavaria, Italy, and Malay; also, in Maine,
Massachusetts, New York, Pennsylvania, Virginia, North
Carolina, Colorado, and California. The demand for tantalum
is relatively slight and irregular, so most of these deposits are
undeveloped. The production from all sources is subject to
great fluctuation. In 1907, Australia produced ore wvalued
at £327, but in the years 1910-13 no production is recorded.
The amount produced in the United States is so small that it
is not reported among other mineral resources of the country.

The price of tantalite quoted in March, 1917, was $250 per
ton of ore guaranteed to contain at least 35 per cent of combined
columbic and tantalic oxides. Material containing 65 per cent
Ta;O05 was quoted at $15 per unit, which is equivalent to
$975 per ton.

Extraction,! — Columbium and tantalum are extracted from
their ores by fusion methods, since their salts are characterized
by insolubility in acids. Hydrofluoric acid is used as a solvent
for these elements in a few special cases. The following methods
have been used : —

(@) A high-grade ore containing little titanium is fused in a
nickel or silver crucible with six times its welght of KOH. After
cooling, the melt is dissolved in water, HCl is added, and the
extract boiled for 20 minutes. The oxides of columbium and
tantalum, mixed with varying amounts of tungsten, tin, and
silica are filtered off and purified.

(b) Bisulfate fusion in a platinum or quartz crucible is recom-
mended for minerals containing a small amount of columbium
and tantalum, especially the complex minerals such as the
titanocolumbates and -tantalates. The mineral is added to 10
times its weight of NaHSO, and fusion continued until dis-
integration is complete. After cooling, the cake is extracted
with a large volume of acidulated water, and the residue digested
with ammonium sulfide to remove tin and tungsten. To re-
move silica and titanic acid evaporate with HF and H.80,,
pour the mass into water, nearly neutralize with ammonia, and
boil 3—4 hours with salicylic acid. The precipitate is fairly
pure Cb205 and Tazos.

¥ 8ee Schoeller and Powell, Analysis of Minerals and Ores of the Rarer Ele
ments, p. 138,
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Separation.  Colinmudimar and tastalum rsiracto] by alniost
any ucthod mway vontain sich anpuntees e tin, tungsten,
silicn, tianium, zireonium, or antituony,

Tin ar pntiimany oy e renvaed by dnpedting e preega
tulerl nenls with vellow amueanun alfede

Tungsten is eatraeted by digestvas with ddate o ar
anunonism varlannte ;) or by diggectingg with warmn sne per cenat.
NrOH nnd batling with su exeess of NH NGO,

Riliea s removed with HF ad 1150,

Tituninm muy be weparated guouttatively T b an
exersa of salieyhe neid grod Loiling 1 o reflux cambrnser fur 3§
houm,  The tilanium s fomed it vellow lvente from which
it may be precipitated Ly oo,

Zirvomnm s sepmrated by fasion with bsulfute, the melt
being extraeted with dhlute sulfurie neid,  The sireoniug sil-
fate dissolves,

The sepuratiom of calumbium s tsntalam from each other
ean best be neecmplished by fraetionsd erystallization,  The
original method of Marguae? cansisted 0 adding to the nnised
fluoridex ruotigh KF 1) fonn the dabde salts, The solution
in then evaporated poctly, and on coahing wedlehke ervstus
of K Tal'y separate o, On Darther evapoarntion Jaosd plates
of 2KF CHOFy«Ha6) nre deposite=d. Potassinm fluotantalatn
i seduble in 161 157 parts of eubkd water, and pednssinm rolum-
hium oxy-fluoride in soluble in 12 13 parts of vold water,  Four
ar five precipitations with KF will viedd pure K;Taly uncon-
taminated by columbium,

After the first eryetals of K Tal; hnve separmted ont, it is
customnary to evaporate the remaming solution to dryness, and
ignite for several hours at n low temperature,  In this way the

VAnn, Chim, Phys. 8 5, 49 (1505,
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remuining tantahinm is rendered imsoluble. The ignited residue
i amaistened with strang hyvedrofluorie acid, taken up with water,
anc the provess repeated andil tadadum ool remaved.  This
mictlual is useful for renmving o small winount of tantalum from
cedunihithn vt eriad,

A weeelifientionn ! of Marigoae's method adds a snturnterl solu-
ticor af IKCH in place of KP, the sepuration Deing acsamphished
in the sane muuner.

Iron and manganese i compoinds which are isomaorphtus
with  Ke'Tuly asel ure therefore not rnovael by Marignne's
tethad.  One snetheal af seperesting these eleents s to densim-
pruse the flnevides with cancentrated 11CL add 111, nnd then
NILE when the manganese and iran are precipitabed.

A wmixture of the axides of calusubimm and tantahum may be
separated Ly digesting with o 12 1 mixture of selerdim oxyehlo-
ride and coneenteated sulfurie acid. . The colmubium dissolvos,
feuving the tantihon wnaffected. This trestiment may be mndae
quantitative hy repesting the process several bmes, but if
tituniom i juesent i ix extracted along with the eolumbiom,?

Metallurgy. - Celmnbiimn may be preparal in the metallic
stale in severud wiys

(1) Blanstrand first. prepared the metal® in 1866 by the
reduction of the chluride with hydrogen. A mirror-like deposit
which doultless eantains the hydride forms in the tube.

(2) Somewhut mare pure cohurshinm may be obtained by
passing  mixture of CLCL vapor nnd hydrogen throngh a hot
tithe,

(3) Redurtion hy the thermit. proeess yields a produet con-
taining wbant three per cent alininium, but this metal may be
remaved by henting the alloy in sacun

(1) Elertrolysis bl o solution of potassium fluoxy-colnmbnte,

(5) Reduction of the uxide with misch metal,

(6} A mixture of CLO; nnd paraffin sy be pressed into
thrends and veduced by the heating effeet of an altornate cur-
rent in a vieim,

Tantalum was first propared by Berzelius and Rose, who
heated potassinm finotantalate in a erucible with metallie potas-

¢ Molmberg and Wingor, Zait, angew, Chem, 38 157 (18143),
s H. B, Merrill, Jaur, Am. Chem, Soc, 43 4378 (1921),

Y Joxr, pr. Chem. 97 97 (IN00),

s Von Bolton, Zuit, Blektrochoin, 13 148 (1907).
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sium and washed out the potassium fluoride with water and
nitric acid. Recently a similar method has been proposed by
which sodium fluotantalate is reduced with sodium.!

Moissan? reduced Ta20;s with carbon in an electric furnace;
but the product contained both oxide and carbide. The oxide
has also been reduced with misch metal and by molding into
rods with paraffin and heating in a vacuum by an alternating
current.

An English patent (1906) describes the production of pure
tantalum by electrolysis of fused K,;Tal?; in a refractory crucible
of magnesium oxide or tantalum oxide, using pure tantalum
metal as cathode and the impure metal as anode. A French
patent (1907) claims that very pure tantalum may be prepared
by electrolysis of tantalum material in a 3 per cent solution of
H,S0,. The electrodes are platinum or carbon and a current of
0.1-0.3 ampere at two volts is required.

All of these methods produce a relatively impure metal,
usually in powder form, which may be purified by thorough ex-
traction with water and strong acids. The powder may then
be pressed into bars, subjected to heat treatment and final fusion
in a vacuum furnace. The high temperature required for fusion
aids in eliminating any residual impurities. The metal is now
prepared in commercial quantities with a purity of at least
99.5 per cent.?

Properties. — Metallic columbium has a steel-gray color and
a brilliant metallic luster. Its hardness compares with that
of wrought iron, but it is lighter in weight, more easily fusible,
and softer than tantalum. It is malleable, ductile, and it can
be welded at red heat. In the powder form columbium oxidizes
rapidly in the air, but the compact form is more resistant, prob-
ably due to the formation of a protective coating of oxide.
When heated 1n the air it combines slowly with oxygen, forming
Cby04. It combines with hydrogen, forming CbH, a metallic-
appearing solid which resists the action of acids, but burns in
the air. At 1200° it combines with nitrogen and with chlorine
at red heat. It is unattacked by hydrochloric or nitric acids
or by a mixture of the two;, hydrofluoric acid dissolves it to
some extent ; a mixture of nitric and hydrofluoric acids is a fairly

Y Mining Jour. 80 363 (1906). 2 Compt. rend. 134 211 (1902).
3 C. W. Balke, Chem. and Met. Eng, 27 1271 (1922).
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good solvent, and it reacts readily with fused alkalies and fused
oxidizing agents.

Tantalum resembles platinum in appearance, being somewhat
darker in color. Its melting point ! is the highest of any metal
except tungsten. The worked metal has a specific gravity
of 16.6. The pure metal is remarkably ductile and *malleable
and possesses great toughness. The tensile strength is very
high, a fine wire giving a breaking strength of 93 Kg. per square
millimeter, more than copper, nickel, or platigyim, but less than
molybdenum or tungsten. Tantalum may Je drawn into wire
a few mils in diameter without intermediate annealing, although
the metal is subject to strain hardening, like copper and silver.
Tantalum, however, resembles tungsten and molybdenum in
permitting severe working below the equiaxing temperature.
The pure metal may be nearly as soft as copper, but the hardness
is increased by heat treatment, dissolved gases, or small amounts
of other impurities. Hardened tantalum approaches the agate
in hardness and carries a keen cutting edge, but the hardening
of the metal may be carried to such a degree that it becomes
brittle. The linear coefficient of expansion is slightly less than
that for platinum, hence it may be sealed into glass. The elec-
trical resistance is three times that of tungsten and eight times
that of copper. When a strip of tantalum is made the cathode
in an ordinary electrolyte, the current passes without interrup-
tion ; but when this metal forms the anode, 1t 1s quickly coated
with an irridescent blue oxide which seems to offer great resist-
ance to the passage of the current.

When a bar of the metal is heated in the air, the surface turns
blue at 400°, and at 600° a grayish black coating appears; while
at higher temperatures a layer of the white oxide forms on the
surface, while a thin wire will burn slowly at high temperatures.
The powdered metal if heated red hot will decompose water.
When tantalum wire is heated in hydrogen it absorbs large
volumes of the gas, 740 volumes being taken up at dull red
heat. If the wire is then heated to full red in a vacuum, about
three-fourths of the hydrogen is expelled. The remaining
hydrogen seems to form compounds which are metallic in ap-

1Von Pirani and Meyer, Zeit. Elektrochem. 1T 908 give 2850°; Waidner
and Burgess, Jour. physique, 6 380, give 2900°; recent determinations give a
glightly higher value, 2910°,
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pearance, stabde, britthy, and of high cheefrieal peactnnee, Al
the hyilragen i expedlad andy at the fusion temperatied e
tahnn cambimes venddidy with eaclen, Foring earbbbs whicly
reneer the mtal hritte, anad ot dull redaess i eobinaes direetly
with mtrogen mul chilostnes It pesists the sttnek of all sagde
nrids, exerpt livdndlnorie and bailing comenteads] salfore,
which attuek it shawlv.  Aqguee sl 15 withaur otfeet at all
temperntures, Tat o wixtme of hyadrfloorie ared nitrie aeild
dirsolves the wetnl readily, Sodutiens of e alkadies have o
offeet upem tantaluan, Tagt 31 is attinked] by A allodie and
nlkaline mitrates. Moltew salfare s soid 3o bave hitt e sffiser o
tantalimy, Tt tlee vapor of solfar probaddy resetowitd it Al
loys with iron, tungsten, nudyhdenmu, aml cther smdals are
fornsed.

Uses. ~ Calimnbiim appears ta huave ne compersind tias gt
the present time, A prilent was grande] in the Unifed States
i 1916 providingg for the sse af fram O e 1 pereent of enlnn-
binm as un allaying metal foe tnngsten ta beaped in the prepacs-
tion of inciundiseent filanwents,

Tuntahnn, having properties siibre ta thase of sodmnlimn
but being hath more almpdant aned e proncnnesd o ity
desirnhle praperties, seems destined to Sl aoanneh woler fickd
of usefnlnesy,

The first, succossfild use of tuntalum was as a filunent in the
ineandeseent, lump industry,  The enrbay flsment inp had
found no competitor for muny years, until in 1898 Welshaoh
made the first moetal filbugent Innp of osnban, These lila-
ments were very fragile sl expensive, cansequently they nover
came into genernd ase.  In 1903, the fimt lnuips contuining o
drawn metal fllament were prepared by the gse of tantalum
wire, These lamps were alinost twice as officient (were Tuble
XXXV, p.-277) ns the old earbon filaments and quickly beenmn
popular. The first lnmps cantained » filnment with o dinmeter
up to 0,28 mm,, but as better methnds were developed for draw-
ing the wire the diameter wis sometimes loss than 0.02 mm.
Bince tantaliun has n lower specific resistance than earbon, the
metallia filament must have about 2§ times the longth and }
the diamater as the earbon filament for equal voltage and eandle
power. The temperature of the filament at full glow is close to

) Plecind, Zeit. Elekirochem. 11 588 (1908),
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the softening puint, <o that the dauble Toop Buniliar in carbou
filnnents s hupassibde in the tanGdon unp. To pernnit the
use of o Jong, thin filsment the @ spider 7' sapport was devised
] the filiment arranged in siggag fashion upon it. Thik has
the swehled udvantigre of peanitting the use of the imp in any
position. It 18 elubned that 103,000,000 tantalnn lunps wore
sald durbing the yeurs 1905 11 In Luder years the tungsten
filkument hing enbively disphiaced those of tundalan.

Tartabing tanls lnve recently attracted mueh witention, es-
preddly in dveatistey and suegery. The metad s hardened by
wlhoying with smadl smannts of sueh other clements gs whunin-
inm, titaniwm, ting buran, silicon,  hydrogen, or oxygen, A
process reseinbling ewse-handening s sametimes npplicd.? Tt
i3 eluimed that tantalum toals wre sperivr to stord far the rea-
sun that they do not rast, that they mny bre steribize] iu ncids
or in a maderate flune, and that they mtain their cutting elgo
effeetively,

As a substitute for platinum, tantalm s usable ju many
ways beeause of its resistiance to corrosion,  The fimt cost is
murh less than that of plitimm,? Init the use hns not been
popular even in times of platinun shurtage doubtless beeanso
tantalum serap has little valie.

Prns made of tantulun are espeeindly serviveable beennse of
the clasticity, hardness, and resistanre to corrosion,  The mani-
frreturers of inks have val yel Leen able to prepare a suitahblo
writing flai] withostt the use of considornble free aeid,  As n
canmeaquence seal pens corratle quickly,  An neid-resisting
metal has decided advantages, aid when the tantalum tip is
hanlenced in order to rediuee the wear, incrensed officivney i
secured,

Electrodes of tantulim may be used for the removal of silver,
copper, zine, nickel, antimovny, or platimnm fram solution sineo
these metuls may he dissolved from the dectrades by acids or
adqui regin,?

As a mnterinl for making standnred weights it has the advan-
tage of high specific gravity and resistance to corrosion,

Tantalusn will doubtless find npplication in radio sending and

YRoe Bri. Med, Jour. 38 724 (1013 and Drntal Res. 28 1230 (1931),

TIn 1933 tantalnm vinoeds sobt] fur almal 55 erlits por graun,

¥ Brunck, Chem. Zeil, 86, 31233 (1913) ; Oonterhuld, Zeit, Elektrochom, 19 Bxf:
(1913).
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Tantalum pentoxide is unchanged at high temperatures and
it has been suggested as a refractory.

Compounds of Columbium. — In the majority of its com-
pounds columbium is pentavalent, although it is sometimes
trivalent and its oxides present some resemblance to the
oxides of nitrogen. There is a marked tendency to form oxy-
compounds.

Ozygen forms three oxides of columbium, the dioxide (or monoxide),
Cb,0, (or CbO); the tetroxide (or dioxide), Cb;04 (or Cb0;) ; and the pen-~
toxide, Cb;0s. The most important salts of columbium are derivatives of
the pentoxide.

Columbium dioxide, Ch.0;, is formed by the partial reduction of potas-
sium columbium oxy-fluoride with sodium at a high temperature. It
burns in chlorine, forming CbOCl;, liberates hydrogen from HC, and is
go metallic in appearance that Rose mistook it for the element.

Columbium tetroxide, Cb,Oy, is prepared by heating the pentoxide to a
high temperature in an atmosphere of hydrogen or in the presence of magne-
sium powder. It is a powder which appears black or blue under different
conditions, and is not attacked by acids.

Columbium pentoxide, Cb,0Os, is a white infusible powder obtained by
treating the potassium columbium oxy:fluoride with sulfuric acid and
extracting with water, or by ignition of columbic acid. It is generally
amorphous, but on strong ignition it becomes crystalline. It becomes
yellow on heating, is non-volatile, and is not reduced at the temperature
of the Bunsen burner. It does not dissolve in acids except hydrofluorie
acid, but is dissolved by fused potassium bisulfate.

Columbic acid, HCbOjy, is obtained as a white amorphous precipitate
when a strong mineral acid is added to sawater solution of potassium hexa-
columbate. It dissolves somewhat in hot concentrated sulfuric acid, is
readily soluble in hydrofluoric acid, but very slightly dissolved by other
acids. It dissolves readily in alkaline carbonates and hydroxides; it is
slightly more basic than the analogous tantalum compound.

Columbates, analogous to the three classes of phosphates, are recog-
nizable among the minerals : ortho-columbates, M;'CbO,, pyro»columbates,
M,'Cb,0s, and meta~columbates, M’CbO;.  Of these the meta deriva~
tives are the most important, both in the laboratory and in nature. The
mineral columbite is essentially ferrous meta-columbate, Fe(ChOs),.
Many higher columbates are formed, of which potassium hexa-columbate,
KsChyOy - 16 H,0, is the most important. It is prepared by fusing the
tnsoluble columbates or Cb,05 with KOH or X,COs.

Percolumbic acid, HCbOy,, is prepared by adding H,0, to columbic acid
and warming. It is a yellow amorphous powder which'differs from other
per-acids by the fact that warming is required before it is decomposed by
dilute sulfuric acid. .

Fluorine forms the pentafluoride, CbFs, by the action of HF op the pen-
toxide. Itds known only in solution, but forms double salts which are more
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not attacked by acids, even a mixture of nitric and hydrofluoric acids being
unable to dissolve it. When heated in the presence of air it burns, forming
Tazos.

Tantalum pentoxide is usually prepared in one of two general methods.
(1) When a tantalum compound, even the ore, is dissolved in HF and am-
monia added, tantalic acid precipitates. This on ignition yields Ta,0s.
(2) A tantalum compound such as the fluoride is dissolved (or suspended)
in strong sulfuric acid and the mixture heated to dense white fumes; on
dilution Ta,05 is precipitated. It is a white infusible powder, amorphous
when first formed but becoming erystalline when heated to a high tempera-
ture. After ignition it is insoluble in all acids, but may be completely
vaporized by ignition with NH,F.

Tantalic acid or tantalum hydroxide is usually given the formula HTaO,,
although the composition undoubtedly varies rather widely. It is precipi-
tated as a gelatinous mass when the chloride is diluted, but it may be ob-
tained in crystalline form by precipitation with dilute ammonia. When
the crystalline form is ignited it glows brilliantly and forms Ta,0s. The
freshly prepared acid dissolves quite readily in acids.

Tantalates are numerous, and form important ores of tantalum. Of
these the most important is tantalite, which is ferrous meta+tantalate,
Fe(TaOsg);. These salts are all imsoluble in water. Both ortho- and
pyro-tantalates are known. In addition some important salts are deriva-
tives of the hypothetical hexa-tantalic acid, H;TagO;9, whose sodium and
potassium salts are soluble in water.

Pertantalic acid, HTaQ,, is more stable than percolumbic acid. Its
potassium salt is obtained as a crystalline white precipitate when a large
excess of hydrogen peroxide is added to a solution of potassium hexatan-
talate, K3 Ta,0yy, and alcohol added. If sulfuric acid is added to the per-
tantalate, the hydrated acid is liberated.

Fluorine forms tantalum pentafluoride, TaF; which resembles the
columbium salt, being known only in solution. It forms important double
fluorides.

Potassium fluotantalate or tantalofluoride, K.TaF;, is formed by dis-
solving tantalic acid in HF and adding the correct amount of XF. Itis
sparingly soluble in cold water but dissolves quite readily in hot water. It
crystallizes from solution in fine rhombic necdles whieh may be melted
without decomposition. When a solution of the fluotantalate is boiled, a
white insoluble oxy-fluoride of the composition 4 KF - 2 TaFs- Ta,05 is pre-
cipitated. Columbium does not behave in a similar manner, consequently
this reaction is used to detect small quantities of tantalum in columbium
material.

Numerous double fluorides of the types M‘F - TaFg 2M'F - TaT,, ete.,
have been prepared.!

Chlorine forms two compounds, the pentachloride, TaCls and the di-
chloride, TaCl; - 2 H,0.

Tantalum pentachloride may be formed (1) by heating a mixture of

' See C. W. Balke, Jour. Am, Chem, Soc. 3T 1140 (1905).
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(¢) If sulfuric acid is added to the alkaline solution of hexatantalate,
tantalic acid is precipitated, white, gelatinous, insoluble in excess; it is
dissolved by hot concentrated sulfuric acid and reprecipitated on dilution.

(@) Ammonia added to an acid solution precipitates tantalic acid (or
acid ammonium tantalate). In the presence of tartaric acid this reaction
does not take place.

(e) HT dissolves tantalic acid freely, and if the solution is concentrated
KF produees a precipitate of X.TaF: as fine needles, which are fusible,
slightly volatile, and soluble in 150-160 parts of water. On boiling the
solution there appears a fine white precipitate of X,Ta,0 sF,s, very insolu-
ble and quite characteristic.

(f) Tannin added to an acid solution produces a precipitate with a
yellow color.

Estimation.! — Gravimetrically, columbium and tantalum are deter-
mined as pentoxide obtained hy ignition of the acids. It is customary
to determine the amount of the mixed oxides together, then estimate di-
rectly the subordinate clement and determine the quantity of the predomi-
nant clement by difference. Gravimetric methods are tedious but are
generally regarded as the most accurate.

For the gravimetric determination of columbium, the material is freed
from tantalum by the difference in the solubilities of the double fluorides,
using the method of fractional erystallization. (See Marigna¢’s method,
p. 226.) Finally the material is evaporated with 1:1 sulfuric acid until
all fluorine is expelled, water is added, and the acid precipitated with am-
monia. After ignition and weighing a correction? is generally applied for
the Ta,0; present.

Tantahim may be determined gravimetrically by a similar method.

Volumetric methods for determining columbium are rapid and fairly
satisfactory since tantaJum does not interfere. But tungsten, molybdenum,
and titanium must be eompletely removed. The methods depend on the
reduction of pentavalent columbium to the trivalent condition by means
of zine, then the oxidation by standard permanganate. Taylor’s method 3
makes the reduction in a Jones reductor and the titration in an atmosphere
of CO.. Levy’s method* carries out the reduction and titration in an at-
mosphere of hydrogen in a conical flask from which the air is excluded.

_ A colorimetric method has been proposed by Meimberg?® for the estima-
tion of columbium. Most of the tantalum is removed as the fluotantalate,
then the columbium is reduced with tin in a colorimetric tube. The amount
of columbium is determined by comparison with a fresh standard solution.
For samples of 10 grams an accuracy of 0.01 per cent is claimed.

¥ See Proc. Colo. Sci. Soc. 11 185 (1917) ; for determination of tantalum in
alloy steels, see Compt. rend. 166 494 (1918) and Jour. Ind. and Eng. Chem. 9
852 (1917) ; see also W. P. Headden, Am. Jour. Sci. [v] 8 293 (1922).

2 See Mellor, Quantitative Inorganic Analysis, p. 422 ; Schoeller and Powell,
Analysis of Minerals and Ores of the Rarer Elements, p. 132; or Johnstone,
Rare Earth Industry, p. 60.

8 Jour. Soc. Chem. Ind. 28 818 (1909).

4 Analyst, 40 204 (1915).

§ Zeit. angew. Chem. 26 83 (1913).



CHAPTER XIV
GROUP VI— MOLYBDENUM

TaE members of Group VI may be divided into two well-
defined sub-groups. Of these, the A division, including chro-
mium, molybdenum, tungsten, and uranium, is characteristi-
cally metallic in nature ; while the B division, consisting of oxy-
gen, sulfur, selenium, and tellurium, is distinctly non-metallic.
The metallic elements have high melting points and the metals
are produced with difficulty, while the non-metals are gaseous
or easily vaporized, with both the melting points and boiling
points increasing with increase of atomic weight. Each of
the metallic elements of this Group unites with each one of
the non-metallic elements, the compounds formed showing close
resemblances. All members of the Group (except oxygen)
form trioxides which have distinctly acidic properties. These
trioxides form well-defined compounds of the type My’RO,, in
which M’ is hydrogen or a univalent metal and R is a member
of this Group. In general the series of salts derived by sub-
stituting a single metal for M, but varying R, are isomorphous
with striking analogies. There are also many compounds
formed, in which one equivalent of the basic oxide unites with
several equivalents of the acidic oxide, such as dichromates,
disulfates, diuranates, and polytungstates.

The normal acids derived from the trioxides have a constitu-

tion represented graphically thus: 02R<8§. Not only may

the hydrogen of these acids be replaced by metallic elements,
but the hydroxyls may be replaced by negative radicals like the
halogens. The chlorides so formed, such as SO;Cl; and CrO.Cl,,
behave like the non-metallic chlorides since they are promptly
hydrolyzed by water. But as the atomic weight of the element
increases, the stability of the compound becomes greater since
the radical RO, becomes more basic. Finally in the uranyl
compounds we find the radical UO, forming the most stable
and best known uranium salts,

PP
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In the dioxides, the non-metallic members of the Group form
compounds which are rather feebly acidic. The dioxides of
the metallic elements are basic in nature; other basic oxides,
such as RO and R;0s3, are also formed. These oxides give rise
to series of salts which are generally active
reducing agents, owing to the tendency to 0
form hexavalent compounds. Sl

The non-metallic elements combine with
hydrogen and the alkyl radicals yielding /\
volatile compounds. No such derivatives of Cr
the metallic members of this Group are known. | Se

In valence Group VI shows a wide varia- Mo l

tion. Oxygen is almost always Dbivalent, Te
though occasionally it is probably quadriva- ‘ ‘
lent. The elements sulfur, selenium, and tel- W 1

lurium are always bivalent toward hydrogen
and the alkyl radicals, while in other com- y;
pounds the valence may be two, four, or six,
The metallic elements show a variety of va-
lences, though all members of the Group have a valence of six
in their most characteristic oxygen compounds.

The relationship between the members of the Group is shown
in Fig. 14. The blank space following tellurium is occupied
by polonium and its isotopes.

TasrLE XXXI1
Physical Properties? of the Chromium Sub-Group

Fia. 14

CHROMIUM MOLYBDENUM TuNGSTEN URaNIUM
Atomic Weight 52.0 96.0 184.0 238.2
Specific Gravity 6.74 9.01 19.13 18.7
Atomic Volume 7.7 10.6 9.6 12.7
Melting Point 1550°. 2535°, 3267°.2 1500°.3
MOLYBDENUM

Historical. — The name molybdenum is derived from words appearing
in both Latin and Greek literature, where it was used in reference to any

1 See also table by C. W. Balke, Chem. and Met. Eng. 27 1273 (1922).

2 Langmuir's value.

2 The melting point of uranium is given by various authorities all the way
from 800° to above 1850°.
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because the mineral was mined in small quantities and a steady
supply was quite uncertain. On the other hand those in con-
trol of the low grade molybdenum ores were unwilling to begin
mining on an extensive scale because of the fact that the demand
was small. Consequently mining operations were confined to
a few high grade deposits where hand methods were largely
used. With the outbreak of the European war there came a
sudden and extensive demand for steel hardening metals, which
directed attention toward molybdenum. As a means of stimu-
lating production the British Government guaranteed a price
at Ottawa of $1.09 per pound of MoS; in 85 per cent concen-
trates. Under the stimulus of high prices and heavy demand,
the molybdenum industry grew rapidly in various parts of the
world so that production increased at an enormous rate.

The business depression which followed the close of the war
was particularly disastrous to the molybdenum industry. The
demand for molybdenum products was suddenly cut off, stocks
piled up, and mining operations were almost entirely suspended.
This natural condition was doubtless exaggerated by the fact
that in 1917 Great Britain bought nearly the entire output of
the Norwegian mines in order to keep the material from going
to Germany.! The price paid was as high as $4.25 per pound.
After the war this accumulated stock was thrown on the market
at greatly reduced prices. During 1919-20 there was almost no
production of molybdenum in either the United States or Canada
and no importations, in spite of the fact that the low rate of
exchange made high grade foreign molybdenum available at a
surprisingly low rate.

Molybdenum ores are widely distributed over the earth’s
surface, workable deposits being found in Norway, Sweden,
Finland, Saxony, France, Italy, Belgium, Spain, South Africa,
Newfoundland, Canada, Australia, New Zealand, Prince of
Wales Island (Alaska), Peru,? Japan, and the United States.
Deposits are known in New England, New York, Pennsylvania,
Colorado, and California. Up to recently practically all the
world's supply of molybdenum came from Queensland, New
South Wales, and Norway. In 1910 Queensland produced
50 per cent of the world’s production, in 1915 the United States

1 Eny. and Min. Jour., Jan. 18, 162 (1919).
2 Otto Wilson, Chem. and Met. Eng. 26 700 (1922).
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A high grade wolvbdenite conventrate will eontain 90 05
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fluctuntionr. A few yeam ago MoS, voubl be purchnsed for

CJour, Frank, Inst. 189 47 (3920).
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15 to 30 cents per pound. In 1908 high grade molybdenite
containing 90-95 per cent MoS; sold in the European market
for 32-38 cents per pound, but the price rose steadily until
in 1915 it was $1.20-$1.85 per pound. In 1917 small lots were
sold for $2 per pound. Tollowing the war the price dropped
rapidly, and in New York in 1919, 90 per cent MoS, sold for 65—
75 cents per pound; this price prevailed in February, 1923.

Extraction. — The extraction of molybdenum salts from
native ores may be accomplished in several ways, some of the
methods which are in actual use being secret. Naturally, the
method selected will depend upon the kind of ore, the other
metals present, and various other considerations. Some of
the available methods are outlined as follows: —

I. Prom molyhdenite, the extraction may be made in several ways.
(@) The mineral is roasted as long as sulfur dioxide is given off. The
residue which contains MoOj; is leached with dilute ammonia and the
solution evaporated until the ammonium molybdate crystallizes. Japanese
patent 37420 (1920) extracts the roasted ore with Na,CO; solution, then
precipitates caleium molybdate by adding CaCl,? (b) The finely ground
ore is heated with nitric acid and the MoOj dissolved in ammonia. (¢) A
current of chlorine is passed over the dry pulverized ore at a temperature
of 268°. The molybdenum chloride distills over and may be separated
from sulfur and other chlorides by fractional condensation.? (d) A British
patent describes the extraction with an alkaline sulfide or polysulfide solu-
tion whith removes the molybdenum from the ore as the soluble thio-

“molybdates. These may be converted to the molybdates by acidifica~
tion or by contact with more ore.

II. From wulfenite the extraction of molybdenum presents greater
difficulties because of the larger number of metals present. This considera-
tion and the facts that wulfenite has a small molybdenum content and is
at the same time much more rare than molybdenite, have led to the predic-
tion ? that wulfenite will not become an important source of molybdenum.
On the other hand the wulfenite has the advantage of containing other
valuable metals, the recovery of which materially decreases the cost which
must be assessed to the molybdenum. Previous to 1915 most of the Ameri-
can material was obtained from wulfenite, but fully 90 per cent of the pres-
ent supply comes from molybdenite.

The extraction methods applied to wulfenite may in general be grouped
as follows: (a) acid leach requires a large excess of strong acid in order
to bring the material into solution, then much alkali to neutralize the ex»

? See, also, U. S. Pat. 1,403,477, Jan. (1922).
2. 8. Pat. 1,398,735.

8 Min. and Sctentific Press, 117 529.

4 Chem. and Met. Eng. 31 364 (1919).
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dentun sulfide are thrawn dows.  This method works well in
qualiative analysis.

Iror may he renmoved by the hydrogen sulfide pressure bhottle
preeipitation, bt o el imave convenient methal ix to oxidize
the irem to the ferrie conditiog, then pour the solutdon into a
hot 10 per coent siduting of sodium hydeoxide.  Boil for a time,
caal, filter, and washuthe ferrie hydraxide thoronghly.  If murh
twan is puesent the previpatate showld he dissolved in geid and
the precipitidion repeated. Tron nouy be succeessfully remved
Iy two ar mere precipidations with ammonia.

Arseicée (ar phespharusy ney he remnved by adding anmmeonin,
ta the subtion cantaining arsenie (o phasphoric) acid, then
adding magnesinm ehloride mixture slowly and allowing the
precipitated magnesinm  wmnmaninm arsenate (or phosphate)
ta settle avernight,  Por g complete separtion the precipitato
sheatld be dissalvaed meoacid and the process repontidd one or
mare timex. Arsente has alsa been vemover] from iolybdonumn
by distilling off the vadatile eldoride with strong hydrachlorie
weid in the presence of reducing agents,

Autiveeny muy he separnted from molyhdenum by boiling
the salution «f their chlorides, contaiming nn excess of 11C]
Imt no nitrates or sulfates, with sheet hodd. Metallic nntimony
is precipitated while molybdenum i mdiceed buat remaing in
salutinn.

Tiw s loft in sobition if molybdenmm sulfule is procipitated
in the presenec af oxalic acid hy hydrogen sulfitle in o pressure
Fatthe,  looares if cassiterite is present, i may b left with the
tnsoluble residue by disolving the molylnlenum with an acid,

Tungsten 1ony be sepureated (1) by precipitating molybdenum
sudfide under proessure in the presence of tartaric and sulfuric
neids ;. (25 by evaporating a solution of sotlivin molybdats and
tungstate to dryness, heating with an excess of sulfuric acid,
then adding a few drops of nitric neid o reoxidize the loweor
oxides, nnd dissolving the molyhdenum in water.  The tungstic
acid s not dissolved : (3) by issalving MoQOjy frem g mixture of
the trioxitle by sulfuric acid of specific gruvity 1,37 ;1 (4) by puss-
ing HCY over the oxides at 250° -270°, the volntile MoQy . 2 HCL
is distilled away;? (5) by preeipitating tungsten acid with

Y Jour, Am, Chem. Soc. 33 1772 (1900),
Y Comyd. rend, 114 173 (1892),
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stannous chloride ;! (8) by dissolving MoO; from a mixture
of the oxides by the use of selenium oxychloride, in which
WO; is inscluble.?

Metallurgy, — Metallic molybdenum may be prepared in
several ways: — :

(1) By decomposing malybdenite in an electric furnace.
The product contains from five to seven per cent carbon, of
which about one per cent is in graphitic form.

(2) If a mixture of molybdenite and the dioxide is heated
in the electric furnace, the reaction takes place readily : MoS, 4-
2MoO, = 3Mo + 280;. This process is eapable of producing
98.5 per cent molybdenum with only 0.7 per cent of sulfur,

(3) By the reaction of hydrogen on the hot oxide, chloride,
or ammonium salt.

(4) By reduction of the oxide by the Goldschmidt process.
This produces a metal 98-99 per cent pure, containing small
percentages of iron and silicon as impurities, but quite free
from carbon,

(5) Reduction of the oxide with carbon'is successful, but
the product always contains carbon, the per cent of which in-
creases if the charge is heated too much, If carbon bearing
molybdenum is melted with the oxide of the metal, the pure
metal may be obtained. A purity of 99,98 per cent is reported,
a trace of slag being retained. Sometimes lime is mixed with
the charge, the reaction being MoS; + 2 C 4 2Ca0 = Mo +
2CaS 4+ 2CO. Themetal prepared by this reaction may con-
tain as much as 3 or 4 per cent of sulfur,?

(6) The oxide may be reduced with misch metal,

(7) If MoOQ; is made into a paste with dilute H.80, and
electrolyzed, a lower oxide is obtained from which the metal is
obtained by reduction in hydrogen.

Properties. — Molybdenum is usually obtained ss a gray
metallic powder which may be sintered into the compact form
by pressing into bars and heating by the electric current in an
atmosphere of hydrogen. In the coherent form it Is usually
a little darker than platinum though the pure metal is said to be
silvery white. The pure metalis tough and malleable, but im-

' E. E, Marbaker, Jour. Am. Chem. Soc. 37 86 (1915).
2 H. B, Merrxill, Jour. Am. Chem. Soc. 43 2383 (1921).
3 Brit. Pat. 181,837 (1921) and Can. Pat, 221,041 (1922).
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purities make it brittle and even fragile. It is not hard enough
to scratch glass, and it may be filed and polished easily and it
may be forged while hot. Formerly molybdenum was said
to be totally lacking in the property of ductility, but recently
a method has been devised for producing a ductile form from
which fine wire may be drawn. The melting point has not
been accurately determined, but it is placed around 2500° C.,
having the highest melting point of all metals except osmium,
tantalum, and tungsten. The specific gravity increasés ap-
preciably as the metal is subjected to mechanical working.
Moissan obtained a value of 9.01, but the ductile metal after
drawing has a specific gravity as high as 10.32. The Brinell
hardness is 147, The tensile strength increases materially
with the fineness of the wire, as is shown in Table XXXIII.

TaBLe XXXIII
Tenstle Strength of Molybdenum, Tungsten, and Steel
In kilograms per square mm.

Dmﬁm B MOLYBDENUM TUNGSTEN SromL
0.125 140-182 322-343 —_
070 161-189 336-371 —
.038 189-217 385-420 —_
075 356

The electrical resistance of ductile molybdenum at 25° is 5.6 mi-
crohms per cubic centimeter for hard drawn wire and 4.8 mi-
crohms for annealed wire. The temperature coefficient of
electrical resistance between 0° and 170° C. is 0.005. The spe-
cific heat is 0,072,

If pure molybdenum is packed in carbon and heated to 1500°
C., it absorbs carbon and takes on quite different properties.
After absorbing carbon the color becomes gray, it is brittle and
hard enough to scratch steel and quartz, and both the melting
point and the specific gravity are lowered.

At ordinary temperatures the compact form of molybdenum
is slowly oxidized in the air, but the ductile form seems to re-
tain its luster almost indefinitely. On heating to a dull red,
a coating of the white trioxide forms slowly and at 600° it burns
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tile molybdenum is also used in the manufacture of certain
X-ray tubes and voltage rectifiers.

Molybdenum has been used with tungsten as a thermocouple
for high temperature measurements.! Such a combination
can be used at a much higher temperature than any of the
commonly used thermocouples of platinum group metals.
Their use is complicated by the fact that to prevent oxidation
the metals must be protected with some resistant substance
like fused magnesia. ‘

Molybdenum has shown its usefulness in dentistry and n
the manufacture of standard weights. The metal also finds
extensive use in making audion tubes for amateur wireless
outfits, where it replaces platinum in the grid, and in higher
powered tubes, where it forms the plates.

In non-ferrous alloys molybdenum gives some interesting
results. If MoQ; and WOQ; are mixed together in any propor-
tion and the mixture heated by an electric current in an at-
mosphere of hydrogen, alloys are obtained which may vary fromn
pure tungsten to pure molybdenum. These alloys are not
only useful in making incandescent filaments, but have been
suggested as substitutes for platinum. Two difficulties are
encountered in their uses: they oxidize readily and cannot
be soldered easily. Both obstacles are overcome if the alloy
1s coated with a layer of a noble metal,

A series of alloys of the “stellite ! 2 type include varying
proportions of molybdenum, chromium, and cobalt with small
amounts of iron, manganese, etec. The addition of molybdenum
to an alloy of cobalt and chromium increases the hardness in
proportion to the amount of molybdenum added, up to 40 per
cent, when the alloy is exceedingly hard and brittle. The
usual alloy of this type contains 20-25 per cent molybdenum;
it is hard enough to scratch glass, takes a keen edge, and re-
tains its bright color in the air,

An alloy of cobalt and molybdenum has the same coefficient
of expansion as glass, and can readily be drawn into wire. Pat-
ents have been issued ? for acid resisting alloys containing about

1L. E. F. Northrup, Chem. and Met. Eng. 11 45 (1913).

2 See discussion of stellite under tungsten and especially the article by the
inventor, Elwood Haynes, Trans. Am. Inst. Min. Eng. 44 576 (1912) ; Trans.

Am. Electrochem. Soc., Apr., 1920, p. 377.
3 U. 8. Pats. 1,375,082 and 1,375,083, Apr. 19, 1921.



2:5() GROTE VT A ks v

10 per cont mwlyledeniue wath vabadt v mckel and o btk yon
Or IAnganese,

Forrcnolybederann 1 e alliy wloch o alestined o0 basrne
of great anpwerdanve, i solvbdennm el e et onpeere
srecessfnlly withy other allov <ol The anannhr gy of ferpn
mndvhdenmur i oaaudly eavreed vt g s et famaes . 1l
charge being a eanevntvated doolstedoste sl cona aran npe
and o oantabde st A el varneed ot the poosbietem
of ferrommdvinlenu = n woe e ful procccthe b ety
rnang e higle o0 20 0r cven SH e vert ol e sgaby belempte,
A !‘l*('l'll”)‘ l:rujq'vh'(l ’Jf;h’f at l'l!‘l.'i.-‘»{jnsvl, Narwas, hao 1131»
advantages of the chespechartreead vuergs | shraedant e, and o
nearby market, Pl peooews aed s Tapseed W te el e
eenponmgicn] thon e gl crpdened ™ P od thee st
diffirultion whirls hae hitedere D the devebaanest of minbvlelening
steed s nrtoeys P Hae igeecdalit of aliamatg o ferpmands s
drenann of anifarn s, The varvng pereentages of earinm,
salfur, snd otler Bapuarities cones oot vanabion an the quadis
ties uf molyislenmg sterd,

Malybedrnum el upe et Bew | cinee ey oo yamafaetnre]
in the United Stated on s eognneirnd sende ae pnueh ooa gunptor
of ncentury s Bat there pono prant o the whole stes] -
dustry abant whicli there 1 sooaelcrontheting W dapnay ax s
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in o campaign ta being it uta popular fuvor, Whatever the
rend nwris of molylalenmn steel moy by, i s impossible at thoe
preseut S b peediet is fatire, 14 W Lo be hapad, liwwever,
that as infuraedion is gained upen the methods of manafac-
turing aml the prupertivs of this allay steel it will fiml o plee
of is own anuanyg the useful stoed proditets.

Malvlalernun is competinnes the principnd alloying element in
the sterl, Tad generally it s usal with ather substances, espe-
einlly ehpmin, niekel, tangston, or vanadinm,  In genvral the
effret of nudytulenima is stnadlar to tungsten, hut o somll per
vent of rolstedenimn preaducrs the saume effect as 0 much largor
praportiem of tungsten,  Using «lightly different methods of
ramparisen, varions mvestigatars have wtimated the offoctive
ratio of welvhdenum to tungsten ax between 102 and 1: 357
1.2207 sl vvenr 10 43

Malyhdermiu steel 8 nude hy the emcible process, by the
electrie process, hy thenpen hearth, or even directly by heating
somaixture of the ans with suke atal o sattable flux in wn electrie
furnaerd  The medybdemun may he added ns the powderad
metal, hat ferranmlyhdetatm® s more commonly wsed beenuso
its melting paint is Jower nnd it is less linhle to suffer from oxida-
tisn, When chromwban, wivkel, and other slloying metals nre
dewired these are ut thues sulded as the molybdenum alloy,
On avvont of the diffienltios raevuntered in adding oither
wadvhdennu ar its ferra dloy it hus been suggested that the
nddition nuy well b made asealeinm malyhduate,  This practice
Las proven sgevessful, althangh speciad precnutions are neces-
saery to prevent luss af wterial thrangh dusting,  The addition
i generally nade lng enongh Tefure the metnd s drawn to
tnsyre o unifarm wmix,  The per cent of molyhdenum ndded
overy frequently less than §per cent, though 1.5 2 per cont
molybdenum s conunbn in high speed stends, and in cortain
acid resisting stee] the mmount of molybdenum may run as
high an 5 per cemt, Steels contuining 610 per eent molybdenum
have been mmde,

t Bwintheg, Caracgie Scholarship Mymoirs, Iron and Steal Inat,, London, 8
89 (431 ; 8 TuD (1L,

AW, Giissen, vhad, 1 88 (18010,

VL. Cinillet, Revir dde Metallargve, BHIE, ps. 31,

* K M. Kewasy, Carnegio Schudarahip Mampira, Iron and Steel Inst., London,
4 173 (1912,

* Bow Zed, Motallhunde, 13 28% (1520,
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a higher drawing temperature in order to obtain the same phys-
ical results; also that as regards forgeability the working
range is wider, while it flows better under the dies. One diffi-
culty experienced in the heat treatment of this alloy steel arises
from the relative volatility of the molybdenum, leaving the
surface without the beneficial effect of the molybdenum. This
may be overcome by grinding off the surface layers.

The undesirable properties said to be produced by molyb-
denum are red-shortness, and the appearance of ecracks
while rolling or forging. This results in a lack of dependability
which 1s not permissible. In molybdenum tool steel, some
users report that cracks are produced by the quenching process;
others that they do not hold a thin cutting edge after retreat-
ment as well as before; some find that such tools show irregular
cutting speeds, that the material is seamy, and contains physi-
cal imperfections.

These imperfections are probably due in the main to the use
of impure materials in the manufacture of the steel or to im-
proper heat treatment or subsequent handling. It is claimed
that these difficulties can be overcome by more intelligent
practice and by properly selected adjunct hardening elements.
There seems to be a general impression among steel makers
that molybdenum is to be regarded as a more or less unsatis-
factory substitute for tungsten or at best as a secondary com-
ponent of alloy steels whose presence permits a material economy
in the quantity of tungsten needed for any desired effect.

The cost of molybdenum is in normal times around $2.50
per pound. This seems like a prohibitive factor in itself, but
considering the small amount required to produce any desired
result, the small per cent of rejections, the long life and effi-
cient performance, the friends of this alloy steel claim that it
can compete successfully with other steels in final cost.

The uses of molybdenum steel are varied. Straight molyb-
denum steels are not extensively used because the beneficial
results of molybdenum are best realized in the presence of some
other alloying metal. Chrome-molybdenum steels, commonly
containing 0.25-0.40 per cent molybdenum, are becoming widely
used in the manufacture of automobiles, tractors, and general
machinery. It 1s particularly serviceable for gears, shafts, and
connecting rods. . A steel containing more carbon and up to one
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steel makers. During the 18 months preceding August, 1919,
about 50,000 tons of molybdenum steel! were made in this
country.

Compounds of molybdenum find a variety of applications
such as its use as a pigment for porcelain or china, in dyeing
silk and wool, in coloring leather 2 and rubber,? in fire proofing,
in disinfectants, and in the synthetic production of ammonia.
Compounds of molybdenum are used to preserve cordite which
1s to be stored in a hot climatet Molybdic acid is used in the
preparation of Froehde’s reagent, in the manufacture of dyes,
and as a reagent for hydrogen peroxide. Phosphomolybdic
acid is used as a reagent for alkaloids (Sonnenschein’s Reagent)
and in testing for alkaline metals. Some salts of molybdenum
are used in the production of blue prints because of their ability
to react with certain organic compounds in the presence of
light. Some molybdenum uranium compounds are both sensi-
tive to light and are themselves radioactive. Molybdenum
sulfide cells are sensitive to photoelectric influences, especially
at low temperatures; such cells differ from the selenium cells
in that they are sensitive to infra red light.! Ammonium
molybdate is widely used for the detection and estimation of
phosphates and for the determination of lead. The Parker
rust proofing process consists in cleansing iron or steel by sand
blast, then dipping first in sodium carbonate and then in a
solution of the acid metaphosphate of molybdenum or tungsten,
and finally coating the metal with a special oil.

The carbide of molybdenum is very hard, and by heating
in an iron or carbon mold until it becomes crystalline it may
be used in making tools, dies, and bearings. Patents have been
issued in Great Britain for the preparing of very hard tools
by shaping molybdenum, then hardening by adding carbon
by means of the cementation process.

Compounds. — In its compounds molybdenum displays va-
lences of two, three, four, five, and six. Of these the first four
clagses are unimportant and relatively unstable, while most of
the compounds met are derivatives of MoQ;. Table XXXIV

1 Chem. and Met. 21 153 (1919).
2 F. Pozzi»Escot, Compt. rend. 135 801 (1902).
3 F. L. Hess, Min. Resources U. S. for 1908, p. 746.

4 Min. and Sci. Press, 108 860 (1914).
6 U. 8. Bur. of Standards, Sct. Paper No. 338,
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shows the relationship between these classes of compounds.
The compounds of lower valence are produced by the reduction
of those of higher valence. When a soluble molybdate is re-
duced by nascent hydrogen a characteristic series of colors is
produced as the successive stages of reduction are reached,
Oxidizing agents on the other hand readily yield the higher
compounds.

Molybdenum shows particular fondness for producing com-
plex salts some of which have enormous molecular weights. For
example, there are polymolybdates containing as many as 10
molecules of MoQO; in combination with one equivalent of the
basic oxide, as well as polymolybdates containing larger per-
centages of the basic oxides. Much confusion exists as to the
relutionship between these classes of compounds. Forsen
contends ! that all known molybdates can be derived from two
acids which he calls molybdic acid, HgMo030,2, and metamolyb-
dic acid, HgMo0,2039. Posternak? in discussing the so-called
paramolybdates claims that they do not form a distinct group,
but that they resemble the ortho- or metamolybdates, the
differences being due to the degree of hydration. He also ex-
presses the opinion? that the usual classification into ortho-,
meta-, and para-salts has no basis in fact, but that there are
only two groups, which he designates as the hexabasic and tetra-
basic polymolybdates. He deseribes* certain very complicated
hexabasic polymolybdates of which hexammonium dodeca-
molybdate, (HN,0);Mo0(O » Mo00O,) 4,0 - MoO (ONH,); - 6 H,0,
may be taken as an example, In addition to these compounds,
molybdenum forms numerous phosphomolybdates which con-
tain P,Os and MoOQ; in the proportions 1:5, 1:15, 1:16, 1:18,
1:20,1:22, and 1:24. There are also arsenomolybdates
containing As;Os and MoO; in the proportions 1:2,1: 6,1: 16,
1:18, and 1: 20, Other complex salts are formed with the
acidic oxides of antimony, vanadium, sulfur, tin, silicon,
manganese, and iodine, but these salts are little known.

Ozygen forms definite compounds with molybdenum of the formulse
Mo0;03, M00O,, and MoO,. There are also reported by various authors many
other oxides which are more or less uncertain, such as MoO, Mo;O7, M0:Os,
Mo:0i2, and MosQOs, M070s0. These complex oxides are usually regarded

3 L. Forsen, Compt. rend. 172 215 (1921). 3 Ibid. 172 114 (1921).
2 8, Posternak, Compt. rend. 171 1058 (1920). 4 Ibid. 171 1213 (1920).
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(7) 28 4ux,

s Galetmrd cludte Moy in the smiy iadde abituined by redusing Moty in
hydosten,  Cowtpl, rend. 199 722 {3 wiih,

Y Kinwon, Ber, 88 153 (1004), nosl Guichued, Compe. rend. 148 744 (1908),

$ 18, €. Burger, Zest. anory. aligem, Chem. 131 240 11922),
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' For summary of the uelds of molybdenum, ses G, ¥. Hittlg, Zeit. angew.
Chen. 38 3O (1922),

2 Kinuon, Ber. 84 153 (1901).

¥ huaivm, Zost. anorg, Chem, 46 448 (1904),

tGnichurd, Cwmd, rend. 129 722 (1808 ;. Rogers nad Mitehell, Jrar, Am,
Chem. Soc. B3 350, (19003 3 Jowdny, Zvil. unvrg. Cheos, 48 4236 (1908).

¥ huisios, ibid. 48 42K (1905).

¢ Lue, cit,
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until a clowdines appenrs,  Thas alkalie soluton hevps wedl, bt the ol

1 Hoa Bchoeller and Powell, Analysis of Mincrals and Orea of the Harer Blos
menis, pp. 1656 Burewu of Mine, LecAnieal Puper 230, p. 4 G929) , Buresu
of Mines, Bull. 114, p. 8 (1918),

# Hoo Zeit, anory. Chem, 108 73 (1919; , nlws Chem, Lig. 48 777 (143 Y).
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daes nat. Ta tesd for molylaleminn evaparate the solution ta la tested
ter wmnll halk soel adid xonuthie nend slewly. A red ring forming ot the
junetion of the twa dmily fnddientes amlyinlenunn Chrometes interfere,
but ehrominn in ather furms us well ng vanwlinm, tangsten, Litanisam,
aned nrnninm deonet, A eelarimedtrie oethusl of determining mulybdenin
thegueteels e this chavior.

Estimation! - Ior the nnalvris of mulylslensun several methuds ure
uvailable for getting the mnterinl inta sdutiun, Masian may he accom-
pdished with N0y with NugCOy, K.COy wml KNOg niixture; ar with
KIS0 The puteriad iy bae deesuposed with agan regin, sl if ol is
present, stidfarie aeid shunkd Tnomldead uned thas mixtire avaparated ta denso
funas, Fusionn with sl peruxide is reesnpmended s offivient nud
rapish.  lu the grovimetrie determinstion of mnlybelena it may Lo weighod
ns MiOg? whirh is pregrsad by the ignitiun of ammuonimn melylslate ar
Masy, wr hy the trentuent of the latter with the pitric neil. T all sueli
treatieut eare is eevssney in the heptiig of MoO; sines 1608 rewily volns
tike al tempreruturss aluve 400° 430°, The wanplete eemversion of the
sulisdee Lo dlas oxicle reguires Iong ignition el w earefully regnlated temyior-
atitre, whivh slsmbed et grenthye exemal 350°, Mulylalenum is sinnetimes
shetermined ns MaS; whivh i abtiined hy heating the procipibuted MuaS,3
it n ostoeanr of hydeogen, Redurtion fo vonstant weight rengiires much
tinge.  Ausdher methed involves the precipitotiszg of meresraus molyh-
dote frean o weatral malyladide sabation by n uestreal tnereiiraus nitrato
sefution. T vellaw prresipitate sa uldwinal may be hented enutionsty
tee expel gnerenry pal the resichie weighal s MaOg;  or the mpreuraus
wealvbulate wuy be heuted to dall redoess in o stren of hydrogen pradne-
ing MOy or ta white hiento viekding metaBie madyhdeasim ) umsher plan
ix ta hieat aerearsas aolyldnte with o weighed quuntity of dry PhO) until
#ll the wereary iv expudled, when the gain in weight is this to the MnOjy re-
teritnad By the bawl. Both head malybdate ¢ wal horium malybdnte may
b presipitated, dried, unel weighel as sueh,

A sl amannt of mudylalewnn in tungsten may he determined by
extristing inalyivhmaun xanthutae fram o solution contnining a little wil-
furte neiel by s of ehlorafarm®  Trivalenl ursenic inny be soparated
fram mulylalenitn by vaporizatinn, prrtly 2s AsChy aml partly us As(OMo),
at the temperntura of the water bath.$

Volutmetrie nistlunls? fur the determination of malybdennm are partie-

t By Bchoedlor nnd Powell, Analyris of Minerals and Ores of the Rarer Eloe
ments, Py §02-170,  Bur, uf Mines, Teehnical Paper 230 (1920) ; Min, and Sci.
Presn, 117 3138,

1 Jour, Chem, Spe. 114 ($4) 244 (WU8) . Jour, Noe, Chem, Ind, 87 681 A
(1918} . Jour, prakt. Chem, 97, 154 (J81K).

Y Zeit, anorg. Chem, 130 83 (3920); Chem, Ztyg, 83, 864 . J. Ind. and Eng.
Chem, 13 998 (1320).

tJour. Chem. Soe, 134 (11) 244 (1918).

+ Daruthy Hall, Jour. Am, Chem, Sor. 44 1462 (1922).

¢ Moser sud Ehrlich, Ber, BB B 430 (1922).

? Beo Compt, rend. 188 362 (V7Y Chem. Analyst, 36 9, 14 (1918) and 27 23
(1018) . Can, Chem. Jour, 3 132 (118); Jour. Ind, and Eng. Chem. 13 87K
(1920),
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ulnrly avevjalde heeiae tae pravanetrie metioehs invelvite umations
nre diflientt andd 3l A lcodvaadupe in tae o of volaned e yod bunls
is that tleey sepe redizdibe oady b Ul abeemee of vther npanls. Cogaappently
in thee pualvs of w v, tHae wedsbsbanne preecgutares aaet beeoeapefulhe
paarifiesl. 1o Moadalls setloel 7 oo nmlyiabeaing soliaiing 1o wnhtis] wah
[1:80 ¢ aud geesand tHlanogls o 2o pednetor wto forvie sl sidntem, then
shroresulting firomiamn Rieta b with pertastgatade By aanabar el
apedyehanun colts e cond bl aaay e psbieed 1o the tnvadent cog.
diting with zie aael Dteatie] shrecthy with jorncanngents or pataeaum
Baelote (i e leecivndent state, By anllaesther nosthed D adabile b in
shtew in neid sodutiods sy b p sl o e grentavadent eanedtogg de dosh
ing withy W1 and the frese b dine Glrate D wathy il uliate s s Goe Toevc wabign
iy b Bilead vt the bty neebe wdiodues wythe WHOCUG apd dhe Noe
oxidized tn Mer? Ly sinpdan] dodiiee vr Jorirmngiaate 7 Pirairas watly
titanitun eledorinde somnaaemly el ug hderiaiage e mls Lebegpgca oo
tent of steeds) Sopeliages sasitain aaslviddute g Hitrated waly hewl
nest e adntion it a ugtuas just the revirse of e tpethiead asd for sbeyr.
tipution »f hzel This wetlned s onde spgdivable fo sample vantanimy
eansiederatde medvioletaun beenate dhe el pond 1 tsnme gend saliipeg
1 unt sl Lo wasersd, volmnelras methnds s aoine spqedeable wlen
the are 1 boneld by sobitpar by fieona,

FHL L Heasdal b Joer, 8o PV Q6 010 JanT

TEer gl vl Cheng. 0007 0 M. B8 omuh . Ao Jour, Nev, o}V % 10
ihid. 1R 144,

AN Tonvers, Congd, roned, 185 0530 (1875,



CHAPTER XV
GROUP VI — TUNGSTEN'!

Historical. — The name tungsten signifies ' heavy stone and calls
attention to the high specific gravity of the element and its ores. These
heavy minerals attracted attention long before their nature was under-
stood. Agricola in his treatise on metallurgy (1556) refers to the mineral
now known as wolframite as "' lupi spuma,’”’ evidently, since this ore, which
is frequently associated with tin, ** eats up the tin as a wolf eats up the
sheep.” It is probable that the German names wolfram, wolfart, wolfort,
etc., are traceable to the same notion, and from these come the modern
names wolframite, wolfram, and the symbol of the element. Up to the
middle of the eighteenth century these ores were considered to be com-
pounds of tin. In 1781 Scheele proved that the mineral then called * tung-
stein,” now known as scheelite, contained calcium and a new acid, which
he called tungstic acid. He also proved that the mineral " tenn spat’’
(heavy spar or mineral), now called wolframite, contains the tungstate of
iron and manganese. Bergmann during the same year became convinced
that tungstic acid was the oxide of a metal. The Spanish chemists, the
brothers d’Elhujar, studied the mineral wolframite in 1783-86 and produced
for the first time the metal tungsten. They reduced the oxide with carbon
and studied the alloys of tungsten with lead, silver, and gold. Tungsten
was used as a constituent of alloy steels as early as 1855,2 and other uses
were suggested, but the development of the chemistry of this element was

"slow at first and up to about the beginning of the twentieth century it
remained a scientific curiosity. The introduction of tungsten into the
steel industry as a definite alloying substance created great interest in its
chemistry, while the manufacture of ductile tungsten and its wide use in
incandescent lamps has made the name a household word. There is prob»
ably no element of the whole periodic system whose chemistry has shown
greater development in so short a space of time as has tungsten in the first
twenty years of the présent céntury.

Occurrence,® — Tungsten is rightly considered a rare element
because it is found in only a few minerals. Quite fortunately
1ts ores are found in some localities in fairly large quantities,
generally associated with tin. The ores of commercial impor-

} For an exhaustive bibliography of tungsten see U. S. Geol. Survey Bull. 666 ;
also, Bull. 12, South Dakota School of Mines, pp. 164-236.

2 Adolph Gurlt, Trans. Am. Inst. Min. Eng. 23 236 (1893).

3 See Tungsten Bearing Ores, U. 8. Tariff Commission ; also, Tariff Informas
tion Series, No. 21, pp. 200-318.

263



201 GROUY VI PUNGSTEN

tunee wre of twee general tyvpes, seleadite and wolfratite. The
former s ealeium tungzstate ccntaining, when prre, SOG per vent
W0, the rommonest ingewity tadme MoOs, whivh s not an
objectionnlde bmpuvity fwe the manufuetare of alloy steels, fad
is generally undesirable in mnkiog Laop Slomente The seleel-
ite depasits are erystalline, white, yellow, or redbdisli in oendur,
hut never dark; the ervetals are soft, ensily seratebed with o
knife, amd the speeifie gravity ¢ is maiesably hueh, noking
mechaniend sepetent o easy.

Walframite is essentinlly u tungestute of ina sl manguteese
of varying prapurtions.  Sapdes vars ofl theoway foan pocean
ahly pare iron tengstate, kuown as ferlerite, ta pdatively pre
mangnuese taugstate, whieh is ealked Twberite. s wanbld b
expreted fram the vlese pelationshipoexidinge Totween iron and
mnignnese, these tweominerals neaeaplde eaeli other inondl plivsi-
el propertios sd can andy doe distinganslval by ehvainien] analy-
sin,  They enntuin practivally the sane pereentape of W0,
(FeWO, contaims 76,800, amd MaWOr, crannins Ta.6705, Terlis
wieally suples of are which contain wore than 20 per eent B0
are enlled ferbwrite, while those mataining were thsn 20 par
cent Mn0) are known o hithperite and intermediate materinls
are called wolframite,  Pruetieally | hoawieser, sxpsaially in the
absence of aeeurnte annlyses, the berm wedfronite s used to
cover all mnterinls of tlas arder,  The minceral is cither resstad-
line or grannlar iy form, alwisys dark in eolor, with o tendeary
toward brawn in hithmerite snd shinig Wlack iu ferbarite, The
minersl 8 goft enoughi ta be seratebus] with a0 kaife, 15 very
brittle, and shows perfoet cliavage, Tecakivg inta thin, lnstrans
flakes. The specifie gravity is aleat 7.5, el 1o galenn aml
greater than cassiterite, with whivh it is commomnly assovinted in
nature,  Praetieally ull the tungsten ore produced ontsade the
United States is of the wolfmmite 1y,

Other forms of tungsten are found but asunlly more or less
directly mmocinted with the mare common funms,  Tangsten
achre is WO, und tungstite is its hydrted forin; ferritungstito
i8 0 hydrted iron tungsinte; sl of thewe are minernls of 8
canary yellow eolor formed by oxulation and oceurring chiclly
ay inerustations on deposits of schenlite or wolframite,  Thera
are alwo occaxional samples of powellite, CatMoW )0y, cupro-
scheelite, (CuCa)WO,, and tungstutes of copper and el
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The world’s principal supplies of tungsten have come from
China, Burma, Japan, Australia, Bolivia,' and the United States,
while smaller amounts have been mined in England, France,
Germany, Portugal, Siam, and other countries. For some time
the United States was the world’s greatest producer of tungsten,
but from 1913 to 1916, Burma produced the largest amount,
In 1916, China produced 110 tons; in 1917, 1200 tons; and in
1918, 10,280 tons, the largest amount ever produced by any
country. The Chinese deposits are in four provinces,? and the
deposits are in the form of sands or pebbles in the streams or in
small veins in granite rocks. Estimates of the ore in sight run
as high as 100,000 metric tons. Most of the mining is done by
hand labor, chiefly by farmers at odd times.

The Burma deposits cover an area 750 miles long, which not
only supplies much tungsten, but also yields the greater part of
the world’s tin. The tungsten deposits have been known since
1846. The principal deposit is in the Tavoy region, which
was lost for a time and rediscovered in 1909.} At present
this district covers 5308 square miles of territory. Most
of the wolframite is found in lodes which vary in thickness
from a few inches to 5 feet and are known to extend as far as
2% miles. :

In the United States, nearly all the tungsten is produced in
California and Colorado, with Arizona, Missouri, Nevada, New
Mexico, and South Dakota producing small amounts. The
California supply includes the largest scheelite deposit in the
world, while Colorado has the highest grade ferberite deposits
known. Production in these two states has been almost exactly
equal during the past five or six years.

The world’s total production in 1909 was 5250 metric tons
of concentrate, containing 60 per cent WO;. The production
under the stimulus of war eonditions rose rapidly, reaching a
maximum in 1918 of 30,000 tons, of which China produced more
than one third. Since 1918, production has fallen off materially,
or ceased entirely, especially in countries where labor costis high.
The production continued for a time in the Chinese fields,
though at a greatly reduced rate. For a time certain Colorado

t See " Tungsten in South and Central America,'’ Chem. and Met. Eng. 26
698 (1922).

2C. Y. Wang, Eng. Min. Jour. 109 16 (1920).

8 Jour. Soc. Chem. Ind. 39 44 T (1920).
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tungsten plants, leented within 70 miles of vich tnngsten de-
pastts, were endded to run apen the cheaper Chinese are.

Coneentration of tungsten ures is alwest dnvarialdy varried
ot it the mine and is ensly effoeted Ty any inethod whiel tnkis
advantage of high speeifie geavity, Usaadly dhe aethod of wit
erushing nud hydraulic elssifiers i crupdomal. On steraunt of
the hrittleness of walframite aond s perfeet eheavage, much of
the ore s prlverized to sueh o fine state that the husses are heavy,
Pyrite iv remuved from tlee cvneentriate by roasting and o uag-
netie separatar, sinee wolframite s with liffienlty rendered
mugnetio by roensting. His, Jowever, sufficiendly mngnetie
permit its sepurntion i this meaner from tn saed aboer Teavy
mianerals.

Under the stinmghus of the wartine denml] for tangsten, great
imprevements were made i the romentroten of the are,
espreindly in the Banhler distriet } which pow isosaudtooddan the
mast effirient caueentration of auy lecality in the warld,  The
former heavy losses ayv decreasad by sabistitnting rolls for stnmapm,
thus permitting the reeavery of the conese ennerntnntes before
the ball mill trentment s and by improvements in the " g
plant,” whirh suves mueh tusgsten formerdy ket in e tailings,
Attermpts to wse fhdntion snd negretie separation ™ have leen
made, but the results are somewhnt disennraging,

That it I8 possible to vanesntrate tyngsten sweressfully froun
a low grade ore umler fuvarabilic market vonditians s shown by
the statements? that o cortain J04on caneetsteating plant in
Colorndn, working with mill foerd peersging alent ane per eent
WO, within four weeks from the day of sturting, reenvered the
entire cort. of the mitl i the valoe of the praduets sold. Muceh
yet remaing to be secomplishedd in the milling of tungsten ores,
hawever, sinee the nvernge recovery is said to be about 70 per
cent of the WO, contuined i the ore.

In 1919, the New Yark price per unit of WO, wie $6.50-$8.50
for Chinese ore, $9-$10 for Bolivinn are, nomd $11 $12 for
Colorndo ferberite,  In December, 1921, the New York price
wius guated at $2,50 83 per unit of 60 per cent WO, in
Junuary, 1923, it waa $7.50.8%,

VH. Finchor, Chem. and Met 18 654, 37 73 (9t
E8ow alao Hitehicork and Pond, Min Ko Press, 180 379 (19205,
T H. (., Pasmvlon, Chem, and Met. 34 304 (1016),



TUNGSTEN 267

Extraction, — Several methods ! are available for opening up
tungsten ores, the choice depending on the nature of the ore,
theimpurities present, and the purpose of the extraction. These
methods may be classified as follows: —

(1) Acid extraction, using either aqua regila or hydrofluoric
acid. The former is suitable for high grade ores and concen-
trates, provided arsenic, phosphorus, and fluorides are absent.
The latter is best adapted to low grade ores, especially those
which contain decomposable silicates. These methods are used
in analytical practice.

(2) Fusion with potassium bisulfate is satisfactory for ores
containing arsenic and fluorides, but should not be used on ores
containing phosphates. The melt is extracted with 5 per cent
tartaric acid. On the large scale, this method has been recom-
mended 2 for ores containing considerable tin. After fusion,
the melt is extracted, first with water to remove soluble sulfates,
then with warm ammonium carbonate solution. Tungsten
forms in the fusion an acid potassium tungstate which is in-
soluble in the first extraction if sufficient excess acid is present,
but is soluble in the carbonate extraction. Tin 1s recovered
from the insoluble residue. This method requires a large
excess of acid sulfate in the fusion.

(3) Digestion with caustic soda produces the soluble sodium
tungstate, but it is not applicable to scheelite ores. There is
also extracted with the tungsten more or less molybdenum,
vanadium, arsenie, tin, aluminium, columbium, and tantalum.

(4) Scheelite ores® are easily decomposed by hydrochloric or
nitricacid; or, they may be fused with potassium fluoride,*and the
soluble potassium tungstate removed from the melt by leaching,.

(5) Fusion with sodium carbonate, sodium peroxide, or sodium
hydroxide likewise produces soluble sodium tungstate, molyb-
date, vanadate, ete. The caustic fusion method is adaptable to
ores containing phosphates, fluorides, or titanium. The melt
is extracted with water and on acidification tungstic acid is
precipitated. Fusion methods are commonly used in large
scale operations,

1 Schoeller and Powell, Analysis of Minerals and Ores of Rarer Elements,
177-182+ Runner and Hartman, Bull. 12 So. Dak. Sch. Mines, 97—-101.

2 G. Gin, Trans. Am. Electrochem. Soc. 18 481 (1908).

3 H. Lavers, Proc. Australian Inst. Min. and Met., 1921, No. 43, 101.
4 G. Gin, c. cit.
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OF these methods the sadivng carlonate fusion netlaad is by
fux the most sucecessind onon e seabe, the odhier prosvessaes beng
chicfly wervicendde fur qundytieal purpeess. Avcvavensl onr on
wolfrnaite cuntaining U 1 per cont tin, (00 per ent eopgaer, ginl o
sl wnount of sifien the sar s ernshed aned Triessd with Ly quer
cont, exeess of sadumme carlaamte 1o whiel seane sonboon purntse
is sometimes added. A tyvprea] renciba e U E-WOL D
+ 2 N".Q( ‘( );s o3 :\:113“'()1 i pi'-;“x { M ¢ ’;. After il""!hlul,
two hatrs st 8007 CLin reverleratory favnaer dariage whed tee
sy i rablbled iy Binnd, the medt i drawn odf et pane, vooded,
nnd erushed, The selublc tnpgstote o disolved o water ad
is sametimes reerystallizead . Thers the aesd auy be preacipitated
by neidifirntion; ar an excess of CaCl bsoblod, caiping the
sepurntion of CaWoO, whieh s thoraugldy waslesdd, Wi
hydeehborite avid i acibed nnd the nederiad hestead b0 bealing,
HoWO mequates s i yellow maess This netengd euntain: as
inpuritivs smoll anvamts of Tone, silien, soon, saed slumins. Py
renave these 4 s wikied, filtere], and vanverted to g
paratungstnte, INHW 000 by pdding woter el NH LG,
nnd fitering off any residae, The stonmm salt s evaperatod
and the residuae drietl and treonst witle NGOG The gt
seid wa formed s again dissolved i mneang ge] te proeess
repenterl,  Fiually the meid i Lestes] i fsed calien ware at
1000°, when WO 1 sbtained nsscpeowshor, the color varsing frvan
pire yellaw 1o dull green, dhepasding oo the puats. Finally
a purity uf 99,97 per cont s reaclesd, aod st of the papmning
impurities are removed aburing the relnetpn e, e
oxide s alitnined in e form o o poeswider, e ronraness of
which may e crmtrotled by regulation of the tinge sl terapuera-
ture of ignition il the purtty of e mstenia],  The physeal
eondition of the puwder iv nf great nportnnec siee it deters
wines in lurge measare the working propertion of the po-tal
obtained from it,

A mothud of deeauposing tungsten opes pnd frrnnpg WO,
direetly has been suggested” By this methad the finely grounmd
ore s mixed with earbon amd Yoented Lo 3007 in g stream of dry
chlorine,  The ehlorides or oxyellurides of tungsten distill ont

t AL ths Fannteo!l Fluut, Nogthe Chicago, se O H. Jones, Chem and M1 389
(1620).
$ British Patent, 1801,
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of the mixture. The oxile i4 produced by hot water or by
heating in o stream of sir whivh carries away the vhlorine,

Metallurgy. - Tungsten may he obtatned i metullic form
Iy several methads: (1) the oxide may be reduced with
hivdragen, earbwn, vine, albminiim, or maghesivm; also, by
stlican rarhid, haran, and silican ;* (2) reducing the ehloride
with hydragen; (3) heating the nitride; (1) cectrolysis of the
daulde sadiinn tungsten ehlarvide,  OF thse processes vnly the
first two nre of comnurdal unportance,

Redaetion with eirbian is nccamplishel by henting dry W0,
with a shight exeess of earhionin dosetd crunibles nt n temperatnre
of LHXY €2, At the end of the aperatlan the metallic powder
vabtaing excess cirbon and same anedocad oxide. To retve
these the muss s clutristed with water, and the materinl so
removed used in the next charge. A purity of 98 per cent may
b venlizenl by this methad, but the protinet always contains
eurban as an inpurity, whieh renders thre metal tov Iaittle for
moechanien] working, Tt is, however, suitabhe for use in making
wllay stee] und is cheaper than the inetal vhiained by reduction
in hydrogen,

Reductiom of WO, with pure hydrogen yields o very pure
metal suitnhle for tungsten pradocts ar drawn bigsten, bat the
pracess reaguires skill and eare. The process s sveeessfully
carried amt by patting the nxide in ing, shallow nickel fenys
antl plueing these i gurrts tahes which ure hented hy electrienl
resistuner,  The tempersture must e raised gradonlly in order
ta prevent fmston af the oxide hofare the rednetion starts, I the
nutterind fuses, anly saperfivinl reduction takes phice. The tem-
periture required is abant 12007 and about 7 hours nre needed
to effect vamplete reduction,  Upon reoval fram the furnace
the tungsten is in the form of a gray powder, whase mpparent
density varies from 1.2 ta 6.0, depending largely upan the
density of the WO, usatl, The powder i then plneed ina molid
and sulijected to u hydranliec pressure af 30-100 tons per square
inch of surfaee.  This farms fragile bars or ingots in which the
individunl particles are held together mechaniendly,  In the next
step, endled] baking, these ingots are tonghenetl by n preliminary
heating in hydrgen in an cleetrie furnnce which is kept at

v Klecktrucheos, Zicit. 36 26 (§920).
T M, Becket, U. B. Pats, 5655200 858,018; 030,027 ; 030,024,
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ahent 13007, After thin privess the Bars v Tee hanedlal
withat dunger of lavaking, bt thes are otd] proroys, contain.
g nhont 40 peer coent vedds,

In the pext paocess, thee Jarrs sre sindens<d T heating elee-
trically Twetwien tungsten ckeetrmles o oan atipwphere of
hydregeen,  The thew of the luw voltagre enrrent meed 1o s pogn-
lutesd that o tempueratare of approsamately 4200070 1 oDy,
This tenqurnture ix safficreut tocanse the adividnal partieles
of tungsten to adbiere taones another, Jag extpne eare ge peediod
nat to fuse the wtal, sioee the sl uetal s highls crvetallin,
heittle, uned iposalde t svork, Phiring the snteange provess,
ervatnls begin to furng, snall at fiest, bat anereaang i vize as the
pracess s contimned, This plienomenon v eadbal technies]ly
Ygrain grewth,” and ax it rentines thee vands disappenr, the
bae shirinks in size, and Jeeupes very lsed, sud shows definte
metullic progrertios, it it s sl spate b thee Hocintering is
eantitmied too lamgg, or too bigh o tempertane isonaed, the erystals
become tao largre, prinhacing n brittle prodaet whoh vannat be
workod,! 1 s casly seeg thnt the size of geasns i thee tangeten
pooswder has o murked idboenes apeets Qo paoecossood praan growth,
and henee i an impaortant factor v shetenmitong the grropweriey
uf the meta] produecd by the sitenng,

In the next provess, which soenibal " ewngang,” the tungsten
ingat s ure lienter] to nbont 007 31 an stmosphere of hadrogen,
then pdaem] inp naehane whicle is fitted with acragodle revolving
whnft, enrrying u i, the size of whieh may vary,  Aw the shaft
revolves, sindl mnmers see driven against the heated tangsten,
severnl thansand Iows per minute b shistnibuted regulurly
over the surfnee of the bur, o this manner e dinmeter of the
bar in redaeed about 4 per vent during each treatinent, Ry
elinnging the die to n slightly stnsller sze the tungsten is warked
down to the desired dintneter,  Ax the swaging continies the
temperature g gradunlly redueed tao alet 5007, anid as the bar
olongutes it is found that the crvatals thomselves beeame longer
nnd longer.  Aw thix procoss cent s the metsd beeomen ore
and more duetile st room tewperntare. 1 ductile tungsten is
doesired, the swaging is continted until » diameter of about

! Buer Jeffrion, Bull. Am, Iost Min BEog, No. 119 20085 (1918) ;. Jofirien and
Aor;h;r. Ghem., and Met. Eng. 8T 7980 103022 . Ssuitholls, Jour. Inel. Motals, 71
107 192y
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0.75 mm. is obtained, when the wire is sufficiently ductile at
room temperature to permit cold drawing and working.

If a rod of tungsten, which has become ductile at room tem-
perature through the elongation of its.crystals, is heated for a
short time to a sufficiently high temperature, the long crystals
are changed to equiaxed crystals and the metal once more be-
comes brittle at ordinary temperatures. In such a condition
it cannot be worked except at high temperatures. The tem-
perature at which the elongated crystals change to equiaxed
crystals is called the equiaxing temperature, and this tempera-~
ture becomes lower as the elongation through working increases.
Thus a rod which has been worked until it shows a 24 per cent
reduction in area is equiaxed by exposure to a temperature of
2200° C. for 5 minutes. But if thereduction in area hasreached
99.99 per cent, the wire is equiaxed at about 1350° in 5 minutes
or less. A longer exposure to a lower temperature produces
similar results. In the equiaxed condition tungsten is brittle
at room temperature, but it becomes very dutcile when heated
to higher temperatures. It will be recalled that when the
common ductile metals have become brittle through mechanical
strain at moderate temperatures, they readily recover their
ductility when heated to the annealing or equiaxing tempera~
ture. Consequently, most metals are in their most ductile form
when they are composed of small equiaxed grains. On account
of the fact that equiaxed tungsten is brittle at room temperature,
some metallographers contend that tungsten behaves in a
manner which is directly opposite to such metals as gold, silver,
and copper. On the other hand, other workers point out that
tungsten at room temperature is very much farther below its
melting point than the other metals; that when heated it
becomes extremely ductile at temperatures far below its equi-
axing temperature, and hence it must be considered a very duc-
tile metal, when the difference in melting point is considered.
According to this view equiaxed tungsten is in its most ductile
form if the metal is worked at the proper temperature, The
question of the ductility of tungsten is the basis of the present
tungsten patent situation, and important litigation has centered
around this point,

Ductile tungsten in the form of fine wire may be prepared by
cold drawing, but usually this process is also carried out at
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somewhat elevated temperatures. The temperature used
varies from 400° to 650°, depending on the size of the wire.
The drawing is done through a cylindrical block in which the
diamond is fixed. The size of the die is reduced very gradu-
ally, at certain stages the interval is reduced by as little as
0.00125 mm. Thus a very large number of dies are needed,
since the wire may be as fine as 0.005  mm.

In the preparation of lamp filaments it has been found de-
sirable to introduce 0.75 per cent ThO., before the WO; is
reduced. The thorium oxide appears in the final product as
small globules, whose presence influences the direction and
degree of grain growth, giving a tougher filament.

Ductile tungsten has also been produced by electrolytic depo-
sition.2 If WO; is dissolved in boric acid at 1200°-1400°,
the solution may be electrolyzed, the deposited tungsten being
sufficiently ductile to permit drawing through dies of high speed
steel lubricated with tale.

Methods have recently been described 3 for preparing tungsten
filaments out of a single long crystal which will not equiax.
Hence it is claimed that the wire is more flexible, ductile, and
has a longer life than filaments of drawn tungsten. The long
crystals are made by preparing very fine metallic tungsten, a
definite amount of ThO; is then added and the mixture made
into a paste with a small amount of a colloidal binding material.,
A filament is formed by squirting this paste through a fine open-
ing. These are dried at a moderate temperature, placed in &
cylinder of reducing gas, and run through a furnace at a rate
equal to the advance of the crystal face. If the heating is done
properly, in place of having a series of small crystals which: are
liable to break at their interfaces, one long crystal is obtained
which is said to be softer at low temperatures and harder at
high temperatures than drawn tungsten. Crystals 25 inches
long have been prepared in this manner. A comparison under
similar conditions after 1200 hours’ burning showed that the
single erystal had not vaporized at all, while the lamp containing
the drawn filament showed a material deposit.

1 8uch a wire is roughly one fifteenth the size of a human hair and has a
diameter about equal to that of a spider web. The finest gold thread reported,
3240 meters of which weighed one gram, had a diameter of about 0.0046 mm.

3 Eng. Min. Jour. July 27, 1918, p. 163.
8 Jour. Ind. and Eng. Chem. 10 574 (1918) ; Zeit. Ver. deut. Ing. 62 15 (1918).
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Properties. — The properties of tungsten show material varia-
tion, depending on the degree of purity and the methods of
production and treatment. The following statements are taken
from some of the best recent publications and refer for the
greater part to the ductile form of the metal.

The density varies from 19.3 to 21.4, about 70 per cent more
thanlead. The tensile strength runs from 322 to 427 kilograms
per square millimeter, approximately a third more than that of
iron.! The clastic modulus is 42,200 kilograms per square
millimeter, fully twice as great as steel. Coefficient of expan-
sion is 43 X 107% the specific heat 0.0358, the hardness 4.5 to
8.0 on Moh’s scale, one of the hardest of all metals. It has the
highest recrystallization temperature after strain hardening of
all known metals. When a wire is composed of small equiaxial
grains it is extremely brittle at room temperature, but when the
structure is fibrous in nature the wire is ductile and pliable at
ordinary temperatures. The clectrical resistance at 25° varies
between 5.0 and 6.2 microhms per cubic centimeter. Its duc-
tility is so great that it may even surpass gold in this respect.
It has the lowest vapor pressure and the highest melting point
of any metal; its melting point is probably exceeded by only
one element, carbon. Melting point determinations vary from
2800° C. to 3350° C.,2 the value 3267° C., given by Langmuir,
being probably the best yet obtained. Fink gives the boiling
point around 3700° C.

In powdered form, the metal is hard, brittle, and crystalline
and finds few applications. In the compact or ductile form it
is much softer and tougher. It may be rolled into sheets, but
it cannot be welded at any temperature at which it is worked.

At ordinary temperatures it is entirely unaffected by air or
water, but at elevated temperatures it oxidizes readily. Molten
sulfur and phosphorus attack the metal slowly, while the vapors
of these elements react with it vigorously. The metal is not
attacked by alkaline solutions, but fused nitrates, peroxides,
alkaline carbonates, hydroxides, and acid sulfates attack it

1 It is obvious that the tensile strength of tungsten varies enormously with
jts condition and treatment. See Z. Joffries, Bull. Am. Inst. Min. Eng. 1918,
p. 1041. A ductile tungsten wirc of about .03 mm. diameter has 33 times the
tensile strength of the sintered har from which it was prepared. In working
with other metals a sixfold inerease in ductility is unusual.

2 Eng. Min. Jour., July 27, 1918, p. 163.
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this manner the contact screw is mainly steel while the exposed
end is a button of tungsten,

Tungsten wire forms an excellent material for winding electric
furnaces, on account of the very high temperature which may be
obtained. Temperatures as high as 1600°-1800° C. may be
maintained by this means,! although at high temperatures the
wire must be carefully protected from oxygen.

Tungsten buttons brazed to copper form an excellent anti-
cathode in the Roentgen tubes, because of the high specific
gravity, high heat conduectivity, high melting point, and low
vapor pressure. '

Tungsten electrodes are efficient in certain electrochemical
processes where the resistance to corrosion is a great factor,

Tungsten-molybdenum thermocouples are useful, especially
at high temperatures. They give an increase in electromotive
force with an increase of temperature up to 540°C. and pass
through zero millivolts at 1300° C.

Sheet tungsten has played an important part in the recent
marked advances in wireless telegraphy and telephony, since
it is found to be a very efficient metal for the construction of the
amplifier, The manufacture of sheet tungsten presents some
difficulties and has only recently been successfully performed.
The swaged bars are heated in hydrogen to 1200°-1400° C. and
then rolled to the desired thickness. Much care must be used
to prevent overheating, since this causes recrystallization. The
rolled sheets have a tensile strength as great as 500,000 pounds
per square inch,

In lighting devices tungsten is used both as an incandescent
filament and as a pencil in arc arrangements. It yields a bril-
liant light, especially in its are, which is rich in actinic rays,
serviceable in projection, and ultra~microscopic work.2 A tung-
stenarc, called by the trade name of ** pointolite,'” has found some
use in England. It is said to consume about 0.4 watt per candle
power. Tungsten arcs have also been used in an attempt to
find an arc in which the illumination came from the surrounding
gas and not from the electrodes.?* The most successful results
were obtained by sealing tungsten electrodes in a resistance

1 Trans. Am. Electrochem. Soc. 20 287 (1911).

3 Elektrotech. w. Machinebau, 36 345 (1918).

3 W. A. Darrah, Trans. Am. Electrochem. Soc. 29 625 (1916); Chem. and
Met. 18 915 (1915).
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glass bulb with an atmosphere of TiCl, or TiCl:- Brs. An effi-
ciency as high as 0.25 watt per candle power was obtained and
the electrodes require little attention, so this method of illumi-
nation appears to be promising.

Tungsten is so efficient and so widely known as a filament for
the incandescent lamp, that it may be said that the entire in-
dustry of incandescent electric lamps depends upon this element.
The industry began ! with the carbon filament which for many
years was the only material used. The first metal filament was
made of osmium and was introduced by Welshbach in 1898.
These lamps never became popular because of the high cost, the
fragile nature of the filament making a vertical position neces-
sary, and the fact that only low voltage lamps were possible.?
But they did a great service in that they indicated the direction
in which improvements were to be expected. The first metal
filament lamp which was successful commercially was intro-
duced by Siemens-Halske in 1903. It contained a tantalum
filament, which permitted the production of a lamp of any
ordinary voltage. On account of the fact that tantalum has a
much lower specific resistance than carbon, the metal filament
has to be two and a half times as long and one quarter the
diameter of the carbon for equal voltage and candle power.
Another difficulty came from the fact that at the incandescent
temperature tantalum is very near the softening point, hence, a
long loop or coil is impossible. These difficulties were overcome
by divising the so-called “ spider ”’ arrangement, familiar in the
later tungsten lamps. This permitted the lamp to burn in any
position, These lamps quickly became popular, and between
1905-1911 about 103,000,000 lamps were sold.

In the efforts to produce an efficient tungsten filament many
methods were attempted, such as squirting a mixture of tungsten
powder with a binder through a small opening and heating the
filament, squirting a tungsten amalgam or other alloy, then
vaporizing the alloying metal. Some success was met in pre-
paring a filament by squirting colloidal tungsten, which is
sufficiently coherent to make a binder unnecessary. But the
real success of the tungsten filament came with the introduction
of the drawn wire filament. The first lamps were evacuated

+ See Johnstone, The Rare Earth Industry, pp. 73~89.
2 F. G. Bailey, Electrician, 53 646 (1904).
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to prevent the oxidation of the metal, but the invention * of the
nitrogen-filled lamp marked a decided advance. This has been
followed in turn by the argon and neon lamps for special pur-
poses. Table XXXV gives data for comparing the efficiency
of various lamp filaments. The values given represent a fair

TaBLE XXXV
Comparison of Various Incandescent Filaments

1 WATTS CANDLB T EMPERATURE

e | POWER PER | Or INCANDES R"g‘g’éghi["
Gavian | sune s | oaveaCorm, | I COE%
Carbon . . . . . 3.5 0.154 1800 0.5
Carbon metallize . . 2.5 _ _ —_—
Osmium . . . . 1.5 0.331 1900 8.94
Tantalum . . . . 1.6 0.307 1700 6.07
Tungsten (drawn) . 1.15 0.441 2150 12.12
Tungsten (squirted) . 1.25 —_— —_— _—
Tungsten (N.-filled) . 0.5 —_— —_— —_—

average and are interesting for comparison. The advantages
found in the tungsten bulb filled with an inert gas are that the
metal vaporizes much less than in an evacuated bulb and that
loss of heat is also less. Hence, longer life and greater efficiency
result, while a material advantage, especially in stores, is that
colored goods appear much more nearly true to their daylight
colors than with almost any other means of artificial illumination.

The production of tungsten lamps has increased at anenor-
mous rate. In 1907 tungsten filaments were found in about one
lamp in a thousand in the United States. In 1918 tungsten
lamps comprised 89 out of 100,2 while the carbon lamp had dis-
appeared from the general market. In 1914 the total produc-
tion of tungsten lamps in the United States was 100,000,000,
requiring about 3 tons of 60 per cent concentrate. Two years
later the production had doubled,

Many applications for tungsten have been suggested because
of its ability to resist corrosion of acid and alkaline liquors, such
as gauze in centrifugal machines, frames and supports for filter

t Langmuir, Proc. Am. Inst. Elect. Eng. (1913) p. 1915 ; Trans. Illum. Eng.

Soc. 9 775 (1914).
2 Gen. Elec. Rev. 22 767 (1919),
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presses, utensils ! in acid plants, and scientific instruments which
are exposed to vapors. Numerous other uses have been sug-
gested, such as cross hairs in telescopes and galvanometer sus-
pensions, where fineness and high tensile strength give it a de-
cided advantage; metal strings in musical instruments, where
strength, elasticity, and resistance to climatic effects are impor-
tant ; springs for electric meters and watches, where its non-
magnetic properties make it useful; pen points, useful because
of its elasticity and resistance to corrosion. Itisalso suggested 2
as a catalyst in the production of ammonia from nitrogen of the
air, Tungsten would be an ideal material from which to fashion
standard weights if it were possible to devise a method of shap-
ing the pieces and adjusting their weights.

Compounds of tungsten are also used for a variety of purposes.
The oxide is used in ceramics to produce various shades of yellow
in glass and poreelain.? Sodium tungstate is used to decolorize
acetic acid and fireproof cloth, as well as for a mordant and
weighting material for silk, Considerable fluorescent calcium
tungstate is used for making intensifying screens for X-ray
photography, while cadmium tungstate is used for making the
fluorescent screens for visual observation in X-ray practice.
Tungsten carbide has a hardness of 9.8 and has been suggested ¢
as a substitute for diamond in dies and drills as well as for bear-
ings. The so-called tungsten bronzes are made by fusing to-
gether an alkali tungstate and pure tin. These form various
shades of red, yellow, or blue which are used for decorative
purposes.® They are usually regarded as compounds of the
tungstates with tungsten dioxide, somewhat similar in nature
to tungsten blue. (See Intermediate Oxides of Tungsten.)

Tungsten has a marked effect on the properties of alloys, con-
sequently a great variety of alloys have been prepared, The
usual effect of tungsten is to produce hardness and greater
resistance to oxidation and corrosion. Some tungsten allays
are said® to be actually harder than diamonds. Aluminium
hardened with a small per cent of tungsten, called * partinium,”?

} Brit. Pat. Mar. 8, 1917; also U. S. Pat. 1,318,452.

2 U. 8. Pat. 1,175,603.

2 A. Granger, Compt. rend. 140 935 (1905).

4 Elektrochem. Zeit. 36 29 (1920).

s E. Engels, Zeit. anorg. Chem. 37 125 (1903) ; Schaefer, ibid. 88 148 (1904).
¢ Elektrochem. Zeil. 36 29 (1920).

7 J. H. Pratt, Min. World, Dec. 3, 1904.
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is both light. aml strong and is used in France for automobile
construction. " Sideraphite V! is an alloy of tungsten with
iron, nickel, aluminium, and copper, which resembles silver in
appearance, is duetile, malleable, and resistant to corrosion.
The alloy © platinoid ” contuins copper, zine, nickel, and tung-
sten; both platinbid aml partininm are used, as well as ferro-
nirkel, for scaling into the gliss of electrie light bulbs, because
their coefficient of expansion ts the same as glass.  Some tung-
sten alloys s suggested for jewelry — an alloy containing 75
prr cent galil, 10-15 per cent tungsten, and 15-10 per cent
nickel is eusily rolled or hamimered and takes a finer polish than
platinum ; u similar alloy, in which silver replaces gold, is strong,
resists oxidation, nnd tukes a beautiful polish. The alumino-
thermice provess has been used 2 to some extent in the production
of tungsten wllvys,

The most unportant non-ferrous alloy of tungsten is the alloy
culled stellite®  This alloy i8 exceedingly hard, quite brittle,*
silvery white in appearance, is unaffected by any but the
strongest acids, and has found applications in widely different
fickls. It v vfficient in cutlery, because it takes and holds a
keen entting edge, nnd does not tarnish even on contact with the
mast acid fruit juices. It has, algo, given satisfactory results
when made into pen poaints for fountain pens, The tips are
intle of hard stellite,”welded to the malleable alloy, giving long
service and freedom from corrosion. It is used for dental and
surgienl mstruments, wood-working tools, and cold chisels, but
its grentest use scems to be as a high speed lathe tool. A test
made in boring automobile cylinders in the inventor’s factory ®
shuwerl that mare than twice as many cylinders could be turned
out in a day with a stellite tool as could possibly be bored with
high speed steel tools.  General adoption of such tools is delayed
by the high cost, which is exeused by the manufacturers on the
ground that the tools cannot be forged, but must be cast and
ground down, which makes the cost of manufacture high.

Ferrotungsten is by far the most important alloy of tungsten,

L1 H. Pratt, Min. World, Dec. 3, 1904.

$ Iron Age, July 25, 018, p. 238.

’ Hoo Kdwinsd Haynos, Trans. Am. Inst. Min. Eng. 44 576 (1912); Tranas.
Am, Bleotrochem. Soc. 87 507 (1920).

4 A, J. Langhammner, Chem. and Met. Eng. 23 830 (1920).

» Elwood Haynes, loc. oil,



280 GROUP VI — TUNGSTEN

and it has been estimated that normally 90-95 per cent of the
tungsten mined finds its way into the steel trade. It is to be
observed that in tungsten steel very considerable quantities of
tungsten are required, while in all other uses a small quantity
of the metal is sufficient.

The manufacture of ferrotungsten was formerly controlled by
German interests, but, with the intense demands of the war,
numerous reduction plants were built in the United States, Eng-
land, and France. At the close of 1918 there were 20 producers
of ferrotungsten and tungsten powder, with an estimated® nor-
mal consumption of 7500 tons of 60 per cent concentrate an-
nually. These new plants generally produce ferrotungsten by
the electric furnace method.

Various methods are available for producing this alloy, such
as the reduction of the ores by aluminium? or ferrosilicon,® but
previous to 1900 ferrotungsten was made almost wholly by
mixing the ore with iron and a suitable flux and reducing with
carbon in clay lined crucibles in a gas fired furnace. Since 1900
the electric furnace production has increased in favor and is
now about the only method used. Reduction of ores of the
wolframite type with carbon is easily accomplished ¢ in the elec-
tric furnace, but scheelite ores give trouble because of the sticky,
basic slags formed. An alloy containing 75-80 per cent tungsten
can be produced, and low run wolframite ore can be used. The
alloy is not tapped since its melting point is too high, but is
allowed to accumulate to the end of the run, about 30 hours.
As produced in this manner the alloy contains more carbon than
is desirable for steel making, and a common practice® is to
decarbonize by heating for 10-20 minutes after reduction is
complete with a slag of iron ore, lime, and fluorspar. This
causes a loss of 8-10 per cent tungsten, but the carbon content
is considerably lowered. The average American specifications ¢
are : W not less than 70 per cent ; C not more than 0.6 per cent ;
S =006; P=0.07; 8i=06; Mn = 0.6; CaO = 0.5, and
usually no copper or tin, Probably the most common harmful

VE. J. Anderson, Trans. Am. Electrochem. Soc. 87 275 (1920).
2 A. J. Rossi, Min. Ind. 11 693 (1902).

3 G. Gin, Trans. Am. Electrochem. Soc. 13 481 (1908).

4 J. G. Dailey, Raw Material, 3 67 (1920).

5 R. M. Keeney, Trans. Am. Elecirochem. Soc. 34 127 (1913).
¢ C. G. Fink, M+n. Ind. 28 707 (1919).
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impurities ! in ferrotungsten are copper, tin, manganese, phos-
phorus, and sulfur, Methods have been suggested 2 for improv-
ing ores ‘containing these impurities, but usually the ores are
purchased on specifications which are determined by the use
to be made of the product.

The loss of tungsten in the production of ferrotungsten has
been estimated by the Bureau of Mines as between 14 and 35
per cent. These losses are largely mechanical, but are partly
due to incomplete reactions.

Tungsten steel has become one of the most valuable of steel
products, since by its use in the machine shop each machine is
able to turn out five times as much work in a day as was possible
with carbon steel tools. The importance of tungsten steel as
a war material is emphasized by the fact that one authority
states that tungsten is a war essential of fundamental impor-
tance, surpassed among the metals only by iron itself. Great
Britain put tungsten second in the list of contraband of war.
The United States has been the greatest user of tungsten, as
shown by the fact that although this country has been one of
the leaders in the production of tungsten, since 1917 considerably
more than half of the domestic requirements have been met
by foreign tungsten supplies.?

The addition of tungsten to steel has the effect of increasing
hardness, toughness, tensile strength, and elasticity. The most
remarkable property doubtless is that of red-hardness, which
means that the steel retains its hardness even when it is hot.
This permits a tungsten steel cutting tool to be used at a speed
3-6 times that possible with a steel whose hardness depends on
its carbon content, As a result of this fact this material has
come into almost universal use in machine shop practice for
cutting tools. In addition, tungsten steel possesses properties
which make it valuable in the manufacture of ignition parts of
internal combustion engines, It has been found especially
satisfactory for engine valves and seats of airplane engines, It
is also used in making automobile parts, armor plate, heavy ord-
nance, projectiles, magnets, saw blades, and various other uses.

Tungsten steels are made either with the powdered metal or

Y Bull. 652, U. S. Geol. Survey.
2 W. Baughman, Min. Sci. Press, 114 800 (1917) s Eng, Min. Jour.98 16 (1914).
3 Tariff Information Series, No. 21, p. 279 (1920).
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with ferrotungsten. The use of the latter seems to be growing
rapidly, and may eventually become the universal practice.
About half the tungsten steel now made is prepared by the use
of the ferro alloy.! The advantages claimed for it are that it
mixes better on account of its lower melting point, and there is
less loss by oxidation than when the powder is used. It is
obvious that a uniform ferrotungsten is essential if results are
to be definitely controlled. The steels are made either by the
crucible process or in the electric furnace. The latter is claimed
to give a superior product because it permits a better control
of the chemical composition.? The tungsten 18 added on the
top of the charge, and care must be exercised to get an even
distribution and prevent settling of the heavier tungsten.

Simple tungsten steel® contains no alloying element except
tungsten, which is usually present in amounts from 3-6 per cent,
while the carbon runs about 0.6 per cent, though as much as 1.0
per cent C is common. Such steels must be hardened by
quenching; they are used chiefly for manufacturing permanent
magnets, for electric meters and hand dynamos, and finishing
tools for lathe work,

Most tungsten steels contain other alloying constituents,
especially the high speed, or rapid, steels. Chromium, vana-
dium, cobalt, nickel, molybdenum, and many other metals are
used along with tungsten for certain specific purposes. The
per cent of carbon runs usually from 0.5 to 0.75, manganese
less than 0.5, but the amount of tungsten is quite commonly
12-15 per cent, while 18-20 per cent or more isused. Generally
the effect of molybdenum is to reduce the quantity of tungsten
required to give a desired effect. Vanadium is an important
factor, the amount varying from 0.5 to 2.5 per cent or more.
Chromium is considered an important factor in producing
hardness, and it is present in amounts from 2-6 per cent, though
some European steels contain as much as 9 per cent of this
element. Tool steel of this type requires careful and skillful
heat treatment, which commonly consists of heating toincipient
fusion and quenching in oil or melted lead. Cooling by air
blast is used, but produces surface oxidation.

' R. J. Anderson, Trans. Am. Electrochem. Soc. 37 276 (1920).
t Rs C. McKenna, tbid. 37 319 (1920).
3 U. S. Bureau of Mines, Bull. 100.
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Since the addition of tungsten increases the weight of steel
uniformly, the percentage of tungsten may be determined with
some accuracy by the specific gravity alone, provided other
elements are constant.!

Compounds. — The compounds of tungsten resemble those
of molybdenum very closely. It exists in several states of
oxidation, the lower forms being more or less unstable and the
forms from the highest oxide, WOj;, being by far the most im-
portant. The most important tungsten compounds are those
formed when WO; is acting as an acidic oxide. The alkali
tungstates are generally soluble in water while the heavy metal
tungstates are not. Table XXXVI indicates the relationship
between the various classes of tungsten compounds. The com-
pounds of lower valence are produced by reduction and are as a
rule of little importance. Reducing agents produce a series of
colors, similar to those obtained by the reduction of molybde-
num. It is to be observed that as the valence of tungsten in-
creases from two to five, there is, also, some slight increase in
basicity, at least so far as permanence and character of the com-
pounds is concerned. This is directly opposite to the facts
observed in the case of nearly all other elements. In spite of
this apparent peculiarity, tungsten in its highest state of valence
is mainly acidic. Bivalent tungsten is known only in simple
compounds with the halogens; in the trivalent condition tung-
sten forms double chlorides with the alkali metals ; quadrivalent
tungsten forms halides and double cyanides, besides the oxide,
sulfide, and selenide; pentavalent compounds include simple
halides and oxy-salts, cyanides, sulfo-cyanides, and oxalates;
hexavalent tungsten forms halides, oxy-halides, sulfides, oxy-
sulfides, in addition to the numerous and important deriva-
tives of the oxide.

Tungsten resembles molybdenum in showing a remarkable
ability to form complex compounds. One molecule of an alkali
oxide may be combined with 1, 2, 3, 4, 5, 6, or 8 molecules of
WO;; while more complex molecules may contain as much as
5M’;0 condensed with varying amounts of WO;. There are
also formed many series of complex tungstates in which WO,
combines with varying proportions of the oxides of silicon,
phosphorus, arsenic, antimony, vanadium, and boron,

} Townsend, A. S., Trang, Am. Soc. Steel Treat. 3 133 (1921).
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‘Oa:z/gcn forms two well-defined oxides, WO, and WO,. Many other
oxides are reported, but the cxistence of such formuls as WO, W03,
WO Witk Wiy, W30y 18 prohably hiest explained 28 a mixture of
the vlernent with varying nmounts of a definite oxide, or as compounds of
WO2 and W similur to the intennediate oxides of molybdenum.  (See
p. 28)) Tl axide prepared by the ignition of ammonium paratungstate
is green.  “The euler is usnnbly explained as being produced by the reduction
of part af the yellow oxide to the e stage. This reduction may be
enused by chstoor argnniy winther nnd is eatalyzed by light.!

Tungstere dinride s propuresd by reducing WO; with hydrogen or by
bydmlysis of WC,. It is w heavy powder of red or brown color, strongly
pyruphorie aml easily exidizsel to the hexavalent state. [t may be obtained
as smnlf actoludrul erystuls, which ure permanent in the air and insoluble
in HCL  The anarphous form is more readily acted upon both by air and
by uciils,

‘ungsten trivxide is found in nature and may be prepared by heating
tungntic acid? the melad, the Jower oxide, or the sulfide. It generally
formws n yollow amorphous powder, but may be obtained in crystalline
foroy; it is insalahile in water, but the hydrate is soluble. It is difficultly
fusible, bt when hentel in hydrogen, it is gradually reduced, yielding the
Bl nuxide at 250°, WO, at re1l heat, and later the metal itself. It is insol»
wlshe in ull acids except hydrofluoric, but dissolves readily in arnmonia and
the nlkaliva,

I'ntermediate ozides of tungsten are formed by the partial reduction of
WO, or the tmgstntes, giving o material commonly known as tungsten
bl Tl reslumtion nay not form a single definite compound, since the
realttetion is eoutinttens from WQs to WO; or even to metallic tungsten.
Muny forinuile huve heen proposed for this blue product, such as W05,
Wil WOt We0- HiOS It secems reasonable to conclude that
sevend dlifferent compounds are formed under various conditions, and that
these are probubly hest, regarded as tungsten tungstates, quite analogous
to molybdennn tdue. From this point of view W:0s may be constdered as
W()g . W();; WaOg ius W()z -2 WO: N W40n as WOz -3 WO;; and W;On
ne ‘V()g .4 W()[ .

Tuegstic acid,” W0y, is obtained as a yellow precipitate when a tung-
state i trented with an exeess of hot mineral acid.  If a solution of a tung»
state is acidified in the eold, the hydrated acid, H,WO, - H,0, appears as &
white, hutky precipitate, which is somowhat soluble in water, but readily
chinngrdd to the insoluble HaWO¢ on boiling.  Most of the alkali tungstates

} Van Liempt, Zeit, anorg. Chem. 119 310 (1921). . ) )

3 Xoray studies of WO, and its hydrates show that WO; is a different in»
dividual friom HsWO. Zeit’.’ ano(rzg). golwz";i 1(21:5 &254;0 (1922).

* Mudsgute, 4nn. chim. phys, 35) .

¢ IO(‘:::.UW. (3) B0 3 (W857); Dest, J. Am. Chem. Soc. 12 213 (1897).

s v, Uslar, Ann. Chem. 94 255 (1855).

s Allen and Gottschalk, Am. Chem. Jour. 3T 328 (1902).

7 o ** Acids of Tungsten,” G. F. Httig, Z. angew, Chem. 85 301 (1922), and
»olloidal Tungstic Acid,"’ Moser and Erlich, Edel Erden u. Erze 3 49 (1922).
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are soluble, but certain tungstates of potassium and ammonium are spar»
ingly soluble. Tungstates of calcium, iron, manganese, lead, and copper
are found in nature and may be prepared artificially by precipitation.

Sodium tungstate, Na; WOy, is formed by the fusion of one mol of Na;COs
or two of NaOH with one mol of WO; or by the complete dehydration of
the hydrate. It is a white salt which exists in several distinet crystalline
forms. It issoluble in water, forming a bitter, alkaline solution from which
Na, WO, - 2 H;0 crystallizes above 6° and Na,WO, - 10 H,O below this
temperature. The dihydrate is the usual sodium tungstate of commerce.
An acid tungstate, 2 Na,O - 3 WOs - 7 H,0, is obtained from the water
solution of the fused paratungstate. It is readily soluble in water, giving
a solution with a strong alkaline reaction.

Ammonium tungstate, (NH),WO,, is probably present when H,WO,
is dissolved in an excess of ammonia. When the solution is evaporated
generally a paratungstate is deposited. Caleium tungstate, CaWO,,
forms an amorphous white powder which has been suggested ! as a sub-
stitute for white lead. Barlum tungstate may be used in printing on
fabrics.2 Most of the metals form the normal tungstate M';, WO, and these
salts are generally known in several hydrates.

Metatungstic acid, HoW O3 - 7 H,0, is prepared by decomposing the
barium salt with sulfuric acid or the lead salt with hydrogen sulfide. It
forms small yellow crystals which are readily soluble in water; they form
the anhydrous acid at 100° and the anhydride on ignition.

The metatungstates are made by boiling the ordinary tungstates with
tungstic acid until a filtered portion gives no precipitate on acidification.
Most of the metatungstates are soluble in water and are prepared by re-
action between barium metatungstate and the sulfate of the required metal.
Since metatungstic acid is soluble, the acidification of a solution of a meta-~
tungstate produces no precipitate, but on long boiling H,WO, is formed.
The metatungstates are also formed by electrolysis of a tungstate solution
when the increased acidity around the anode produces * the metatungstate.
These compounds have the formula M“0 - 4 WO; -  H,0. The amount
of water varies, but it is essential to their stability. The salts crystallize
well, those of colorless bases forming colorless transparent crystals; they
are efflorescent and isomorphous with the double boro-, phospho-, and
silicotungstates. The metatungstates give solutions which are rather
weakly acid, with a very bitter taste, and in the presence of alkalies they
revert to the normal tungstates. They are not precipitated by acids in
the cold, but the normal acid is precipitated on long boiling. The meta-
tungstates are distinguished from all other tungstate solutions by the fact
that they are not precipitated by alkaline earth or other heavy metal
cations except mercurous and lead salts. Ether precipitates metatungstic
acid almost completely; alkaloids and other organic bases are precipitated
in acid solution by metatungstates.

t 8choen, Jour. Soc. Chem. Ind. 19 740 (1900).
2 Scheurer, bid. 17 921 (1898).

3 Schaefer, Z. anorg. Chem. 38 174 (1904).
4 Copaux, Ann. chim. phys. (8) 17 217 (1909).
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Sodium metatungstate, Na,W.0y; - 10 H,O, crystallizes from solution
in shining tetragonal crystals which effloresce in dry air. Ammonium
metatungstate forms both a hexa~ and an octohydrate. The latter loses
seven molecules of water at 100°, ammonia begins to come off at 120°, while
the last molecule of water is not given up under 200°. The hexahydrate
is precipitated by the addition of alecohol to the metatungstate solution.
Barium metatungstate, BaW,0,5- 9.5 H,0, is prepared by mixing hot
solutions of Na;W.0;; and BaCl, containing a little HCl. On cooling,
barium metatungstate crystallizes out, but it should be purified by recrys:
tallization. The crystals are stable in the air, but at 100° they give up
six molecules of water, the remainder passing off gradually up to 220°, when
decomposition begins. Barium metatungstate is used commonly in the
preparation of other metatungstates.

Paratungstic acid is possibly present when dilute solutions of barium
paratungstate and sulfuric acid are mixed,) but attempts to concentrate
the acid produce tungstic acid.

Paratungstates are among the most important of the tungstates, yet
their composition is uncertain. Marignac concluded that most of the para-~
tungstates were to be represented by the formula 5 R,0 - 12 WO, - z HO;
but a few were prohably better represented by 3 R:0 - 7 WO; - 2 H;0.
It is not impossible to conclude that these compounds are solid solutions
of ordinary compounds. They are always hydrates which are completely
dehydrated at temperatures at which they are decomposed into normal
salts and insoluble tetratungstates. The alkali paratungstates are some-
what less soluble than the corresponding normal salts, but the solubility
of the other paratungstates is similar to the normal salts.

Sodium paratungstate ? may be prepared by saturating a solution of
Na,CO; or NaOH with WO3; by nearly neutralizing a boiling solution of
Na,WO, with HC1; or by adding sodium metatungstate to a solution of the
normal tungstate. The potassium salt is made in a similar manner.

Ammonium paratungstate is the usual salt which crystallizes from a
solution of the hydrates of WO; in an excess of ammonia. It may be either
5(NH4)20 <12 WO; <11 HzO or 3(NH4)2O -7 WOs -6 Hzo, if crysta.lliza-
tion takes place at ordinary temperatures. There are two crystal forms,
needles and plates, both of which are stable in the air but lose most of their
water at 100°. At 15°-18° it is soluble in 22 parts of water (Marignac), but
the solubility is easily increased, possibly by a transformation of the salt or
by loss of ammonia. On boiling the solution ammonia escapes and the
salt goes slowly but completely over to the metatungstate. The dry salt
begins to lose ammonia at 60° and on ignition there remaims either the blue
oxide or, in an excess of air, WO;. Ammonium paratungstate is of great
importance in the purification of tungsten material.

Tungsten bronzes are compounds obtained by the reduction of tungstates
of the alkali and alkaline earth metals. The composition of this series of
compounds corresponds in general to the formula R.0 - (WO;)z - WO,,

1 L. A. Hallopeau, Compt. rend. 121 61 (1895).
2 Soe Edgar F. Smith, J. Am. Chem. Soc. 44 2027 (1922).



288 GROUP VI — TUNGSTEN

in which z may vary from onc to seven. They ar infrasivedy etbaret] arpl
extremely resistant to both acid and alkuling ringuts; they nre attacked
only by hot concentrated aqua regin or fusinn wilh sueh reagests as the
alkalies, sulfur, ammonium persalfate, ur amrmoninm arid suliate. Vhey
may be prepared by reductivn at high temperntire of the s Bngestabes
with hydrogen, illuminating gns, ur padablie ting by e eheelralytie redam
tion of the fused polytungstates; wvr by The fusian of u noram] tangestate
with WO, in the absenen of air.  Lithinapttngster hranzes vary frong strele
blue to violet ; the sodium nnd potassin bremaes sre goldi yelbaw, pargls:
red, violet, or blue ; strontiim gives resl, enrarine, ur vishe, while the baritin
compounds are dark red, yelluwisfurad, or vinlet.  Phesodierials are axel
as substitutes for bronse powdrrs.

Complez tungsiic acids arc nmmerass nadl interesting.  Vhasphorie,
arsenie, antimonic, vanadie, and borie avits canehense with varying unoanls
of tungstic acid. The rutio of the ptlur uxide to WO, vuries from 107 1a
1:24 or more.

Phosphotungstic acid, ITP04 - 12 WO, - r 110, i ultuined us hevy
greenish crystuls when u subution cotdaining the werreet proquitinng af
orthophosphoric and metatamngstiv teils is evaporated or it ey T pres
pared by adding sulfurie ueich ta o wawentmatial solation of wadingg ploo
phate and sodium tungstate und extrueting the phosphotungstie weird with
ether. This acid is comunonly usel fer previpdtating sliknkdds, proteing,
and potassium and ammunium uns.

Silicotungstic acid,} 4 Hi0O - Si0s - 12 WOy - 22 11,0, fornes yellowishe
white rhombiec crystals whieh nre rendily sehulde in water, abidid, mal ctaer,
Mercurous silicotungstate is insulitble in waler, Iutt ruust of the ather salts
are soluble. Silicotungstic acid i8 amul ns a mwardnut for lamsie sniline dyes,
and it is an excellent reagent for ulkuloids,

Borotungstic acids containing one mrd By in corubittisar with 9, 21,
or 28 mols WO; are deserilietl.?  "The mano-neid 13 s yelbawish lyaid of
specific gravity about 3.0. The silts of theswe neisle are vowpur-
able to the silicotungstates, huit they are hss casily ervstallized il
less stable. Cadmium horotungstnte of appraximately the fomota
2 CdO - B:0s - 9 WO - 18 HoO mirlts in ity own water of erystallization at.
about 75°, giving a very dense yellow Jiynidt in whick ntinerals of o density
aup to 3.55 float. It is used for separating minerals of different dersiti,

In addition to the compounds in whizh twa weitls are regerementinl, wlbivors
have been described in which triple? cataplex mhils are present | salts o=
taining four or five acid radicals nre nlso deseriluald  The moleenlss of such
compounds must be enormously complex, i in shown by the tentative
formula for ammonium phospho-amseno-vunadiv-vhnndisotangetute,

99(NH):0 - 12 PaOs - 2 AngOy - 66 V304 - 6 V405 + 191 W, + 522 H,0,

? See the work of Marignae; also Wyrmbdt, Bull, ane. franc, Mix, 19 2140
(18’93 ;CRosonhjm ax:;bi Jaenicke, Z. anorg. allgrin. Chem, 101 245 “&;x“,')‘
opaux, Ann. chim. phya. 17 (8) 217 (0900) ¢ Compl. rend. B :
Rosenheim, Z. anorg. Chem. 70 448 (1941). ¢ i Clompd. rend. 167 973t (1009)
¥ Smith and Exner, J. Am. Chem, Soc, 34 573 (1902,
4 Allen Rogers, ibid. 35 298 (1903),
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Pertungstic acid and its derivatives are little known compounds formed
by the action of hydrogen peroxide on tungstic acid or the tungstates,
Usually at the boiling temperature. They are easily soluble, unstable, and
difficult to purify. The valence of tungsten in these compounds appears
to be higher than six.

Fluorine forms the interesting compound WFs. It may be prepared
by the action of HF or AsF; on WCls in a platinum retort; or by inter-
action of SbFs and WCl, in glass. The tungsten hexafluoride is distilled
out at about 90° and condensed in a thoroughly cooled flask. It is a liquid
with a slight yellow color; it boils at 19.5° and solidifies at 2.5° forming a
white mass. TUnder ordinary conditions it is a gas, about ten times as
heavy as air. It is completely hydrolyzed by water, but the dry gas
attacks glass only slightly. Oxyfluorides are known.

Chlorine gives four chlorides and several oxychlorides. The dichloride,
WCl,, is a gray powder prepared by reduction of WCl; in hydrogen or by
heating the tetrachloride in CO.. It is quickly changedin air, and in con-
tact with water a part is dissolved, but the greater part is changed to brown
WO, HCI being liberated. The tetrachloride, WCl,, is made by reducing
either of the higher chlorides. It is a brownish powder, crystalline, non-
volatile, and hygroscopic. It is partly decomposed by cold water, yielding
the brown oxide and HCl. The pentachloride, WCl;, is obtained by gentle
reduction of WCl; with hydrogen. It forms black or dark green crystals,
which are easily volatile and extremely hygroscopic; some dissolve in
water, but a greater part are hydrolyzed, yielding the blue oxide and HCL.

Tungsten hexachloride, WCl,, is prepared by burning the metal in pure,
dry chlorine. If moisture or oxygen is present, the red oxychloride is formed,
and this is very difficult to remove. The hexachloride forms dark violet
crystals, which when pure are stable in air and cold water. But in the
presence of the oxychloride it absorbs moisture from the air and decom-
poses in cold water. This compound has been used ? in some of the most
accurate determinations of the atomic weight of tungsten.

Two oxychlorides are of interest. WO.Cl, is prepared by passing chlorine
over hot WO,. It forms crystals which are stable in moist air and are only
partly decomposed by boiling water. Tungsten oxytetrachloride, WOCl,,
is obtained by passing WCle vapor over hot oxide or dioxydichloride. It
forms red needles, which are quickly changed in air, forming & crust of
tungstic acid.

Bromine forms WBr,, WBr;, WBre¢, WOBr,, and WO:Br.. Iodine forms
WI, and WI; All of these compounds are similar to the corresponding
chlorine derivatives.

Sulfur combines directly with hot tungsten, forming WS,. This com-
pound may also be formed by the action of H,S on the heated metal or
WCl. It forms a soft, dark gray powder or small, black, friable crystals.
It is insoluble in water, burns in the air, forming WO, but when heated in
the absence of air, sulfur is expelled, leaving the metal.

Tungsten trisulfide, WS,, when prepared by heating W'S; in sulfur vapor,
is a chocolate-brown powder which burns in air, combines easily with chlor»

) Smith and Exner, Proc. Am. Phil, Soc. 43 123 (1904)
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ine, but is not completely reduced by hydrogen.! It forms colloidal solu»
tions and dissolves in alkali hydroxides, carbonates, and sulfides, forming
dark brown solutions which contain sulfo- and oxy»sulfotungstates. The
trisulfide is prepared in the wet way by dissolving WO; in ammonium
sulfide and acidifying; or by adding acid to a solution of an alkali tungstate
which has been saturated with H.S.

Sulfotungstates of the alkali and alkaline earth metals are formed when
tungstates are saturated with H.S or when hydrated tungstic oxide is
dissolved in hydrosulfide. They vary in color from pale yellow to yellowish
brown, and in general they crystallize well. When the alkalinity of the
golutions is decreased, WS; is precipitated. Potassium sulfotungstate,
K,WS,, forms yellow rhombic erystals, which melt without decomposition
and dissolve readily in water. On standing in the air WS; and 8 precipitate.

Ammonium sulfotungstate, (NH,).WS,, is made by dissolving
H,WO, - H,O in an excess of ammonia and saturating the solution with
H,S. It crystallizes in bright orangercolored crystals, which have a
metallic iridescence and are stable in dry air but not in the presence of
moisture. ,When heated, a residue of WS; is obtained. The crystals dissolve
readily in water, forming a solution which slowly decomposes in the air.
The formation of ammonium sulfotungstate makes it possible to separate
tungsten from such elements as columbium by direct treatment of the ores.

Sulfotungstates of the alkaline carth metals are obtained by saturating
the suspended tungstates with H,S. On standing, the sulfosalts crystallize
out.

Nitrogen does not react with metallic tungsten, but when the metal is
heated in ammonia, a nitride is formed.? In the nitrogen filled tungsten
lamp some WN), is formed,® but the reaction is probably between tungsten
vapor and nitrogen. The compound collects as a brown deposit, which is
stable in a vacuum at 400° but is somewhat decomposed at 2200°. The
compound W;N; is formed by the action of ammonia on cold tungsten
oxytetrachloride or hexachloride.*

Phosphorus combines directly with tungsten when its vapor is passed
over the heated powder, forming a dark green compound of the formula
WP, WP, is prepared by heating WCls in dry PH;; this compound
forms black crystals which are stable in the air, which melt without decom-~
position, and which are insoluble in water and organic solvents. The com-~
pound WP is made by heating WP, with copper phosphide ; and W,P by
réduction of a mixture of phosphoric and tungstic acids.

Arsenic forms the compound WAs,, which is like the corresponding
phosphide.

Carbon combines with tungsten, giving compounds whose composition
appears to vary under different circumstances. Heating powdered tungsten
with gases containing carbon readily yields 8 WC at 860° and WsC, at 1000°.

1 Weiss, Martin, and Stimmelmayr, 4. anorg. Chem. 65 279 (1910).
2 Henderson and Galletly, Jour. Soc. Chem. Ind. 27 387 (1908).

3 Langmuir, Jour. Am. Chem. Soc. 35 931 (1913).

4 Rideal, ibid. 56 41 (1889, "

§ Hilpert and Ornstein, Ber. 46 1669 (1913).
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1Tenting tungsten oxide with earhion or caleium carbide produces! a com:
pannd of the oy W,C or WC, depending? on the amount of iron
prosient.  Comjeninds ol the fornidee W3C and W3Csare also mentioned.
It is prssilide thut, these soselled compounds represent solid solutions of
eonrbmny aml tungsten?

Detection. — Tungsten in its ores is usually detected by extraction and
test af the soluble mpstute as follows : —

(o) IF HICY is wkded to o tungstate solution at room temperature, a
flacuubnt white proeipibute of the hydmted tungstic acid appears; on
builing, the precipitate tarms yellow, due to formation of H,WO,. - Both
precipitates ure nadily selubde in aminonia and the alkalies, but highly
insohible in aeids. The presences of phosphorie, arsenie, borie, tartarie, or
e din: nelds interferes with the precipitation. A columbate also produces
u white prveipitinte an avidifiention, hat this precipitate is distinguished by
it grenter solubility in wator und bydrofluoric and hot concentrated sulfurie
neicls.

€h) When zine or, hotter, tin4 is odded to tungstic acid suspended in s
trineral neid, redirtion takes place, giving the tungsten blue precipitate.
In the presenee of phospharie acd o hlue-colored solution is formed.  Simi»
kar enbors ey ba pradiesd by molybdenum, eolumbium,® vanadium, and
titwnine; mslybdennn gives u hlavk as the final reduction product; the
rulumbinm hlue is bss intense and disappears on dilution; vanadium blue
is prosheed by turtarie seid, which does not reduce tungsten; and the tita»
nimin ecolar has n murked viol:t tint.

() Tangsden in steel may he detected by the fact that on solution of the
steced in snlfurie wried the tengsten remains as a black residue which turns
yeHuw un akdiug HINO,.

1) WO, arl MoO; moy hie suparated biy the fact that if the dried mix-
ture iy extmeted with selenivin oxychloride, the latter dissolves while the
ferxpr does ned.

() A sohlihe tungstat muy he detected by dipping a strip of filter paper
intar the suduthay, tlem wmistening the strip with HCl and warming; the
yullaw WO, nppenrs.  If the paper is moistened with SnCl; solution and
wurimel, the e af the lower axides develops.

¢f) A sulution of einchonine or quinine is said to precipitate WO,
quaatitatively 8

(g) The presenee of 0.1 of 1 milligram of tungsten may be detected, even
in wixture with molyhdenum, by the rmicrochemical identification of the
chaneteristic erystuls of sinmonium pa ratungstate.”

1 Mesissan, Compl. rend. 128 13 (1896) ; 126 839 (1897).

2 Williarnn, dbed. 126 1722 (1598).

* Hpadingram of W-Caystom, Ruff ard Wunsch, 2. anorg. Chem. 86292 (1914).

4 Zine rodunes tungsten so rapiclly that the blue color may be overlooked in.
the presorin of o small uantity of tungsten. The action of tin is slower.

# "The colur produaced by eolnmbium hesomos brown.

6 Chem, Trade Jour. 64208 (1919) 5 slso Bull. Inst. Min. and Met. 164 (1918).
F'ur othior tosts see Tarassian, Am. Jow. Sci. 88 §37 (1914); Hartmann, Chem.
News, 114 45 (G916) ; Alti accad. Lineei, 28 I, 890 (1919).

1 Yun Liempt, Z. anory, allgem. Chem. 128 338 (1922).
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Estimation.) — A fairly accurate measure of the amount of tungsten in
an ore may be made by a simple specific gravity determination, the per cent
WO; being read from tables. This method gives satisfactory results on
any one ore, provided the gangue is quite uniform and other heavy minerals
are absent. It is not reliable, however, since it pernits the '*salting ”’ of
an ore with barite, cassiterite, ete.

Quantitative methods are numerous, but many fail to give concordant
results, especially under varying conditions. Usually the tungsten is
weighed as WOj3, which may be obtained (@) by ignition of ammonium tung-
state; (b) by ignition of mercury tungstate; (¢) by decomposing alkali
tungstates in the presence of HNO;, the mixture being evaporated to dry-
ness and extracted with water, then the insoluble WO3; being filtered out,
dried, and weighed ; or (d) by precipitating lead tungstate and boiling with
strong HCl. The insoluble tungstic acid is separated.

A colorometric method for determining tungsten has been devised,?
depending on the reduction of the tungstic acid to the blue oxide. The
solution of sodium tungstate is carefully acidified with standard HC], care
being taken to avoid a greater acidity than 10 ce. of normal acid per 100 ce.
of solution. Then a slight excess of titanous chloride is added and the color
compared with that obtained from a standard sodium tungstate solution.
The colloidal suspension cannot be relied on to last longer than about 30
seconds, and vanadium, phosphorus, and molybdenum interfere.

Volumetric methods are not as reliable as the gravimetric and are mainly
serviceable for comparative purposes. In one method, WO; is dissolved in
excess of standard sodium hydroxide, and the excess titrated; a similar
method uses ethylamine to dissolve the WOs, the excess being then titrated
with oxalic acid. Silica, tantalum, and columbium do not interfere with the
latter method. An attempt to reduce tungsten to the blue oxide, then
titrate back with ferric alum in the presence of thiocyanate, has not been
successful.? Somewhat more accurate results are obtained by precipitating
aneutral solution of ammonium tungstate with an excess of lead acetate and
titrating the excess lead by means of ammonium molybdate.*

! For detailed information see Schoeller and Powell, Analysis of Minerals
and Ores of the Rarer Elements, pp. 174-182. Anales soc. quinn Argentina, 6 81
(1917); Eng. Min. Jour. 105 308 and 836 (1918); Jour. Soc. Chem. Ind.
]iec. 16 (1918), p. 732 A ; <bid. 37 609 A (1919) ; M7n. and Sci. Press, 118 432
(1919).

2 Travers, Compt. rend. 166 416 (1918).

3 Knecht and Hibbert, Proc. Chem. Soc. (1909) 277.

(19‘ lGastone Fiorentino. Giorn. chim. ind. applicata, 3 56 (1921). C. A. 15 3048
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CHAPTER XVI

GROUP VI — URANIUM

Historical. — The mincrul pitchblende has been known for o long time,
butt, its wanpusitiun was u matier of dispute. By some it was considered
an iren ore, sbhers cansideral zine its main component, while still others
thamght its grent weight inlivater) thut it must be an ore of the newly dis-
cnverul viement, tungsten.  In 1789 Klaproth called attention to the fact
thut the ure cintained what he called o half metallic substance ' which
lifferst unnistokaldy from iron, zince, and tungsten. By reduction of the
yellow ealx he nbtained w metullic appearing substance which he supposed
wasa new metial e siuggesticd the nume uranium in honor of the planet
Urnnus, which luul leen disavensl Ly Herschel in 1781, Richter, Arfved-
son, aml Berzeliug warked with sinailar materials and considered Klaproth’s
reshuetivg praduet as the vlement. 1t was not until 1841 that Peligot dis-
voveram] thut thy sulistunee was really a lower oxide of uranium and in the
follawing year he pradiraal the mital itself and determined its equivalent.

Urnninm pml all its compainnds nre radioactive.  The discovery of this
fivet in 1896 Ly Henri Beequerel * is of great historic interest since uranium
was the first clanent whicl was fouml to possess the property of radio»
activity. Polluwing this interesting discovery, a search was made for other
naturally redionstive suhstances, and in 1898 Schmidt announced 2 that all
substanees cantuining thorium, rither in clementary form or in combina-
tinn, gave off a similar rudintion and somewhat later Rutherford discovered
that thoriwn pronjuced also o highly radioactive gas which he called the
emunatinn.  These eurly discoveries were rapidly followed by others upon
which our knawledge of radioactivity is hased,

Occurrence. — Uranium is not a common element, but it is
found in a number of minerals,® most of which are rare. All
uranium ores are radioactive, and the amount of uranium is an
accurate index of the radium content,* since it is found that one
part of radium is naturally in equilibrium with 3.2 X 10° parts
of uranium or, in other words, an amount of ore which contains
a ton of the element uranium will be found.to contain 320 milli-
grams of the clement radium. '

"The most important uranium ores are pitchblende or uraninite

' Compt. rend. 132 BOY, 680, 762 (1896).
* Wied, Ann. 65 141 (1898).

¥ For a list of uranium minerals see U. S. Bur. Mines Bull. 70.
¢ See U, 8, Bur, Mives Tech. Paper 88.
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and carnotite. The latter is deseribed under ritlmm.  The
former is essentially UsQOs, which muy be cuxnsi«lmtd uranimn
uranate, UO, + 2 UOs or U"(U"04)s, althangh in its nutural
form the substance contains widily varying proepurtions of
quadrivalent and hexavalent wranium.  The are ('untui{m TH-90
per cent U;0s, the remainder briug rompounds of llmru'uu, the
rare earth metals, and e, cadeinn, ivon, arsenie, unl hisnmth,
along with silica and water; ratlium ix nl\yuy.u present and gses
such as nitrogen, helium, and argan sometmes muke np as mach
as 2.6 per cent, The mincral ix menvrally grecn ar hlaek i ealur
with a pitchy luster, from which fuct the mune pitelibdeude is
derived. It is found in Bohrmin, Saxany, Hungary, Norway,
Cornwall, East Africa, Indin, Austrulia, Madagasear, Onturin,
Connecticut, the Carolinas, Texas, Sauth Dakatu, Calorada,
and Wyoming.!

Uranium is commonly assaciated with tharimn aml the rare
earths, generally in the form of tuntalates, columlates, titanites,
phosphates, arsenates, and vanuatlutes,  In atdition to these,
uranium is found in many rare minerals, sneh ay agtupite, kome-
times called uranium miea, valeinnr nrauyl phasphate ; tarbyer-
nite copper uranyl phosphate; the rare earth cres, fergisanite,
samarskite, euxenite, and xenotime. A new suineral, innnerite,
is reported 2 to contain more uraninm than any ativr complog
mineral except pitchblende. It is i camplex uranibim Hitanaty,
containing thorium and the rire eurth cletments slung with siuall
amounts of silicon, iron, ealeinin, strantivm, harinum, zireanumn,
and lead. Asphaltite bearing 1,13 (o 2.88 per cont uraniinn has
been found in Utah.?

The oldest and most celebrated depasits of urasimn ores are
the pitchblendes at Joachimsthal, Austrin, whase mines have
been worked since 1517. But anly sinee nbwmt 1905 has urn-
nium been sought, and for some tine these depastts furnisiyel the
world’s most important supply of srannnn and radiin, Sines
the development of the earnotite industry of Colorade, however,
the United States has been the lemling producer of both,

The production of uranium ores has varied widely, nnd the
price has shown similar fluctuations, The price is sometimes

} ¥ New Deposit” Seience, 43 441 (1910).
2 Jour. Frank. I'nat. 189 245,
3 F. L. Hess, Eng. Min. Jour, Presa, 114 272 (1922},
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determined by the radium content alone, though usually the
amount of U3Og is the determining factor and occasionally
allowance is also made for the vanadium content of the ore.
During 1919 carnotite containing a minimum of 2 per cent U0y
sold for $2.75-$3.00 per pound of contained UzQOs. In 1920 the
price of similar ore was $2.25 per pound U30Os; in January, 1922,
carnotite is quoted at $1.25-$1.75 per pound of U;Qs.

Extraction. — The extraction of uranium from its ores is
accomplished by a great variety of methods, the process selected
depending on the nature of the ore, and the desirability of
recovering other substances along with the uranium. It is
important to notice that radium is the most valuable constituent
of all uranium ores, consequently, the treatment will be such
as to extract the largest possible proportion of radium. From
this point of view uranium is always a by-product whose extrac-
tion is of secondary interest.

For the extraction of uranium from carnotite see the discus-
sion of the extraction of radium (p. 60) and especially of vana-
dium (pp. 207-208, including Figure 13).

The extraction of uranium from pitchblende ! presents some
complications because the mineral fuses with difficulty, and
extraction with acid is tedious, expensive, and incomplete. At
Joachimsthal no less than seven methods have been tried out,
the last one being roasting with lime in an oxidizing atmosphere.
The desired reaction is: 2 U;05 + 6 CaO + O, = 6 CaUO,.
At the same time vanadium, tungsten, and molybdenum are
transformed into calcium salts, which are extracted with the
uranium when the melt is ground and lixiviated with dilute sul-
furic acid. These soluble salts are filtered out, ferric chloride
is added, and the solution neutralized with Na,CO,, when ferric
vanadate is precipitated. The solution containing the uranium
is evaporated to dryness and the uranium dissolved in dilute
alcohol, and from the alcoholic solution it is precipitated as
ammonium uranate by the addition of ammonia. After filtering
and washing with water containing NH,Cl, the ammonium
uranate is dried and sold as ** lemon-yellow uranium,” Its uses
are similar to those of sodium uranate.

Uranium usually comes onto the market as sodium diuranate,
Na,U,07 * 6 H;O, which is known in the trade as the * yellow

Y Bee G. Gin, Trans. Am. Electrochem. Soc. 36 191 (1919).



206 GROUL VI URANIUM

oxide of wramium.” 1t umy he prepared T oronsting piteh-
blentle with NugCOg and extremetivg the ettt witl didate sulfurie
acitl when the solulde tmnyl solfate is forpned. Sodban dimen-
nate i precipibated by adding NaOFL ar by et enbizing vhe sala-
tion and boiling vigarausly.  After the joveipitute e pressed
and dried it is ready Tor the kel FPlae substanee wold o
weanimn oxide is wsially U0, whicli is po-paned by poeeipitat-
ing pmmaeniun uegte from the sulfurie acal solutien, 1 this
sbstance is digested with apunening earbaneste and suntoonima
hydroxide and then allawed teeved, ervsiads nf anunonan nvanyl
carbongte nre formned, sl these v ignition yield U0, There
i, nlso, sold sane of the hlnek oxide of neaninm, which s U6y,
and some urnnnun salts bke the nidrade, avetate, or alfate!
Quite recently ferronranium has becotae an iippsrtant article
of commercr.

Separation.? — Uranimn may 1w sepurated feean eopper,
bisuth, ameniv, ote,, by the fet that it is ned preeijadanod fron
neid wolution by 1.8, The separstion frane eadl s Taest gee-
complished by adding sulfurie seid e the mtrate salution and
evaporating to Ninnes,

The rare earths are ronaved hy asbding oxalie avnd to a0 Lot
solution antl fltering off the rore enrth axalates, T dersanpasa
the exvess oxalie aeid in the filtrate, evapornte to dey i, ignite,
and toke np the residue with HOL  neeessary uny insulnble
resichae may be hraught inta salitn Ty fusien with KHSO,.

Urnniwmn is sepurated from cdher metnds of the thied grap
by the faet of Ha solulility in sebitions of alkadt carlwaude,
Sepuration 8 necamplishid hy mlding ta s sebiism caataining
uranium an exeess b wlaneais, aaoaanium encbonate, ol
ammonnun sulfide,  The uraninm remuins i sobation while such
metals ns jron, valalt, manganess, zine, nnd Bitashnn are pre-
cipitnted,  From the iltete the uranimm say be previpitatedld
by remnving the 1.8 completely and adding ammenin,  This
treatinent does not give completes separation from mokel, ali-
miniwm or beryllivm,  Nickel may be renoved hy Jong boiling
of n dilute solution enituining Nuy(CO,  Alwmninium in sepne

f Bor mwthod of propuration se Barsas, S D, and Eog Chem 9 4060
(917) 5 ndsar, Ro J. Audormns, Trans, Am. Ehcirachem. S 37 81 (4984

? 8o Korn, JJuur. Am. Chem., Soc. 88 685 (1901) ; Brostles, Anaiytiond £ heme

inz%d' Uranium, Londan, 1035 and Pierlo, Jour, Fid, and Eog. Chems, 18 60
(19209,
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rated ! by precipitating the phosphates, boiling first with nitric
acid, then with sodium carbonate. Zirconium is precipitated as
a phosphate in the presence of H,0;, + H,S0,. Vanadium is
precipitated as lead vanadate by adding lead acetate and am-
monium acetate to a solution containing a slight excess of nitric
acid.?

Metallurgy. — Uranium may be prepared by several methods :
(a) reduction of UCl, with sodium* or potassium; (b) reduc-
tion of UsOs with charcoal in an electric furnace;* to free the
product from carbon it is heated with U;Os in the presence of
titanium, which is used to prevent nitrogen from combining with
uranium ; (¢) reduction of UO; or UO; has been accomplished
by means of aluminium ;® UO; has also been reduced by cal-
cium ;% (d) reduction by means of calcium carbide either with
or without a mixture of ferrosilicon has been effected,” although
the Bureau of Mines finds that coke at the temperature of the
electric arc is more effective than cither; (e) electrolysis of
fused sodium-uranium chloride in an atmosphere of hydrogen.?
Use of a current of 50 amperes at 8-10 volts keeps the bath fluid,
and the metal contains about 0.5 per cent impurities.

Properties, — Pure uranium is white, but the metal frequently
has a yellow color due to the presence of some nitride. The
metal prepared by electrolysis is deposited as small shining
crystals; other methods of preparation give either a black
powder or a white compact mass. The metal takes a polish
well, is somewhat malleable, is softer than steel, and when heated
with carbon and chilled it becomes very hard and brittle.
Probably the most accurate melting point determination * gives
a value of 1850°; the specific gravity is 18.685 at 13°; the
specific heat at 0° is 0.0276; it is slightly paramagnetic, the
magnetic susceptibility being <4 0.21 X 10-5.

The powdered metal burns in oxygen at 170° in fluorine at
room temperature, in chlorine at 150° in bromine at 210° in

} Brearley, p. 185.

2 U. S. Bur. of Mines, Bull. 70."

3 R. W. Moore, New York meeting Am. Electrochem. Soc. May, 1923.

4 Moissan, Compt. rend. 116 347 (1893).

& Aloy, Ann. chim. phys. (7) 24 412 (1901) ; Stavenhagen, Ber. 32 3065 (1899).

¢ Burger, Diss. Basel, 1907, p. 19; Kuzel and Wedekind, French Pat. Oct.
17, 1910.

7 German Pat. June 11, 1912.

3 Moissan, Compt. rend. 122 1088 (1896).

9 Guertler and Pirani, Zeit. fur Metallkunde, 11 1 (191).
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iodine at 260°, in sulfur vapor at 500°, and in nitrogen at 1000°,
It decomposes water slowly at ordinary temperatures and more
rapidly at the boiling temperature. Dry hydrogen chloride gas
attacks the metal at a dull red temperature, and at a slightly
higher temperature it reacts with ammonia liberating hydrogen
and forming a dark crystalline powder. It dissolves in dilute
HCl and H,30,, liberating hydrogen and forming quadrivalent
salts, while with concentrated sulfuric acid SO, is evolved. The
powdered metal dissolves readily in nitric acid, liberating the
oxides of nitrogen, but the fused metal reacts only slowly with
nitric acid even when warm. The caustic alkalies apparently
have no action upon it. Uranium will displace mercury, silver,
copper, and tin from the solutions of their salts. The exact
position of uranium in the electromotive series has not been
determined because of lack of pure uranium, but an alloy
containing 8.34 per cent of iron gave —0.093 volt.!

In addition to the property of radioactivity, the salts of
uranium possess peculiar properties with respect tolight. When
a solution of a uranium salt is exposed to light it seems to absorb
energy which is later given off in the form of fluorescence.2 The
presence of such substances as chlorine or iodine ions, ferric or
vanadyl salts, vanadic acid or quadrivalent uranium compounds,
inhibits the fluorescence. In accordance with the theory that
the photosensitizing effects of such fluorescent compounds as
eosin are due to simultaneous oxidation and reduction, fluores-
cence in uranium salts is explained by the fact that in the light
the uranyl ions are partly reduced to the trivalent condition and
partly oxidized to the octavalent condition. When these two
forms react with each other in a reverse manner to produce the
hexavalent form, fluorescence results. The effect of inhibiting
substances is explained by the supposition that iodine, for
example, unites directly with the trivalent uranium, giving at
once the hexavalent form,

Uses, — Uranium finds few commercial applications, although
several possible uses have been suggested. For a time an im-
pure form of the metal containing some carbide was used as a
sparking medium for automatic cigar lighters. These have now
been superseded by cerium alloys, which are more highly pyro-

Y Jour. Phys. Chem. 28 617 (1919).
2 E. Bauer, " The Photolysis of Uranium Salts,”” Chem. Zig, 2 40 (1918).
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phoric. Many attempts have been made to utilize uranium as.
an electrode in arc lamps, probably the most successful device
being covered by a French patent which uses a mercury cathode
and gives a powerful ultraviolet light, useful for sterilizing
liquids. A plan for depositing uranium on a tungsten filament
in an incandescent bulb has been patented.! The bulb is filled
with nitrogen or argon and a little uranium chloride put in,
then the bulb is exhausted, sealed, and heated to decompose the
chloride.

In ceramics uUranium compounds are used to give colored
glazes, especially yellow and orange. The compounds employed
are either sodium or ammonium uranate, which are commonly
sold under the name * uranium yellow ”’; or, the yellow or green
oxide. As little as 0.006 per cent gives a good yellow color, but
on increasing the amount the color may be varied? to orange,
brown, darkolivegreen, or black. A deepershade of green is said
to be given by U;0s than can be produced by chromium com-
pounds.? The amount of lead in the glaze also influences the
color obtained. A bright vermilion glaze is made by mixing 57
parts of red lead, 20 parts feldspar, 2 parts zinc oxide, 12 parts
of flint, and 9 parts of U;Os.  As coloring materials in the manu-
facture of glass, they produce an opalescent yellow, which is
green by reflected light. This type of glass is expensive since
the amount of U303 used is sometimes as high as 20 per cent.

Uranium salts have been used as mordants for both silk and
wool,* as well as in calico printing, Uranium salts also produce
a pleasing brown dye on textiles when the fabric is first heated
with solutions of uranium salts, and then the color is fixed by
reduction with potassium ferrocyanide, gallic acid, or pyro-
gallol,

Metallic uranium and uranium carbide were found by Haber’s
investigation ¥ to be among the best catalysts for the manufac-
ture of ammonia by the direct union of the elements, The dis-
advantages in the use of these materials come from the cost and
the ease with which the substances lose the ability to sérve as a
catalyst unless very pure hydrogen is used.

1 U. S. Pat. May 7, 1918; C. A. 13 1617 (1918).
2 Trans. Am. Cer. Soc. 8 210 (1906); 9 771 (1907).
3 Jour. Am. Cer. Soc. 1 238 (1918).

4 Farben Zeit. 5 17 (1894).
- & Haber and Greenwood, Zeii. Elektrochem. 19 53 (1913).
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by mistake the uranium content has been given as 35-50 per cent.
The manufacture of this material in this country is carried on at
a single plant, which is located at Canonsburg, Pennsylvania.

The addition of ferrouranium to steel is accompanied by
heavy loss due to the oxidation of the uranium. This loss may
be as high as 3 to 4 the uranium added. To reduce the loss as
far as possible the ferrouranium is added just before or during
pouring, and the temperature of the steel is kept low. 1If the
ferrouranium contains more than 65 per cent uranium, oxida-
tion is rapid, and if the amount is less than 40 per cent the
uranium is not taken up well by the steel. Consequently, the
favorite ferrouranium contains 40-65 per cent uranium. The
best uranium steels are made in the electric furnace.

There are two rather striking effects produced by the addition
of uranium to steel: (1) its beneficial results do not require
intensification by the use of other alloys; (2) uranium increases
the hardness of steel, so that such steels lend themselves readily
to water quenching. The increased hardness is, however, not
accompanied by an increase of brittleness to as great a degree as
is induced by many other alloying substances. As a result
carbon-uranium steels are especially serviceable for uses which
require a low drawing temperature, since under these conditions
they possess to a remarkable degree the combination of hard-
ness, strength, and ductility.! Uranium is, however, frequently
added to steel along with such other alloying eclements as tung-
sten, molybdenum, vanadium, and chromium. TUsually the
amount of uranium is less than 1 per cent; high uranium steels
have been studied very little. Over 3 per cent uranium is said to
produce a product which cracks badly on forging. The general
effect of uranium upon the properties of steel is similar to the in-
fluence of tungsten; consequently, the usual view is that the
introduction of a small amount of uranium permits the saving
of a considerable amount of tungsten. For example, the intro-
duction of 3 per cent uranium, 8 per cent tungsten, and small
amounts of chromium and vanadium produces a steel whose
performance compares favorably with that of a steel which
contains 18 per cent tungsten,

The properties claimed for uranium steels are as follows:?

1Hugh S. Foote, * Uranium Steels,” Chem. and Met. 28 789 (1921).
28ee also tbid. 15 160 and 448 (1916) ; 22 829 (1920); 26 789 (1021).
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increased hardness without decrease in ductility ; increased
elastic limit; greater tensile strength ; and improved dynamic
properties. Tools made of uranium steel are said to possess
longer life because of the greater toughness and heat-resisting
qualities. Shop tests made with uranium steel tools show that
they possess cutting power, durability, and general efficiency on
an average 20-50 per cent higher than that shown by tools made
from the best grades of other high speed steels.! Enthusiastic
claims are made that “ the benefits obtained from the use of
uranium certainly constitute the highest attainment of the stecl-
maker’s art.”” However desirable the properties of uranium
steel may prove to be, it seems likely that the future of this
product will be determined largely by the relative cost of ura-
nium and other alloying substances which produce similar effects
upon steel. The question of a suitable ore supply is also a
matter of great importance, espécially with respect to uranium,
But so long as uranium remains a by-product of the radium
industry with sale for only a small part of the uranium produced,®
the question of cost of raw materials should not be a serious one
in the manufacture of uranium steel.

Compounds.®? — Uranium forms several series of compounds
which in general resemble the corresponding series of tungsten
and molybdenum compounds. Uranium is, however, distinctly
more basgic in its tendency than any other member of this group.
It appears frequently in the acid radical, forming both simple
and polyuranates. Its greater basicity is shown by the fact
that its trioxide forms a much smaller number of poly-derivatives
than do molybdenum or tungsten. In most of its important
compounds uranium acts as a metallic element, Uranium has
valences of 2, 3, 4, 5, 6, and possibly 8, the compounds of valence
2 and 3 being relatively unimportant and formed by reduction
of the higher compounds. In its valence of 4, uranium forms
the important class of uranous compounds, which are usually
prepared by reduction of the higher compounds. They resemble
the ferrous compounds in the ease with which they are oxidized.
In its hexavalent state uranium shows little tendency to form
simple metallic salts, since UFq is the only compound of this

¥ See ** Comparative Teat of High Speed Steels,”* Chem. and Met, 23 829 (1920).

3 8. C. Lind, U. 8. Bur. of Mines, Trans. Am. Electrochem. Soc. 35 197 (1919).

3 E. Wilke-Dérfurt, ''Preparation of Uranium Compounds in Pure State,"”
Wiss.” Veroffent. Siemens-Konzern Soc. 1 143 (1920): C. A. 15 2595 (1921).
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sort known; but it readily forms uranates, both simple and
complex. It also gives rise to the uranyl series of compounds,
‘which are doubtless the most important of all the uranium salts.
They may be regarded as derivatives of UO; which have been
formed by replacing one oxygen with the equivalent amount of
a negative element or radical. Thus, they always contain the
bivalent radical UQ,, which is more markedly basic than the
corresponding radicals of the other members of this group.
Accordingly the uranyl compounds resemble more closely the
salts of a basic oxide, while the corresponding derivatives of the
other metals are like the acid chlorides, such as POCI; and
S0:Cl,. This conception is strengthened by the fact that in
water solution the uranyl salts of strong acids are slightly
hydrolyzed, and under the influence of the electric current the
uranyl ion concentrates around the cathode. The uranyl solu-
tions have a yellow color with a strong greenish fluorescence,
which is noticeable in uranium glass, These salts are particu-
larly sensitive to light. Table XXXVII shows the relationship
between the various classes of uranium compounds,

Ozxygen forms the two definite oxides, UO; and UOQs, each of which is
represented by one or more well defined series of compounds.

Uranium dioxide, UQ., was for a long time considered as metallic ura-
nium, because of its appearance and the fact that it is obtained by heating
Us0s in a stream of hydrogen. It is now prepared ! on the large scale by
reduction with carbonaceous material on fusion with sodium chloride, and
used for the production of ferrouranium. When 80 prepared it is black in
color from the excess carbon which it contains and is commonly called the
black oxide of uranium. When obtained by reduction with hydrogen it
is a brown or copper-colored powder, which is pyrophoric; it burns in air,
oxidizing completely to UsOs. The uncaleined UO, dissolves in strong
acids, forming the uranous series of salts; after ignition it is ‘only slightly
soluble in acids.

Uranous hydroxide is obtained as a bulky reddishrbrown precipitate
when alkalies are added to uranous solutions. The precipitate darkens on
boiling and is easily oxidized by air in the presence of excess alkali, forming
uranyl compounds. The formula for the compound is written either
UO: - 2 H,0 or U(OH),.

Uranium trioxtde or uranic oxide, UQs, may be prépared in pure form
by long continued heating of uranyl-ammonium carbonate at 300° or of
ammonium uranate at 250° ; urany! nitrate also yields UQ; on ignition, but
the product contains basic nitrates unless the heating is done thoroughly.
The color of the oxide varies from orange to red, depending on the method

1 Robert J. Anderson, Trans. Am. Electrochem. Soc. 8T 281 (1920).
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Uranium pentachloride, UCl;, is formed by adding chlorine to UCl,.
If the addition is made slowly, the pentachloride forms long needle-like
crystals which have a dark green metallic luster by reflected light but a ruby
red color by transmitted light. If the chlorine is added rapidly a brown
crystalline powder is formed. Both forms are extremely hygroscopic and
react vigorously with water, liberating HCl and U(OH),; it is soluble in
many organic solvents.

Uranyl chloride, UO,Cl,, is formed by heating UO, to red heat in a
stream of dry chlorine. It forms a yellow crystalline mass, which is
hygroscopic and soluble in water. The water solution on slow evaporation
forms a monohydrate. The anhydrous uranyl chloride is stable if it is
kept away from moisture. The water solution has an acid reaction and
upon heating liberates HCl. It forms double salts with the alkali chlorides,
such as 2 XCl - U0,Cl; - 2 H,0.

Sulfur forms a number of sulfides of uranium, of which the most impor-
tant is the uranyl sulfide, UO,S. This compound is thrown down as a dark
brown precipitate when ammonium sulfide is added to a uranyl nitrate
solution. It is soluble in ammonium carbonate and in acids and upon
exposure to air it oxidizes quickly.

Uranous sulfate is not known in the anhydrous condition, but hydrates
containing 2, 4, 8, and 9 molecules of water are easily prepared. Of these
hydrates all except the dihydrate are isomorphous with corresponding
hydrates of thorium sulfate. The octohydrate of uranous sulfate is the
most common, it being formed by adding alcohol to a solution of U;0; in
dilute sulfuric acid.

Uranyl sulfate, U0,S0,4- 3 H;0, is prepared by the crystallization of
a solution of uranyl hydroxide in dilute sulfuric acid or by heating uranyl
nitrate with sulfuric acid. It forms yellow-green crystals, which under the
microscope show a beautiful fluorescence. On exposure to air they loose
water slowly, and at 115° a monohydrate is formed while at 175° the anhy-
drous salt is produced. Both acid salts and double alkali sulfates are
formed.

Nitrogen combines directly with uranium at a temperature of 1000°?';
nitrogen or ammonia reacts with the carbide, yielding a nitride; dry am-
monia also produces a nitride when it reacts with uranium tetrachloride.
The formula of the nitride is usually UsN,. The eatalytic influence of
uranium carbide in the manufacture of ammonia by the Haber process is
attributed ? to the formation of the nitride. .

Uranyl nitrate, UO3(NOs), - 6 H,0 8 is commonly called uranium nitrate
and is the best known and most widely used uranyl salt. It may be pre-
pared by dissolving any oxide of uranium innitric acid. It forms lemon-
yellow prisms which have a green fluorescence. They are readily soluble
in water and are deliquescent. When shaken, rubbed, or crushed, the
crystals show remarkable triboluminescence, with occasionally somewhat
violent detonations. Numerous theories have been advanced to account

¥ Moissan, Compt. rend. 123 274 (1896).

2 Haber and Greenwood, Zest. Elektrochem. 31 241 (1915) ; 19 68 (1913).
3 See also F. E. E. Germann, Jour. Am. Chem. Soc. 44 1466 (1922).
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for this peculiar behavior. It has been suggested that triboluminescence
may be due to some peculiar property such as radioactivity of the uranium
atom itself; or, that in erystallizing differences of electrical potential may
be developed between crystals ; or, that disturbances release some internal
strain which has developed within the crystals. But the best explanation ?
of these phenomena seems to be based upon the partial replacement of
water of crystallization by ether and an unstable lower oxide of nitrogen.
This idea is strengthened by the observations that samples of uranyl
nitrate which are strongly triboluminescent contain both ether and an
oxide of nitrogen; that crystals of this salt do not display this property
unless they have been prepared from an ether solution containing free
nitric acid; and that such crystals loose their triboluminescence when
recrystallized from water.

Carbon combines so readily with uranium that the reduction of the
oxides with carbon always produces some carbide. Moissan prepared ? the
carbide by mixing 50 parts UsOs with 8 parts charcoal and heating in the
electric furnace. He assigned the formula U,C; to the compound, but later
work ? makes the unusual formula UC, seem more probable. The com-
pound has a metallic appearance, a crystalline fracture, and is strongly
pyrophoric; it scratches glass and quartz but not corundum. It burns
in oxygen at 370° forming U;0q; it combines with fluorine at slightly cle-
vated temperatures, forming UF, or UF;. Chlorine attacks it at 350°,
bromine at 390° and iodine below red heat. In contact with water the
carbide is decomposed, yielding hydrogen and a very complex mixture of
gaseous, liquid, and solid hydrocarbons. Chief interest in the carbide is
connected with its nse as a catalyst in the Haber process.

Simple uranyl carbonates are not known, but double carbonates are easily
formed; as, for example, a salt of the composition U0,CO; - 2 Na.CO; is
obtained as a yellow crust, when freshly precipitated sodium uranate is
treated with sodium bicarbonate, or when an excess of sodium carbonate
is added to a solution of uranyl acetate.

Uranyl acetate, UO2(CoH30,); - 2 H 0, is next to the nitrate the most
important uranyl salt of commerce. It is preparesdl hy the solution of
uranyl hydroxide or oxide in acctic acid. It is soluble in water, forming a
solution with a density of 2.89 from which it crystallizes in fluorescent
prisms. It displays the phenomenon of photalysis.

Uranyl formates, oxalates, and tartrates are also formed.

Detection. — Uranium is precipitated in the Third Group and in the
analysis undergoes numerous characteristic changes. (1) When present as a
uranyl salt the addition of ammonia produces a precipitate of ammonium
diuranate, (NH,);U;O,, which appears as a yellow powder which is slowly
transformed by ammonium sulfide to UO,S, dark brown, soluble both in
HCI and (NH,);CO;. (2) When NaOH is added to a solution of a uranyl

1 See Andrews, Chem. Zig. 36 423 (1912), Spiith, Wiener Monatsch. 38 853
(1912): Miller, Chem. Ztg. 40 38 (1916), 41 439 (1917); and J. A. Siemssen,
Chem. Ztg. 46 450 (1922).

2 Le Four electrique. Paris, 1897; Compt. rend. 122 274 (1896).

3 Lebeau, thid. 162 955 (1911) ; Bull. Soc. Chim. (4) 9 512 (1911).



URANIUM 309

alt, yellow Na,U,0; is precipitated ; it does not dissolve in excess of alkali,
>ut forms the decp yellow peruranate on addition of H.0; or NajO,.
:3) When Na,HPO, solution is added, uranium is precipitated as a gelat-
nous yellowish-white precipitate of UO.HPO,, which is soluble in mineral
vcids but insoluble in acetic acid. In the presence of ammonium salts,
vamnadates do not interfere, but aluminium, beryllium, and lead must be
absent. (4) The addition of X,Fe(CN)s produces a redsbrown precipitate
>f (U0,).Fe(CN)s, which dissolves in NaOH, HCI, or (NH,);CO;, forming
yvellow solutions. (5) Sodium salicylate produces a red coloration in a
solution containing as little as 0.02 per cent uranium. Free acids, iron
salts, alecohol, and acetone interfere. This reaction may be made quanti-
tative by colorimetric methods. (6) When an excess of zine is added to a
nitric acid solution containing uranium, a yellow deposit collects on the
zing residue.!

Determination.? — Uranium may be determined quantitatively as U;Os,
which may be obtained by precipitating a uranyl salt with (NH,),S and
NHOH; or the U;O; may be reduced to UO, by heating in a stream of
hydrogen; or the addition of ammonium phosphate in the presence of
ammonium salts and igniting to (UO0.),P.0:. Cupferron precipitates
uranium quantitatively from aluminium, caleium, magnesium, and phos»
phorus; the precipitate is converted to UsO; by ignition.®

Volumetrically uranium may be determined by reducing an acid solution
with zine or titanous sulfate and oxidizing to the uranyl state by perman-
ganate according to such a reaction as: 2 XMnO; + 5 US04, + 2 H,0

= 2 KHSO, + 2 MnSO; + H,80, + 5 U0,S0, A solution of uranyl

acetate may be titrated with sodium phosphate. Titration with
§N6 K,Cr;0; in the presence of an excess of sulfuric acid is recom-
mended,* and electrometric titration is successful.®

+ Baur and Rebmann, Helvetica Chim. Acta, 5 221 (1922).

2 For determination of uranium in high speed steels, see Jour. Ind. and Eng.
C hem. 11 316 (1919); also Chem. and Met. 20 523, 588 (1919): in carnotite,
see C. E. Scholl, Jour. Ind. and Eng. Chem. 11 842 (1919). In the presence of
FX POy, see Schoep and Steinkuhler, Bull. Soc. Belg. 81 156 (1922). For general
survey of uranjium methods, see Kern, Jour. Am. Chem. Soc. 33 685 (1901).

4 Holladay and Cunningham, New York meeting Am. Electrochem. Soc.
M ay, 1923.

4 Wilhelm Elsholz, Dissertation, February 7. 1916, Friedrich Wilhelms
UWniversijtit, Borlin.

¢ Ewing and Eldridge, Jour. Am. Chem. Soc. 44 1484 (1922) ; Gustavson and
K nudson, ibid. 44 2756 (1922).
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dioxides and all but selenium form trioxides, while derivatives
of 8eO; are well known, Metallic properties of the elements
increase with increase of atomic weight. Both selenium and
tellurium in the elementary form show a few of the character-
istics of the metals, In compounds the metallic nature is less
evident, but tellurium forms two classes of derivatives from
TeOs,, the tellurites and tetravalent salts. Oxygen and selenium
are known to form only one compound each with chlorine, while
sulfur and tellurium both form two chlorides,

SELENTUM

History. — Berzelius discovered selenium in 1817 in the deposits from
the sulfuric acid chambers from Gripshohn, Sweden. For some time
previous to the discovery it had been observed that when sulfur was ob-
tained from a certain pyrite ore, there was formed in the chambers a red
deposit which on ignition gave an odor of decayed cabbage. The red sub-
stance was supposed to be a form of sulfur containing some tellurium.
Berzelius found that it was a new element which resembled tellurium
closely and consequently he named the new element selenium, from the
Greek word meaning moon, the name being suggested by the analogy of
tellurium, the earth element. He studied the element carefully and pre-
pared many of the more important compounds. The chemistry of this
element has developed very slowly, but within the last few years there has
been considerable interest shown in attempts to find uses for the element
and its compounds.

Occurrence, — Selenium must be considered a rare element,
although it is found widely distributed in nature, The distinc-
tive selenium minerals are rare, and they are usually selenides,
of such metals as lead, mercury, copper, bismuth, and silver.
The element is also found in the free state associated with sulfur
and as a selenite. The most common occurrence of selenium
is in ores in which the element has partially displaced sulfur.
Generally the selenium is present in very small proportions, but
on account of the fact that enormous quantities of sulfide ores
are used, this represents a considerable amount of selenium.
It occurs also in small amounts in meteoric iron, in volcanic
lavas, and in certain deposits of coal. Traces of selenium have
been detected in rain and snow.! Even though present in
mineral ores in mere traces, it is readily concentrated either in
the flue dusts or in the anode mud of the electrolytic refineries,
Considerable quantities are known to exist in Hawaii, Japan,

Y Helvetica Chimica Acta 1 52 (1918).
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the Hartz Mountains, the Vesuvian region, Hungary, Mexico,
Australia, Spain, several parts of South America, California, the
Paradox Valley, Colorado, and at Thompsons, Utah.

Extraction. — The two general sources of selenium are from
the flue dusts of certain metallurgical processes using sulfide ores
and from the slimes of the electrolytic refining processes, The
rapid development of clectrolytic methods has made the latter
the most important source of supply at least in the United States.
The method used in extraction! depends upon the source of
material.

To extract from flue dust, grind the material to a fine powder,
then fuse in a nickel crucible in the proportion of 300 gram dust,
200 gram Na,CO; and 775 gram Na;0O.. Add the fusion mixture
to the crucible a little at a time, the heat of reaction usually
being sufficient to maintain a fusion temperature without the
application of external heat. When the crucible is full, cool
and disintegrate the melt with water and remove the insoluble
material by filtration. Nearly neutralize the filtrate with con-
centrated HCI and filter off any zin¢ or aluminium hydroxides.
Then add three volumes of concentrated HCl and boil 30
minutes to reduce H,SeO, to H.SeO;. Tilter off silica, heat to
80°, and add in small quantities two or three times as much
Na,S0; asis needed to precipitate the clement sclenium. Digest
at 80° until the selenium has a uniform gray color, filter, and
wash thoroughly with hot water. This method removes
selenium quantitively from flue dust.

From anode slimes, sclenium may be extracted by adding the
finely ground material to concentrated HNO; which has been
diluted with-% its volume of water. Heat until the reaction is
complete, then filter off theinsoluble matter on an asbestos pad ;
evaporate to dryness to expel excess acid, being careful to pre-
vent the vaporization of SeO;. Take up the residucin3: 1 HCI
and precipitate the selenium by adding either Na,SO; or SOs,
The reaction is: H;8eO; + 2 S0, + H,0 = Se + 2 H,80,.
Filter off the precipitate, and wash thoroughly.? Anode slimes
are generally rich in both gold and silver, so the extraction of
selenium from such material is of minor interest.

) 8ee Dennis and Koller, Jour. Am. Chem. Soc. 41 949 (1919) ; also Eng. and
Min. Jour. 106 443 (1918).
3 E’M,,and Min. Jour. 106 443 (1918).
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Another method of extracting selenium is to boil the mud with
a concentrated solution of KCN until the solution turns gray,
forming KCNSe. This is filtered off, heated with HC], when
selenium is precipitated. This reaction does not yield pure
selentum and the large quantity of HCN evolved is trouble-
some. Sometimes, the slimes which contain precious metals
are cupeled to remove the common metals, then the molten
metals are treated with sodium nitrate and sodium carbonate,
forming a * niter slag ”* which contains the selenite and tellurite.
This slag is skimmed off, cooled, broken up, and leached with
hot water.

A method of extracting both selenium and tellurium from
either dusts or slimes is described in British Patent 134,536.
It consists in fusing the material with lead and NaOH, NaNOs,,
or Na,CO; The selenium and tellurium compounds are found
in the upper layer, from which they may be removed by dissolv-
ing n water, neutralizing with acid and precipitating with SO,.
The noble metals may be removed from the lower layer by cupel-
lation.

Innearly all American erude copper bullion there arefound both
selenium and tellurium in amounts up to 0.3 per cent, or more.
This is practically all concentrated in the slimes,! from which
they are extracted by fusion with NaNQO; and Na.COj,, recovery
being either from the niter slag or the Cottrell or serubber
sludge. Thelatter is filter pressed, and cither the press cake or
the regular flue dust may be, roasted at low temperature, the
resulting SeO; condensing in erystalline form called selenium
" whiskers.”” They are readily soluble in water when fresh,
but on standing there is some reduction to metallic selenium,
For the precipitation of selenium, SO is passed into the solution,
which should contain about 10 per cent of free sulfuric acid and
sometimes a little hydrochloric acid. Under these conditions
98 per cent of the selenium is precipitated as the red powder,
the rea,ction bemg NazseOs -+ 2 SOz -+ H20 = Se -+ N&zSO4
-+ H;30,. The sulfur dioxide is carefully purified by thorough
scrubbing. Theoretically one pound of sulfur should precipitate
nearly a pound and a quarter of selenium, but in actual use 1-2
pounds of sulfur are burned to produce a pound of selenium.

1 Merriss and Binder, Eng. and Min. Jour. 106 443 (1918). This article
contains flow sheets, showing the purification of both Se and Te.
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Selenium prepared from the niter slag may contain consideral 1das
tellurium, which may be removed by adding sulfuric acid ¥ ¢»
the strongly alkaline solution, thus: Nas;TeO; + H,S0,

N2, SO, + TeO, + H,O. Separation by electrolysis in a solt &~
tion of alkali hydroxide or salt has also been proposed.!

Selenium is usually sold as the gray powder. Sometimit
selenious acid is required, and this is prepared by dissolvi¥# i
selenium in strong nitric acid, crystals of H,SeO; being forme*«1
on evaporation. Some sodium selenite is also sold, being ¢+ s-
tained by neutralizing a solution of selenious acid and evaporit ¥ —
ing. Occasionally there is a demand for red selenium. This 3~
prepared from a solution of sodium selenite by acidifying ars+}
adding SO,. The red precipitate is washed thoroughly, filt ¢ -2
pressed, and the press cake dried in the dark by a current «+f
cool, dry air. The red modification must be kept in a cool pli # ¢+
away from light and air.

The production of selenium in the United States has nevs-r
been large and has shown marked fluctuations. Table XXX 1 X
shows the approximate production and value of selenium in t ¥ 42
United States for several years. It is stated? that the indys- .
tries of this country could produce 300,000 pounds of seleniiz #3;
annually without making any material additions to prese =1
plants. Formerly selenium was imported but the rapid graw % ¥

TaBLE XXXIX
Consumption of Selenium in United States

Domesric PRODUCTION
IMPORTATION Vat = «
Pounds Value
1913 29,097 $46,900 _
1914 22,867 34,277 $363
1915 No record E— 43
1916 No record _— 16
1917 39,630 70,000 302
1918 103,694 206,540 2,236
1919 60,025 125,966 239
1920 92,141 175,508 _

Y Jap. Pat. 38,085, Feb. 24 (1921).

2 Victor Lenher, Jour. Ind. and Eng. Chem. 13 597 (1920).
( ¢ " Selenium and Selenium Salts,"” Tariff Information Seriss, F. L. 22, 15 71
1921).



SELENIUM 315

lomestic production has stopped the importation and in
L large shipments were exported.
Letallurgy. — Selenium is easily prepared in the elementary
2 by the action of reducing agents upon selenious acid. A
am of SO, is most commonly used to produce the amorphous
1, but the same result is accomplished by such reagents as
, zine, stannous chloride, potassium iodide, sodium thio-
ate, phosphorous acid, and arsenious acid. ZElectrolysis of
aious acid also yields the amorphous variety. The element
- also be obtained in colloidal form by the action of a solution
O: on selenious acid ; by reduction of a dilute solution of the
by hydrazine hydrate; or by pouring a solution of selenium
arbon disulfide into a large volume of ether.
roperties. — Selenium is known in several allotropic forms
sh are classified in a variety of ways by different authors.
modifications known as the amorphous, vitreous, and soluble
18 may be considered as representing the same allotropic
1 even though they differ widely in appearance. For these,
aders ! has suggested the general name * liquid ” selenium
use of the fact that they have no definite melting point.
:n these forms are heated they begin to soften perceptibly
J°-60°, they become partly fluid at 100°, and fusion becomes
plete at about 220°. After melting the material remains
tic for a long time and shows a distinct metallic luster.
se forms are somewhat soluble in CS,.
convenient classification of the various forms is as follows : —
Amorphous selenium is obtained by the reduction of a
tion of selenious acid or by almost any method in which
rium forms rapidly from its solution or vapor. When first
1ed it is a bright red powder, which may remain suspended
1¢ liquor for hours. When this powder is heated to about
.t becomes darker in color and clots together, forming a soft
3 closely resembling the vitreous form in properties, When
rphous selenium is allowed to stand in contact with carbon
Lfide, alcohol, benzene, or chloroform, it is transformed into
crystals, slowly in the dark, more rapidly in the light.
ents such as quinoline or aniline convert amorphous sele-
a to the metallic form.

\. P. Saunders, Jour. Phys. Chem. 4 423 (1900) : see also Physical and
2cal Properties of Selenium, by Mare, published in Hamburg, 1907,



316 GROUL VT THE aXYGEN FANDS

(2) Vitreuus seleninn is propansd by Lot thee amawphons
faris abeve 217 wcmd conbing sopdlv, T plaod baanthe wdd
Iek in nanss Feata, thin bevers sheavaug aocbop aadey nd enlar,
When finely pulverized it forue s ved poowsder sliel eliedy
resetithdes e red aneaplons ocbome A sl thyead of

vitrenus seleninm Beduaves Db otboy vpaeenr b 5 Wlpgy o
ek is apapivd an imneabint ket tene deso b ared of the
strain is eontinted, perocaent distartee wealt o Defarneition

taker plaee e mpadly o beln than o the abab T g
dicleetrie, being ehatritivd By fnetan meoa veauer reoondding
gluss,

(3) Sulnlde xedeninn i prpared byl oluetion of webenions
weid selitions, i this Forta sebaping i= vomplotels sabde
water, fuoming ved hvresent sobton. Phe  aliatoso miay e
bailed withaut elumge, bid o stonding e the eddinpon of aeads
or salts the selenbun v pevipatated e the weeedabide fonp,
Callaidal seleminm ® may e prepared Lo e Bllasong steps
dizsadve NogBOy in water paed bal Ser o ball nosate with sy
cqual uadity of seleninng ;. fltec aned dilinte vl wath o Liter
of water ; adil 30 diope of shlape saldfvre sl andoar e
caflaiedn] welenimn tw vrangesvow o sbal ood depondong wn
cancentrtinn,®  Tlae peaticles e pesgtiec s ehages), ahide n
collowdnl sabtiom prepared by dhe s of hvcharne hyddete
contains negutively slarged partiche, A colliadal solitea s
also prepared by the cheetralyep of o dilnte oduigen of Sy,
meing platining elevirmdins

(1) Redk erystnlline me-leaian exiets it covstadline farae,
both moanaelinie soul hotls sanuewlist sobabde my oo disalide,
When gnarphans selemin 1o vliagged 1 the pal eevstalline
furm, samu fant s i'\'?ll\'!‘ll, hm thie amagnt hes i buep
detevmtnual,

(e) When evyatallized from ot C%; cobtne, s letnng forms
durk red transueent erystale, pensgphous with sapcechnie
sulfur,

(b) From cold 8y sulutions sebunan farms sesngesred
erystals of u different type,

Vdowr, Proc Roy. See. N8 Wales B3 Vo6 i Jufw;

¥ Chuthier wald sithors, Kedlond. 2 89 0] 257 (10435 nnd B0 97 Y.
Y Z. Elekteen b on. 38 N0 1§01 18

¢ Garthier und Woime, Hee, 88 18 1374 (1900,
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(5) Metallic or gray selenium is obtained from any of the other
forms by heating to higher temperatures. Best results are
obtained by allowing molten selenium to cool to 210° and keeping
the material for some time at that temperature. This is the
stable form of sclenium between ordinary temperatures and
the boiling point, 217°. It forms steel-gray hexagonal crystals
which are isomorphous with tellurium. When pulverized it
forms a black powder, but on fine grinding a red color appears.
The change from vitreous or amorphous selenium to the metallic
form is accompanied by the evolution of about 55 calories of
heat.

When heated in the air, sclenium burns with a bright blue
flame, forming solid SeQ. and emitting a disagreeable odor
resembling that of rotten horse-radish, the cause of which is not
known. Selenium combines directly with hydrogen, oxygen,
the halogens, and many of the metals. These compounds are
formed less readily than the corresponding sulfur compounds.
But the halogen compounds of selenium are not so readily
hydrolyzed as are those of sulfur, Selenium is soluble in sulfuric
acid, yielding a green solution which is said to contain seleno-
sulfur trioxide of the formula SeSO;. On diluting this solution
selenium is precipitated. Nitric acid oxidizes it to H,SeOs.

Selenium boils at about 680°, forming a dark red vapor which
may be condensed either as scarlet lowers of selenium or shining
drops of molten substance, Vapor density measurements
indicate the presence of associated molecules at lower tempera-
tures, but at 900-950° the density indicates a molecular struc-
ture Se. which is retained up to 1800°. Its molecules become
monatomic at 2000°. Freezing point determinations indicate
a molecule which is approximately Ses! On the basis of a
diatomic vapor the latent heat of vaporization is 135.5 calories
per gram, the heat of sublimation is 219.4 calories, and the heat
of fusion 83.9 calories.?

The ability of selenium to conduct heat varies with the method
of preparation of the sample, its age, and the temperature at
the time of testing.® At 25° vitreous selenium shows a thermal
conductivity between 0.000293 and 0.000328 and crystalline

Y Zeit. anorg. Chem. 102 215 (1918).
2 Jour. Am. Chem. Soc. 42 1579 (1920).
3 Jour. Proc. Roy, Soc. N. S. Wales 51 356 (1917).
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selenilum between 0.00070 and 0.00183. The conductivity
increases with the temperature at which the sample is prepared
and decreases with age.

Metallic selenium conducts electricity rather poorly at ordi-
nary temperatures,! but at 200° it becomes a fairly good con-
ductor; on the other hand other forms of selenium have their
conductivity lowered by a rise of temperature, The change
in conductivity is not uniform, but depends not only upon the
allotropic form of selenium but also upon the previous treatment
of the sample. Exposure to light, even for less than 55 of a
second,® produces an increase in the conductivity of granular
crystalline selenium ; an increase of 15 times or more has been
claimed. When the light is shut off, the conductivity decreases
rather slowly, reaching normal in a short time. The effect is
produced mainly by the red rays, but very feeble beams of light
make a notable change. It has been found that the Roentgen
rays and radium produce a similar effect. The presence of
turpentine, hydrogen peroxide, and various animal and vegetable
pigments produce a slight increase in the conductivity of sele-
nium., Many theories® have been advanced to account for this
phenomenon. It was first suggested that the change in con-
ductivity was due to the heating effect of a beam of light, but
later it was found that the temperature of liquid air had little
effect upon the phenomenon. Other explanations offered were:
(1) the formation of another crystalline form of the element; ¢
(2) formation of metallic selenides at the electrodes, this theory
being supported by the fact that the use of brass or copper
electrodes is found to have a beneficial effect upon the efficiency
of the cells; (3) it is suggested that fluorescence may form a
connecting link between light and electricity ; (4) the catalytic
effect of light in favoring certain chemical reactions; (5) polar-
ization between the individual crystals® which act as simple
cells, the polarization being decreased by illumination ; (6) the
ionization of the material by light. This latter theory, which
seems to be most in favor at present, is due to Fournier D’Albe.

1 Bidwell states that selenium may have a resistance as high as 25,000 meg-
ohms per cubic centimeter.

2 Thirring, Z. techn. Physik 3 118 (1922).

3 'W. Spith, Z. Phystk 8 (3] 165 (1922).

4 H. Pélabon, Compt. rend. 173 1466 (1921) ; <bid. 174 391 (1922).

5 Reichinstein, Zeit. wiss. Phot. 17 16 (1917),
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According to this idea light produces an ionization upon the sur-
face of the selenium, hence instantly increasing its conductivity,
This theory explains easily why recovery is slow after the light
is shut off. It also explains why the deep penetrating Roentgen
rays produce a similar effect but with a much slower recovery.

Uses, — The most spectacular uses of selenium are dependent
on its change of conductivity when brought from dark into light,
although the amount of selenium used in devices of this sort is
very small. This property has been known for a long time,
since as early as 1873 Willoughby-Smith wrote, concerning his
experiences with selenium as an insulator in ocean cables: * By
means of a telephone I can hear a ray of light falling on a metal
plate.!” The first successful selenium cells appear to have been
prepared by Graham Bell and Sumner Tainter in 1878. Many
improvements have since been made by increasing the surface of
selenium exposed to the light, thereby reducing materially the
resistance to the current and increasing the effect of the light.
These cells are of various shapes and forms, but in general they
consist of a device ! for exposing to the light a maximum amount,
of a thin layer of selenium, giving a minimum distance for the
current to pass through the selenium. A very important part
in making a cell is to see that the selenium is carefully * an-
nealed ”” by keeping it for some time at a temperature of about
200° in order to obtain the gray crystalline modification, Some-
times silver is added? and the heated material is allowed to cool
very slowly to room temperature.

Many suggestions have been made for the application of
selemum cells, but few actual uses are found to be practical.®
It has been used to measure faint sources of light, as from the
variable stars,? and to turn on and off the light in lighthouses
and buoys. It has been suggested also for transmitting photo-
graphs or sketches by telegraph; for the production of sounds
in moving pictures ; for burglar alarms ; for exploding torpedoes
by a beam of light; for reading by sound; for controlling the
time exposure in photography ; for automatically recording the

} Soe Selenium Cells and How They are Made, by Samuel Wein, Progress
Publishing Company, New York.

2 Ger. Pat. 304,261.

3 Sece Edward Cohen, Mineral Foote-Notes, Sept.—QOct., 1919, Foote Mineral
Company, Philadelphia.

4 See "'Selenium Cell in Practical Photometry.” Trans. Ill. Eng. Soc. 15
827 (1920).
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density of smoke in flues and reaction chambers, and for a great
variety of other more or less utopian purposes. The principle
upon which these contrivances operate is the varying intensity
of a beam of light. For example, the photophone is arranged
to permit a person to telephone along a beam of light. The
light falls upon a metal disk like that in the transmitter of a
telephone. As the disk vibrates the beam of light is broken up
into waves of varying intensities. By directing this fluctuating
beam toward a concave mirror the light is focused upon a sele-
nium cell, which when properly connected with a telephone
receiver reproduces the original sounds. This is probably the
earliest wireless telephone, and has been used over a distance of
230 yards. In 189%a similar receiving set was used in connec-
tion with the speaking arc as transmitter and a conversation was
heard at a distance of nearly five miles. In spite of its disad-
vantages the selenium cell may be found useful in telephony !
and in controlling many manufacturing processes.?

The most practical device of this type at the present seems to
be in connection with the lighthouse service, where lights in
isolated places are actually regulated by means of the selenium
cell. The “ tell-tale  which indicates when a ship is off its
course ought to be useful. Another application which may
be developed through the selenium cell or some similar mech-
anism is the speaking movie. In the Lauste system 3 the pic-
tures and sounds are recorded on the same film ; the sounds are
reproduced by means of a selenium cell and a telephone system,
It is claimed that the sounds are reproduced with the utmost
fidelity, but the great advantage with this system is the absolute
synchronism obtained. '

Some of these devices may become useful, the chief difficulty
now seeming to be the slow recovery of the maximum resistance
in the selenium cell. Experiments have shown* that the sele-
nium shows marked fatigue from which it recovers quite slowly,
especially after exposure to intense illumination. A serviceable
device to overcome this characteristic is to use a series of cells so
arranged that while one is in use the others are recovering in the
dark.,

1 Thirring, Z. techn. Physik. 3 118 (1922).

2 Logan, Jour. Ind. and Eng. Chem. 15 40 (1923).
3 Sci. Am. Dec. 22 t1917).

4 Elektrotechn. Zert. 40 104 (1919).
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Ceramic ! industries are the main eonsumers of selenium at the
present time, the largest use being as a decolorizer in the manu-
facture of glass. During the war the shortage of manganese
encouraged the use of selenium to correct the green color of glass
due to the presence of ferrous iron. It was found that the
resulting glass was particularly brilliant and free from impurities.
Consequently the use has.increased steadily in spite of the pre-
diction that the cost would be prohibitive? In 1921 there was
a ready sale for all the selenium produced in this country. . The
selenium was formerly added as the element, but since the loss
is heavy due to its volatility, the addition is now commonly
made as an alkaline earth compound. When selenium is added
in small amounts, it produces a faint pink color. Since this
color is not exactly complementary to the green produced by
ferrous iron, a little cobalt oxide or arsenious oxide is also com-
monly added. A batch of bottle glass composed of 1000 lbs. of
sand, 200 lbs. limespar, and 370 lbs. soda ash is decolorized by
% ounce of sclenium? and 5 ounce of cobalt oxide. If soda ash
is replaced by salt cake a larger amount of selenium is required,
and in such a case is best added in the form of Na,SeO;. When
selenium is added to molten glass the doors of the furnace should
be closed securely for a time to prevent the loss of this element
by burning out. After the selenium is thoroughly incorporated
in the melt, there is little loss up to 1400°,* probably due to the
fact that it is held in colloidal solution. If larger amounts of
selenium are added ruby glass is produced, highly prized for
signal lamps because practically all the red rays of light are
transmitted while nearly all other wave lengths are eliminated.
Selenium is also used in the manufacture of red enamel ware and
for the production of enameled steel products.

Experiments have been made in regard to the uses of selenium
in vuleanizing rubber. One process 5 adds 28 per cent selenium
at a temperature of 160°; 4 per cent naphthylamine is added
as an accelerator together with zinc oxide. It is claimed that

} The word " ceramic,"” as here used, is intended to include glass, glazes, and
enamels as well as clay products. This broader interpretation of the word is
recommended by a Committee of the Amerjcan Ceramic Society, Jour. Am.
Cer. Soc. 8 526 (1920) and indorsed by W. A. Oldfather, ibid. 3 537 (1920).

2 See Victor Lenher, Jour. Ind. and Eng. Chem. 18 597 ; also Jour. Soc. Jap.
Ceram. 338 44.

3 Turner and Cousen, quoted in Mineral Industry 30, 616 (1921).

£ Jour. Am. Ceram. Soc. 2 895. 8 U. S. Pat. 1,249,272 (1918).
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rubber prepared in this way lasts longer than a similar rubber
which has been vuleanized with sulfur, but this claim does not
appear to be justified. The fact that selenium has a higher
melting point than sulfur introduces difficulties when attempts
are made to use the former for vulcanizing processes.

A trace of selenium in printers’ ink has a remarkable effect in
retarding the drying process.!

Selenium cells have been suggested as a rectifier.? If an
alterriating current is superimposed upon a direct current passing
through a selenium cell, the latter is augmented. A battery has
been made capable of furnishing a direct current at 6000 volts
when fed by an alternating current.

Selenium has been used experimentally in the palliative treat-
ment of cancer and tumors. Prepared in the ordinary way
selenium is distinctly toxic, but electrically prepared colloidal
selenium is said to be non-toxic as long as it is not exposed to
an acid atmosphere. It is difficult to determine whether this
material is successful or not,

Compounds of selenium have been tested experimentally in
various ways. Certain selenides® have been used in a limited
way for treatment of cancer, tumor, syphilis, etc. Only the
simplest compounds have been tried and success is not marked.
Wasserman has attempted to substitute selenium for sulfur in
the manufacture of dyestuffs. The substitution of selenium for
sulfur in the preparation of fungicides and insecticides produces
a spray, which in some cases seems to be more efficient than its
sulfur relative. But in these uses, as in other applications of
selenium, the cost of the material makes the utility extremely
doubtful. Selenium dioxide has been suggested as a catalyst
in the manufacture of sulfuric acid* according to the reaction
SeO + 2 H,0 + 280, = Se + 2 H,8SO,,  The selenium is
recovered by filtration and used again, while the selenium in
solution in the acid is precipitated by adding SO, The value
of this process is doubtful because of the fact that the presence
of a small trace of selenium in sulfuric acid interferes sertously
with certain uses of sulfuric acid. Certain compounds of

1 T. W. Anstead, Chem. and Met. Eng. 27 305 (1922).

2 Arc. sci. phys. nat. 44 472 (1917).

3 For preparation of metallic selenides in colloidal form, see Brit. Pat. 173,507,

Dec. 22, 1921.
{U. S. Pat. 1,341,462,
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selenium, especially lead and barium selenite, have been used
successfully as paint bases.! They are fine grained, are very
white, and possess an exceptionally high index of refraction,
which gives them an intense opacity.

Compounds. — The compounds of selenium resemble those
of sulfur closely. The valence of the element is — 2 in the
hydride, + 4 in the dioxide and its derivatives, and + 6 in the
selenates. In all of its compounds selenium displays the prop-
erties of a non-metal, its acid-forming tendency being marked
especially in its higher valence.

Oxygen apparently forms only one well defined compound with selenium,
SeO., although several others are mentioned. Berzelius states that the
characteristic odor of burning selenium is due to the formation of a sub-
oxide SeO. It is suggested ? also that Se,O; is formed when selenium is
dissolved in H,SeOy; if such a compound exists it should probably be con-
sidered as a selenium derivative of SeSOs, formed when selenium dissolves
in H,80,. Selenium trioxide has not been isolated, although derivatives
of this compound are well known.

The diozide is formed * by burning sclenium in oxygen containing nitrous
fumes or by oxidation with nitric acid. Molten sulfur displaces selenium,
SO, being formed. SeO: is a true anhydride, five parts dissolving in one part
of hot water ; from the crystals of selenious acid SeO, is readily obtained by
heat.

Sclenious acid,* H,S¢0;, resembles sulfurous acid in the method of
formation, the nature and kinds of salts formed, and its general behavior
with oxidizing and reducing agents. Reducing agents precipitate elemen-
tary selenium, rapidly in the presence of heat and sunlight, more slowly
in the cold and dark. On exposure to air a colorless solution of selenious
acid, soon develops a red tint due to the liberation of red selenium by the
dust of the air; this is in marked contrast with the behavior of sulfurous
acid, which oxidizes in the air. The sclenites of the alkali metals are soluble
in water, but those of the other metals are insoluble; the acid selenites are
soluble compounds.

Selenie acid, H,SeOy, is formed by the oxidation of selenious acid by such
reagents as potassium permanganate, chlorine, or bromine. The best
method ¢ of preparing pure selenic acid is to add pure bromine to Ag,SeOs,
filter off AgBr, and warm to remove bromine and water. Add H.S to
remove H,SeOs and filter off the precipitated S and Se. The water solu-
tion of sclenic acid can be concentrated somewhat at ordinary pressures,

} Henry A. Gardner. Circular, No. 62. Educational Bureau of Paint
Manufacturers' Association of U. 8., Apr., 1919.

2 Cameron and Macallan, Proc. Roy. Soc. 46 13 (1890).

3 J. Meyer, Ber. 65 B 2082 (1922).

4 Rosenheim and Krause, Z. anorg. allgem. Chem. 118 177 (1921); Manchot
and Ortner, +bid. 120 300 (1922).

§ Trans. Wis. Acad. Sci. Arts and Letters 19 369 (1918).
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but before all the water is driven off the acid begins to decompose, yielding
Se0,, oxygen, and water. By evaporating under diminished pressure
nearly anhydrous H,S¢O4 may be prepared. When the concentrated acid
is diluted, much heat is evolved; it also has the power of charring many
organic compounds; it forms hydrates corresponding in general to those
of sulfuricacid. The hot aqueous solution dissolves gold and copper, being
itself reduced to selenious acid; but with the more active metals, it yields
selenates and hydrogen. Selenic acid is reduced’ by H.S, SO, sulfur,
and selenium, somewhat slowly at room temperature, but more rapidly in
concentrated solution and at higher temperatures. Concentrated HCl
reduces it with the liberation of chlorine; consequently, a mixture of selenic
acid and concentrated hydrochloric a.cids will dissolve gold and platinum
readily. Nitrosyl selenic acid is formed by the action of liquid N:O; on
pure H,SeO, - H,0. It is unstable, decomposing at 80°2

The selenates are formed by oxidation of the selenites or by fusion of
selenium or selenium dioxide with KNO; or Na,0,. They resemble the
sulfates remarkably, in hydration, erystalline form, and solubility. Barium
selenate, while highly insoluble in water, is reduced with boiling HC} solu»
tion, yielding the soluble H,SeO,. This treatment reduces all selenates,
and consequently it is of value in the detection of sclenium in the higher
state of oxidation.

Perselenates and perselenic acid are not formed under conditions which
are most favorable to the formation of persulfates and persulfuric acid.
Complex selenates are known.?

Fluorine forms a tetrafluoride, SeF,, by interaction of the elements at
ordinary temperatures and a hexafluoride, SeFs, when the reaction takes
place at —78°. The former is hydrolyzed by water.

Chlorine forms the monochloride, Se.Cl,, and the tetrachloride SeCl,.
The former is made by passing a current of chlorine over selenium or gaseous
HCl into a solution of selenium in fuming nitric acid. or it may be made by
passing dry HCI into a solution of selenium in oleum,* with gentle heating.
It is a brown oily liquid which decomposes on heating, yielding selenium
and its tetrachloride ; it is hydrolyzed, giving selenious acid and selenium.

Selenium tetrachloride is prepared by the action of chlorine on Se;Cl
or by the reaction: 3Se0; 4+ 3 PCl; = 3 SeCly + P;0; + POCls. It is
a yellow solid, which sublimes readily and is hydrolyzed by contact with
moisture.

Selenium ozy-chloride, SeOCl,, is one of the most interesting compounds
which the element forms.® It is most easily formed by the reaction of
SeClsand Se0; in carbon tetrachloride or chloroform solutions; ; it may also
be prepared by the partial hydrolysis of SeCli; or by passing HCI gas into

1 E. B, Benger, Jour. Am. Chem. Soc 39 2171 (1917).

3 Meyer and Wagner, +bid. 44 1032 (1922).

2. J. Meyer, Z. anorg. allgem. Chem. 118 1 (1922).

4 Heath and Semon, Jour. Ind. and Eng. Chem. 12 1100 (1920).

% See articles by Victor' Lenher and his associates, Jour. Am. Chem. Soc. 43
2498 (1920) ; thed. 43 29 (1921) ; +bid. 43 2378, 2383 ; z"lnd 44 1664 (1922) ; Jour.
Phys, Chm 26 156 (1922).
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SeO; at moderately low temperatures, forming SeO, - 2 HCl, which on
dehydration yields SeOCl,. As usually prepared the oxy-chloride has a
yellow color, though the pure compound is nearly colorless. It is a heavy
liquid (Sp. gr. 2.44) which boils at 179.5° and decomposes in contact with
moisture in the same manner as other acid chlorides. It mixes in all pro-
portions with CS,, CCl,, CHCl;, CgH, from which it may be separated by
fractional distillation. It dissolves sulfur, selenium, and tellurium readily
and reacts with most metals to form chlorides. It dissolves also rubber,
redmanol, bakelite, gums, resins, celluloid, gelatin, glue, and asphalt.
Possibly its most important properties are from its ability to serve as a
selective solvent, in such cases as separation of unsaturated hydrocarbons,
with which it reacts vigorously from the saturated series, which react only
slowly at high temperatures ; it dissolves sugar and starch when warm but
has no effect on cellulose ; it dissolves the resinous portion of coal, leaving
a carbonaceous residuc; it dissolves MoO,, forming a solution which
by a reversible photo-chemical action is colorless in the dark but becomes
blue in the light; it does not dissolve WO, hence it may be used to separate
molybdenuin and tungsten; in the presence of sulfuric acid it dissolves
Cb,0; readily, while Ta.0; is almost insoluble.

Selenium oxy.bromide, SeOBr,, is prepared by the interaction of SeO,
and SeBrs. It is a reddish»yellow solid, melting at about 41.6° and de-
composing at slightly higher temperatures. The liquid is an active solvent
and a strong oxidizing and brominating agent.!

Hydrogen combines dircetly with selenium, forming Hj;Se. The union
takes place slowly below 320° more rapidly at higher temperature, but as
the temperature rises the reverse reaction becomes more apparent. At
about 575° the maximum yield of H,Se is obtained. The best method of
preparation is by the action of dilute HCI upon a metallic selenide, such as
Na,Se, FeSe,? or Al,Se;.2 Hydrogen selenide is a colorless gas, combustible,
stable in sunlight, unaffected by dry oxygen, and possesses a persistent and
disagreeable odor. Berzclius records 4 that a single bubble of the gas so
paralyzed his sensory nerve that he was unable to distinguish the odor of
strong ammonia for several hours. The sense of smell returned after fiveor
sixhours, butsevere irritation of the mucous membrane lasted for a fortnight.
The gas dissolves in water at the rate of 3.31 volumes in one volume of
water at 13.2°. The solution reddens litmus, absorbs oxygen from the
air, precipitating red selenium, precipitates metallic selenides, and is decom-
posed by sulfur.

Sulfur forms several series of mixed crystals with selenium, but there
appears to be no simple compound of these elements.

Selenosulfur trioxide, SeSO;, is formed when selenium is dissolved in
fuming sulfuric acid or in sulfur trioxide. It forms a green solution.

Many compounds of selenium, corresponding to well known sulfur
compounds, have been prepared, such as: selenosulfuric acid, H,SeSOs;

} Lenher, Jour. Am. Chem. Soc. 44, 1668 (1922).

2 Moser and Doctor, Z. anorg allgem. Chem. 118 284 (1921),
3 J. R. Pound, Trans. Chem. Soc. 121 941 (1922).

4 Lehrbuch 5, Aufi. 2 213,
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t Renshaw and Haulm, Jour, Am, Clam. Soe. 43 31465 (190805

1 Heath and Bemsn, Jour. Ird. aml Kng. Chem, 18 LINF (30N . wwe shec
Bogart and Hoerrard, Jour. Am., Chem. Sur. 48 245 (1024;.

3 See Compt, rend, 168 332 (M 40),

4Beo also Ann. chim. anal. 38 25 (145%): (°. A. 33 10 (1BIR) ;. Dhonnris nhel
Koller, Jour. Am. Chem. Soc. 41 91 (3914).

 E. Schmidt, Arch. Pharm, 252 161;: C. A. 8 20 (1914),
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remove iodine, the amount of arsenious acid is determined by titration
with iodine.! i

(2) Selenious acid in the presence of HCI 1s €reated with a known excess
of Na:S;0;, when this reaction takes place : H,3e0; + 4 Na,S,0; + 4 HCI
= Na,88e0, + Nas3.0s + 4 NaCl + 3 H,0. The excess thiosulfate is
titrated with iodine.?

(3) By adding an excess of KMnOy, selenious acid is oxidized to selenie
and the excess permanganate determined with oxalic acid solution.’

(4) Selenic acid may be reduced to selenious by HC] and the chlorine
liberated caught in iodide solution.* The electrolytic determination® of
sclenium can be carried out only in the absence of tellurium, and its success
is still somewhat doubtful.

TELLURIUM

History. — The early mineralogists were puzzled by a substance which
they found in small quantities in various ores. It had a decided metallic
luster, but its hehavior was distinctly non-metallic. So they called it
" gurum paradoxum ” or * metallum problematum.” In 1782 Reichen-
stein made a preliminary study of the substance and reached the conclusion
that it was a new metal with peculiar propertics. Xlaproth, in 1798, took
up the study of tellurium ores, became convinced that it really was a new
element, and suggested the name tellurium, meaning the earth element.
Thus the discovery of tellurium preceded by nearly 20 years that of sele»
nium, although the latter is probably more abundant in nature. However,
there was almost nothing done toward developing the chemistry of tellu-
rium until Berzelius in 1832 made a much more thorough study of the
element and its compounds. He concluded that the substance was essen-
tially a metal, but since its compounds so closely resembled those of sulfur
and selenium he placed it in the sulfur group. Because of lack of uses for
tellurium and its compounds, its later development has been almost wholly
neglected. TFor a long time after the announcement of Mendeléeff*s table
the only interest in this element was in connection with its atomic weight.
Recently there are indications of revival of interest in connection with
tellurium.

Occurrence. — Tellurium like so many of the other rare ele-
ments occurs widely distributed in nature, but almost always in
small amounts. It is found as native or graphic, tellurium, asso-
ciated with sulfur, selenium, gold, silver, bismuth, copper, and
other metals. It alsois found in combination with many metals
giving such ores as sylvanite (Au, Ag)Te,, petzite (Ag, Au).Te

¥ Gooch and Pierce, Am. Jour. Sci. (IV) 1 31 (1896).

2 Norris and Fay, Am. Chem. Jour. 18 703 (1896) and 23 119 (1901).

3 Gooch and Clemons, Am. Jour. Sci. (I11I) 1 51.

1Gooch and Evans, Am. Jour. Sct. (111) 1400, also Zeit. anal. Chem. BT 277

(1918).
8 E. Maller, Zeit. physik. Chem. 100 346 (1922).
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hessite Ag;Te, altaite PbTe, coloradoite HgTe, and tetradymite
Biy(Te,S);. Telluric ochre or tellurite is impure TeO,, and a
selenide, TesSe,, forms dark gray hexagonal erystals. Monta-
nite, a bismuth tellurate, is found in one locality in Montana.

Tellurium is commonly said to be less abundant than selenium,
but this may be due to the fact that no effort has ever been made
to collect tellurium from its various sources. The total amount
of tellurium in gold deposits alone is probably very large.

The chief sources of tellurium at the present time are the
slimes from the electrolytic tanks of the copper and lead refiner-
ies and the flue dusts from the smelters using certain ores,
especially telluride gold ores. It is estimated ! that the United
States alone could produce annually as much as 125,000 pounds
of tellurium without making any material additions to the
present plants. The amount actually marketed has been small
and subject to material variations. No reliable data are avail-
able as to the amount sold.

The price of tellurium appears to be wholly artificial. It is

stated 2 that the price during the war was about $3.00 per pound,
although as high as $5.00 has been charged. Sales are also
recorded as low as 50 cents per pound, and an average price is
somewhere around $1.50 to $2.50 per pound.
- Extraction, — Tellurium is obtained from the same sources as
selenium. The slimes from the electrolytic refining of lead
usually yield more tellurium, while the slimes from copper refin-
ing are richer in selenium. Tellurium is extracted from flue
dusts and slimes by the methods used in the reclamation of-
selenium, the two elements usually coming out together, Tel-
lurium may be precipitated as TeO; from the boiling solution
by adding sulfuric acid,® according to the reaction Na,TeO;
+ H,80, = N2a,S0, + TeO; + HO, The addition of the
acid must be made slowly, for the solution froths badly and if
too much acid is added TeQ; is redissolved. From the mother
liquor selenium is precipitated by adding sulfur dioxide,

Metallurgy. — Metallic tellurium may be prepared from the
precipitated tellurium dioxide by either the dry or the wet
process. In the former the material is carefully dried, and

¥ Victor Lenher, Jour. Ind. and Eng. Chem. 12, 597 (1920).
2 Min. Ind., 1917, p. 619.
3 Merris and Binder, Eng. and Min. Jour. 106 443 (1918).
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mixed with powdered charcoal in the proportion of about 3-5
per cent by weight. The charge is placed in a suitable furnace,
carefully covered to prevent loss of tellurium and heated to a
temperature between 450° and 500°C. The yield of tellurium
may be as high as 95 per cent, but it is sometimes as low as 50
per cent, due largely to loss by volatilization.

In the wet process the TeO, is dissolved in strong hydro-
chloric acid, about 4 pounds of commerecial acid being required
for each pound of the dioxide. The solution is diluted with
water to facilitate the precipitation of the tellurium, but if too
much water is added TeO: is thrown out of solution. Sulfur
dioxide is passed through the solution, and the tellurium is pre-
cipitated as a dark gray powder. This is filtered out, dried, and
prepared for shipment by grinding to a fine powder or remelting
and casting into cakes or sticks.

The dry method .is more rapid, but the loss is great and
the fumes objectionable. There is little difference between the
methods either in cost of operation or in the purity of the
product.

Tellurium is also sometimes prepared from the alkaline resi-
dues obtained in the process of extracting bismuth from its
ores. They are acidified with HC] and tellurium precipitated
by sulfur dioxide. From the minerals such as tetradymite,
tellurium may be extracted by heating strongly with sodium
carbonate and oil. This forms sodium telluride, Na,Te, which
is extracted with water, the tellurium being precipitated by
exposure to the air,

Crude tellurium prepared by any of these methods contains
many impurities. To obtain pure tellurium the crude material
is dissolved in aqua regia, and the excess nitric acid expelled by
hydrochloric acid. Dilute so as to precipitate PbCly, which is
filtered out, and the tellurium is precipitated from the filtrate by
means of SO,. This is then fused with potassium cyanide and
the melt is extracted with water, and after filtering, tellurium is
precipitated from the clear solution by a stream of air. Finally
the powder is melted and distilled in an atmosphere of hydrogen.

Purification may also be brought about by boiling the crude
tellurium with sodium sulfide and powdered sulfur. On adding
sodium sulfite, pure tellurium is thrown down as a dark gray
powder.
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Properties. — Tellurium is commonly described as giving
several allotropic forms,! but these are doubtful. A form of
tellurium sometimes described as amorphous is obtained by the
reduction of tellurous or telluric acid by sulfur dioxide, hydra~
zine hydrate, hydroxylamine, or other similar reagent. It is
probable that this is not a distinet allotropic form, but that it
is a finely divided condition which corresponds to the powder
formed by most of the elements. Powdered tellurium is a fine
black powder with a specific gravity of 6,015, On heating it
becomes crystalline, heat being evolved.?2 Crystalline tellurium
is silvery-white in color, possesses a decided metallic appearance,
and is so brittle that it may easily be ground to a powder. Itis
a poor conductor of heat and electricity, its conductivity varying
only slightly with change of illumination. It has a specific
gravity of 6.27, melts at 452° and boils ® at about 1400°, giving
a vapor with a golden-yellow color. The molecular weight of
tellurium corresponds to the formula Te,. Its crystals are
rhombohedric in form and are insoluble in water and carbon
disulfide,’but soluble in nitric acid, strong sulfuric acid, and aqua
regia. Hydrochloric acid does not attack it, but it dissolves
in hot alkali solutions, forming both tellurides and tellurites.
At ordinary temperatures tellurium remains unchanged in the
air or in oxygen, but on heating it burns with a blue (or green)
flame, forming TeO,. Colloidal tellurium may be prepared
by the reduction of telluric acid or by clectrolysis of a solution
of tellurium in nitrie acid.

Tellurium gives a most peculiar and characteristic cffect when
introduced into the animal body through the lungs, stomach, or
skin. Even in small amounts it produces a tellurium breath
which is both offensive and persistent. The objectionable odor
is also shown in the perspiration.

The atomic weight of tellurium has furnished a problem of
keen interest to chemists. Its close relationship to sulfur and

- jire its location in the Periodic Table in Group VI,
1 jodine. But the atomic weight determinations

v a value of 127.5 and iodine 126.92. Because

i¢ allotropy of tellurium sec Colien and Krimer,

\13) and A. Damiens, Compt. rend. 174 1344 (1922).

174 1548 (1922).
1e boiling point is found to be 478° acecording to
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of this apparent discrepancy many efforts have been made to
find in tellurium an unknown element of higher atomic weight.!
This possibility has seemed inviting also because of the fact
that in Group VII there is room for three elements now unknown.
Although some workers have reported results which give tellu-
rium a lower atomic weight than iodine, other investigators? have
failed to confirm these conclusions. The determination of the
atomic numbers has shown that tellurium should be placed
before iodine in spite of its higher atomic weight.
Uses.® — Tellurium has for some time been known as the
useless element because there have been so few applications for
it in the industries, Its resistance to acid corrosion has sug-
gested that it might be serviceable as an alloying element in the
preparation of resistant alloys, but none seem to have been
successful. It alloys with lead without difficulty,* increasing
hardness and brittleness. It alloys also with tin, increasing
the tensile strength materially but increasing its hardness only
slightly, An alloy of zin¢ and aluminium with a small amount
of tellurium has been prepared. It may be rolled into sheets,
giving a firm metal for which great merit is claimed. These
alloys appear to be of little value. As far as now known the
action of tellurium forms a telluride with the metal, and these
tellurides appear to be only slightly soluble in the molten mass.
Tellurium has an electrical resistance of 200,000 microhms per
centimeter cube, the highest of any metal. Consequently,
its alloys may become useful as high resistance material. Tel-
lurium has been used in a limited way for the coloring of glass
or porcelain, producing brown, blue, or red under various condi-
tions. In acid solution it is used as a dip for silver ornaments,
giving a finish similar to that obtained by dipping in a plati-
num solution. A solution of tellurium in sodium sulfide is used
In toning photographic prints. Tellurium dioxide dissolved in
hydrochloric acid is used to number the inner stems of electric

) Steiner, Ber. 34 570 (1901) ; Flint, Am. Jour. Sci. (iv) 28 347 (1909) and 30
209 (1910).

2 Baker and Bennett, Jour. Chem., Soc. 91 1849 (1907) : Marckwald, Ber.
40 4730 (1907) and 43 1710 (1910); Lenher, Jour. Am. Chem. Soc. 30 741
(1908) and 81 20 (1909).

3 See Serjal 2385, Tellurium and its Uses, by H. A. Doerner, U. S. Bureau of
Mines.

4 Ransom and Thieme, Chem. and Met. 28, 102 (1921) ; Preifuss, Zeit. elek-
trochem. 38 100, 224 (1922).
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light bulbs, heat producing the metal, which marks the glass
permanently. The similarity of tellurium to selenium and sul-
fur suggests the use of the former in the dye and drug industries.
The alkali tellurides are effective remedies against excessive
perspiration, but their use has not been popular because of the
offensive odors produced especially in the breath and perspira-
tion. These compounds also produce marked physiological
effects similar to those of arsenic.t They have been tried as a
cure for cancer, tumor, syphilis, etc., but the results are not
convineing.? Since tellurium dioxide is decomposed at red heat
it becomes a powerful oxidizing agent, so its use has been sug-
gested in the manufacture of sulfuric acid,® and in combustions.*
Recent investigations have shown that tellurium crystals are
useful in the detectors for wireless telephones. The popularity
of wireless equipment is shown by the fact that a single company
has sold 5 over a ton of tellurium for this purpose, although each
instrument requires only a few grams of the element. The most
interesting application yet suggested is as an anti-knock agent
to be added to gasoline.® It has been found that the addition
of a small per cent of diethyl telluride to gasoline permits the
use of high compression motors, by means of which the mileage
obtainable is increased as much as 100 per cent. A decided
disadvantage in the use of this compound comes from its per-
sistent and unbearable odor. If some method can be found to
overcome this obstacle this device would not only serve to use
large quantities of tellurium but it would also tend to conserve
the supply of gasoline. It is cstimated that to ' tellurize 7 all
the gasoline now used in automobiles would require 1500 tons
of tellurium per year.

Compounds. — The compounds of tellurium resemble those
of sulfur and selenium quite closely, but it is somewhat more
metallic than either of these clements. It seems logical to
expect the oxygen compounds of tellurium to be easily reducel,
but it is found that the compounds of selenium are more casily
reduced than either the sulfur or tellurium compounds.’

Y William J. Gies, Merck's Archives, Jome, 1901.

2 Lenher, Jour. Ind. and Eng. Chem. 12, 597 (1920).

8 Zeit. angew. Chem, 34 154, 157, 162 (1921).

4U. S. Pat. 1,341,462,

& Chem. and Met. Eng. 27 640 (1922).

¢ Midgley and Boyd, Jaur. Ind. and Eng. Chem. 14 849 (1022).
7 Benger, Jour. Am. Chem. Soc. 839 2179 (1917).
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Ozygen forms three oxides, TeO, TeO,, and TeOs. The first two are
somewhat basic in nature and are represented by numerous salts in which
tellurium is bivalent or quadrivalent, respectively. The dioxide and the
trioxide are both mainly acidic in character, although a few hexavalent
salts of tellurium are known.

Tellurium monoxide, TeO, is obtained by heating TeSO; in a vacuum to
230°, sulfur dioxide being evolved. It is amorphous, brown to black in
color, and is easily oxidized.

Tellurium dioxide, TeO., forms when tellurium is burned in the air.
It forms white erystals, which melt and boil without decomposition. They
are only slightly soluble in water, but react readily with the fused alkalies,
forming tellurites. Tellurous acid, H,TeO,, is formed by acidifying the
solution of an alkali tellurite or by dissolving tellurium in nitric acid, when
an unstable nitrate is formed from which tellurous acid separates as a
voluminous white precipitate when the solution is poured into water.
The tellurites of the alkali metals are best prepared by fusion of TeO, in
caustic alkali; concentrated solutions of the alkalies dissolve TeO, rather
slowly, while dilute solutions are almost without effect. The tellurites of
the heavy metals are insoluble in water but soluble in hydrochloric acid.
The tellurites are usually of complex character rather than of the simple
character of the analogous sulfites. Oxidizing agents transform tellurous
acid to telluric acid; tellurium is precipitated by sulfur dioxide but not by
ferrous sulfate.

Tellurium trioxide, TeOs, is made by carefully heating H,TeO,4 to a red
heat. It is an orangeryellow crystalline substance, sparingly soluble in
water, and easily decomposed by heat, forming the dioxide and oxygen.

Telluric acid, H,TeO, - 2 H,0 or H¢TeOs, is made by oxidizing tellurous
acid, best by CrOs, or the chlorates; ¢ by the action of an acid on a tellurate ;
or by the oxidation of TeCl, by chlorine.! It differs markedly from sulfuric
and selenic acids by being a solid, much less soluble in water and much less
completely ionized. As an acid it is very weak, much like boric or hydro»
cyanic acid, the ionization ? constant of a normal solution being 1.6 X 10~
It forms various hydrates, it undergoes polymerization readily, forming
colloidal or semiscolloidal substances, and crystallizes with such salts as
phosphates, arsenates, iodates, and oxalates. In aqueous solution tellurie
acid is reduced by such reagents as sulfur dioxide, hydrazine hydrate,
hydroxylamine, hydrogen sulfide, and hypophosphorous acid.

When the hydrated telluric acid is heated to 160° water is expelled and
a white powder known as allostelluric acid ? is formed. It is difficultly
soluble in cold water, but it dissolves readily in hot water, and from the
solution the hydrated acid crystallizes. The allo-acid is a much stronger
acid than the hydrated acid. The formula (H.TeO,)x has been suggested
for allo-telluric acid, which indicates that it bears to telluric acid the same
relationship which meta-phosphoric acid bears to its ortho-acid.

The tellurates may be prepared by fusion of tellurium or its dioxide with

} Meyer and Moldenhauer, Zeii. anorg. allgem. Chem. 119 132 (1921).

2 Rosenheim and Gerhart, Jour. Chem. Soc. 114, II, 194 (1918).
¢ Mylius, Ber. 34 2208 (1901) ; Gutbier, Zeit. anorg. Chem. 32, 96 (1902).
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an alkali carbonate-nitrate mixture, Te, + X,CO; + 2 KNO; = 2 X,TeO,4
4+ N; 4+ CO. The same results are obtained by passing chlorine into an
a.lkaline tellurite, KzTGOa + 2KOH + Clz = KzTeO4 + 2 KCl + Hzo-
The alkali tellurates are in general soluble in water, while the tellurates of
the other metals are sparingly soluble in water but soluble in hydrochloric
acid. On heating, a tellurate loses oxygen and forms a tellurite.

Hydrogen forms the telluride, H,Te, by direct union of the elements?
or by the action of acid on the tellurides of magnesium, zine, or aluminium.
It is a gas with an offensive odor, but its physiological action is much less
marked than is that of hydrogen selenide. The hydride of tellurium is
extremely unstable, being decomposed rapidly by temperatures above 0°
or by moist air. Unless it is thoroughly dry, H,Te is decomposed by sun-
light or ultraviolet light ; it is more stable in red light. It burns easily with
a blue flame, yielding TeO: and water. It is soluble in water, and from the
solution tellurium is precipitated by the absorption of oxygen from the air.
The solution precipitates many metallic tellurides when it is added to the
soluble salts of the metals.

The tellurides may be prepared in many cases by heating tellurium with
the metal whose telluride is desired. The reaction between molten alus
minium and tellurium is especially satisfactory, and aluminium telluride is
recommended as a convenient method of producing hydrogen telluride.?
Molten magnesium reacts vigorously, even explosively, with tellurium.
Potassium telluride, XK,;Te, is obtained in an impure form by melting to»
gether tellurium and potassium cyanide. Sodium and tellurinm unite
directly to form Na,Te and complex compounds containing more tellurium.3

Fluorine forms the tetrafluoride, TeF,, by direct union of the clements or
by the action of hydrofluoric acid upon TeO,. The hexafluoride, TeT, is
formed by the action of fluorine upon tellurium at — 78°. It is completely
decomposed by water.

Chlorine combines dircetly with tellurium ¢ven in the cold, forming bhoth
TeCl; and TeCl,. The dichloride boils at 327° and so may he separnted
from the tetrachloride (B. P. 380°) hiy careful distillution. Water decoms
poses TeCl,, thus, 2 TeCly + 3 ;0 = Te¢ + H.'1'¢O; + 4 HICl.  The
tetrun:hloride is prohabily hest formed by the action of sulfur monochloride
on tellurinm.t It is wxtremely hygroscopic and is decomposed hy cold
water.  Tellurium forms no oxychloride.®

Bromine unites dircetly with tellurium, forming hoth TeBr,® and TeBr,.
Todine and tellurium do not unite directly 7 even thaugh they are melted
together in all proportions, but Tel,*is prothiced by the netinn of H] upon
tellurous acid, HyT'¢cO; + 4 H1 = Tel, + 3 Hy). Tcllurium di-indide has

t Maser and Ertl, Zeit. anorg. allgem. Chem. 118 269 (1921).
2 Liddell, Chem. and Mel. 28 268 (1921).

8 Kraus and Chin, Jaur. Am. Chem. Soc. 44 1999 (1922).

4 Lenher, @ul. 24 188 (1002).

5 Lenher, thid. 81 243 (1909).

¢ Bull. Soc. Chim. 29 1063.

7 Guthier and Plury, Zeil. anerg. (Chem. 32 108 (1902).

8 A. Duniens, Comnt. rend. 172 1106 (1921).
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been described, but it is probably a mixture of the elements or of tellu~
rium and Tel,.!

Sulfides of tellurium have been reported by various workers, several
formule being given for the precipitates formed when hydrogen sulfide
is passed into a solution of an alkali tellurite or of telluric acid. These
precipitates give up most of their sulfur to carbon disulfide, consequently
it has been argued that the precipitates are mixtures of tellurium and sulfur.
Snelling 2 ¢laims to have isolated TeS, but Hageman 3 denics the existence
of such a compound but claims that H,S precipitates TeS, as a red:brown
powder, which is stable only at temperatures below — 20°. ’

Tellurium sulfoxide, TeSO;, may be made by direet union of tellurium
and sulfur trioxide or by dissolving tellurium in strong sulfuric acid with
gentle warming. It forms a red solution which on further heating yields a
colorless solution, which is the basic sulfate. The sulfoxide forms a red
amorphous solid, which on heating to 230° loses SO, and leaves behind TeO.

Organic acids like tartaric and citric dissolve tellurium oxide, forming
acid salts, Te(HC,H.O¢)s and Te(HC,H,0,).4 Oxalic, lactic, malie, and
gallic acids dissolve appreciable amounts of tellurium dioxide, but the
tellurium salts of these acids have not been isolated. Succinic acid does not
dissolve TeO,, and the existence of tellurium oleate and stearate is doubtful.

Detection. — Tellurium is precipitated by hydrogen sulfide along with
gelenium and the sulfides of the second group. At room temperaturc the
precipitate consists of a mixture of tellurium with varying proportions of
sulfur; it resembles stannous sulfide in appearance. It is readily soluble
in ammonium sulfide and from this solution it is reprecipitated by acids.
Tellurium is readily separated from all elements whose compounds are not
easily reduced by passing sulfur dioxide into a solution containing a small
amount of hydrochloric acid. Probably the best method for the separation
of selenium and tellurium comes from the fact that the former is precipitated
by -SO; and other reducing agents from strongly acid solutions, while the
latter is reduced to the clementary state from faintly acid solutions only.
The addition of XI to a tellurium solution containing a little free HCI gives
at first a black precipitate of Tel, which dissolves in excess of KI, forming
K.Tel,, a deep red solution, from which SO. precipitates tellurium readily.
Under similar treatment a selenium compound is immediately reduced to
red selenium on the addition of XI.

Estimation.® — Gravimetrically tellurium may be weighed either as the
element or as the dioxide. For the former method, nitric acid must be
removed by evaporation with hydrochloric acid; then the residue is taken
up with dilute HC), sulfur dioxide bubbled through the solution and tellu.
rium collected and dried on a tared filter paper. Por weighing as the oxide,
the precipitated tellurium is dissolved in nitric acid containing a few drops

i Compt. rend. 171 1140 (1920).

2 W. O. Snelling, Jour. Am. Chem. Soc. 34 802 (1912).

3 A. M. Hageman, tbid. 41, 329 (1919).

4 A. M. Hageman, tbid. 41 342 (1919).

& See the excellent summary of methods by Victor Lenher, Trans. Am. Inst.
of Min. and Met. Eng., Feb., 1923 ; abstracted Min. and Met. 4 32 (1923).
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of sulfuric acid, the solution is evaporated to dryness, and the residue
ignited gentlyin a crucible. The basic acetate separation ! precipitates TeO.
quantitatively in the presence of selenium, but it does not separate bismuth
and copper completely. If a solution containing tellurium is strongly
acidified with HC), then heated to boiling and hydrazine hydrochloride
and sulfur dioxide added, tellurium is completely precipitated.?

Volumetrically tellurium may be determined by several methods:
(1) Tellurous acid is oxidized to telluric by permanganate either in acid
solution 3 or alkaline solution. (2) Tellurous acid in hydrochloric acid
solution is reduced by an excess of standard stannous chloride, according
to the reaction: TeCl, 4+ 2 SnCl; = Te + 2 SnCl,. The excess stannous
chloride is determined iodometrically.® (3) Telluric acid may be reduced
to tellurous by the use of potassium bromide in sulfurie acid solution, thus:
H,TeO, + 2 HBr = H,TeO; + H:0 + Br,. The bromine is distilled into
a solution of potassium iodide, the liberated iodine being determined by
standard thiosulfate.t

The electrolytic determination of tellurium has been suggested,” but it is
only possible in the absence of selenium, and its success is doubtful.

} Browning and Flint, Am. Jour. Sci. 28 112 (1909).

2 Lenher and Homberger, Jour. Am. Chem. Soc. 30 387 (1908).

3 Brauner, Monat fiir Chemie 12 34 (1892).

4 Norris and Fay, Am. Chem. Jour. 20 278 (1898); Gooch and Peters, Am.
Jour. Sci. 8 122 (1899).

5 Brauner, Zeit. anal. Chem. 30 707 (1891).

¢ Gooch and Howland, Am. Jour. Sci. (III) 48 375; Zeit. anorg. Chem. T 132
(1894).

7 E. Miller, Zeit. physik. Chem. 100 346 (1922).



CHAPTER XVIII
GROUP VIII —THE PLATINUM METALS

In Mendeléeff’s table, Group VIII was distinctive from the
fact that in place of a single element in each series there were
blanks in all series except the fourth, sixth, and tenth, and these
spaces were occupied by triads, which showed some striking
analogies. Not only do the members of each triad show closely
related properties, but their atomic weights and atomic volumes
are much closer together than is usual in successive clements.
This similarity is not only true of physical properties, but it is
so strikingly true of the chemical properties that the separations
of members of cach of these triads are among the more difficult
operations of analytical chemistry.

In addition to the resemblance within the triads themselves,
there is also a certain similarity between each element andthe
corresponding element in the other triads. Thus iron, ruthe-
nium, and osmium have certain peculiar properties in common;
cobalt, rhodium, and iridium are somewhat alike, and nickel,
palladium, and platinum present similar peculiarities. The
resemblances in these vertical triads are especially striking
bétween the last two members, but it is perhaps to be expected
that the first member of such a group would differ somewhat
from the other members.

The elements of Group VIII form a transition series between
the members of the even series and those of the following odd
series in much the same way that the members of the Zero Group
do between the odd and the following even series. They show
properties suggestive of manganese, chromium, molybdenum,
and tungsten as well as copper, silver, and gold.

The principal physical properties are shown in Table XL. It
is to be observed that there are close resemblances within the
triads, although there is considerable departure from the order
of atomic weights. Among the notable facts are to be observed
the high melting points and boiling points and the high density

337
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of osmium, iridium, and platinum. Under certain conditions
osmium has the highest density of any known substance.

TasLe XL
Physical Properties of the Platinum Metals

MEAN | nrpaw | MELtin | Bomwing Cozrm»
Q}VTE‘;&% S:%;{c AHTgr;c Po&iml Pogg‘r* DENsITY CIISE{I}:?N;F

Iron . .| 55.84] 0.119 | 6.64 1505 2450 7.84 [0.0412
Cobalt . .| 58.97| 0.108 | 6.37 1489 2415 8.8 ]0.041208
Nickel . .| 58.68| 0.109 | 6.40 1452 2340; 8.3-8.8 10.041248

Ruthenium | 101.7 | 0.0611) 6.21| >1950{ 2520| 12.
Rhodium . | 102.9 | 0.058 | 5.97 1940; 2500, 11-12 |0.0,058

Palladium. | 106.7 | 0.059 | 6.30 1542 2540(11.4-12 (0.0412
Osmium . | 190.9 | 0.0311] 5.94| ca 2700 — 21.3-2¢4 | —

Iridium .| 193.1 | 0.0323| 6.24 2360, 2550 22.4 {0.0.07
Platinum . | 195.2 | 0.0323| 6.31 1755| ca 3900(20.9-21.7|0.041

The metals of this group are all white and remain untarnished
in dry air. Iron is unique in that it oxidizes readily in moist air,
while the other metals either tarnish superficially or are entirely
unchanged. These metals, especially in colloidal form or in the
finely divided state, are the best catalysts known. They aresuch
active catalysts that so small a quantity as 0.002 mg. of plati-
num, 0.005 mg. of iridium, 0.0009 mg. of rhodium, or 0.0005 mg.
of palladium may be detected on asbestos fiber by heating to
redness in a flame and holding in a mixture of coal gas and air.
The metallic particles become incandescent because of their
activity in promoting the reaction between these two gases.
Some of these metals also show the property of selective absorp-
tion of gases to a remarkable degree. All these metals form
organo-metallic compounds, a fact which contrasts them with
the other members of the even series. There is also a marked
tendency to form complex radicals, both basic and acidie, from
which extended series of compounds are derived, the properties

} The melting points are those given in Recueil de Constantes Physiques (1913).
2 The boiling points are to be considered as only approximately correct.
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of which are entirely different from the properties of the corre-
sponding metallic salts.

A comparison of the compounds of iron, ruthenium, and
osmium shows many points of resemblance. All three metals
form dichlorides, MCl,, and trichlorides, MCl;. Complex chlo-
rides are known, such as chlorruthenites, MoRuCls ; chlorosmites,
M;0sClg, and chlorosmates; iron is commonly said to form no
such derivatives, but the double salts like FeCl; - 2 KC1- H,O
may be written K;FeCl; and regarded as chloroferrites.
The only oxide common to the three metals is the sesquioxide,
M:0;. The monoxide, MO, is common in iron, uncertain in
ruthenium, and probable in osmium. Both ruthenium and
osmium form dioxides, MO, but iron dioxide is only known in
the ferrites such as BaFeO;. Ruthenium and osmium are the
only members of Group VIII which form oxides of the formula,
MO,, although the Mendeléeff table would lead to the conclusion
that this should be the common oxide. Both these oxides are
volatile, and soluble in water, but neither forms hydroxides nor
are they acidic in nature, although almost invariably the higher
oxides of the metals show more or less striking acid properties.
Ruthenium and osmium form ruthenocyanides, M Ru(CN)s,
and osmocyanides, M,Os(CN)g, isomorphous and similar to
the ferrocyanides, but neither forms a series analogous to the
ferricyanides.

A comparative study of cobalt, rhodium. and iridium reveals
some interesting comparisons. Cobalt is almost wholly bivalent
in its simple salts, the only stable trivalent derivatives being
complex salts like the cobaltinitrites and -cyanides. On the
other hand rhodium and iridium are generally trivalent. Ac-
cordingly the stable simple chlorides are CoCl,, RhCl;, and
IrCl;. From the last two are derived the double chlorides, chlor-
rhodites, M;RhCls, and chloriridites, M;IrCls; cobalt forms
double halides such as CoNaF; and CoLiCl,. Iridium forms
a tetrachloride, IrCly, from which are derived the chloriridates,
M.,IrCle. Cobalt alone forms a monoxide, but all three metals
form the sesquioxide, M.Q;, and dioxide, MO,. The latter are
slightly acidic in character, forming cobaltites, rhodites, and
iridites respectively; these are analogous to the ferrites, ru-
thenites, and osmites, and suggest at least a distant relationship
to the chromites and manganites. Cobalt, rhodium, and iridium
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} Aceording to Fromy's Knoyclepaisa FdUls hus not boon preprrod .
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While the members of the platihum group resemble one
another in a very intimate manner, there are many points of
dissimilarity to be observed. If the clements were to be ar-
ranged in order showing the most gradual changes in chemical
properties the order would probably be

Os — Ru — Rh — Ir — Pt — Pd.

In this arrangement each element resembles its neighbors, but
between the extreme elements there is noticeable divergence.
This order is difficult to harmonize with the other parts of the
periodic table.

Tae PramiNuM METALS

History. — It is impossible to tell when mankind first began to use the
platinum metals, for they attracted the attention of early races because of
their simple metallurgy, bright and permanent color, and their high melting
points. Berthelot describes? an alloy of platinum, gold, and iridium which
was used in forming hieroglyphics at Thebes in the seventh century s.c.
Pliny speaks of “ aluta,” which is supposed to refer to platinum, a name
which is derived from platina, a diminutive for the Spanish word plata,
silver. About the middle of the sixteenth century, the Europeans were
somewhat familiar with a metal from Mexico which they were unable to
melt. In 1750 Brownrigg for the first time described the compact metal
and termed it a " semi-metal >’ because of its peculiar properties. Many
investigators studied this substance, each adding a few facts concerning its
behavior. It appears to have been melted first about 1758 ; in 1772 it was
hammered into foil and drawn into wire. The use of the oxy'hydrogen
blowpipe in melting platinum was introduced during the first decade of the
nineteenth century by Robert Hare of Philadelphia, the inventor of the
blowpipe. In 1859 Debray and Deville first used a lime crucible and cover
in fusing platinum. The early work was done almost entirely on South
American platinum, which was difficult to obtain because the Spanish
government forbade its exportation in order to prevent its use as an adul-
terant for gold coins. All the carly references 2 to platinum refer to a mix-
ture of the metals of this group, usually with some gold, silver, and other
metals. The first companion metal to platinum was discovered in 1803.

The discovery of platinum in the Ural Mountains was made in 1819,
but it was not until 1824 that its exportation was begun. These deposits
developed rapidly and soon became the most important source of supply.
In 1828 Russia began to use platinum coins, but the wide fluctuation in the
value of platinum caused the discontinuance of platinum coinage in 1845,

1 Compt. rend. 183 729 (1901).

2 For a complete bibliography of the Platinum Metals from early time to the
end of 1917 see Bull. 694, U. 8. Geol. Surv. There 1s, also, an excellent bibliog-~
raphy in Les Métaux Précieuxr by Jean Voisin, Encyclopédie de Chimie Indus-
trislle (1922).
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About the year 1803, several chemists examined the residue which
remains as a black powder when platinum ore is dissolved. This had
always been considered as composed mainly of plumbago, but it was found
to contain a new metal. In 1804 Tennant' announced the discovery of two
new metals from this residue. For one he suggested the name iridium, the
rainbow element, ' from the striking variety of colors which it gives while
dissolving in acid.” The other he named osmium, from the Greek word
meaning odor, a name suggested by the sharp smell of the volatile oxide.
Following this announcement by only a few days, Wollaston described 2 a
method of separating still another element from the mother liquor after
a solution of platinum salts had been precipitated by ammonium chloride.
This new metal formed salts whose solutions even when dilute were rose-
red in color, so he suggested the name rhodium, rosercolored. Wollaston
also discovered the metal palladium while he was purifying a quantity of
crude platinum. The actual discovery was made in 1803, but the announce-
ment was first made anonymously in the form of an advertisement of a
quantity of " palladium or new silver ™ for sale. The ' new metal 7 was
thought to be afraud composed of an amalgam of platinum. Later Wollaston
declared ® that he was the discoverer, gave his method of reclaiming pal-
ladium from platinum ore, and explained that the element had been named
in honor of the planetoid Pallas, discovered in 1802.

The last member of the platinum metals to be discovered was ruthe»
ntum. This element was announced by Osann in 1828, who claimed to have
found three new metals in some crude platinum ore from the Ural Moun-
tains. To one he gave the name ruthenium, from Ruthenia, a name for
Russia. He soon became convinced that one of the metals did not exist
and for some time the others were considered to be mixtures of the oxides
of titanium, iron, zirconium, and silicon. In 1845 Claus examined similar
ores and found 4 that they contained a new metal for which he retained the
name of ruthenium.

Occurrence. — The platinum metals are found native, almost
always associated with each other, and generally with small
amounts of gold, copper, silver, nickel, iron, and other metals,
The grains are small, rarely in nuggets, and are found in alluvial
deposits which result from the disintegration of basic igneous
rocks. Only a very small part of the world’s supply is derived
from any other source than alluvial deposits. Iridosmine is a
natural alloy of iridium and osmium containing small amounts
of the other metals. Alloys of gold with both palladium and
rhodium are found occasionally. The platinum metals are
found in small amounts in copper ores such as tetrahedrite and

Y Phil. Trans. Roy. Soc. 94 411 (1804).

2 Phil. Trans. Roy. Soc. 94 419 (1804).

3 Phil. Trans. Roy. Soc. 94 428 (1804) and ibid. 96 316 (1805).
4 Annalen 66 257 (1845) and ibid. 69 234 (1846).
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are reclaimed from this source from the electrolytic sludge.
Platinum is also found in certain deposits of coal and its presence
has been detected in a certain meteorite.

A few compounds of the platinum metals are met, but always
in rare minerals. Sperrylite is platinum arsenide, PtAs,, which
1s found 1n rare samples of the nickel-copper ores of Ontario and
of copper ores at Rambler Mine, Laramie, Wyoming. Laurite
1s a rare ore composed mainly of ruthenium sulfide, RuS,.

A few unusual nuggets have been discovered. The largest of
these was found in 1843 in Russia and weighed 21.25 pounds,
At war time prices this amount of pure platinum would be worth
more than $36,000. A smaller nugget weighing 18! pounds
was found in Russia in 1834. The nuggets from South America
are smaller, one of 800 grams being reported.!

Deposits of platinum are found widely distributed over the
entire world.* Approximately 90 per cent of the total platinum
produced has come from the alluvial deposits of Russia. Co-
lumbia ranks second, Borneo third, United States fourth, and
Canada fifth. Itis difficult to obtain accurate figures regarding
the actual production in Russia because the published output
was sometimes as much as 60 per cent below the actual produc-
tion. This was to avoid registration. The total world's pro-
duction up to 1917 has been variously estimated from 5,000,000
Troy ounces ® to 11,000,000 ounces.* The price has gradually
risen as the uses of these metals have increased. Table XILI
shows the gradual rise during recent years. Owing to the scar-
city of platinum during the war, and the urgent need for the
metal, especially in munition work, the United States govern-
ment set an arbitrary price of $105 per ounce, May, 1918. In
June, 1923, prices in New York are quoted as follows : platinum
$114.00 per ounce ; iridium $260.00-%$275.00; palladium $80.00.

Refining.5 — All platinum ores have a high density varying
from 14 to 19. Consequently the first steps in refining are
usually made by a series of washings. Usually the ores are
non-magnetic, but if the ore contains iron it may become highly

Y George F. Kunz, Pan-American Union Bulletin, Nov., 1917.

2 Bee Platinum Map, p. 59, Monograph The Platinum Metals, by A. D.
Lumb, British Imperial Institute (1920).

3J. M. Hill, Eng. and Min. Jour. 103 1145 {1917).

4 J. L. Howe, Chem. and Met. Eng. 19 607 (1918).

s H. F. Keller, Jour. Franklin Inst., Nov. (1912); Les Métaux Précieuz,
Jean Voisin (1922),
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Tasre XLI
Prices of Platinum Metals in New York in Dollars per Troy Ounce
Praminum’
Iriprum? Parrapyom?
Low High
1910 28.00 _ 39.25 _ _
1911 41.00 _— 45.00 _— _
1912 —_— 45.00
1913 _ 46.00
1914 43.00 _— 48.00 65.00 44.00
1915 40.00 _— 50.00 83.00 56.00
1916 60.00 — 110.00 94.00 67.00
1917 90.00 —_— 105.00 150.00 110.00
1918 — | 108.00 _— 175.00 135.00
1919 100.00 _— 150.00 _— _—
1920 85.00 _— 155.00 _ _—
1921 70.00 _— 80.00 _— —_—
1922 85.00 _— 87.50 165.00 55.00

magnetic. Separation by this property is somewhat uncertain,
consequently gravity separation is generally used. If gold
is present it is concentrated with the platinum and may be
separated by repeated treatment with mercury. The crude
platinum ore which remains is usually shipped without further
treatment to the refiners.

Several methods are used in the refining of erude platinum
ore, modifications being introduced to meet varying conditions,
and usually the details of any process are closely guarded
secrets. In general there are three steps used in the refining
of the crude ore: (1) the removal of osmiridium, (2) the sepa-
ration of platinum, and (3) the separation of the other metals
which may be present. Two types of methods are used to
accomplish these separations, known as the wet and dry
methods. In the former the ore is digested under slightly in-
creased pressure with aqua regia which contains an excess of
hydrochloric acid. The undissolved residue consists mainly
of osmiridium, sand, and graphite. The other metals are mainly
brought into solution by this treatment. The solution is
evaporated in the presence of excess HCl and the residue heated

} Platinum figures are from Min. Ind. 39, p. §47—-548.
# Iridium and palladium values are from Min. Resources, 1918, p. 205.
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U dne Chim Fhys B8 (3530 slnd 81 5 (D) Mumpl. rend. 8L 5403 (3870).
¥ Hegort Ragad Undara Nicked Comminsina (1917}, o 404,
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Tasre XLII

The Separation of the Platinum Metals

Crude ore is digested for several hours in aqua regia.

Residue: Con:
tains iridos-
mine,

Solution : Ewvaporate to a syrup, add HCI, and repeat several times.
sible amount of water and add concentrated NH,C}.

Take up with the least pos-
After standing filter.

Precipitate: Wash
with NH,CI solu-
tion, dry and
ignite:  spongy
platinum.

and add aqua regia.

Filtrate: Add zinc, filter the precipitated metals, wash with boiling water

Residue: Boil with 10% KOH solu-
tion, wash, mix the residue with
an equal weight of NaCl, and heat
to 440°1in an atmosphere of chlorine.
Take up with water, crystallize
the excess NaCl, heat the liquid
with HNO; and add saturated
NH,C} solution.

Solution: Evaporate, take up with
dilute HC} and add a solution of
mercuric cyanide.

Precipitate : Wash | Filtrate : Evapo-
and ignite : rate to crystal-
iridium. lization and ig-

nite the crys-
tals: rhodium.

Filtrate: Add a
concentrated
solution of fer-
rous sulfate.
Filter and
wash thor-
oughly with
hot water:
gold.

Precipitate :
Wash and ig-
nite:  palla-
dium.

STVIHW WANILVId THL
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Rutheninm aveclales sxvgen when the podal s medted m the
wir mml ot e sune the 30 s ervered with o tha bl of the
oxide,  When heated i oxvgen ot forme e brown oxude Hnd )y
nnd nt temperstures above WH° soaae Bt e forppd, Tt
unites with oxygen most romdily of the platuomn metals pxeept
osmtum,  Flnorine and ehilonne camlane irectly with pathic-
niun at somewhnt clevated tempmantune, The metal s not
atincked by any single neid nod nqua pgin dissalves it showly,
Fused neid snlfates have no offect yipon entheniam. the best
rolvent being o mixture of potassium hydroxsde and potassiuim
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nitrate, the mthenate 1GR0O) heing farmed. The metal may
alene bue Biremght anto solntion hy fusion with sadium peroxide.
The iy drvided anetal i g redily solubile in alkali hypso-
ehlvrte sodimans,

Fhvedigm pesembhes ahinuinivngs i appearance ; i is dnetile gnd
pedbadde av ved hieat s iy less Fusible than platinaen, bt the
wedten metal sats on cenbing, When allayal with platimmm
i reduess theovolutibity of the Iitter. Molten rhadinm dissolves
vonstdera bl carlaa, hat v cading, the earbon appenrs ngain as
graphites Pinely dhivided rluslinm is furmaed by rednetion of ity
sabts in bysdrogen s it ahsarbs hydragen anly slightly but cata-
Ivzes the mnn of hvileagen and oxygen,  Rhodin may be
prepored i Both vallondal amd explosive farms Bke rutheniom,
exeept that vxplosive rhodiom st e prepared in the presence
of air.  Phe spongy suetal does ned abwarh gas. Rhadim hlnek
% prepared by realuetion of rhodinm sults i alkaline solutian
with aleshid or munoniom formede, The presence of sulfor
eotupotimls appwnrs ta I neesssary, 1 i 0 pawerful catalyst,
oxishizing fortute newd st ordinary temperdores, It forns n
fustlde and extregiely unlbahle alloy with silver; it alloys
rendily witle eapgaer, Tistunth, tin, lead, ging, antl pltininn,

When Ireated in the ajr rhodivn tarnishes very shightly, but
i the st reudidy altackel of all the platimun metals by
ellarine snd hramine, the action on finely dividod etal bogin-
s st 250°,  The pure metul i insolnble in neitls nnd agn
rogin, Jat when alloyed with sl smannts of other inetals,
esprecially capper, ad ar zine, it s meh mare ensily soluble,
In thee presenes of vxygen, hydroeldorie acid under pressiim
uttacks the metnl wt a tempornture of 150° Fused potassiim
acis] wnlfude dissolves rhodium, forming & double sulfnte, and
frtsenl Ditrate yiehl the sestpiioxide,

Pallodiem ix n white mptal, sanewhat Imrder than platimumn,
possessing somewlist Jess ductility and nndlealility,  When
hented 1t softens ot temperatures below s melting point, con-
weqaently it may be welded readily,  Its melting point, abont
1542° in the lowest aof the platinum metals, but it vaporizes
below the melting point, producing green vapors.  Its boiling
point is approximately 2540°,

Collwidal palladium is prepared by reduction of the chloride
with acrolein or hydrazine hydrate in the presence of a protee-
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Fallehima a3 st tarnishied in dey or inaist air or in ozone at
ardinury temperatares. AMoalall reduess itoanites with oxygen,
piving IO, When the medten metad solidifios, it © spits ?
Ll alvers AL of the ludegens attack palladinm at clevated
terupeeratare, theangh ddine vapor resets auly ineompletely
with the finelv adividhal netal, Salfur and arsente unite directly
with The metal ab elevated  temperatares,  Hydrarhlurie acid
dissolves the sangiaet metal slawly, but wgua regia is 2 good
sedvent, Coneendrabed nitrie weid attarks the metal, whihe
cilute nitrie aenl will dissadve vertain allays ot not the pare
wadul. Sulfurre seid, hed aml cancemtrated, forms PdSO,,
whorh i ubo formesl by fusian with KHSOy  Pallwdiom s
stfiiend Iy aetive toadisplacer merenry fram the eyanide.

(w1 ery=<talline forn, uhiained Dy trenting its zine nlloy
with HOL has g Blaish tint, s brittle, hard encgh to sernteh
ghies, aned has thee Lighast ddensity of any known substance,  Is
melting padat s He highest of tlaaaembors of this group, and it
vaporges sowlv, Colloidal astium is prepured by redueing
potyenitu ostnate, KeOsO 4 and is pfivetive in eatalyzing the
bavelrogenation of unsatursted crampannds and o the axidagion
1f carboon mutseide. T s the most effective of all the callonlud
mictals of s granpn in eatalyzing the decomporition of hydro-
pere peraxide,  The mast maarked catalytio offert of the metal
is tn the finely dividded farm, in which caudition it eauses the
nnion of hyilrogen and oxvgen ta beeame explosive nt ten-
preratures ax dow as 307 ar 507 € T is one of the mest effeetive
vatulysta in the Halur provess,?

Ehpmun s thee ondy metal of this group which unites readily
with oxvigen,  The finely divblol metal renets with oxygen
uf uir st onlinary temperntoros, this renction probably being
ratalvzod by the presence of absorbed hydrogen, 1t is alko
uxidizerl by stean, The praduet of oxidation, Os(Oy, hns o
dimareoubh wdor, from whicl thre elpinent recetved s e,
Thes vapors are peasomons nid prodiee temporary blindness,?
None of the hulugons nifnck the metal ot ordinury temnperatinves,
bt both fluorine wnd chloriue wnite with it when beated, The
ninorphaus metal dissolven rendily in Duning uitrie aeid and loss
readily in aqua regia; neids do not nttack the erystalline form,

 Xoet, Rlekrochepa. 19 108 (1L8).
* Devitle mind Dadany, Ao, Chim. Phys. 86 Unle (18564},
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but the metal is easily brought into solution by fusion with a
mixture of sodium peroxide and nitrate or of the corresponding
barium salts. Finely divided osmium is soluble in alkali
hypochlorite solutions, thus illustrating its acidic tendency.

Iridium. The fused metal is white, with a bluish luster,
resembling polished steel in appearance. As usually obtained
it is hard, brittle, and almost entirely lacking in ductility. It is
now believed that its hardness and brittleness are due to im-
purities and that the pure metal is quite malleable. It has been
both melted and vaporized ! in the electric furnacec. The molten
metal absorbs carbon, which reappears as graphite when the
metal solidifies. JIridium foil may be made to absorb consider-
able hydrogen, when it actively catalyzes the union of hydrogen
and oxygen. Explosive iridium is made by preparing a zine
alloy of the metal and then removing the zinc with hydrochloric
acid. The finely divided metal which remains is explosive, if
the process has been carried out in the air. Colloidal iridium
is made by reducing a solution of the chloride with various
reducing agents in the presence of a protective colloidd. The
color varies from red to black, depending on the method of
preparation. As a catalyst it is less active than platinum, but
it aids in the decomposition of hydrogen peroxide, best in the
presence of dilute acids ; it also causes the union of carbon mon-
oxide and oxygen at ordinary temperatures. Iridium black is
conveniently prepared by dissolving the sesquioxide in an alka-
line solution and then adding aleohol and boiling, The fine
black precipitate obtained in this way is a mixture of the metal
and its oxides. It is an active catalyst.

In the finely divided state, iridium shows some chemical
activity, At ared heat it begins to unite slowly with the oxygen
of the air, with sulfur vapor, or phosphorus. The phosphide,?
Ir,P, is decomposed at higher temperatures and the sulfide,
IrsS, may likewise be prepared by passing hydrogen sulfide over
ammonium chloriridate. If hydrogen selenide is used, Ir:Se is
formed. The compact metal is much less active, but at 1100°
a superficial oxidation begins, forming a purple layer. Fluorine
in the nascent state and at dull red temperatures forms a fluor-
ide, and chlorine attacks the hot metal, especially in the presence

} Moissan, Compt. rend. 142 189 (1908).
2 Clark and Joslin, Am. Chem. Jour. 5 231 (1883).
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of sonlonn ehbride, foeming o wbidde donble sult. Al simpla
prad< b o pe regicare withent aetion an the metal exeept
i very fedy eiveded aane ar i allevs, in which vradition o
show partal sodntien moy take place, Fasal atkalies i the
procetwe o sdhohne witvates form sedubide anal jnsolalde widates,
waed prtiecai beadfate formes tee tnsedable axilde,

Platveam von white metal, intensalinte in ealar between silvor
wied don B enfter than et of e adher metals of this group
nsl in beh sralleabibt s oral duetility it apprasclas silver nnd
pobl. I rbeetrpad conduesivity is low, aud it eoefficiont, of
espestedon - the boavest of all edals,  The hnrdigess is ineronsed
b e sedditmn o irihinns, Bt the duetility is ut the sune tine
dhvcpenends The b of the wetal is inercased wlso by
sevlinaes] working atellerrensaal Ty keeping for o time atoa
Boght rod heatt Theo valatility of platinanm at temperntures
To o el point has heenearefnlly stadied, T4 has been
shrown  that 4t s el e volatile t the presence of oxygen
thonoat o hasliogen, mitrogen, ar & vnewma, I axygen the
aapenization T begine ot s teinperature ns Tawoas G00° (G, when
i1 wapgprecd 1l srodmlutheraie axide, 110y, is forted whith
drsariades at bawer tempeerstives, The doss of platimim by
vobatihzation ot tempuerdures above 9007 8 inerensed by the
jroesedus of dridinn bot deeregaad by rhadimm® - Heated plati-
maw fod permits hydragen Yo diffiase bt not methane, nitrogen,
oxvien, lolinng, e srgran, The eompuet metal nbsorbs some
hadrigen, but at is all given up an enoling,

Finely dicided platinum is an netive entalyst, and nny be con-
vendently prepored on ashestos fiber by dipping the fiher ina
sedution of chilorplatinie urid and igniting,  Platinized nickel
te tede Ty whaking the powdered metal with a solution of chlor-
piattnie nesd, The entalytic activity of platinim is not nffected
by ssivkel, bt jt in deerensed or vutively destroyed by certain
other metnls, .

Collimdal platinam ik propused by reduction of the chloride in
the prosence of u protective eollobd ar by pussing o spurk hetween
pintinmm vlecteodes in iee woter. 1t antulyzes the tecompuosi-
tinn of hydrogen peroxide in bath avid und alkaline soldion ;
the union of axygen with both carbon monoxide and with

f flotwrte, Pind. Mag 88 27D (1913),
¥ Burgrea and Hule. Burrau of Soindorde, Svicatifie Paper Noo 254 (169145),
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also a mixture of hydrochloric and chloric acids. Dilute
ic acid does not attack platinum, but the hot concen-
1l acid attacks it slowly, forming such compounds as
d) - (HSO,);. Fused alkali carbonates have little effect

platinum, fused nitrates and acid sulfates are more
», while the fused hydroxides and peroxides attack it
. Sulfur does not attack platinum, but some of the
lic sulfides do. Phosphorus reacts easily with platinum,
ng a series of fusible compounds such as PtP,, PtP, Pt,P,
>t3P5.!  Hence phosphates or phosphides should never be
d in platinum under reducing conditions. Arsenic and
n also combine readily with platinum.
2s. — Ruthenium has no commercial uses at present. Its
eness and ease of oxidation are decided disadvantages in
€ as a metal.
odium is used to a moderate degree as an alloy of platinum.
most important effect of a small per cent of rhodum is
crease the volatility of the platinum. Consequently, an

containing 10 per cent rhodium is sometimes used for
ng laboratory dishes, and it is the most suceessful material
sc as the positive element of the precious metal thermo-
©. Rhodium is also used in alloys with platinum for
ry.
Lladium is used widely as a catalyst and in gas analysis; its
s with gold are used as platinum substitutes, not only in
nanufacture of various types of scientific equipment but
in dentistry, jewelry, and for plated ware.
maum was the first metal which was found to be commer-
r successful in an incandescent electric bulb. Such fila-
.8 were expensive not only because of the scarcity of the
1, but also because of the difficulty of extraction and danger
its poisonous fumes. Such filaments were quickly replaced
-hers which were more efficient and less expensive. In the
7 divided forms it is active as a catalyst, and would be used
1sively in such reactions as the Haber process if it could be
ined in sufficient quantities at a reasonable price. Its use
e form of ¥ osmic acid ”’ as a stain for fatty tissues is well
rn. Osmium finds some use as an alloy in platinum jewelry,
ts presence is generally considered to be undesirable.

1 Clark and Joslin, Am. Chem. Jour. 5 231 (1883).
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cprentdv, the platmun eotpronds are disenssed samewhat fally
ad e s dmpeortann compeaads of the other wetads are
geevarpaed du bl form,

Phatinnn fevuns two series of salls, the platinans, in which the
wetal 1 bavib-ut, oned the phdinie, which are quadrivalent.
Bali eleres of eonpoaneds are desomposed Ty head, and the
vaetal ooy dipbaeal frenn plat e sdutions by mast other
wetale and oy organie sabstauees, There o marked tend-
ety o form eotpdes eompennads,

fager evadane s oltertiv wtle platinema spoage v thin beil, o ot of
whieho poacts Db Prir Phoosmaganael oo sduble g neids, giving phti-
poma sl aaed 1 dearanggeeoad biv T, viebling Oy aad the getal.
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fot ax n perssnde

PFluarine combiines direetly with platingm ul SO0% 1a 000%, foraatog betd
PtE, nnd e, Bfforta to prepacee foociae eantpoinds af phetinuza by
iuhireet means have lwen aumiserasful.!

Y Wakder and Fros, Zest fur Picctrachem. 38 329 (138K),

¥ Waihder agd Mot five. 43 3320 (19881,
+ Jufl mned notlotes, 2eo. 48 22 (1LY,
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Chlorine forms PtCly, PtCl;, and PtCly, and a large number of complex
salts.

Platinum dichloride or platinous chloride is obtained by heating platinum
black in chlorine at 360° or by heating chlorplatinous acid, H,PtCl, at
100°. It is insoluble in water, but soluble in HC), forming tetrachlorplati»
nous acid, H,PtCl, Salts of this acid are important and are quite stable.
They are prepared by reduction of the corresponding chlorplatinates, best
by potassium oxalate: M,PtCls + K,C;04 = M,PtCL 4 2 KCl1 4 2 CO..
The chlorplatinites are generally soluble in water, yielding red solutions,
but the silver, lead, mercury, and thallium salts are difficultly soluble.

Platinum trichloride is prepared by heating PtCl, in dry chlorine at
390°. It is readily soluble in boiling water, but may be hydrolyzed by
continued boiling. The trichloride does not dissolve in coneentrated HCI,
but when the mixture is warmed a reaction takes place, producing hoth
PtCI; and PtCl,.

Platinum tetrachloride or platinic chloride, PtCl,, may be prepared by
heating chlorplatinic acid in a stream of HCI or chlorine. It hus a reddish
brown color, and on exposure to air it abswhs moisture, becoming bright
yellow in color. It dissolves fairly well in warm water, the solution being
strongly acidie, as is shown by the fact that it lilierates rarhan tlioxidy from
the carbonates. The solution is reduced hy iodine, thas: PtCl 41,
= PtCl, 4 2 IC), a reaction used for the volumetric cstimation of plutinum.

Hexachlorplatinic acid, F,PtCls, is prepared hy dissolving plutinum in
aqua regia or a mixture of chloric and concentrated bydrochloric arids;
or by dissolving platinum sponge in hydrovhloric acit in the presence of
chlorine; or hy dissolving plutinum black in n mixture of concentrated
HCl and H:0,; or by the anodic oxidation of platinum sponge or black. If
the solution is evaporated cerystals of H,P1Cls - 6 HiO are obtained. The
golution is a fairly strong acid, deccomposing carbonates and neutralizing
bases, forming chlorplatinates of the genernl formila M,PtCle.  Of these
the most important are (NH) PtCls and IGICl.. They resemble each
other in appearance, both are difficultly solihile in wuter, and they are
isomorphous. The former is importunt in the purification of platinum
and in the preparation of platinum sponge; the latter is used in the quan:
titative determination of both platinum and potassium.

Bromine and todine form compounds PtX,, PtX,, and H;PtX,, analogous
to the corresponding chlorine compounds.

Sulfur combines with platinum sponge or the fincly divitledd metal on
ignition and forms PtS. The same proditct is also produced when hydrogen
sulfide is passed into a solution of an alkali chlorplatinite.

"Platinum disulfide, PtS,, is precipitated when hydrogen sulfide is passcd
into a hot solution of PtCl,. It is a Mack puwder which on exposure to the
air forms an oxysulfide, PtOS - zH,0, but on heating strongly in the air
the sulfur burns, leaving the metal. The disulfide dissolves only slightly
in both acids and alkali sulfides.

Platinic sulfate, Pt(S0,),, is formed by the slow solution of platinum
sponge in concentrated sulfuric acid. Basic sulfates are also prepared by
dissolving hydrated platinum digxide in sulfuric acid.
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Selenium combines directly with platinum, forming PtSe, a very brittle
substance. By reduction of an alkali chlorplatinate in the presence of a
selenite a compound of the formula PtSe; is obtained.

Tellurium combines with finely divided platinum, yielding PtTe,, which
on heating yields both PtTe and Pt.Te.

Phosphorus reacts readily with platinum, forming a fusible mass which
probably contains a mixture of compounds such as PtP;, PtP, Pt,P, and
Pt;P;.

Arsenic combines with platinum sponge at elevated temperatures, form-
ing PtAs,, which is found in nature as the mineral sperrylite.

Antimony powder when mixed with platinum sponge and heated gives
PtSh,, PtSh, and PtsSb,.

Silicon unites with platinum when the two elements are heated together,
PtSi being formed at moderate temperatures and Pt.,Si in the electrie
furnace.

Carbonyl compounds are formed with platinous derivatives, as, for ex-
ample, by passing carbon monoxide over platinous chloride at 250°. Under
these conditions there is obtained a mixture of PtCl -2 CO, and 2 PtCl,- 3 CO,
which on further heating gives PtCl, . CO. Other platinous compounds
yield similar derivatives. Carbonyl compounds may also be prepared by
passing an equimolecular mixture of carbon monoxide and chlorine over
platinum sponge or foil at 240°-250°. This reaction is sometimes used to
detect the presence of small amounts of rhodium or certain base metals in
platinum.!

Cyanogen derivatives arc numerous and capable of great complexity.
Platinous cyanide Pt(CN),, is obtained as a yellow precipitate when mer-
curic cyanide is added to a solution of alkali chlorplatinite. Double
cyanides of the general formula M’Pt(CN), are formed by such reac-
tions as 6 KCN 4- PtCl, = K,Pt(CN), + 4 KCl 4 (CN);, These platino-
cyanides do not respond to the ordinary tests for platinum. These com-
pounds yield beautifully colored hydrates, and the barium and caleium
hydrates have optical isomeric modifications.? Certain of these hydrates
become remarkably fluorescent under excitation from ultraviolet light or
radium.

Ammonia added to solutions of platinum salts produces a large series of
complex derivatives, which are analogous to the compounds of chromium
and cobalt, obtained in a similar manner. These salts do not give the
ordinary reactions for platinum, but are capable of undergoing various de-
compositions, thus furnishing a large number of derivatives. Many cases
of isomerism occur among these compounds, which have been extensively
studied by Werner.? According to his system, the compounds are classified
on the theory of principal and supplementary valence. The principal
valence is that shown by an atom or radical which can exist as an ion, while

+ Mylius and Foerster, Ber. 26 665 (1892).

t Levy, Trans. Chem. Soc. 89 125 (1906) ; 93 1446 (1908); 101 1081 (1912).

3 A, Werner, Neuere Anschauungen auf dem Gebiete der Anorganischen Chemie,
or the translation i English by Edgar P. Hadley, New Ideas on Inorganic
Chemistry.
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i t displayed by radicals which cannot exist
the Suppl?gﬁ;t:g a::ﬁtcfeplfazrum cZn iold four chlorine atoms by means
ﬁlgl?:'principal valences, giving the molecule PftCh.l But this molecule
can combine with two molecules of hyc%rochl.or‘rc acid by means of the
secondary valences of platinum and chlorine, giving H;PtClo. which

Platinum forms two distinct series of the§e complex salts, in oueof whic
platinum is bivalent and in the other quadnva.len't. In t}}e p'lutmous serics
the metal holds four molecules or radicals codrdinated vgxth it to‘ form the
complex radical, which in turn may hold two external rqd}culs. Thus whqn
ammonia is added to platinous chloride and the prefzxpltsze S0 formgd. is
boiled with ammonia, & compound is formed having 'thc composx}aon
[(NH;)Pt] Cl,, The ammonia groups may be partially or centirely
replaced by acid groups such as Cl, NO,, SCN, ctc.’ Thus we have four
classes of derivatives which correspond to the followyxg general formuhu.v,
X being used to represent any univalent acid radical and R any uni-
valent basic radical. ‘

1. [(NH,;).Pt]X,, Tetrammine plat'mous compounds.

2. [X(NH,),;Pt}X, Triammine platinous compounds,

3. [X,(NH,);Pt], Diammine platinous compounds.

4. [X;(NH;)Pt]R, Monammine platinous compounds. L

Platinic derivatives of a similar nature are formed by oxidizing the
platinum in any of the platinous derivatives. With the metul in the quud-
rivalent state, the complex is capable of holding six moleuiles ar rudivuls,
while a maximum of four external acid radicals may attach to the complix
as a whole. Thus we have the following scrics of platinic complexes : —

1. [(NH,)ePt]X,, Hexammine platinic compounds.

2. [X.(NH;).Pt]X, Tetrammine platinic compounds.

3. [X3(NH;)aPt]X, Triammine platinic compounds.

4. [X,(NH,),Pt], Diammine platinic compounds.

5. [X;(NH,)Pt]R, Monammine platinic compounds.

To make the group complete there should be a pentammine series, but
derivatives of this type are not known.

In addition to these series of derivatives others are known in which the
ammonia radical is replaced by substituted ammonias. A few derivatives
which contain more than one atom of platinum have also been prepared.
These suggest enormous possibilities in the study of the complex compounds
of platinum.

The other platinum metals form compounds which are in gen-
eral similar to those formed by platinum. Table XLIV gives
in tabular form the principal compounds formed by the asso-
ciated metals. In general their formation, characteristics,
and properties will be suggested by comparison with the corre-
sponding platinum derivatives. The following characteristics
are worthy of note. '

Ruthfmium is basic in the lowerstates of oxidation, while its higher oxides
areacidic. A trioxide, RuOs;, and heptoxide are known onlyin combination,
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Tasre XLIV
Typical Compounds? of the Platinum Group Metals.
Ru Rh Pd Os Ir
Oxides PdoO 0s0 —
Ru203 Rh203 Pd203 - zH20 | 05202 Ir:0a
RuOs RhO; PdO; - zH3:Q | 0802 IrO.
—_— RhOs —_— IrOs
RuQ4 —_ Qs04
s Osmyl
Salts -ite . , | M2RuOs —_ —_— {MzOsO X —_—
vate . .| M"3RuO4 M':RhQ; - M20804 —_—
Per ate . .| M"3RuO4 _— _—
Chlorides . . . _— _— —_— —_— IrCl
RuCh RhCls PdACI. 0sCls IrCr
RuCls RhCI¢ PdCly OsCls IrCls
RuCl —_— —_— 0sCL IrCu
Chloro-salts »ite | M'3RuCls | M‘sRhCls " PdCl M’":0sCls M’sIrCls
M‘sRhCls
rate _— —_— M’:PdCls *0sCls M%IrCs
Sulfides . . . —_— —_— PdsS _— _—
—— | RmnS Pds — 18D
RusSs Rh28s —_— —_— IrsSs
RuS: PdS: 0sS3 IrS:
RuSq —_— —_— —_
088y
Sulfites —_— 0sS0s
Rus(S0s)y Rhi(80s1)s _— B — Ira(SOs)s
Sulfates . . . B — . PdSOs —_—
Rhs(S04) ¢ —_— 1ratSO4)s
Ru(S0)s J -
Nitrates . . . —— | Bh@vOs): | PANO4 — J—
Cyanides . . . —_— Rh(CN); PA(CN)2 0s(CN)2 Ir(CN)s
KiRu({CN)s | KsRh(CN)s | KaPd(CN)4 Ki0s{CN)s | Kslr(CN)s

The tetroxide, RuQ,, is volatile with an odor resembling ozone, but it is
not poisonous. It is soluble in alkalies, and the perruthenate so formed is
useful in histology as a stain because of the ease with which it is reduced
by organic substances, giving the finely divided metal.

Rhodium is almost wholly basic in character, its salts being generally
trivalent. The trichloride forms double salts with alkali chlorides which
are called hexachlorrhodites, M’;RhCl;, and pentachlorrhodites, M,RHCl,,
respectively. These may be considered as double chlorides rather than as
salts of the respective chloro-acids, since the existence of the latter is doubt-
ful. The trichloride is insoluble in water and acids, but its hydrate is
soluble.

} Compounds of doubtful existence and those known only in complexes are not
included in thie table.
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except in dilute water solution. Its potassium salt is obtained as unstable
orange-yellow crystals when ammonia is added to a cold solution of
0350, in KOH, thus: 0s0, 4+ XKOH + NH; = OsNO;K + 2 H,0. The
barium and silver salts are prepared in a similar manner.

Iridium forms three series of simple salts in which the metal has valence
of two, three, and four. The lower oxide, IrO, has been reported, but is
doubtless unknown in the pure state.! Salts of this state of valence are not
numerous or well known.  On ignition of iridious chloride, IrCl,, in chlorine
a monochloride is formed,? but it is only stable between 773° and 798° C.

In most of its compounds iridium is either trivalent or quadrivalent, the
latter being salled iridic. In both states of valence, the halogen compounds
form double salts with the corresponding alkali halides, giving chloriridites
and chloriridates respectively. These are to be considered as alkali salts
of complex acids.

In its trivalent form, iridium forms the sesquisulfate, Ir,(SO4);, which
like the corresponding salts of cobalt and rhodium forms a series of alums.

Double cyanides are formed such as potassium iridioeyanide, K Ir' (CN),,
similar to ferrocyanide ; and potassium iridicyanide, XsIr™" (CN**), to ferri-
cyanide. The latter is more stable.

Ammonia forms complex derivatives with all three classes of iridium
compounds. When added to iridious chloride, IrCl,, or to iridic chloride,
IrCl,, the complex salts formed are analogous to the series of platinous
and platinic ammine derivatives. When ammonia is added to the tri-
chloride, many complex derivatives are formed which are similar to rhodie,
cobaltic, and chromic compounds. For example, when ammonia acts upon
ammonium iridiochloride a compound is produced having the formula
[CI(N'H,)Ir|Cl,, and called chloro-pentammine-iridium dichloride.

Detection. — The qualitative separation of the metals of the platinum
group is a difficult task, for which many methods have been proposed.
The method outlined in Table XLV is comparatively simple and gives good
results. Confirmatory tests are suggested by Tables XLIIT and XLIV.
A few additional characteristic tests are suggested below.

Ruthenium is best recognized by the delicate blue color produced when
the solution of the trichloride is treated with H,S. This color is possibly
caused by the formation of the dichloride.

Alkali chlorides precipitate K;RuCls, violet, from concentrated solutions.
This double chloride is difficultly soluble in water, but is hydrolyzed n
boiling water, giving black insoluble oxychloride.

Ruthenium trichloride reduced with a small amount of zine gives an
azure blue color probably due to RuCl.; an excess of zinc produces metallic
ruthenium as a fine black powder.

If a ruthenium solution is made alkaline with ammonia, a little sodium
thiosulfate added and the mixture boiled for two or three minutes, a color
develops varying from rose to red-purple. This test may be applied in the
presence of iridium.

1 Wahler and Witzmann, Zeit. anorg. Chem. 87 323 (1908).
3 Wohler and Streicher, Ber. 46 1577 (1913).
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TasrLe XLVI — Reactions of Platinum Group Metals in Compact Form.!

RourRENITM Ruopyum PALuAD)OM OsatM LRIDYGAM PLATINTM
Boiling with | Dissolves Insoluble Soluble Soluble Insoluble Soluble
aqua regia slowly except in yielding
some alloys 0s0;
Boiling with Insoluble Insoluble Slowly Insoluble Insoluble Insoluble
nitric acid - soluble
Boiling with Insoluble Insoluble Slowly solu- | Insoluble Insoluble Attacked
sulfuric acid ble, forms slightly
PdSO,
Fusion with No action Forms soluble | Dissolved Partly Oxidized but Slightly
KHSO0, KeRhy(S04)¢ oxidized not dissolved attaclked
A to 0sOy
Fusion with Forms KRuQ;, | Oxidized Oxidized Dissolved Oxidized to Attacked
KOH+KNO,! green, soluble ) forming soluble and
in water K050, insojuble
giving orange iridates
solution
Treatment _— —_ Black stain — e No action
with iodine
solution

1 J. N. Friend, Textbook of Inorganic Chemistry, Vol. IV, p. 331.

2 There is some indication that ruthenium is oxidized to RuO..
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Palladium is the only one of the rare platinum metals which reacts with
Hg(CN), The precipitate, Pd(CN), is white with a yellowish tint,
gelatinous and readily soluble in both KCN and NHOH.

The solution of an iodide added to a palladous solution precipitates
black Pdl,, rather slowly soluble in an excess of alkali iodide. Rhodium
may also precipitate if present in fairly large quantitics.

Dimethylglyoxime gives a pale yellow floceulent precipitate, with pals
ladium salts. None of the other platinum metals will precipitate in the
cold; copper does not interfere but gold and nickel must be absent.

Osmium in the metallic state sublimes nt whito heut without melting,
and on heating in air or in oxygen it produces OsOy, volutile, and cxtremely
poisonous. This oxide is soluble in water and from this solution, eSO,
precipitates Os(OH),, black; sulfurous acid produces colors runging from
yellow to green to blue, the latter being the color of 0sSOs; metallic zine
precipitates osmium as a black powder, which is the only one of the plati-
num metals that dissolves in hydrogen peroxide.

Any osmium compound heated with concentrated nitric acid yields
vapors of 0sO,.  If 0804 is distilled into watcr, thr: salution slightly acidified,
and ether or amyl aleohol added, a hlue color results. 1'his test is said to
detect one part 0sO, in a million parts of water.

A solution of a chlorosmate or of the tetroxide niddified with HCl and
warmed with an excess of thiocarbamide, yields a deep rose color. This
test is said to detest 1 part osmium to 100,000

Iridium tetrachloride, treated with vxeess of nltkali hydroxids, gives i
green solution with a small blavk precipitate «f the dwalde chluride. On
heating the solution first hecames red, then deep wuune bhiee, due to the
precipitation of Ir(OH),. This test, ddistinguishes iridimn fram plilinun,

Alkali chloriridutes arc redaced ly FeS(k, vr SnCly, the solutions
being decolorized and chloriridites formed. Thuse sults crystallize ont un
cooling.

Platinumsalts are resdlnced hy FeSO,, nrSuCl, the metil finnlly resulting,

Platinic solutions yield with SuCly u hlaud-red valor il the salitlion is
concentrated, or a golden brown in aalilute solntion.  "The vnlor is extreted
with ether. This test distinguishes platinuum fram palindinem, irktim,, gokl,
or iron, but it must be carricd out in the shsunce of filler paper ar other
orgenic matter.

Platinic chloride is not redictd by oxnlic neid, nnothirr methad of din-
tinguishing platinum from gold.

Potassium jodide gives a test for platinuns which is very delinnte,  When
added to a solution of platinuin chloride & colar uppenrs whizh vuries frous
rose red to brown; or black Ptly may be precipdtutel.  An exeoss of Ki
produces K.Ptls, brown, sparingly soluhle. Iran, eupper, and axidiziiy
agents interfere with this test.

Estimation. — The quantitative determination of the motals of the
platinum group is a task which requires Jang ane skillfu} offort on the part
of the analyst. Many schemes of sepuration huve been proposed nnd used,

} Tschugaev, Compt. rend. 167 235 (1918).



Tasre XLVII

Reactions of Chlorides of the Plalinum Group Metals?

ReCus RuCrs PpCrs 0sCiy 1rCLe PrCrs
Color ? Dark brown Red Brownish-yellow Yellow Dark brown Yellow
H:S?! at 80°C Aszure blue color, | RhsS;, brownishs | PdS, brownish» OsS8, brownish» 1r:S3, brownishs PiS:, brownish»
slow forming black black black black black
Ammonium sulfide | Ru,dark brown, Rh:Sy, dark brown,{ PdS, biack, insol. Dark ppt. insol. IrsSs, brown, sol. PtSy, brown, sol. in

Caustic alkalies

NHOH % on
warming

Saturated 2
NH(CI

Saturated
XCl

K1 solution?
1: 1000
Hg(CN)2 sol.

KCNS, 1 per cent

Hydrazine 2 in
HCY

Dimethyl
glyoxime 2

Metallic zine

difficultly sol. in
excess

Black ppt. insol.
in excess
Green color
Brown ppt.

Viotet ppt. cryst.
2RuCls
No change
No change

Dark violet color
Yellow color

Yellow ppt.

Ru ppt.

insol. in excess

Rh(OH)3, yellow»
brown, sol. in
excess

Slowly decotorized

No ppt.

Red ppt. cryst.
KsRhCl:

No change

.
No change

Yellow color
Yellow color

No change

Rh ppt.

in excess

Basic salts, yellows
brown, sol. in
excess

Decolorized

No ppt.

Red ppt.
K:PdClL

Dark ppt. PdIa,
sol. in excess

White ppt.
PA(CN)s

Unchanged
Pd. Biack ppt.

No change

Pd ppt.

in excess

0s0; - 2 H,0,
brownishsred

Yellowishsbrown
ppt.

Red ppt.

Brown ppt.
eryst. K:0sCls

No change

No change

Unchanged
No change

No change

Os ppt.

in excess

Double chioride,
brownish-black
ppt. sol. green

Bright color

Black ppt.

Brownishsred
ppt. KoIrCls

Yellow color

No change

Decotorized
Yellow color

No change

Ir ppt.

excess giving

{NH,)PtS:
Dark ppt. of

PtO: - (H20)

Slowly decolorized

Yellow ppt.
(NH4)2PtCls

Red-brown color;
slow forming
No change

Increaséd yellow
Pt. Biack ppt.

No change

Pt ppt.

Y J. N. Friend, Textbook of Imorganic Chemistry, Vol. IX, p. 332.
See Mylius and Mazzucchelli, Zeit. anorg. Chem. 89 (1914).

? Metallic chlorides in dilute solution,
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370 GROUP VIII — THE PLATINUM METALS

the alloy is heated with ten times its weight of lead and the button digested
with hot nitric acid until the lead is removed; the residue is digested with
aqua regia which has been diluted with five parts of water, then the iridium
metal is washed, ignited, and weighed.

Platinum may be determined as the metal by igniting the sulfide,
obtained by the action of H,S on an acidified solution of the chloride.

Ammonium chlorplatinate may be precipitated by ecvaporating a
neutral solution of PtCl, just to the point of crystallization, then adding
an excess of a saturated solution of NH,Cl. Add aleohol, let stand twenty-
four hours; filter, wash with 80 per cent aleohol, dry, and weigh. The
precipitation of platinum by this method is not quite complete. The pre»
cipitate may finally be ignited in a stream of hydrogen, but the ignition
should never be made in air because of loss of platinum, probably through
the volatility of PtCl..

Volumetrically, platinum may be determined by adding KI to a solution
of platinic chloride or alkali chlorplatinate. The iodine liberated is
titrated with thiosulfate, one molecule of platinic chloride liberating a
molecule of iodine. This method is not extensively used.

The plan for the quantitative separation of the metals of the platinum
group,! given in Table XLVIII, must be considered as an approximation.
It may be necessary to repeat the fusion with Na,O; in dissolving the melt
in HCL. Heating the solution must be avoided to prevent loss of OsOs.
It is probable that the chlorine distillation will have to be repeated several
times in order to remove all of the ruthentum. Precipitation of platinum
and iridium by means of ammonium chloride is never complete and the
precipitate is always contaminated with rhodium and palladium.

} For a scheme which is better suited to the analysis of alloys seo the method
of Deville and Stas as modified by Mylius and Foerster, Ber. 25, 665 (1892).
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Actinon, 68. See Actinium emanation
Allanite, 97
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Anatase, 131
Arconium, 17
Argon, 33
Detection, 36
History, 33
Occurrence, 34
Properties, 21, 34
Separation, 34
Uses, 35
Argyrodite, 196 .
Asphaltite, 206, 294
Asterium, 17
Auer metal, 170
Aurorium, 17
Autunite, 59, 294

Baddeleyite, 98, 149
Beryl, 83
Beryllium, 82
Alloys, 89
Compounds, 90
Detection, 91
Estimation, 91
Extraction, 84
History, 83
Metallurgy, 87
Occurrence, 83
Properties, 88
Separation, 86
Uses, 89
Blériot lamps, 159
Brannerite, 294
Brazilite, 150
Brookite, 130

Caestum, 53
Compounds, 54
Detection, 52
Extraction, 51
History, 53
Metallurgy, 53
Occurrence, 53
Properties, 54

Carnotite, 59, 205, 294
Celtium, 94, 108
Cerite, 97
Cerium, 94, 100, 166
Alloys, 168
Compounds, 111, 174
Detection, 176
Estimatton, 177
Extraction, 98
History, 94
Metallurgy, 167
Occurrence, 96
Properties, 131, 167
Purification, 166
Separation, 99, 104
Uses, 168
Chrysoberyl, 83
Coloradoite, 328
Columbite, 98, 224
Columbium, 223
Compounds, 233
Detection, 236
Estimation, 237
Extraction, 225
History, 223
Metallurgy, 227
Occurrence, 224
Properties, 204, 228
Separation, 226
Uses, 230
Cooperite, 156
Corichrome, 141
Coronium, 17
Crookesite, 123

Descloizite, 205

Dymal, 111

Dysprosium, 93, 107
Eka-silicon, 8

Elements, how many? 15
Erbium, 93, 108
Etherion, 17 .
Europium, 93, 106
Euxenite, 97, 178, 224, 294
Ferberite, 264
Fergusonite, 97, 224, 294
Ferrocerium, 171
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Puslimun, 13, Frontispises
Hinrkine, 13, 18
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