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I INTRODUCTION
Gallium

Special intoerest attashes itself to the histary of gallium because
its existence, properties and ocampounds were predieted by Nendelseff
under the name of eka-aluminum. Within five years after Mendeleeff had
made an extended list of the properties of eka-aluminum, the element
gallium was discovered., The accuracy with whieh Mendeleesffts predictions
matohed the aotual properties of gallium was remarksblel12), and did much
to strengthen faith in his theories.

Gallium was discovered by Lecog de Boisbsudran{}2) im 1876 while
examining some zino blende from the Pyremees. He discovered two new
lines in the violet of the spectrum, A = 4172,2 amd 4053,18, which led
to the ldentification of the new element, for which the disacoverer suge
gested the name galllum after the old name for France,

Gallium is one of the scarcest of the elements; however, according
to Mellor(la) it ocours widely distributed in nature., Ibs presence has
been determined spectrographically in most of the meny sine blendes, in
iron ores - magnetite, pyrites, eto., and in seme manganese ores. MNany
of the aluminum ores contein gallium; it is Md(m) to be & constant
constituent of bauxite whence it finds its way into commercial aluminum,
The percentage of gallium in these ores, however, is extremely low,
Germanite, the richest bearing ore, contains 0.87 per ocent of this metal
and has furnished a convenient source of supply; however, because of the
soarcity and high price of germanite, no great quantity cen be expected

from this source.
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Aecording to E’%Wkﬁm(m) the principsl supply in the United States
has oome {rom the Oklahoms zine blendes, During the FPirst World wer, the
price of pure zine permitted the redistillation of spelter. In this pro-
casas 3 srall residue wes obtmined whioh was largely lead but which was
also found leter to contain galllum snd indiuwm. Ewen though the tonnmge
of zinc bLlende is lurge, this does not offer a coplous supply for it has
baeh estimated that 3.8 ounoes of galliwa may be recovered from & ton of
concantrate; this means thet a maximws yisld fyom this source cancot be
expected to exceed & ounoces of the metal from 200 tons of xino blende.

An evidenoe of the searcity of gellium {g reflected in the marked
price for the metal, In this country at present, the priee is §3.76 per
Em.(n)

Considerable interest was shom, therefore, when a Virginia feldspar
ore was reported(5) to contain 2 per cent gallium, The determination was
made spectrographically and was later shown to be erroneous by Professor
H, De Ussery of Virginia Polytechnioe Institute., He gave the sorrected
value to be approximmtely O.2 per ocent gallium, This corrected value, howe
over, was still relatively large enough to provoke an inwestigation to
determine a method of separntion of gnllium from the feldspar ore.



I11 PURPOSE

The purpose of this investigation, thersfore, is to determine

& method of recovery of gallium from a Virginia feldspar ore.



IV THEORETICAL

In & spectrographie mlyﬁa(m of the feldaper in question, the

following results were givent

810y 6.02%
A1,0, ~ Zr,0q 18,74%

- Pey0, O1%
Cad - J08%
¥e,0 2.04%
E,0 14.00%

Ti, Oa, V, Rb, and Fe are present as impurities.

From the position of gallium in the periodic table and & atudy of
its properties, it became evident at omce ﬁhat the separstion of galiim
from the large smounts of aluminum present would be attended by consider-
able diffioculty. “rhs eompounds of gallium rumble those gf a;mimz_n
quite closely, although there is evidence of a nlightly stronger basicity.
Iron although present in very small amounts, however, proved to be the
greatest trouble maker.

A mmber of methods have been given in the literature for the separa-~
tion of galliuwm from its ores, These methods are all besed on the fach
that the ores have been acid soluble and that little aluminum has been
present., The following are some of the m&wl found ¢

Preoipitation of basic gallium by siu(m) (10)

Formation of Ga(0H)g with ammonium hydroxide and ammonium salte(10)

The sulfite mﬂwd(u) (7)
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Prscipitation by hnnin(m)

Preotpitection by camphorie seta(l) (2)

Precipitation by terrocyanideli) (8) (10)

Precipitation by eupferron(ls) (4) (20) (17)

Extraction of pallium ehloride by ether(19) (2) (17) (3) (1)
Distillation of gallium chloride with hydrochloris seid (")
Eleotrolytic deposition of galliwm(12) (9) (18) (10) (6)
Extraction of galliuwm b$' s sodium hydroxide solution(18)

These methods win be discussed.

Precipitetion by Zine
The precipitation of basie gallium salts by sino has been used ad-

vantageously for coneemtrating orude gellium from ite uru.(m) Basice
gallivwm salts are precipitated from an aqus regis solution with sine by
boiling; aluminuwm, howsver, is also presipileted. It was not considered
advisable to attempt any method whish would iavolve the co-precipitation
or co-separation of the gallium and the aluminws, beeause of the large

amounts of aluminum prosent.

The Sulfite Method, Ete.

By the same ressoning as used sbove, the sulfite method and precipi-
tation of gallium by either tamxin, ammoniwe hydwxs,dc and ummonim salts,
or camphorio acid were not asceptable as mthods mr ‘bho sopuration of
gellium from this feldspar orej i.6., aluminum would also be precipitated
in each case, However, these péaaeduros’ with the exception of the use of

ammonium hydroxide and ammonium salts, are applicable to the purification



of orude gellium or to the separation of the metal if aluminum has first
been removed, Although investigators in the past have precipitated
rallium a6 gallium hydroxide using ammonium hydroxide and sammonium salts,
Moser and Emkluﬂ he.ve shown this method to be unsuitable due to the

so lubility of galliium hydroxide in these reagw;bsr.

Precipitetion by Cupferron

Thire has been same discussion in the libterature as to the velue of
(21)

cupferran a8 & preeipitating agent for gallium, Although von Bergkemps
states that gellium is not complately precipitated by oupferron in solu-
tions containing as wuch as & per cent sulfurie aold by volume whem tare
tarioc aeid iz present and that oomplete precipitation ie not attained in
solutions having an acldity greater than 3 m.ls of sulfuric seid in 400
malu, ﬁhwm(m) found that no diffioulty was ensountored im producing
complete precipitation im solutions eontaining a8 much as 7 to 8 per cemnt
sulfurie acid by volume provided that an exeess of cupferron was added,
Seherver found that it was necessary to work with volumes of 400 m:l. for
every 100 grams of aluminum present to prevent the precipitation of alumis
num saltas by orystalisation when the necessery chilling of the solution was
ef'fected.

Singe cupferron also pregipitates the irom, wansdium and sireonium
shown present in this ore, it did not appear feasible %o use it for the
preliminary separation of the galliwm, buk the possibilities of its use as
the final precipitating agent were kept in mind,

gx_*eeigmati on y Ferrocyanide

The separation of gallium by potassium ferrocyanide seemed to offer a




solution to the problem, The method is quantitative in mature and sensi-
tive to the thmt> that it offers a qualitetlve mesns of rescognizing
mere treces of the metal, Vanadium (which is only present as & trage)
and iron are the only interferring elements present in this ore. PForter
and Browning(18) nave studied this method rather fully,

Two problems appear to be involved in the application of this re-
action: (1) filtretion and (2) resovery of gallium from the presipitated
salt free fram iron and the ferrocyanide rudiesl,

(16) state that the preecipitate of gelliwm ferro-

Porter and Browning
oyanide is very gelatinous, Ordinary filtration by filter paper is very
slow and:dhe precipitate is difficult to wash, They found thet dessnta-
tion could not be used and that nome of the usual methoeds of coagulating
# 00lloidal preoipitate. i.e.,, varying the neid concemtration, adding
eleotrolytes, hesting the solution, had any effect, The use of a Gooch
orucible and suetion proved to be of no help either,

However, acoording to theee authers, if a mat of fine filter paper
fibre, made by soratehing filter paper with a knife, is washed into & fun-
nel containing double filter paper, the presipitate is held on it proevid.
ing suotion is mot applied too strongly.

One moethod given for the separation of gallium from irom was to
oxidise the ferrooyanide precipitate in sodiwm hydrexide solution with
hydrogen peroxide miad then to boil with amaonium chloride to presipitate
gallium hydéex&do free from cyanide radloals.

Another methed waz to dissolve the precipitate from the filter paper
with sodium hydroxide and then to treat with aarbon diexide to prescipitate
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gallium hydroxide, Neither of these methods appesred to be very pgood,
for when iron is precipitated as the hydroxide it tends to absorb much

of the galliwm present on i¢s uuri‘aw.(ga)

Bxtraotion by Ether

The fact that gallium chloride is extracted from hydrochloric meid
solution by di-mothyl ether has been made use of by investigators for
the sepsration of galliume Foster, Johmson and Eraus(T) state, howsver,
that when 4this method is applied to large amounts of the ore, it has
the disadvantage of being both costly in time and material, Mf‘k(m) s
who discovered this method, has shown that three oxtractions of the
solution are neocessary and sufficlent, Complete separation from aluminum
is effected by this method; iron as ferric chloride is the only other
element extrected in the ocase of this feldsper ore.

Bchorner (18) has shown that in the extraction of gallium trichloride
by ether in the presembe of aluminum it is necessary to keep the volume
of the neid large to prevent the preeipitation of &1015.6320, the‘ solue-
bility of which decreases with increasing hydroohlorie aeid conoembtration
end is also effested by the presense of ether,

Swift found that the concentration of gallium in the ether layer ine
creases with inoreasing concentration of hydrochloriec acid, attaining a
maximmm &t approximately 7 normal hydrochlorie acid, but that the propor-
tiom af. gallivm extracted is much less because the volume of t".he ether
layer is reduced by its lrmoreased solubility in hydrochloric acid. FProm
his experiments he has shown a normelity of 5.5 to be the conoentration of

hydrochloric acid which gives optimum results in the extraction of gallium



gallium chloride with hydroohloric meid from an ore reosidus galliwm shlo-
ride being volatile im the neighbearbood of 200% Cenmtigrede, Alupimum chloride
s, of course, Sremhantrer, are also d1stillad over with the hydroshl-
oris acids If the recovery of the gallium were plased an & sovmercial

basls, this method would be valusble in thet the gollivm from a large

emount of ore may be sancentrated in a relatively amll amount of solu-

tilon. The extraction by ether from the conserbrated solution might prove
adwntageous ag an suxiliery part of this method.

¥otallic gallium in the pure state is oblalned by electro-deposition
from an allmline solution. All the procedures glven in the literature are
baged on the depasition of the metal from solutioms free from large amounts
of impuritiess The best of these sppears to de that of mm(g) for the
preparation of very pure pallium for use as un alloying elemant in a
oadmiumevapor are lamp,

Extraction with Sodium Hydr
When this investigetion was undertaken, it was believed by the author

that sinoe the ore was o silicate, fusion was an eesential atep to bring
the are and, therefore, the gellium into solution. Yo other method secmed
possible deecanse of the mature of the orey the use of hydrofluorie acid
was never considured besause of the denger and expense involved,
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Much later after experiencing the tediousness end labor connected
with fusion of the ore, the somparatively simple method of "lesching”
the ore with conoentrated sodium hydroxide was attempted, Although this
procedure seemingly had no besis, neither was the exsot manner in ﬂx&uh
gallium was "tied” in the silicate latice known,

Sebba ’mﬁ I’a@z(m) employed a sodium hydréxiée extraction on germane
ite, & sulfide ore, with véry s#ti#f%ﬁtory results, QJermanite is an
acid soluble ore and it was merely eonjea‘éura‘ é.# to whether the g,;a;ilim

might be sxtracted from thﬁ silicate,



V  BXPER THVENTAL

As previously stated it was first considered nesessury to fuse the
feldspar ore in order to place the galliwm in solution so thet ome of
tho methods of seperation mentionsd might be ;ppnm

fireat care was tmlem to insure complete fusion, The ore was gronnd
wot in & ball mill until it would pass & Z00-mesh soreen for partisle
size 1s & factor in fusion, N | -

godiwm enrbonate was used as & fluxing agent in the ratlo of foure
teen parts to ome purt ore &s suggested for optimum results by the shief
ahanist of Convolidated Feldspar Company) later &w retio ws out to
seven to ons with no apparent chenge in mylwma mff m&m« o

Since large platinum ammlw were mn&hhln, it was found necess~
ary to use & orucibls m&g of rofractory material. The Ceramies Departe
ment of Ve P. I, greolowsly allowed the suthar to uuvxymwp orueibles
vhioh they ma prepered. The frnece mzmm wag ni‘ the gas types it wan
rather emll, however, 50 tmtz & wmmh ﬁf:gfu wlm had %o be useds
Using & sodium oarbomte ’kn, ore ratio of fourteen to one, only 50 grams of ‘
ore eould be fused at one time in ﬁh&;hemmln the ratio was later changed
to seven to ome so that 100 W of the m& am be treated. |

The powdered ore and sodium carbomate were im:imtazy uimd in a morter
with & pestle, and then it was introduced into the Kysnite ums_blu and heat
applied. The mixture melted at approximately 1880 degrees Centl grade each
time fusion wss attempted; of course, at this tempereture the crucible was
also attacked by the sodim carbonate bringing more impurities into the
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solution e.zs iron and chromiume. The flux was sliowed Lo remain molten
for flfteen minutes. Longer periods were not attampted,for the orucible
showed signs of weakening at the top. No attempt was made to ramove the
flux while molten.

The crucible was allowed to ool and then by cracking the srucible
carefully, it wea possible to remove practleally all of the fused mass.
This fused mmas was ground into small pleses with & mortar and pestle
and added to & solution of dilube hydroshlorie aeld keaplng an excess of

acld present at all times.

The hydroshloric acid solution of the fuasd are was eovaporated on e
hot plats and steam beth to dryness. Since galliwm shloride is welatile
st 200 degrees Camtipgrade high temperatures had to be awcided. Concentrated
hypirochloric scid wes added to deliydrate the sllica and the silion removed
by filtration through a Buehner furmel, fThe iltrate wes dilubed to o ome
part sold - three part water comsemtration,

A prosedure fowsd ia Hillebrend and Lundel "Apylied Inergente Chemistry® ")
was followed, Potessium ferrooysaide wes added in slipght exoess to the hydrow
chlorio scid filtrate and the solution heated to 68 degrees Centigrade, di-
geated at thils emmmimuiwm to stand lor throe dayse By de~
cantation and wse of thoe cenbrifuge the dark blue, almost colloddal preeipi-
tate was ooncentrated to about 100 m 1. The precipitate was very diffiocult
to handley however, by following the propedure suggesbed by Foarter and
Browning(16) in whioh & mat of filter paper fibres is prepared ,filtration
was fionlly acocomplished,

The precipitate was dissolved in sodivm hydroxide and the solution
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scidifed with sulfuric 2oid to & 7 per cant econventrations Ixcess €
por cent solution of oupferron was addeds The precipitste was ignited.

The prosedure given by Scharrer(18) for the extrmotion of galliwm
ahloride by ether was followed.

The ore was powdorad, fused with sodium onrbonate, and the flux dise
solved in hydroochloric asid as before, Nost of i:ha ailion wes mawd by
continual decantation and weshing with waters The volumes of the washings
ware mmm considerably by means of the hot plate and the mml'hing
solution was adjnsted to mgnf‘x?ﬁﬁ"’mm in hyiroshlorie soid,

The solutfon was cocled in lce water and transferred to & lnrgé popar-
story furuel, Chilled ether (150 m l. for every m‘m_ 1. of aé&ﬁtim) ws
added to the wpmmtwy flask, Scherrer ntama that both W.‘stiam»am
chilled to pmwm the formstion of the yellow mlw vihich usmlly appenrss
he does not state to what this vellow eolor is due. (Possibly ferric chloride)

The furnel was shaken thoroughly and chilled agaln by immersion in lce
wators Whon the layers had seprated, the acld wag drewn »@!‘r'md the ether
solution was placed in & m' m 1. beaker,

Two more extrections wore made using 60 %o 75 m 1. of ether, depending
on the volume of the acid soluticon. In the third extreoction, the separatory
funnel s allowed to stend abl room temperature for ome hour before ramove
ing the acld.

The three ether extracts were combined and t.l.lcmd to stand at room
tamperature until the ether layer had beocome entirely separate from the
slight amount of acid unevoidably entrained. This ecld wes removed and



ul@u

tronted with two portiane of ether. The emtire sther frastion wes then

evaporated to dryness.

Precipitetion by Cupforron

The procedure followed in this ouue wns also suggested by soherrertit),

The reeidue obtained from the ether extraction was dlgsolved in nitrie
aold and B m 1, of comeontrated sulfuric acid were added and heat applied,
The destivebtion of all ergenic matter was lnsured by adding nitric seld
from time to time.s Heotling was comtinuved until heavy white fumes were
avolveds |

The solution was dilubed to 100 m ls, five grams of tertario seld
added, and the solubtion stirred uwntil ali the eryetsls were dissolveds The
solutlion was digested om the hot plate untll the irom wae dissolved end
then diluted to 280 m.l, Ammonium hydroxide was added ubtil the selution
wag nearly neutralized and hydregen sulfide psssed im for about five minutes
4o insure the complete reduction of the iron %o the bivdlent state, Ten
m.le of ammonium hydroxide were added in exeess and the solution was satue
rated with hydrogen sulfide, filtored and the presipitete (FeS) washed
four times with a two por eent soiwtiom of ammonium sulfide whieh alao
contained ome per sent anmonivm tartrete.

The filtrate obianined was acidified with sulfurie aeld and boiled to
expel hydrogen eulflide., After flltrtiom 1% was then diluted to 376 m 1.,
neutralised with ammenium hidroxide and 30 » 1. of gulfuric acld added.

The resulting solution wns chilled in ice water anl exesss & per cent oup-
ferron solution wes added. The solution was stirred well and allowed to
gtend in loe water far ow hour, Smell pleces of filter paper were added
to ald flltration.
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The solution was filtered and the precipitate washed with chilled
¢ilube sulfurie meld ( 7 parts HpSO, and G purts water), containing
about 1.5 preams oupferron per 1iter. The filter papor (Vhatmen Hoe 40)
and procipitete vere placed in & plutinum erucidle, dried carefully,
oharred and igmited at 500 degrees Contigrade. The residue was weighed
a8 gallium oxide (Gagly).

Sodium Rydroxide ‘mbrastion

The powdered Cfeldsper wes slovly dusted into an iron besin contuining
& one to one soliwtion of modiwm hydromide. (Ome-half ag muoh sodium
hydroxide ae ore by welght)., By baing thus dusted in the ore was completely
watted. The mixture was heated over an ailr bath with coonsionsl stirring
until the mmes beosme almost dry. T4 wep then seraped inte s bdeaker of
wator {one liter for one ¥ilosram of are). Nost of the residwe was re-
movad by contimnal dessntatior and washing with weter snd the resulting
solution flltersd thrv'an esbestos mat. The solution ves seidifled with
hydroshlorie aeld o & six rorml concentrstion and the vilies filtored off.

Since the solution probably conteined venadium end titanium as well us
the @nlliim, the ather extraction was considered negessarys The gellium
was precipitated by oupferron and ignited to gulliwm oxide using the method
previously piven.



¥ GSPERIMINTAL RESULTS

Two BQegrem ssmples of the are were treated Ly the ferroeyanide
cographic analysis of the previpitates showed the pre-
senoe of gallium in ocach cese but not as concentrated as 1t should heve

boen,

The precipitates were dissolved from the filter paper by sodium
hydroxide, the combined solutions aeidified with sulfurie aeld end the
gallium presip ltated with cuplferrone

The ignited resldus wms dork brown to red, shewing the presence of
& great deal of Mma. The residue welghling 042013 grams wes troated with
hydrochlorie scld, agus regin, but no sucoess was obtained in dissolving
it. Speotrographic amalysis \@mﬁ%ﬁm lines of malliumg therefore,
the residue was abandoned.

Ethey Extraction mnd Cupferron Freeipitetion of Gelliwm

A BOwgram semple and & l0O-gram sample of the ore were fused, extrected
with ether snd the gmllium precipiteted with cupforron,

The 0-grem sample ylelded a presipitate of gallium oxide weighing
00308 grams. & spewctrographio am lysis showed the presense of iron in a
very small anount (trace).

The 100-gram sample ylelded & precipitate of galliwm oxide welghing
00795 grems, The oxide in this oase was also conteminsted with iron, es
ahown by speotrogruphic means} It contained relstively more iron than the
BQwpram sample.
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Bodium Hydroxide Extrection

A 100=gram sample of ore was extrasted with sodium hydromide, aoidi-
fled with HpS0, and the gallium precipitated by cupferron. The ignited
precipitate (ga)lium oxide) weighed 0,0149 grams and was shomn %0 be re-
latively fres from irom by umnpm mORNS§ 1.&@%&:&« of 1rnﬁ
was presents The high comeentration of galliwms was shomn by the faet
thet an inversion of the galliwm limes coourred.

A 1080-gram sample of ore was extmoted with sodium hydiroxide,
scidified with hydrochloric aecid, extrected with ether and the galliwm pre-
eipitated with ocupferron. The pallium oxide residue in this osse welighed
08078 grams, This residue was tested nmegmpM&l:y Mthi iron cone
tent found to be less than one par cent, Traces of sodium and tin w&w also

noted,



VII DISCUSSION OF PROCEDURE AND R:uSULTS

Fusion of the feldspar in question as & proeliminary step in the
extraction of gallium proved laborlous, costly, and mow&rya Only
small amounts of ore sould be fused et one time and the large quantities
of siliea gel obtained were very ¢iffioult to handle. Fusion would be
espeoinlly impractiesl Irom & commerclal standpoint unless the other
congtitumts of the feldspsr were worth recoveringe

The forrocyanids method of separsting gallium proved imprectioal
becaus® of the difficulty in handling the colloidal pallium ferrocyanide
precipltate, This method would have no vopmercial possibilitles unless
the gallium were first comsentrated,

Extraction of the feldepar by sodium hwdroxide solution, althouph
not quentitntive, proved to be the simplest and most effective mesns of
first concentrating the gelliume Large amounts of ore oan be landled
englly and the mllium sxtracted is soncentrated in e amall volume, The
time ard cost involved is wvery small in comparison with that of the fusion
procedure, and the investigator feels thet the method hes comrereial
possibilities,

The grinding of the are bofore "leaching® muet be emphasized. Unless
the ore is pordered very linely, 1t is doubtful whothsr thls method would
be applicable. The investigator feels tlet particle size plays sn impor-
tant role in the success of this procedure. The feldepar ore in this in-

vostigat lon was ground o that the particles would pess & 200-mesh screen,
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The first extracilon of the ore by sodium hydroxide wes attempted
to determine how the mllium was present 1n the silicate strusture and
to see if the metal misht be removed from the ore without fusion. The
gallivum oxide residuwe cbianined wes small due probebly %o the fact thet
the sulfurie meld solution fros which the gellium was preciplitated with
cuplerron wag too aold and contained no darteric acid. Or perhaps ex-
cess cupforron solutlion was not present.

Extraction of the hydroohloris aeld soliution by ether and cupferrom
precipitation of the gallium seemad to yisld ssilsfactory results when
the gallium was first concentruoted by the sodium hydroxide treatment,



VIIT CONCLUSION

A method of extraoting gallium from & Virpinia feldspar has boen

deternined.
| The steps in this method wm

1. Orinding of the ore to & very smll particle sise (200 mesh)

2. Extrastion of gallium by "leaching” the ore with sodium hydroxide

3. Acidification of the sodium hydroxide solutlon with hydrochloric acid
and subsequent extractionm of the seid solution with ethor %o 86par«
ste the rallium from aluminum, }wmdim, and titatium, and &;mr
netals |

4. Remowal of iron by presipitation of ferrcus siphide with hwdrogen
sulphide

Bs Peocipitation of galliwm by suplepren

s Ygmition of the méhwrm precipitate to gallium oxide
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