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11 maowc,101 

0..111-. 

Speol&l 18'wen atta-.a .. t.t••lt 1o th• .... ._.,. •t ga21l• lae--• 
1t• u:ie teno•, p,o~n1 ee and o-,ot.Ulde WN p,re416'e<I 'by lltatl•lMtt 

uader the..- t.,/ eb....,:\alama. lfi'tld• f\w ,.,.. •ft• llaMl.i.ett •• 

•d• u e:dacl-4 list •f tbe pnp..-tt..1 ot _...l•••1o1 thilt,•1....a 

pllia •• il•aoTWe4. 11- &eoVMJ 1t11ih a"11 Jledel.Ntt•• ,...aettou 

atoned the ao'ta.1 pro,•n1•• ot. galU•,.. ....,._1>1•(11). u4 .flW,auoh 

to strengthea faith .1n hla tlhNri• • 

Galli.ml•• 41ao"1111"M l:,J' LMoq 4- •~(l!) la 1175 WU.le 

exuialag aou aino bl•IMi• tl"• the '1'nn•••• B• 41aeOYer-e4 wo nn 

line• in the n•let ot 'Im• •»eetra,,..\ • Ufl.,I &Ill\ 400,.18• et.oh 14MI 

to th• 1dent1t1oauoa ot •• .., •18IIUIU1 tor _._ 4k•Oftl'!• ag• 

g••t•4 the --. c•llia t.ft•r -~· olcl -- t• ,,.. ..... 

Gt.lU\lll 11 oae ot th• &MNMt of,_. .i--••• ._....,., •••~UJIC 
to Jltellor< 12) 1t HOWi .,.,., i,U.atr11NM4 1& »'--• 11k ........ _. 

been det_..1•4 •PMi-l'<>'lftP\.ially 1a _.1; ol-ta. .. 7 at.aN lt~• la 

iron ore• • map.-t.it•• writ.a. eto •• -4 Sa ... ••-- or••• J1aJ:w 
ot the alaina --•• etu1ta1n. gallhno it ls Rid.(lo) to be a ooutan1i 

eonatituent ot 'bauxt'\• •••• it tt.114• ita •1 l~o •--••1•1 alum.lnlDl• 

the pereeta.ge of pllita 1n th•• or••• bonver, la e:nrael:, low. 

O••nS:te, th• rloheat bearing ore, eontaina 0.11 per oat ot th1• metal 

ad •• ful"l'litdted a OOJffeni•nt eouroe ot 1uppl71 h<7WT9J", 'be•u•• ot the 

soa.roity and high prioe or germanit•• no v•t quantity o.an 'be expHted 

tra thb eouroe. 



Aeoordiiic to Hopki:m (lO) the :prinoipal wpply in ime tlnite4 Statu 

bas oors trom 1dlCt Oklalu:-. &!no blend•• Dm-tng the 11.rtt World. war, •• 

price ot pure dnc p•m~ted ~he ndist11la'b1oa ot .,-u,.-. In thia ~-

ocHu, a nall 1'~11dutt •• o'btl.11144 whiob W&e larplt 1P.4 'but wld.eh •• 

alao found le:biu• to e~.1:n ,~111-. and tadium. ~. though the '\onnac• 

or du blen.4e 1, large. this i:10011 not ott•r • Mpiou.1 euppq for 1t ha• 

been etit!mat.« that s.& ounot ot plU• MJ '- •ftta • toa •f 

oocectre.te i thb :mM.nl fi'k a ~· yle14 Ma tit.le •uroe oumfl n 
expeoted to •n.•4 & mmou ot ilhe metal ff'Oa 200 tom <>f 11u blend•• 

An ffvidacu.t ot the 1Nr0lt7 e>t pl 11• 11 ~•f1•oted tn 1:h• -.rkn 

prioe tor iJh• NUl. In. t!lia 001.uxt.17 at Pf"•••• tbl prlH 1• ta.ff per 
gro.(ll) 

Can&14ff&ble 1ntweat •• 1hown. tiM¥'&fOn • ._ a V1rgin1tl tel4epar 

o'l',; •• :rei~(5) to oatatn a .,- oat plUua. ne 4n.-.latloa w.a 

•d• ep•"f'oCr&Ph1oally u4 •• latctr •~ io b• •ff••0'\11 bf Prot.11or 

M. n. UH<tf7 ot Vtrghd.& Pol)'tfflmi• Inat!tute. Be -- - ......... 

value to 'be 1.pproxbat11tly 0.2 per• NIW plU.-. fht• eoffM-4 •1•• h_,_ 

flW, •• at1l1 rol&tl••ly lt.rg• aGUgh to ~Jee an la,..,tptlo-a to 
determine a. Mtha4 of 1epe.rati<>a ot plU.a .trom the tel4apu• _.. •• 



III PURPOSE 

b purpose ot tkt., mrecttptlon. th.•r•m., is to determine 

• method ot reeov•n'Y' or gallium. from a Virg1a.1& reldepar orct. 



IV TBI01Ul.1' IOAL 

in a epMtrographle ..._1,-•l• (&) ot the teldape.r in queltion, the 

tollm.:ng rehlt• were gi'V"lnt 

810z 

A12o3 • Ztt2~ 

hit>s 

u.01~ 1,.,_ 
.,oi,e 

•• 
'•°'" 

1,.oo,c 

From the potition of galUa il'l tM pel'io4io t.•'ble and • at-uq ~t 

it1 properti••• it be-. e'fident a.t onoe that the ••pan"ti<>a ot ga.lU.um 

from the largo am0tmts ot al-1.n• present 11111.n.tld be attended by coneider• 

able diffie\llty. fhe e011pau.nd1 ot ga.llla reaemble thoa• of a.l~ 

quite cloeely, althwgh there ia ev1d01lee of a slightly nronger ba.11•1ty. 

Iron although present in very amll &Jll0unt1 • however, proved to be the 

greatest trouble maka. 

A INllber ot methods have been given in the Utere:ture tor the sep1u•a-

tion ot gall1• trom 1t• _.... !hese m.-tlleu an all 'b-11u,ed ca 111'• taot 

that the ore• haw •• aotd 1olale •« '\hat little •1undma ha• bee 

preaa.11. %he foll<W1ng &N •-- ot ,he 111-'hoita t<IIWl41 

Pnoipl:tation of 1,aeio gallium by ,1 .. (11) (10) 

,..,_tl•n et 8&(ott)1 w!th. Oll\Ollia hy4rodu a:tttl uaonie ••lte< lo) 
The alfite Mtlio4(l4 ) (T) 



Preo1pitatioa by •n1n(ll) 

PNotpltfl-,le11 by -phme a.S.4(1) (I) 

PNo1p1'batto• 'bJ' t.r~•(U) (ll (10) 

heoip1,at1on by aupt•Ha()S) (4) (20) (17) 

latn.eti• ti plU.• •1Cl'lcl• t,y .-..(11) (9) (l f) (I} {I) 

Dtetillation ot gallia ohlor14• tr.1th b74~•hlor1• &old.(T) 

llntrol.ytlo depoa1tion ot galU•(la) (9} (le) (10) (8) 

lrtn.otioa of p.111• • aod.1• hydrn14e aolwt1oa(ll) 

The•• 11fthoda will be diaoun-4. 

frto1ptta\1o• )z; Ip. 
-. ,.. .. spt'8.tta ot -.a1 • .-111. ••• ., ..,_ .._ _. .... Mt-

"•dia.pouely ,_. •-•traitag .... gall.t.• ma 1~• .... <12) lute 

plU• al:\e an ,,_1pt't&W ·tNm, u -..- ,..S,• ••ldloll .wt,~ •1- bf 

boi lil'lg.J a1\11ld.-, kOW'ller. t• al•• -••ipltaW. lt -· ·-.• ca1, .... 
aclnnble to at11tapl •1'·•--*S.ll·,.,..14 ilnolft-. ...,.., .. 1,1ta4'.1on 

• oe•Hp&a•l.6• of •• plU.• Q4 'lib• ala1•., ll..,_.• iot ·• lar• 
UMNM8 el "1 t111Sna pMMll.ii• 

The Sult11'• J!!-lh941 ~'!• 

ly' th• aue r-.aord.:ng •• ueei e.bow., 1th• aulfit• me1thod. 11.84 preoipl• 

tation ot plllma 'by elth•r -Mln1 ~- hydra!cle ad -....om.a 11.1t1,, 
·,· 

or ea11phorlo u14 wre not aeoepnble u •tb.oll1 tor th• 1epare.1io11 ot 
plUua l'NNll th11 t•U•par ••• 1•••• alum1JWll 111r.Nld alao be preoip1tate4 

in •oh •••• BoweT•1"• th••• pr<Hte4uJ"••• with ._ eSHption et 'th• ue ot 

---.1• hJU'OldM _, .......S.a ••lt1, -.re appl.ioa.ble to 'ill• purU'1oat1011 



ot ontde gallilll or to the aeparat1on ot, •• ••l tt al•hNI hill tu,t 
~- NJIOVff• Al.though ineatipt•r• la the pan ht.ff prM1p11;ate4 

r,all1Wt a.t gallim h7dl"ozid• using aUOldua h)drox14t an4 WOllda aalt•• 
)1oe •r and 1nk1 (1-6) la ft than th.it attho4 to ''be uuuttab1• "1• to th• 

ao1ubU1ty ot •111• hydrOld.4• 111 •••• r~•• 

!z••.1»1~•t1n !I; 9m•rr• 
,._. 11&1.Mta ._. diatu••~• 111 .. U.w••n at to* valo of 

ouptef'r• a.a a .,._,11-tt-c apa tw, ,-111-. ill.._. ,._ .........,_(al) 

,tat.•• that plU• l•no\ ~-- pl'MlpiMW 11J·•.Pt~ la••. 
tiou _. .... .,.,. .- •• u.. e ,er . ..- •J.twh ••'· •· .i--•• ..,_. 
tario AOi6 l• ....... a4 t;u.i, ...i- ~-•4'l•··b·u1, .......... la 

1oluti0111 ba'f!.Jlg a M.141:\:, p,p&t_. tbu I a"l• .flt ..U.rio Ml4 ta _, 

ia.1 • ., fbff,_(lS) t..- -., ao 41tft•ltJ •• .....,.,. .... la ,,.._.1._ 
ooaplete. J1"Mlp1tatl• 1a ••lutl_, .... 1 ..... •• --. u f t. 8 pe~ ••t 
aulturie t.1W. by; 'fti.., ,FfflAl• tibat u ••-•• of ,,.,_,. • ._. ........ · 

s._... • .,. t•• 111 .. , -it•• ••••rJ··• _,k w.ltl\.. ,..1,... et,toO a~1. tor 
•••Z"T 100 ,,.. ot •l•t- JN8•t 10 .,.,,_,. ti. ,,en,s.u.•t• tt ai .. -. 

1:u.a aali.a or o..,__u.,at1oa •• ,._ --••U'7 oktllblg ot th• •olutlon •• 

•tt•ri•·· 
Siaoe ••pteNa &1N Pl'Mip11'•t• .. iroa. .....U-• ... •iJ'NAt• 

ahom pr•••t ia -.S.. •n, it •• an ,.,,_, t••11>1'a ._ _. .l\ t• .. 

pNlblhlv'7 a.pan'\10,a .t.·~ ga,U,1-. '"'· •• po••lbillttea ot it. UH aa 
the n..i ptG01p11iia,1ac aa•t ....... ,_ .1n. _.. 

lt••t5,at1011 s; P•r!!!l!:!44,it 
!ht ••pa,ra'\ioa ot pllta. by pota.••1• tvrooyaa14• ,....._ w otter a 



aolution to the problem. The llU)'thod it q•&ntttati ve in nature u4 ,umai-

tiv• to the extent that it otters a q•lit&tive aoans of r~eogm.1ing 

mere tre.<Hu1 of the Mtal. Vanadium (which le only preset as a traee) 

and iron e.:te the only 1nterf'orring el•mets pretumt in this ore. F'ort&r 

_, )J"Gl'fni:ng(l6) ..... nu.dlad t)da ••thod. r&~MI" rv.11,. 

ho probleu appear to be lnYOlwd: ta 1ilw t.pp114a'tle et tMe "'°" 
aotiont (l) tiltratiot am (a) reoo"" et galli• mm tke ,netpita:tecl 

u.lt tr•• trom iron a.ad the hrro,eyamde ,.,.H.e•l• 

Parter -.d IN>n1ng(l6 ) ••'tic• that tM P"••1pttate of p.llla fffro,.. 

01ani4• ts ••'1 gelat1MMs. ONiMJ'1 ru•tion by tilter p,ap•r ls ..,..,,. 

•1- p-Hipiute 1, ditt':lnlt w ••J:t• They toaa that dM&ntt.• 

tun ooul4 ».ot be tuutd 8114 that n_. of the uaul •'tlullCi.a ot 00&g'11atag 

a 00110\d.al p,reo1pl•1Uh 1.e.,, 'ft.l"11ng tb.e &ci« eoaoetration, a.Ii.ding 

tleotroly1iff• AAtfltiag Ule aoltRioa. •« uy etreet. fh• u•• of a Gooch 

el'Ueihl• .&J.14 s1d't:1oa prO'Nd. to be ot • ••lp .1-.r. 

B•ff't:r, ao..-4iag to tuo a\l\hera. it a •t ot fiae tilter pt.pM' 

tt't>r•, mad• by •on.toning tilter paper w1th a lmit., 1a nahe4 in.to • tun-

ul cen.tt.im.ag dou'bl• ftlter paper, 'ille pre.S.pi'it,t• 1a ••14 • it Pl'ff14• 

1ng tuotion 1a a.t a:ppl1e4 too l'\Nag}J. 

Ole ••tho4 gl,.. fe:r ._ aepantion or l!llllt• froa ir• ,.. to 

o:dcU.•• •• terroeJ'&)lWe prffipit,a'i• in soflS.-. hfdN>Xicte soln1• '111th 

hydrogen per-14• au.4 ilaa. to boil wtth ..-.1• ehlor14e to pFee:l pt_,.. 

g:Llli• hyd.r-1'1• In• trom. <>J&aide railet.h. 

J.aothet methCM'l. ._. to d1••olv• ta. pr•oiplta,tle troa the tilter :paPff 

with ao4l• hydroxide aa4 ilb.en. to treat ·m:th aarlnm dim.de 'io preeiptiJat. 



gallium h.ydl"oxide. lleither ot theae Mthoda appea.:r..S to be very good, 

for ••n lroa it pNoipS:bated a.e tl'le hydroxide it te4a to a'baorb mu.oh 

ot the pl li• F••eft en 1te aurtaee. (az) 

~raot!o~ bl Ether 

the .re.Qt that ga.111• ohloride is extraetod. from hydroohlorio ao:ld. 

ao luti on by di .. meth)rl ether has been :made uae of 'by 1nveat1p:\Gl'S fOJ' 

the eepe.rlil.t:l.on of pllium. Foster, Johnson tmd ltrt\us<1 ) stat•, hOW'V'8r, 

that whon tr.:14 method ia appli&d. to larg$ smount:s ot the ore, it ha• 

the diu.d:vantage ot being both costly in t1• and -.ter1•1• SWift(ao), 

e lemettt ut,re.cftri ht the oa.ae fJt this f'eldap.r or~. 

leiuWrff(lS) ha• then that in the .-tftoi:ion ot galli• triohlm-14• 

by •ther tn •• pre•-• of alUfflU'l\'81 it it neu-en:ry to k•p the w1Ul!lll.t 

of the Mt1d large to pnven'b the preotpitation ot Al013 •GaO, the s-otu .. 

biUty of 1'hleh decu••••• wi:il't 1mr-ea•mg hydroohlorio aeid 01>110«11H'ation 

and 1• a.lao etfeet-M by the presene• or ether. 

maxima &t approximately 7 nonal hl"'lroohlorio ao14, but that the propor• 

tion of g&.llit.Yl •xtl'llot•d. is much leae tha volume ot th• ether 

hb ezperianta he has aho,m a. non'll&lit:y of 5.5 to be tht eonoontrat1Qn ot 
hydroohlorto acid which gives optimum re5ults in th~ extraction of gallium 
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Kuoh later e.f'ta exper1••tng the t..Siou•a••• am labor oo.Jmffted 

W1 th t\ldon ot tb. ••• the o.,.....tlwl7 aillpla Ji!l9tho4 or •t•a.ohing* 

the ore 1'1 iih conoentrated ao41a h)'drox.14• •• •tt•pt..s., Although th11 

proo-edv• ••~q ha4 JtO bl.ai•, •1 ther •• the e:an lnlUln&r in wldeb. 

gallia n1 •t1e• ln the a111oa,e l&t1o. m-.a. 
Sebba. 8' Pup(l&) aplop4 • eoiUa hydroxide extn.otion on ge,.._ 

U,e, • eulftd.e _. • ., 1ft th Tf!ll"f aattatanoey ,eault• • Ger•nS:te 1• u 

aoid aoluble oN ud. tt: ._. 1-.nly .onjeotve •• w 'Whetb.ar "11• galU.• 

Dligh.t 'be extn.ete4 trom the a1 l1oat•• 



A.a Pft'Yi.-ty ••~ tt •• a.a, ...,M...,. .._ • .,. '° ,_. ._ 
tetA-,.r or• la we• 1k> p1-oe th• p1U• 111 eo1\1'1oa •• ta\ .. ot 
the -'h* •t -,.retioa 11111n1-, '- ap,Utit• 

~- .... _. llldllla • 1 ..... ..,,. ...... TM' ... -.. 1••-
.. ia & Ml:l ad.11 Ul'ddl t, WIMM ,au • ...,_. ..,_a,tw ~ete 
•t•• t.• ...... in t\l••· 

ltdt• •ll'ba!lla• • •• • • tl.ubg . ...- ta \hi ""to ot , • .., 
--·~ , • ._ ,_.. _. ••• ...., tw ..... ... 1. by'._ ehl.t 

,i,, 

e.S..t of CClltaU--- Je14eP't ~J la1Nr thb. ,e.tSo -.. ftl te 
. . 

Stm• la'I• pt.ts... «rtlGlbl• .,.,. _.._Ut.b1-1 lt •• rov.t_ -..-
.,.,, to •• a _..ibi. _.. •t ro~y •hrialt ft4t C.-...1 Ditpl,._ 

_. ot v:. P. x. gl'UtoV1l7 all...t ..._. "°' u• rpniw on.of.bl.ea 

11bioh 1bt7 M4 ,,.f'Nd• flit 1iw.U,e.1ti. •• ot ._ pa .,,,., lt •• 
·. . .. •. ,,.., 

n.th• .. 11, howtffl" 1 • ,111111 a INl!l>~ ot4.i.. Nl_,. W '- -.--• 
VainC a aocH.• _,.,,..,. to ON ratio of IG~ to_ OMt •17 _, I,_. ot 

ON ~ld 'be ,.. ... , .. ti• 1a tM.a •nell>1-t •• n.tto .. l&tu -~ 

to ••,_ to ._ 10 11.1&t lOO ,.._ •t i1be Oft __.. t. '""'-• 

'the pt--..-4 ve flll4 •.at• •rhca1w •flt lnt1•t•l71d-1 a a l!laftar 

w1 ti!\ • pe1til•• am 'ihla !t •• ~- ,._o ._ i,ul-• flf\Utl'bl• • hMt 

applS..4, Tho Id.,..... •lW at a.~••1118IO ••"• Ctat_ig':racle .._ 

-td• ta1a •• •~•1 ot OOVM• a.t 1td• ,.,_..,.. ti. _..U,le •• 

e.leo attaoked by th• to41• •rb-t• bl'l~ W• lapvttl.e• late 1iu 



aolution ••t• :u"()ft and ehr-1•• the tlu,.. &ll~ lo •l~• 

tor tlttHa 'iliaut4Ulh tonger period• w.-. • att•P'"4,tor •• WUOlble 

lh.CIINd aigu or "11••D112& lit th• top, No att•P' •• side to r<&O"le tho 

t1ux \lb11e mo-lun. 
!he cnto1\le sa al l•-1 te eool and. then by wt.old,»; ,._ •~11'>1• 

nNt'u l ly, 1 t W.I POI tibl• i.le r...,,-. P"10t%.1•111' tJ.1 of the tulM -··· 

Thia f\l$ed ... -· Jl'owd bite .. 11 :pitJ04UI wllh ....... - pNtl• 
am added tc a ,olutiQ2' ot 411\1\• hyd,rocm.1.-10 a11J.4 ,._J.ng an •s•• .r 
acid ,..... at all tt••• 

~- !r!9\s1t!,1t102\1'l, 9!l~ll9 )t,lit\!l;\ll,f•~ 
ftlll h14roehlwl.o uM. aelt11la of th• fued •• wu ••pa-aW • • 

pl•te ,md, ft_. li&'th to dJ'1MS•• ibaG p.111•, -.h14'tl4e 1• wl&tU.-

a:'b IOO ,..,._ Ca'Ugafe ~•--• ·bu to be aw1414• 00119~"4 

~cn1411'1• a.oSi\ -.. MW-1 110 ..t~t• ._. a111a ..S. ifh• sill,• NM't'-.l 

'by t11tn.ttoa •~ a .,.._JI' Immel. tile tU.t/.rO.te-. cl11Ule4 •a_. 

pu•t u14 .. t.'.br• putt •ter •---ratio~ 

A pro~ t..t 1n 1111•~ Nl4 ~•1 11-\p:i;:;li.M CheS..tey•{S) 

•• loll<>-4• Po-.uS• r.r...,.~ 11u MW-4 ln $l1pt •••• to the h)td,,o-

ohlorio t.o14 t'11til'te tillli th& ••lut:loll hMM to GI UC¥'_, ~1~,. ti• 
'-fr(Yl-30~ 

pe\od -.t tb!t t~N~A'ud ilbe rtlfo-4 W et:• ttw ifwee cla7•• If w,-

~tton wt .- ot tho aetr!.fup 'lihO 4-Vk blv•.- •J.ao•iJ oolloi.-1 ,rw1p1-

ta.te .a •~icn1ntrat.d to abOttt 100 • 1. !be pft01p1taw •• very dtftiault 

to hamle, homi,nu·,, by f'ollow1J.1C tNt ,.. ...... ,...-w by Plrt• u4 

l3ro•1»g(lB) la vdd.oh & at .r tU.wr p.,- t"i•u l.a Pl'•Pf4"•,t1'.ta\1011 

,.,. .t1ally aoooaplilih.t. 

!he precipitate ·-.e «U.asol'Nd in aodi• ¥rox1de and th• eolutioa 



a.o1d1tied w1 th Gultur1o e,c!d to a '1 par ocd oouoctntion,. ••ea.w. e 
per cent 1olt1tion ct wi,rerr-on va,s aclded. 'tu t.treo1pitate •• ignited. 

Tlw pro.eduN ,;lve 'by sc.\Gttrer(ls) tor the •>itaetion ot p.111• 

ob.lo:ricle 'by ethv wa.s tc,llrJWed. 

ti. ere ea powd(!red• hl.oN with eodiurA 01u•bcmate, am1 th• flu <.U.•• 
tolved ill h.7draehlorle aeid aa nt••• lfost ot ithe 1111• •• lW.OYM bf· 
oonidnual d.eoantatl.on ad w.1h1- with •t..r. Wl\Ull!Ja 1Jt· th• w1u,r.J.nga 

lfflr• r.e•ad •Ol181d!ff'a'bly b7 -.. of the hot. pkw .- til\e r•aulidng 
-i.t.utl..a,,., 

soluti~ •• adjusted to •Ullfhtl)rhdx l\Cll'D81. ta h)ldr-oohloric a«.d.4. 

The so1utlfi-n \w#fu, cocleti in iee ,_,_. u.4 iw&Mt"tH'Ted to a large Hpl'f'• 

•t.o:,, .f.\u'l11el. Chilled •th&r (110 a 1 • .ft>r ...,.Y 400 m 1. ot oolut1a) _. 

add.a to the se,p1,u.,.t«1 flaak. SohtHTff 1:tata1 tbat both eo1.,rt.1ona are 

ohilled to ;pnnr• tonmtion ot the l"'fll• eolor •1• wntally appeaNJ 

hit does not nate to 'WNl.t this yellow oolov b due. (l1Msibl:, t'el'"rio ohlort.4e) 

The fumel •• tht\ktm tlhcm,ughly, Ut4 Ghillod aph by ~•ion in 1oe 

•ter. Wmn ·•• lay•r• ha.4 ,u,JJu•at«t,. thll a.ow w.a draw.n c.tt .-,.4 'the .th• 

aol utl.011 •• p la.oed 1n a. 4CO a l. beak•• 

tw more extf'i\otio• wfJ!l'e ad• Ulhlte 60 to fl m 1. or •tih•r• depeding 

on the vol\iN of the ••id eolut1qn. Ia ithe th1F4 ~otioa, ibo np.n.tor., 

runr,el •• All<~ to ,t~ a.t room t•pemwr-e for o• how- before r~ 

lng the acid. 

'n»il tltTee ethlr eril'aeta 'WeJ"& .,_1m4 e4 al 1ffllt94 tio atam .wt roan. 

't•petr•tw, t:mtil the etbv lq•r 1-4 bltoaNt entlr•ly to,arat• tnm the 

allr.ht aaount ot: 4\0id um"9t>idably eatnlmd. ftd• ,u,J.d ._. raO'f9d u4 



tr•ted with two port1..,. ot ether. •1re .tber tn.a1d.on •• \ha 

ffapo.N:tN t• ~II• 

~~i:pi '!l~~~ .!>z C,,li:t"iU"l~(f!: 

Tb• proeedve followed 1 n thia .,,Ht ., allO tn)ggdt.d by &flhtUT&1' (le)• 

The ~esidoo obt:1-ined f"nDi th• e1tl~ •xtraoti~ •• 41eao1Wkt in nitrlo 

Mid and 5 m t. ot e0118c1n"4-be4 aulturio aold WN aadd ad heat e.pplletd • 

Thlt 41>1.ta•IHJ'tloa of &11 •p;n.to •tt•r •• iuur.t by Addisg D11rr1• aa14 

h'm-a ti.at to time. S.atine; wa, e-'1metl \llltU, M&T.Y whlt• tae• wn 

The tolu'tioa •• 1Ulll11ied to 100: • 1.,, t\w __. et ..,._ru .. w 
addK1 a the ••lu.ti• n,trvN ctil f/J.l \lie os-.,ne.le wro 4u•l'"4• Ike 

aolu1J1a-. digaatod on •• bot plaw uatU ts.he Sr• ..... 41uel't'N sd 

the 411~• ilo Sal m"l• ~1• h'4na:S.4e ._. ...W• tM1l 1att Ml .. ioa 

-. Mru:-ly ¥1.n~llae4 Ni4 la~..-" au1ft4• ,_.,.. i• tw e.bw• ttw ~• 

'\o iuure ~• oaploto n.._1oa ot 1llMa 1Nn w •• •1vc11~ nat•• f• 

a.1. ot U'UIOlda hyrdro:td.4• WM ad:4-1 ia ._... ud 'h e.luit1•• •• .-.., 

rat• wltb h)'dnpn a\llft'91 t1ltllW-.l AH 'the prNlpltat• (Pel) ,_._ 

tom' ii.a wi'WI a • pw "1M aol uiioa .t uamd.a nlt1'9 whilh allo 

OOQWiald, one pa __. ~- a~N'M• 

The tU:vate obt.1_. •• a.o1dU'1•d wUh aulf'urio ao1d imd 'bolled to 

e.xp$1 hydr~ tuli'tdtth, P.ftll'll" t'iltrntiO'l.'1 it 'llml then diluted to sn m 1,. 1 

neid.tr•11Md with um<m:1-i.m h;tdr,cx1do (i\X;td JO 1.l\ l. ot tulfur1e a.41.d 4"dd.od. 

'the rti:sultd.~ eolut1o?l •• ehilled in 1•~ \ffl:t<n" am VZtoeea e pw oat ot.q)-

f•rron s.oi'Ution ••· added. solution Wfus atl~ wall 4U:ld. al lo'1119d. to 

dltud in io~ n.t@r' f'cr one hour. S..ll p1eo•s of ti l tw pa per were added 

to t.1d filtration. 



The aolutlo'n •• f'llt.-i,4 md ihe pno1p1tatft nehocl with chilled 

tltluts sulfur1o aei<l ( 7 pt11.rta ¥i..1' -..1 98 parts n'tJv),, ~n•1~1:ng 

tUv1 prtt:H'Ji pi tt.ttl v.~re pl~ !n. $... pla.tirtum. <)r-ucib:t.• dr-t1@d cHu"•!'ully1 

ehar-J!'M &nd 1:;ni~ at !1('!0 U4j1f;l"ttN Camti'"'de., ffi• nt!du• ftfi •lghol 

~• pl.l:h.a oxide (Gaif:l&),. 

the ;;;,~end teld$par •• alo,i4y duilMI into u iNR'l ll&ain cu••1n1n« 
a one to one toh>tla or ao«le llydF.t111•• (OM-halt e.a •• •Oilll• 

b7d:rox14• •• ore 'by wl,;lffl)• ba11': tinD h8'td in th•••._. --,1n•ly 

~. 1111~• •• tteaW OYer an air bath 111'1 th Neaai-...1 atirr1ng 

until the ••• be-... t.l1lr8n <try, •• than ••n.P" illff • ffUW et 

•t3l" (~ lit.et f'op one tdlotnam ~tare). W.t Ot tllrll NSUW-.. ft• 

by cu\tt.tbrta1 d~tatl<>>1 aal ·-,Mq 1d.'bl't wt• •• U.e ,-ltl.~1-1 
ao1,rt.ion tt1t_.ed t'hn1'11n ub•et• •t• flt.e attl\rld.o-• ._. Mtl41.t\e4 ,d.th. 

hyd~oehlor-:lc aeld to a elx norMl MMCtra:tU,Ml am th$ 11 liot. tilt,or.t off• 

ru.11,,Ht the so1utto1' probaoly oonta1-4 -.41a e.m 1.\ltu.tum -.a WCJll u 

tm ~lU•, the .th• tt.xtraetlon •• oona~l11'• noff1U1t1t1• h pll1ua 

•• p:reo:tp:tt.at~ by o:uptM"ra t.ntl tgm.t-4 to •lllum oxide usiug tho utho4 

P"tTiQWJ1y glff~. 



brr!flllM• lt!Nr& 
Two IO-gna uaplea Oil ,.._ Ol9 ...-e v-.ted by 'b teff'eeyud4-

-'ho'l. A •~pbio aa:a,1a or•• prffipit.&t•• -.c the,,. .... 

••- ot gallla la~ ••• mat 80't &I ...-nted ae it ahould MW 

TM pveoi1'¼1:\•1"t• wre diaaolVl'd tr. ihtt 41\er pt.per b1' •Ml• 

h:Jd.~-14•• •• oCMlbi..s. aoluta.ou uUift-1 • th. •lt\trlo ••' ud -. 

pllla pnoipitat-1 with O\tffVll"OA• 

n. .tp1ta4 neid:u.• •• 4N"k bJ!"O'l\ll to"'• ••t.111 •• pn .... •t 
a v•t deal ot ii'•• ti. rGll.4• w1p1;na: 0.2011 r,us •• treatM wl\h 

hydroohlorlo ao1d, aqu Ng1a, hut no ,ueo••• •• obta.tne4 1n. d1eto11"1ng 

it. Speotl"Ogn.phie aalya1• .Gl:1:~ w~ Un.a t"ll111af t.hentore, 

tbt l"'~Hlld\W .. &l!l&ndor»d. 

~be:7 i!!£!Gil], ~. ~u.Ef•~r;O! heoii,? 1 '8:t1Ql\ .,fl#, ·1~111! 

A l()..gra.a ._,i. a.ad a 100-grwa ••Pl• .of•• «• nN tu1ctH1.., enraate4 

with ether ad the 8'11 lie pNH>,ipii;Ated with oupfe:rron. 

1:bc, m-v- --,i. ylel4-i a pl"l'IIQiplta~• (t.f p.111\11 od-4• 'Wtd.ghing 

o.osoa gnme. .A. •~rogtapbio am 1.yU1 eowd the pre,--. ot il"a in a 

Vflt'1 -.1 l uoum ( tru•). 

flw 100-~• IG!lpl& yielti-1 • prHipitate of pll1ma oxide weighilc 

o.ont5 ~- TM o:d41\t in thu ... -· •l•o Q~»at.efA With il'OB, e.a 
ahOlm. by e,..trof;n.ph1e me1uw1 it oon:tained relat!Tel:y MN iron than the 

50-gN.m. 4Nnple • 



~ocli9 ~1"~1~q at11-,cti,tJ,n I 

A 1~ --..ple et _.. •• 8"&4W 'ld.6 •ecll• h~o.dd•• U1cU.• 

f1.•d w.t th JJaS04 &lid th• g&llia pr-1.pitated bf oupt"•r•• !bf, S.plwd. 

prnipitate (pl.11• oxtA.e) weighed o.0169 gnu 1114 •• •h- to be r•• 
·~ . 

ltAt1ffl)" tree f'J"em it'Ofl "1 •~opw.phlo MdlJ l••••A• tn.ee ot 1,m 

-· pnaat.. Th. hlgl,. OOIICHD1U"ll'\loa ot ga.lll• ._. ... t)J' thlJ taet 

thil.t An inveaiou ct the p.111• U•• •nttM• 
A 1.0S~ •Ulf1• ot .. •• u.traftH Wl t.ll ••1• h)'!ro.d.4•, 

a.oldlf14"! with h.ydrodtlol"l• Mid. ennottwl w.l th ·••r ..... plU.• Pff• 

oipitai.d With Olllpten"Gt !he plll• odd• 8114• .bl \hi.I et\M wiped 

o.a;1a pa•• This NHd.4ue •• w.tt4 1,eetro~ph1-.1:q D4l the ll'cm .,..,_ 

tat t•m to be leaa thla one per otnt. Trace• ot eodiua and tln wen ~lao 

noted. 



Fut1®'l ot the told.a~r in qu.enion 1.1 a t>r&l1Ja1.•ir:, ••P in the 

oxtraot1on of ga,lUm p~ la.boriooa, aoatly, cd umwces1ary. Only 

~11 amtmta of at"1' could be fused at om tb\11 ad tt:ie l•.u-1• ~titie1 

or &l Ua& pl ci'bt~imt ••r• wry di raeultt to handle. J'\~ :Lon w~ild bet 

espeo3Ally bl'f'aGt1oal trolll a ooa11reial Gtandpei,n \Jnle,aa the ~--

t'H.llat1tw.mte ot th.ct tt:14-p&r __."' wo.rtlh roooverlng. 

Thi f-,r:r~ld• mRho4 or ••·r•t1?1g plUua pro-rad 1mpranioa.1 

boeaue e "t the d1f1'1 wlty 1n htuldl1ng the colloid.al eallia f•rroo,anW• 

pr,i,e1p1tat,.. fhi1 :mtthod •uld haw no 01';11\\au·oial po,nib!Utlee unleaa 

the tp. lU\111 were firl:Wt Of.:u:vJentrll'Md• 

!:xtr~otim, •f the teldap,r by eodiu. h.)'drod.4• aolution. alth.cur,li 

not qu&mtitat1:w, pro'lfec tu be the tbtplett llm4 moat •ffeetin _. ot 

tir•t conce:ntrt!\ti~ the p lU.u... wi• U.O\,ant, of Gr"~ can. b• hrt.ndled 

•a1Uy and th• jJ&l li um e~r.,A-4 1.t concu11:ttr~ted in e. m1all 'W'Ol ~. the 

ti• am eoat in-vol~ b very nall in ~:riaon wttti f;h&t or the t\lsion 

procedure, ud the 1mtu1,t1gator fMll th.,, t:be meth.Qd he.a ~~rei1.l 

poo s ib:i li t1•a • 

The g:rim1nr; or th& are beto.r• 0 l•ohiut" taUet 'be •Ph&l1H~a. un1na 

the or• 1a tH.wdered VePY finely, it 18 dou'btf\11 wh•ther th11 met.hod "WOuld 

b• applioa.tile. ?l• inveetigaw feel.I th.\t panicle nae phays an impor ... 

tMt role 1:n the S\u,o•as ot tbU prooed:ur-e. Th• t-3.depa:r ore in th11 1n-

vestigatlon wa1 ground so tlm.t the partiole1 would pus. a f;!{)O-meah aCNen. 



The f1 rit m~:uitio n of the <aN by acdiwa b~roxide •• a'tl:t~ed 

to d.etend.M hew the gill U• wtu pr-eeent in the aU.io•te 1truotw-e a.m 
to •• if th$ a.t•l ~i~t be rlOlOV'CIKt h-t:8 the ore w:1\hoat t\illion. The 

r;a.111• oxide residue obw.imd •• --.11 due prok1Jl.J w '\h• taot th&t 

th.a sul!'ur!o acid aolution fr'Olll which thll> gallium•• preclpiuted with 

oupteffen wa too ••l4 lad. oontabod nc tarb1iU"io a.aid. Or perrs&pa •• 

ceu O!!.t-pt'erroa aolutitm. ,,.. pl"<'!U~ffl. 

inNotl cm ot the h)'4rocm1«1o atld 10 l.nion 'b3 et.1\or ed cmi;it•ff• 

pl"ffip:tution of 'tiht gallia •~ to ;,t•lil 11,tlehotorr J"Nul<t• wbeA 

the ~l Ha •• fb-n 001t0a:tratfKl by the tc.di• ~ronda tr.--.,. 



A. •"'bcll ot utnning p.111• tr. a Ttrgteta te14apar •• tJec 

d.t~. 

flJfJ .... ,. ln this •thod All'U 

l• OriJ:Mlllg ot itte Oft ta a TIJFJ llltd.l pa.rtlole t1H (IOO •ah) 

a. ......ua ot pllt• bp •i..t..- 1M .. wl:11\ ••• !t)"4l"ada 

s. Aelditto&tiott ot \he ao41um ~st.a. toltdJtoa 1d.th ~roah1orto a.eid. 
ad...,.._.- exwa<JUo• ot •• MIA aolft.loa wt•b ethar to ••JJU'• 
a-te 1llhe plU.• ~. aluatnm. ••iU.ma u4 tltatla, and other ... ,.. 

•• 1 • .,.1 ot 1":a -, ff'ecpttatl•a or ,....._, ....._.. YS.tk h,«rog• 

•lll--
6. PN•lplWl• ot pllt• bJ' 1upr.,11• 

•• lpl.~1• e# tile •\W.-e pl'Hlplkw t• fl&llt• •Ce : 



2. Ato, s., op. cit., it, 870-282, (l9S4) 

i. B.-g &ncl Keil, z. J\.norg,. Allgem. 0.m., 101•111, (1926) 

4. Brukl, A•, Mou.taoh, 62, !fSS•2if1, {1929) 

s. c-.lven, J'•ne, .-Oh-1f4.l Analylia of Cereio llltm-iala by V... 
or ~is don Spntr&, • ?iuilt_. or ~oitJne• ~els, V!rgu:d.a ?olyteobn1o 
wtltutce, (1939) 

6:, Fogg, E, C,., X:rana. l::lootro. Cha. Soo,., 66• Ul.•129, (lg&4) 

7 • foeteJI', Johnaon and ln.ua, J., Am. Clwm. Soc. S?, Vl2&•ll&2•1836, (1931) 

s. lUllebre.114 am Lu.~ell, "AppU-4 tnorgan1o Ji.ml1e11,• P• 386, In 
Yark, John Wiley & Gone, (lf119) 

9. m,rfmGt, J,. T., J. Res. Nat. lfflr, S'U.."1dii, 13, tl85-Et72, (1934) 

10. ttorld.M • n .. s., "Cba,tora ln the Ch•iatey at the ~,s ~ilar llewm.ta, • 

Chap. s, Cbt.mpa1t,~, !J.lln<)iS, Sttpee PU'bl14thing co., (U>S9) 

11. kca:y, n. n •• c~, 'lew Ton, prlV&:te oo'.-.mlcuitiora or Nov, 4, 1939. 

u. Neller, I. w., '\l Comprehe.rud.Te fJ"H.tb• on Inorganic aat fheoret1nl 
Ch.eainry,• Vcl, V, Chap. XD:IV, t.Clnclon, ~•• Green a.n4 Co., (1924) 

13. Moiuir-, L. and Brukl, 1.., i:o•teoh, ei. :Sl(i...35, (1&26) 

14. lb•er, L. a.ml Sl"llk•• J.., lfone.t1ch. so. 1$1-102 1 (l~ZS) 

15. Parter and. nrO'ffl'l1:ng, Jc. A!"!. ChE!ttt, see., 41, 1491, (11)19) 

16. Porter And nroe11nt, op •. o1t •• 43, 111, ( li2l) 

1'7• !¼eio.hel, E •• 2• Am,l. Chea •• 01, 3!l-SZ2, (1932) 

1a. Suhc;F?"W t J. , .... J. •• 1,rt. Flur. Stand•• 13 • tW6-l12, {1934) 

19. F, & futh, ll., J. Chmi1., Soc., 13?1-:S•G• (1931) 



20. SwU''t,. :r.;. !!. • .r. 1~. Chen1- Sac.,,. '6, 331'$, (10$6) 

21. Von 'Sotgbapt, B. s., z. Anal .. Chem., 00• S5J-"SZ6, (l9Z2) 
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