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1.

THE ESTIMATION OF INDIUM IR ZINC ORES, WI“H
SrEOTAL REPERENCE 70 THE JNDIUM CONYN
SOUTHERN AFRICAN SPHALERITES.

intraﬂuctian.

{a} s Up to eampnrntivoly rueently, it was txbramnly
: EI?%icult to procurs oven s fevw s of indtum, but,
since 19352, considersble quantities of this element
have been prodnznd by the Indium Corporatien of ﬁmeriaa‘

Most of the plonseris uurk in this connection, hes been
dons by W. 3. Murray (1) and (2}, who ocarried out an .
sxtensive marvey 0r Anerican Zine Ores snd who placed the

- semersial production of indium on & firm basis. - :

Netallle Indium of 09,587 purity can bs purchassd tauday,
for approzimately § 30,0 per troy ounce, in America.

Amonget the uses to which Indium has been put (1), (82),
{5), (4), (5), {6}, the following ars the umﬂt mportantz--

{31) In elcatraplating
{B; In bearing metals
In jewellery
‘ (4) In dental alloys
- {8} In thermometry
, (ﬁ; In medicine
{7} In radic and tulnviaian

Ro work has baan done on ths 1nﬁ£un contsnt of SQuthgrn ,
African Zine Ores and it is the basic ides of this research
to analyse typisal Scuthern African Sghnlaritta in order

to dst&rmine the andtum contant.

In the Dnion ar South Africa, there srs no txtennivt 31no

- Asposits, although $n the Marico district of Western
Transveal, fairly rich sphalerite deposits are found snd
were worked for Zinc up to 1921 (7).

The Rhndaaiun.daposits s ¢concmicelly more &aportnnte

Wwith thit basic idean in view, that s, the estimation of

" the indium eontent of typical Southsrn African Sphalervites,
the next consideraiion was the amalytical procsse to be
ugeds. It was declded to use 2 purely shemical method and
one that vould be resdily applied in any everage 1aborutory,

It was found that tho basic r&actien in nearly all the
oxisting chemical methods, was the displecsment of indimm

by mesns ar metallic sine (8}, (8), (9), (w), {11), (12),

- {13),  Displacoment methods, wheraby one meta} 1s
praclpitahed by means of another, are usuaxlly opsn to loss
of soms of precipitated element, except, when that slement
is hiphly 4dnaocluble in scids, etc, Thim loss way become

- relstivaly sppreciable, when the preocipitated alement is
prossat in amall proportions, which is uspally the case
with 1nd1um in typiual Sphelerites snd Smithmonites.

Horsover, displacsment methods are uncommon end are usually
not recommended in quantitative soalysis in gesneral sxcept,
- of tourse, whan the pracipitated element l» highly insoluble,

&8 in the gesa of piatinun, selenium, ete. Cadrmium
is occasionally ea &mniwd this "¥ but, thn Azerlcan

- Soclisty for Test Raterimla (14) clearly points out that
there is s #alight Joss of Cadmium, when using this method,

- The solubllity of Indium in acilds 1l aamavhlt similar to
that of cadmiun,
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‘ﬁgnin, mnst impure zins containn 1nd1um and thava 1s .
slways the ohence of introducing small amounts of indium
in this way. Very e ginc could be uassd, but it rescts
rather slowly with dilute scids, _

¥hen using ordinary sino ss the praalpxtant, & blnnk taat
should bo carried out, _

" With regard to the quantibutive ehﬁmiaai mothoda, no data
oould Do found in connection with the quantitative recovery
of indium from comprehensive aynthetic mixtures, using the
algc praaipitubian uehema, or 1n,rana ana other anquQal
8é emav _ C

It was thus deeided riratly ho nvolvs a ahemlanl motnod ror
estimating indium in zine ores and secondly to estimate the
1ng1u§ in typicnl SOutborn ﬁrricnn SQhalar taa, uuing thia
nethod

 For the desoription snd dlsoussion of the &x&stlng methods
of estimating indium in ginc ores, uonconzrntas snd similer

- materisls, ses Section {1) (pas.a 4 - 9).

The sndlytiecal method was not intended so mich for ores
careying small traces of Indium (less than 0,001f), &3 1t
- was for indiferous ores cerrying in excess at 0,001%.

" The Indium Gorgoratlan of America, which is ths most impartnnx
' producer of indium, recovars this element from ores enntain&ng
2 oz, per ton {approximatiely 0.005%) and upwards. (1). :

1% rozlawa than, thet sn analyticel method, which sould be
applied to orss carrying from 0,001% indilua upwards, would.
ba very useful; especislly if thﬁ method could be rsndtly

carried out infa nﬂrmally eqa&ppod laboratory.

According to Professor Ooldsnhmidb {15)g the conosntration
in grnma per ton of Indium in the earth's orust 1is. 0.1..

‘81miler concentrations are shown by S8ilver (0.1), Hercury (0.5)
Thallium (o.s), ‘Blamuth (0,2) and Selentusm {0.6). {16).

For details ragamﬁins‘tns dintributian and conoantrnaion of
indium in different parts of the worid refer to FOmelins
Handbuch der &nergnnischsn Chemie® (17).

No speoific 1ndium minsrnl haa yet been ﬁitoovarad. (18).. |
(¢) P Euchstaan svacznnﬂso UTIGNS USED THROUGHOUT TR Rssggnca, .

In 81l cases; where high puriby chenmicals wers nseaaaary,
British nrug Houses “Analar” reagenta wore used,

Netsllic indiwn (99.58%8), indium trichlorids end indtum
sesquioxide, were obtained from "The Indium Corporation
of Americe® and metallfo gnlltum and chnlltum from the
‘British Drug ﬂnuaaa. _ _ _

The folluwing aolutions were praptvad:-' ,
»(1) BTAHDARD Iﬁﬁtﬁu GHLORIDE SOEUQIQHS.» '
1 Gram of motallio indium (99.98%), welighed atourately
-to 0.1 mgrm., was dissolved in Lo hwdrocnlarie aciﬁ L
- and mado up to 1 litre. o
A Waakor standard was grephrad in @ aimilar mANner, by

 dissoclving 0.1 gram metallie indium in hyarocnlorxe eeid
anﬁ making up to 1 11tro._ -
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(2) zfmmzs csmmm Séwﬂoﬁ mz Qmmmmw PURPOSES.

- &ppwxmutely 6 grams of indiug ssaquiaxide werse
dissaimd in 2N hydroehloric &cid maéa up ta
500 ml., o : _

This gava an upproxs.mataly 13 inﬂium zmlut‘.im&. -
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SKCTION 1,
BXISTING OHEMICAL METHODS OPF ESTIMATING INDYUM IN ZINC ORES,

(a) Method used by W. R, Schoeller and A, R. Powell
(Metallurgiocal Chemists, London). (9).

100 Grams of ths blende are dissolved in hydrochloric acid,
with the addition of some nitric acid, if necessary.

This is filtered and the filtrete boiled with metallic ginc
until nearly neutral.

The preocipitate is dissolved in hydroshloric aecid (with Pot.
Chlorate, if necessary) and oopm and bismuth precipitated
from the boiling selution with n wire,

The filtrate is again deiled with £inc and the precipitate
aigested with nitric aoid to eliminate tin.

The filtrete is evaporated to fumes with sulphkurie acid and
lead sulphate filtered off,

This filtrete 1s treated with smmonis and filtered on pulp,
the precipitate dissolved in hydrechloric aecid, the acidity
adjusted to less than 0,06N. and the Indium precipitated as
sulphide by Bubbling hydrogen sulphide for two hours at 70°C,

The sulphide is either weighed as such, or converted to nitrate
using nitric aoldé precipitating the hydroxide with amsonia and

then igniting gredually, ,
(b) METHOD DRSCRIBED EY W, R, SCHOELLER AND A_.R. POIELL. {9),

100 Grems of the blends are diuolvoa in hydrochloric acid with
the addition, if necessary, of altric acld,

Excess nitric acid must be destroyed. The filtered solution
is digested with metallio sino, theredy presipitating all the
Indium, together with lead, copper, us eto,

The precipitate is dissolved in nitric acid and the solution
evaporated to fumes with sulphuaric aeid.

The lead sulphate is filtered off and the filltreate treated with
ammonia, boliled and filtered.

The preocipitate is dissolved in a minimum of hydrochlorio acid,
the solution neutrelised with ammenia, an excess of sodium
blsulphite added and boiling oontinued for some time,

A whitse orystalline precipitate is thrown down, which may be
dissolved in hydrochloric acid and indium estimated as oxide
by adding ammonia, boiling, filtering and ashing the hydroxide.

(o) METHOD USRD BY GRORGE L. ROYER, CORNELL UNIVERSITY, ITHACA,N.Y.(10)

The Dlende is dissolved in hydroohloric acid and nearly neutrea-
1lised with ammonium carbonate.

One Gram of ammonium chloride is added and the volume made up _
to about 50 ml. sulphur dioxide is paased into the solution amid
iron reduced to the ferrous state,

The solution is then made slightly scid by adjustment with €N,
amxonium carbonate and hydroehloric scid,

A freshly prepared suspeasion of barium carbenate is added in
excess and allowed to stand with occasicnal shaking for seversl
hours and then filtered.
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This procedurs separates the Indium and Alusinium from most
of the Zinc, Menganess and Yerrous Iron, .

The precipitate is dissolved in €)X, Mydrschloric Acid and Broaine
added %0 oxidise any sulphite to sulphate, :

Sulphurio Acid is then added until all the berium is precipitated
ss bartum sulptate.

2his precipitate is Gigested, filtered and washed with hot water,

One Oram of Ammonium Chloride is added to the £iltrate and the
volume made up to 50 ml, with mater.

Amsonium Eydroxide is added in excess and the solution boiled for
a short time,

The presipitated hydroxides are removed and dissolved in &N,
Sulphuric Aeid,. A

The sulphuric seid solution is made up to 50 ml,
To remove any rewaining iron, €6 ml. of 0.6% cupferron is added.

After standing ebout an hour, the preoipitate is filtered off
end washsd,

Phe flltrste is concentrated by svaporetion and indium is deter-
mined by eleoctrodsposition in the amall cell.

In the develepment of this wethod, all discarded precipitates and
filtraten vwere testod lpactroacnpiulu to show the absence of
indium,

Por the detalls of the eleotrolytic procedurs, see (10).
(d) RARLY METHQ )

The pulveriszed blende is d4isgolved in a aixture of nitric and
hyéroohleric acids and lead, copper, cadmium, arsenic, tin and
noiyggonuu preoipitatod by means of hydrogen sulphide in scid
soiution.,

The filtrete is oxifised and smmonia added in exeess s Wharedy
nost of the gine remsdins in solutien,

Ths ferric hydroxide précipitate is dlssolved in soetis acid and
indium sulphide precipitated by dubdling im bydrogen sulphide.

L A O S e TR At o YR R
with ammontis, : '

This lsst process is rspeated a few times to remove the last
traces of ginc,

The hydroxide is disszolved in acetic acid and the sulphide
precipitated with hydrogen sulphide.

This sulphide is diasclved in hydroohlerio acld, the solution
oxidised with nitric aeld and indium repreoipitsted with
smmonis or sodium carbonate,

(o) EARLY METHOD DBVELOPED BY C, WINKLER. (13),

The roasted dlende is dissolved in hydreshlerie seid and indiunm,
to og:;r wii.g: certain other elexsnts, precipitated by means of
metallic sinc,

The metallic sponge 1s &issolved in a mixture eof nitric and

hydrochloric acids and hydrogen sulphide bubbled inte the
solution,
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The sulphides are filtcrod off and the filtrate rrood from
hydrogen sulphide. .

Sodium sulphite 1s added to reduce ferrio ﬁo ferrous iron
and barium cardbonate added in &n atmosphsre of carbon dloxide.

Iron remalins 1n‘soluticn, whilst indium, together with excess
barium carbonate, 18 founi in the precipitatae.

This precipitate 1s treated with dilute dulphuric acid and
barium removed as sulphate.

The filtrate is treated with ammonia snd indium hydroxide
precipitated,

This is converted to oxide. _

(£) METROD USED BY R. E. LAWRENCE ARD L. K. WESTBROOK.(8).

The blende or process residue is digested with dilute sulphnrlc
20i1d4. Insoludble silica, gangue, and lead sulphate are filtered

off anl zinc shavings added to the filtrate until all the 4iron
has been reduced and practically all the free aciad neutrnliaod.

The precipitated metals, with the excess ginc, are dissolved in
dilute nitric acid and amzonia added in excess, together with
ammonium ohloride,

The whole 4s bolled until only faintly ammoniescsl, filtered
and the precipitate dlssolved in dilute hydrochloric acid,

The ammonis treatmsnt is yepeated, the hydroxides dissolved

in hydrochloric acid, the aoidity adjusted to 2N snd hydrogen
sulphide bubbled . . :

The sulphides are filtered off, hydregen sulphide removed from
ggglgéltrneo, potasaium hydroxide added in excess &nd the whole

The hydroxide precipitate is dilasclved in acetic acid, ammonium
noetg:g sdded and indium precipitated aas sulphide Iitb hydrogen
sulphide.

This sulphide is dissolved in bydrochloric scid and roprooipitnted
ag hydroxide ae before,

The final precipitate of 1ndiun hyaroxido is then ignited to
indium seaquioxide at 700%°C. and the purity of the oxide
determined np-otrosrlphioally

COMMENTS ON ABOVE METHODS,

METHEOD su}

(1) The basic ronotion is the proolpitation of indfum by means
of sinc and as stated on page 1 , this method is open to
slight loss of indium, which loss, might be relatively
appreciable, when the indlum 1s preseant in small proportions.

Impure pginc may contain indium in ater or le
proportions axxi this may give rieosgg the int uotlon of

extranscus indium,

This Aifficulty is obviocusly overcoms by running & blank
teat on the sinc, but this introduces another process,

In this particular method, tho ginc precipitation is repeated.

With & view to qnanzltnelvely investigat this zino
diagplaocerment method, the follwwing recoveries were made,
Pive lots of 5§60 Grams each of g£ino chloride '.f. a1 lolvod
in 300 ml,. water and varying proportionn . » G.R,
hydroochloric acid asdded to each.
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0,008 OGram of indium (as chloride) wes sdded to eash and
then metallic zinc, ascording to the table below.

The zino used, was neither chemically purs nor cosmercial
quality, but ordinnry laboretory pure xinc.

The metel was of fairly thin gauge and jresented a fair
surface ares,

I§ was specially ohosen from a kllogrem lot of granulated
gine,

The following table gives the dedalls of welghts of zino
and volumes of acid;~

TABLE 1. —
Test, ¥t. of Zinec. Vol. of Acid,

1 80 Crems, : 70 !1.
2 s " 60

3 0 " 36 “

4 10 * 35 *

5 5§ * 8 °

o R A IS A A AR TV

The solutions were brought to the doll and allowed to
sizmer, until the volume was redused to about 50 ml.

Water was then added to bring the wolume beok te 300 ml,

This procedurs wag carried cut over two complete days, in
or§z§ ;o pre¢ipitate as much indium as possible under tbhe
coiitions.

Finally, the solutions were filtered in the presence of
ro:édun{ zine and the residuss diasolved in 5N. hydrochlorie
scid.

Ammonis was then added in moderate excess and the solutions
s&llowed to simmer untlil they were only faintly ammoniscal.

The indium hydroxide was filtered off, washed and then
dissclved in 5M. hy@rochlosic acid,

This sxmonis precipitation was repsated another thres times
in opder to rexove &ll zinc and thn final indium hydroxide
ignited to oxide at 80UYC.

Following ar & the resultsi-

| TABLE 2. {
Pest, " In. Added. In. Recovered.
1 0.00850 Granm. 0.0030 Grlm
2 » 0.0088
$ " 0,0086 "
4 . 0,003 "
s " 0.0088 "

Anothey two recoveries by means of displacement were made,
but ia these cases, & higher concentmtion of asid was used,
resulting in & more vigorous evolution of hydrogen and the
reactions wers allowed to prooeed for six hours.

Excess Zinc was present during the filtretion,
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These recoveries were:-

TABLK 8,
Test. In. AMdded. In. Reoovered.

0.0080 Ggan. 0.0010 Grem.
. 0,008 *

2
‘========£::===:========:==:J====================s===a

The adbove seven results are ocertainly very unsatisfactory from
a quantitative aspect.

It is quite feasible that better recoveries are possible,
using the zinc displacement method, but the adove data indicate
that therse is always a grave danger of loss.

A more vigorously reasting sine may give better results, bthut,
vigorously reacting sint 1s usually impure and may introduce
extraneous indium,

Copper is frequenbly pressut in sphalerites and smithaonites
and this would give rise to & superficial sine - copper couple,
which, would result in a continuous, fairly vigorous reaction
and in this case, the resovery might be noticeadbly detter.

The dats in tadles 2 and I are suffiolent, however, to
demonstrats the errors to which thia type of analytical methed
is sudjeot.

(2) Tin is removed as metastannic acid.

(3)

(4)

If the tin percentage is consideradly greater than the indiup,
there 1s a Aistinct danger of loss of indium through adsorption.

Metastannic a0id is highly adsoyptive,
If antimony were present, the same would apply to this element,

Indium is precipitated as sulphide from a hydrechlorie acid
solution, in whioh the normality is leass than ,0O0N,

In gquantitative work, one Las to be very careful inm adjusting
the acidity when precipitating indium as sulphide from mineral
acid solutions.

It sppears as if the acldity should be ecatrolled to within
03 - 05N, otherwise there is danger of loss of indium with
highey normality, or of the ineolusion 6f other sulphides with
lower normmlity.

with aoetic acid solutions, on the other hand, there is & much
groater renge of normality, in whioch indium sulphide is
quantitatively precipitated and in whioh other elemants
remsain in solution, {(19), (20), (21). (See also "Reaovery of
indiun in presence of sins by b{drogon sulphide treatment in
different acetic acid concentrations®™ -« reageafRO-£1).

Koreovey, when the indium percentage is low, it is advisabdle
to bave sn adsorptive medium, such as gine sulphide, at this
stage, otherwige, there 1s danger of loss of indiunm.

The sinc dAispleacement has an odbvious advantage in so far as
the major portion of the iron is removed in solution.

METHOD (b):

The remarks appearing under "Method (a) (1)", pages g . g
also apply here,
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Sketicy 2,

IMPORPANT REACTIUHS UNDERLYING THE ANALYPIOAL METHUD
DEVELOPED IN THIS RESEARCE.

(a) The quantitative presipitation of indium hydroxide, by
} mn: of ammenia. (82), (83), (24), m).h{m. ’ |

Although mach work has been done on this fundamental
resction, it was considered sdvisable to gain experience,
by umin{dant quelitative and quantitative work on

the hydroxide precipitation by means of ammomia,

The quantitative results are recomdsd in Seoction 4,
Fage 44 « 45, '

(b) The quantitative precipitation of indium sulphide frem
scotic acld solution, by means of hydrogen sulphide (20),
(e7), (28), (89),

Por the quantisative reocovery of indium through indium
sulphide in the presante of sins, using different
concentrations of acetic acid, see Seotlon &, Pages R0 ~ £1.

(o) The quantitative precipitation of indium hydroxide
moans of sodium hwarexzdo. (28), (30). e

Recoveries of indium, using sodium & oxide in different
conoentrations, are shown on page 3 eotion 4, |

{d) The quantitative adsorption of indium hydroxide by ferric
hydroxide in relatively high concsntyetions of summonia,

See Seetion 4., Pages 56/27 for resovery data,

(e) The inhibition of the precipitation of ferric hydroxid
by mesns of Tertrate Ion. :

| {(£) The aolumntg of indlum sulphste in weter and dilute
sulphuric acid. (31), (3g).

{g) 'f% soh;gi,.uw of indium sulphide in weak minersl seid.
» * '

See also "Reoovery of indium in the pressnce ‘31' ngouu
proportions of Bismuth®, Section 4., Pages - 43,

(h) The quantitstive ocomversion of indlum hydroxide to iIndium
sesquioxide on ignition. (88), {£3), (34), (35), (38),



| | gmon g,
an‘rx,xm OF TME ANALYTICAL SCHEME,

'rbc gruup schexe pressnted below is an outline or tho
spalytical rethod evolved, as & result of condideradle
qualitative work aad slsc as & result of the qmtiuun
mav&rtn shown throushaut saauenu 4. and 5.

‘The scheme is shown 1n op fom mainly in order to
simplify the setting out of seation 4, whioh deals with
sach group separately and also to clarify Ssotion 7., which
presents the Uhoh schece in disgremmatio form. :

The precise anslytical and menipulative details are not
givan hert * but are described later La Bootion 8. :

GQOUE X,

- mnum tb,n rtnaly arunmd ors in conocentyeted bydmahlorio
4cld; followed by a minizum of nitrio sold,

'Dnuta, ir monnri %o about £50 ml. ' aum %0 nttln mﬁ
tntar, prnrnrum; hrough pu.lp. o ,

m. 4 2,. .

A4 & strong solution of amiiuu nydx'o:&d. to. tb.o ‘f1ltrete
"~ from Group 1, until & slight pomnent precipitate remmins,

Then add amsonis 1in excess until mﬂs 211 the zino mvmzm.
dissolves, (It &5 desirable at this stage to leave a
,ma mgi:%y asall propoﬂim or the nino nydroxmu '

Ma v .

" . The wholes is muom and ﬂthout nahins the presépitate &e
dissolved from the filter pAper with ot dilute hydrochlorie
gnﬁ%‘ the rmuu b-mg uusht in the arisxml pmipiution

saker,

In mrta.m instances, 1t 1 nouaur: to mpat crm
“prscipitation and solutlon in moid,

If the iron powmttgo in the ors 1s very lnv. ferric chlorids

ahoum be added just befors procesding with this group

o oz tion, in ordor to bring wp tho welght of iren to sbout
rem, -

gﬁﬁz Se

- Add 4 - 20 gtm of tartaric acid to the tinal solution

obteined in Group 8. and then amniu, until the solution
in very faintly mnmoah :

Ttmn add strong soetic acid uutn the solution is ipmxmuly
: nin':m to 7O = 8000 and bubbls h@'drcgtn sulphide for 15 «
0 Qﬂu L

- Sufficient sine uulpumg mt be pvnm at thn stage for
purposes of A&mnba.an. ~

If tmsuffiofent zinc sulphide is present, add nughtly acidio
zinc acetate solution drop drep, with oomtmb agitation
andil sufficient sino sul 73 hu been ramd ror uts.srucéom _
~ adaarption. S

It ia ndvi.ubln to hmre bemm 0,8 and 9.5 gz-nm Zine nulphida
in approxmsoly 250 n., of aelution at thu augc. |
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~ Allow to uttio and filter. :

Wash & few times with hot utar snd then diaau:wo the
precipitate in hot, dilute hydroohloric acid, caﬁehins the
solutlon m tha pmmpzuuoa conteiner,

Remove the b,ydrogin sulphide by boiltn am fimlly vxth [
few drops of nitrdo acid, neutralise with axmonias, «dd very
mu exoess of ammonia tnd then scetic iﬂiﬁ mtu 1.BN.

. Repsat the hydrogen aul ‘ bu‘bbu aottzing rnttrmg
‘and solution in Ww & acig, u'auttﬂ. ib:iv ,

"n- nmuh Lron 1 prcaont, three hydmgm aulpmaﬁ tmtm&nss
may be mcsury. -

In the finalprecipitation ths snl hiﬁn mm: bt t;hamughl
uahad m order tc mn nll tmcos of turtarie acia,

Ths £inal aulphmt gmaipitatc is dissolved in hot, dllute
hydrochlopric uoiﬁ he solution freed from hydrogan aulphido v
& bg:; ggoig of ni rie ua!.d lddcﬂ and then Mpontod dmm to
& .

GROIW 4

'unet add a sugm; -xcus.

" Boil for & short time, filter, wash a few tma tnd d&uo&n
‘ m hot, dilute nitrio soid. v

Ada snl phurio a04d to thé solut!.cn obvbn&nad rm Group 4, ma
.mapcra“m down to fumes,

| .C:;ol, ailute, rnbar and uah thnmughly. |
- GROUP 6, '

Add aodlum hydroxide ealutxm in snsht excou to em filtrete
from Group 5, and boil for a taw m.luutu» N

" Fllter and wash & few timﬁ and Muolvo in not, d&.‘mﬁb
hydmohlor!.c acid,

(n) Neutrslise the solution omm from Group 6 wtth 8edium
ﬁdmg%dc and then ada hydrocnlaric scid mtti the aomuy

Warm end ‘bubble in hydrogon mlphidt rw afow a&autzu‘

If no preseipitate forss, boil off bs'm en sulphide tmmiu
 with ni tx-icpacm and pt;a on to 7 b, g ® ’

- If pmipitlta formus tnter. wash thomshly, renscve
hydyogen sulzl:ma Lrom rutmtn » noutyelise with sodivm
hym:dm 80 ubmn and 844 hydroohleric asid unﬁil 0,54,

Babble in bydrogoa miphmu foa- s fow mimtu nnd refilter
and wash,

Remove hydrogen aulphs,d- from rutrut.a, oxm&u wi!:h nitrio
acid ;m pass on ta AR | |
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(b) Neutrelise solution with sodium hydroxide solution and
add slight excesas. |

Boil for a few ninutes, filter end wash.

Dissolve precipitate in hot, dilute nitric acid or
bydroehlorie aoid,

Add ammonie in slight excess to the solution obtained Lrom
Group 7, and Doil for & few minmutes.

Fllter through ashless psper, wash theroughly, dry and ignite
to the oxide,

TABLE 4,

Group. Troatment, ‘mgng‘m
h Ore dissolved in BCL with minimum Filtrete
M%. diluted anf filtered.
2. Fel if necessary, followad
ﬁo 8 and then NH,OR in exoess. Precipitate
s, HE, followed by NH,OH, followed by Precipitate
Ak, followed by H ,
4. WH,OH in faint exoess. Precipitate
8. Coneentreting with 0, to fumes - '
G oting aaattiitorthe, ‘“ * | Filtrate
8. B OB in alight excess, Preoipitate
7, |(a) Ra OR to neutralise, followed
KC1 in moderete exoess and then H,3. | Filtrete (a)
(b) Na OH in s exceas to oxidised _
piapd i slight Preoipitate (b)
8, m4ox in faint excess, Precipitate.




- the major portion of the z
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| BECTION 8. |

qmmmxm AND QUANPITATIVE smnxrmmx OF THE
DIFFERENT mummgnsggwgg ga smsm nmcmm
I 1 ,

In this sontiun. the mfarmt mps w31l be. trattad uapnutcly. '
and in sach osse, brief mention 1111 be mede of the siements
slindnated and this will be followed by & detalled description,
inoluding recovery tables, of the quantitative recoverlies of ‘
tndiunm in the presence of tm moye important elemsnts, which are

sliminated in the pnx-t.taulur group under consideration, x

in the case of Gmup a Py dotulod record of gualitative tork
is also S.ncludod.

Thi mlﬂiml nethod dttlilﬁd tn Bestion B, tog‘thﬁ* with the

group outline in Sectlon 3, was elaborated as a result of the
work Motﬁoﬁ ia- thil a-ch on and in auctlon 5.

. GRGEE 1

In this group, fres quwtw, gangus ut;tmv, und rorrtetary
“siliocates ars removed..

Most of the silver is mﬁd hun ma. moh or the lead u
8liminated ss ¢hlarmt. ‘ _

Noat of the arsenic and germanium are vohbiltud and tm gmﬁor '
porucn of ultn:lum and tonmlm removed. _

Indium umn:na hx sozucian V] tm trlchloride.

GRGUP 2,

' xn this muy, neadly un copper, Ondmitm, mckql, Gobllh ’
. magnesiun and alkaline u.rtha are tl:lmi.utod

Much mangeness and the gruter parts.:m of the zino are &ho , C
eliminated.

Regidusl anvw tma Gronp b tn.l be rmvoﬁ horo.
| Indium remains in the pmi.pitato.
JUANTTTATIVE WORK

The main funotion of ths.a g:up uapumtion, il the rmu of

whioch is obwiously slways :
present in relatively large pmpoﬂ!.om -hm auzmg with
ﬁpmurmm or Smithsonites.

The method rxmzy adopted was, tha addition of tarr&c ahloridn,
4 necesmary, the neutralisation of most of ths asidity from
Group 1, with sodium hs‘draxida. runond by the amt mn of an
appreciable sxcess of o

This was dwelnpm in the folloﬂmg ubngns-

{1) Neutralisation vith ammonia nnls, faunnd by an sppmhbh )
axcese of ehub reagent .. : z

{2) Neutrsllsation of the wtw parbi.on at' the acmzby wi!:h ,
amsonis, followesd by eunplnta neutralisation with potlni.um
oynmt& in axcess,

- {3) Eautuumtion of the gmtw pox-tiun of the mmnzy in.t.n
' sodium hydroxide, followed by complete nsutralisation ut:h
potassiun cyanate, followsd by the addition of asmonis in

 axcess bo bring most o!’ the m.ne in soelution, o



{4]) The -cas.-as.an of rﬁrrxo chlor.tdo ’ followed b;y tho proasaum' |
~ describsd undqr {3) avove, .

(5} The lddition of ferric cxnnrma followsd by thﬂ addition
of sodium hydroxide, until the molutien is slmost
neutralised, tollom by the additlon ar &xmonis in.
appmiable 4X0088 . o

‘Karo, tho cynmtn hydmlysis was axclndaﬂ.

| y@ov%msg

{a) WQVERX OF IRDIUM Iﬂ PRESENCR OF GOHPAMTIVEI&' LARGE
PRGPUR’I‘IOHE op ZINC, BY KEAN& OF MQNIA ?WIFITM?IOH.

Four lots of 50 grams ench of £ine (nn. the. mct‘-uuc kinc ussd

throughout the work recorded in this section was CG. R, purity),
were dimssolved in pure hydrochloris soid and 20 ml. of standard
indiun chloride eolution {0.0214 gran of indiun) added to uoh. .

This represents uppmxiutcly one. ;m't of mmn in 2,400 pnma
- of mino, or the squivaisnt of one pure of mzuu in 3,500 parts
of sinc eulphm:. : .

_ Tnds proportion. 29 found in n‘lgh grade mu:nmus tp!muritam

Considereble guantities nt ammonium ohloride (sufficient to
- keop the zinc In aolution) wet-c added ana thﬂn smzonis m falr
axXcPss .,

- 'rhe whole wapy bmught ta the boil nm auom eo a!.mm' for
nbout one haur. B _

'I‘ha indium oznda was ot rme mn&tascod by &n opuosomc,
which later 1occu1at&da -

Rach 10t was tiltoroﬁ through twe 1!5 om. filtar mpem.

Ths pinc oonxp:.t: and indium hg‘droxm. remaining in the mur, o
wayrs dissolved in BN, hydrochlorio acid, the solution trensferred.
to & 250 ml, beaker, smaonis ;ddud in mﬁonto 4xo0e6ss and the
thl# bO’-l'd&

The precipitsts wag qmntitativaly sdded to thn original pncipi-
tates snd the whols dissclved in hot SN, hydmchlorlc acid ’ the
solutions being mugnt in £50 ml. ‘Deakers,

 The todium was reezpltabad with ammonis and the hydmxidn i
filtered through 11 om. filter papers.

This prooedure wis Nputaﬂ another hi.u am futom rmny
througb 8 9 om, ashless filter paper.

aftey m!ng%cﬂth #tlm* and drying, the ha'dz‘oxidi was isn:tud
at about 80

{For quantitative rasult.a in commot&m uth thl pmipii:aeion
of indlum hydroxm b: means of smmonie, and tion !m the
‘ ozido, #oe page nd slso ruhr to (21), (e2), 23) .
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The results were;.

TARLE 6.

Tost, In. Added, "In. Recovered.
1 0.021¢ gym. 0.0087 grm.
2. wt &% 0.0080 50"
3. " " 0.00R8 *
‘. o 0.0044 "

This is obwiously very unsatisfactory.

This method of estimating indium is very satisfactory in the
presence of small and moderate préportions of sine, but as
outlined above, not quantitative in the presence of large
pl'i:gort:.om of zine, sueh as is the cese with solutions of

] ores.

The next stage in the development of the quantitstive aspest of
Groupta. was the precipitation of indium by means of Potassium

(b) RECOVERY OF INDIUM IN PRESENCE OF COMPARATIVELY LAROR
PROPORTIONS OF ZINGC BY MBANS OF CYANATE HYDROLYSIS,
(21), (82) and (8S).

Four lots of 60 gyams esoh of sincwyre dissolved in hydroshlorie
a0id and 0,0814 grem Indium (as chloride) added to eaoh.

The scidic solution was neutpalised with smmonia, using methyl
orengs as indiocator, andi then mads faintly soldic with
hydroohloric soid, ‘

A freshly {NNM 104 solution of potassium oyanate was then
added, until the indicator showed alimline and the whole drought
to the boil and sllowed to simmer for about half an hour,

On allowing to stand, a distinet granular presipiteate settled,
This was Liltered off and dissclved in 5N. hydroohlorie soid.

The filtrate was again treated with petassium eyanste and
refiltered,

This precipitate, which was very slight in two cases end
noticeadle in the other two, was filtered off, dissclved in 5N,
hydyochloric acid and the solution sdded to the main solution.

Indive hydroxide was precipitated by means of smsonia sad the
hydroxide ignited %0 oxide.

Tha Results weret~

JARLE S,

Test . In, Added. in, Ratovered.
l. 0,021¢ Orm, 0,0101 Orm,
g. “ - ® 0,0084 *

s. " o,0088 *
‘. Lo 0,0085 *
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As theass results are very variable and unsatiafaoctory, s
sscond series of recoveries, making use of the same oyanate
method, was carried out.

These reasults werei-

| ZABLE T,

Teat. In, Added, In. Recovered.
1 * o » 081‘ Bmo o iOllz gr‘uc

g, . | 0,007 "

3. * . o,u098 *

4. " " 0.,0089 *

These arse again very unsatisfactory.
It appears as Af the oyanate hydrolysis method is not

guantitative under these oonditions of & high proportion of
gino, .

It soems feasible, moreover, that in method (a) above, indium
wag Jost owing to its low concentretion in the absenoe of a
satisfactory adsorptive medlunm,

This srgument may aleo apply to the cysnate mathod,

With this in view, it wes decided to adopt another method of
neutralisation nn& preoipitation. , .

() HECOVERY OF INDIUM IN PRESENOE OF COMPARATIVELY LARGE
PROPORTIONS OF ZINC BY MEANS OF BODIUN HYDROXIDE
NEUTRALISATION AND CYANATE HYDROLYSIS.

3ix lots of §0 grea, each of sinc were 4issolved in hydrochloric
80id and 0,014 gram Indium (as chloride) addsd to esoh,

200 ml. of aonocentrated scid were used i‘or 4issolving the sine
and 200 ml. of water were added after sclution,

Hethyl orenge was added as indiocator,

A strong solution of sodium hydrexide (30-40%) wes added little
b!y‘uzgh with oconstant sgitation, until the indicator just
changed.

At this stage, a falr amount of flocculated zine hydroxide was
preaent .

Hydroohlorie acid was then added until, on shaking, the pinkish
methy)l orenge oolour 4id not change back to yellow,

Care was taloen at this juncture, to have only a very slight excess
of seoiqd,

The whole was then warmed and solid potcssium oyanate {about
2 grams at a time) was added with vigorous agitation, until the
solution ressted alkaline,

About 20 grams of potaseiunm eyanﬁto were necessary to effeot
this change.

At this stage, a distinot opiluemo was observed and on boiling
for about a quarter of an hour, socme sinc hydroxide settled out.
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The beaker was then removed from ths source of heat and
allowed to cool for about a quarter of an hour.

During this periocd, mare £inc hydroxide precipitated.

Ammonie was then sdded until most, but by mo means sll, of
the sinc hydroxide had dissolved. ‘

The whole was th.n Z1ltered s quiokl.y as poessidble, using two
filters for eash lot.

about 40 « 50 ml, of a #lightly

When the beakers were cnpt
$ solution was added and the whole

ammoniacal amsonium ohlorid
boliled for a few mtn.

This was then nltorcd thrmh the oustml filters.

Tm precipitate on the filters was not washed, but Aissolved
1:? hot 5N, ochloric aoid direotly onto the
n{“ o8 on the filters and catohing the solutions in

ooniocal beakere,

The originel presipitation Deakeys were washed with about 30 ml,

of hot 5N,
to the 500

The solutions were gonscentreted to adout 100 ml,, cooled, and

+» besakers containing the main solutions,

drochloric asid in:hc resulting solutions being added

amuonia added 1in moderate excess and tho whols bolled ror a shoyt

time.,

The hydroxide was filtered off, washed & few times and then
dissolved by pour hot SR, hydrochlorie acid on to the
preeipitate on t.ho Pilter and ocatohing the solution in the
precipitation beaksrs.

Indiun hydroxide wna agsin precipitated by means of ammonia
snd filtered through ashless filters,

The hydroxide was ignited tc oxide in the usual way,
The final oxide ash was contaminated with ferris oxide.

This was determined colorimetrioally as ferric thiocyanste,
the indium oxide deing calculated by mr.:-oneu

The results weres-

JABLE B,
1. | 0.0871 gra. 0.001%7 gy, 0.0854 grn. 0.0210 gra., 0.0814g
2. | 0,009 0,0014 « 0286 0.0811 ron
S. | 0,000 °® 0,0042 * 0,0857 " o.oexg ¢ * ®
4. 0.0307 " 0,0042 " 0.0868 * c.0219 * "ow
5. | 0.0R90 " 0,0082 * 0.0888 " 0,08213 *¢ L

Avorage Indium Recovered = 0.08135
Indium Added - .0816

&y -

These ruultl are quite satisfactory and indioate t&t the

sodium

tassium cysnate ~ amsonia method s
quantita 1nly oungo

At this stage, it appeared as if the pressnce of a eartsin amount

of undissolved sino bhydrexide, just
been an essential condition tor quan
adsorption of indium hydroxide.

erior to filtration may lave
itative precipitation end
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' 60ns£der1na thnt the greut majarity of uphaleritoa contain
iron, the ordinsry varieties contsining from about 0.2% to =
4,08 and the . ferruginnus sphalerites or maymatitess oanzazning

104 and over (37), it was mtive to ascertain the -

quantitative mature of Gyoup £ in the prsaancv or moderate

proporﬁiena of Iron. - :

As iron 1s removed in Group S, the recsver of Lnﬁium in thﬂ
presence of iron and zino will be dealt 11 h uﬂdar that :
hesding balau. , . S ,

For racovery or indtum in grusence ar cadmium niaknz, cakalt,
magnssium, nsngeness, cale barium,and strcntium, sece
Smtion 5 - S’aga 46 » w. ,

GRGUP Sa

In th&a grbup, Iron, Aluminium, Ghramium ﬂ&nsnnoaa, Gallium,
Tungeten, Beryllinm, Vansdium, Ursnium, Qhorium Ziroonium,
Rare Berths, FPhoaphrte, Fluoride and Borate ars ramuved 1n
the filtrate frcm the hyﬂrogen sulphide treatmunt.

- It must ba borne in mind, that thﬁs group Lo invnr&ably
. duplicatasd in practice, i.a. the hydrogen sulphide treatment
- in acetic aclution is alwaya carr&aa out. nt least twice,

| The amall prapcrtion of sny of thess altmﬁntn remaining in tha '
precipitate (after washing) by adaorption, will be oumpletoly
- removed 1n the gecond pvucoan. “ .

It might appatr Incautious to state that after two nydrogun-’
- sulphlde trentmnntu, these alements {or radiosls) are .
"gompletely™ but, one must reslise, tbat, with the
exception of iron ané manganese and possibly aluminium, the
solution obtained by dissoclving a typioal zine ore in ecid,
will contein very amnll propartions of these elenents, :

aeaidual MANZANSss , moroovor, is alimiaatad in Group 4 and
' uminium in Gvonp 5. . ~

- Resildual iron ia 1gn&ted uina tna 1nﬂ1nm ana eetxmahed
~ colorimetrioally, - |

. On d&lssolving the proeipitbte from the hwdrogen aulphide
trestment in 6N, hydrochloric acid, &lmost all merowry,
arsenic, molybdenunm, plutinum, palladinm and gald ramniu
undisaaivnd‘ -

Algo, residusl {rrnm graviaua groups) mngneai caleium,
berium, strontium, 1ithium, selenium and tonurium will be
removed in this group, :
UANTITATIVE WORK.

The mﬁin function of thla group 1! tha rumOVal ar iron,

Besidaa this menrtunt funntien, tba Group 3 aaparation
ellminetes more elemants than any pther group sapnrstion‘_ -

The qnantitattva wark in this group hns boan divids& up ns
followsi-

{1) Influence of 1ncruaao 1n.acatic aczd cannantratian on tha
quantitativs praaipitat&on of inalum sulphide,

{2) Reaaveny cr inaium in tha prosnnne of 4ron.

(%) Benuvary of 1nd£un in the presence ot 1rbn, omiﬁting the
. oyanate hydrolysis in Group 2. :
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(4) Recovery of indium in the presence of iron and aluminium,
($) Recovery of indium in the presence of sare earths,
(8) Recovery of indium in the presence of iron and menganese.

Special mention is also made of ocertain important qualitative
reactions.,
(o) RECOVERY OF IRDIUX IN THE PREBSENCE OF ZING RY

HYDROGEN SULPBIDE TREATHENT IN DIPFERENT ACETIC
ACID CONCENTRATIONS, (%0),(28),(29),(38).

The higher the acetic acid concentyation, the more effleacious
is the sohems of elimination in this pnrﬁouhr group.

Furthermore, sine sulphide is precipitated in s more filtreble
form from strongly acetis solutions than from weakly scetio.

Qualitatively, 10£ (approximtely 1.6N,) acetio secid solutions
geve & ginc sulphide, which was easily flltreble.

In thils partieular quantitative work, S$£, 107 and 20% acetic
solutions wers investbigated,

8ix lots, each oontaining 0,26 grem Zine and 0,0081 gram Indium
(as chlorides) were prepared and then made scesic, two with a
concentration of 5%, two 10f and two 805 (approximmtely O.8N,
1.68 and 3,35%. respecstively).

The solutions were wawmed to 70°C snd hydrogen sulphide bubddled
for twenty minutes,

The sulphides were allowed to settle for ten minutes and then
filtered and washed with hot water,

The sulphides were then dissolved by pouring hot 5§. hydroohlorsioc
8014 onto the filters and catching the filtretes in the precipe~
tation beakers,

Kydrogen sulphide was destroyed in the solutions and indium
hydroxide precipitated with ammonia,

This ammonia precipitation was made three times in all), the
final hydroxides deing ignited to oxides and wiighed.

The results werei-

E 9.
a acetic Aoid N
r"t' cona.muti‘n‘ In- mn In. RQQD'.MQ
| oo | cener | nomem
s, 1.8X. * . 0.0068 *
4. 1.6% ol " 0.0088 *
B, S.3N, " » 0.,0044 *
8. 3,38, " " 0.0047 ¢

The 0,8N, and 1.68. concentretions gave satisfectory results,
although the 3.,3N. shows aigns of loss of Indiunm.

As a result of these recoveries, it was decided to adhere to an
approximately 1,5N. concentration of asetie acid,
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C. B8 granm of ring was ehosan, bﬂcnuse thia i guite & usuel :
,wﬁigbt - gine rumaining after ths Group 2 separation. :
LY  REQOVERY OF INDIUM 1IN THE PRESENGE OF IRON.

[:conaidaring that zine blendss mre usuelly rairl rich in irom,
1t 1s obviens that iron should be eliminated &a ‘solution and
noy Be & praeipitsta.

The rallawing~mathads of naparnting 1ran fram Sndﬁum have baen
dasaribaﬁs* _ '

(1) L. WOBER AND B, s::mm {39). , .
Hydrogen stlphide is buhb&sﬁ into a .05 = 0.08K. hg&rochlario

acid solution. Iron remsins in aalutian and indium aulphiﬂa
is precipibatad»v

| Grest cirs smst ba'axorciaaa 1ere, athﬁrwiae, with s slight
- Angrease In acldity, small smounts of indlux amlphsﬁa wiil
not be qpnnh&kntively precipitated. .

A vary-mnﬁh gréater concentration of acetic aciﬂ mﬁy be uaud
- with gmanelbacive resnlta,

'_ﬁnrmavar, ug h@draahlariﬁ aalﬁ, thara will be very litnla,
- 4f any, preai ftation of gins sulphide and hence, there will

be 1little of no admorvent sulphids medium for sdsorption of
-1nﬁtmu suiphide, which is n&cesaary whon the 1nd£um percentags
36 low. Bes also {41}, _

(2) E.C. MATHERS, (40).

- The iron As precigitatad from -trﬁng asetic aciﬁ aﬂlﬁtiﬂﬁ‘ﬂith
- L Bitroso - B. Naphthol:

. This methed is wbviocusly sultabls for smell ummunta of 1ron
and not for the aamparativaly large mmowunts found in typaaul
&phsieritca¢ :

-QMare is 1&kely to be 4 seriocus laas of, indium by aﬂsbrption*

 (8) F.C. MATHERS AND C.E. PRICHASD {42).

“9he ivon i preci pitatad with ammaniﬂmnitruﬁuphyngzhwdraxylamznn'
(aupferwon).

j%hﬁu method is anly applianblq tu amali wnnnnts of iron.

"?ﬁiu m&thoﬁ depanﬁa ot ﬁhﬂ formation of patueaium farrooyanide
-rram.pﬁtgasaum ayanias, but ie not recormended by elnecke(41l)s

This mnthmd dependa upon thﬂ anlubiliey of Forric ! "hiogyanate
in sther. -

Indiwm thioccyanate is, hawevar, not aamglately 1naolubla 1n
sthey and when daaling with spsll smoumbts of this slement, theps
_ may be ralstively serious 10&593. Einecks (&1) painta cut

thin disaﬁvnntage. L ,

m X, J. BAYER. (45). |
_ :nﬁium is ﬁ?ﬂﬁipﬁtuted witn Badiua hydrosulphide,

According to Nathers (40) and Th&al {@B), tbia mahhad i
»tmpvaaticable. _
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(7) AA, Noyes and W. G, Bray

This method depends on the soludility of an hydrochlorio acid
solution of ferric chloride in ether and the insolubility of
& similar solution of indium chloride.

~ On thoroughly ahlking_ﬁhe mixed ohlorides with ether, precticaily
all of ths indium chloride remains in the aqueous layer and the
ferric chloride passes into the ethereal layer.

It 18 very doﬁbtrul, however, whether two or three of these
extractions would quantitatively separate the iron from the

lioreover, a separation of this type ies inapplicabls in this
particular anslytiocal sohemse,

The most satisfectory way of eliminating iron in solution end
not as & precipitate is to treat an acidic eolution of iron
with hydrogen sulphide,

. The iron solution should be faintly ecidic with hydrochloric

acid (0,08 - 0,05N,) (39), or moderetely soidic with acetic
- acid (spproximately 1.5N,) for the removal of iron and the
quantitative precipitation of indium sulphide,

The hydrochloric aoidity has to be very carefully controlled
for quantitative precipitation of indium as sulphide, hence, in
this group 3 separation, scetic acid was chosen,

In the presence of large quantities of iron, there is the danger
of the precipitation of the basic acetate of iron,

This Qifficulty however, 1s overcome by the addition of tartaric
a0id to the hydrochloric acid solution obtained from &roup £, just
prior to neutralising with emmonia and adding acetic acid for

the Group S precipitation. - .

. In the presence of sufficient tartrate, iron remains in solution, -
under doth acidio and ammoniacal conditions. o

_The actual procedure adopted for recovering indium in the
presence of iron, was ag f0llowWsi«.

S Crams of ferric chloride were dissolved in diluts
hg::gohloric acid and 0,0204 grm. indium (as chloride)
& . . ’ .

About 6 grems of tartaric acid were then added and the

whoi® just neutrelised with ammonia. (The volume at
this stage was approximately 150 ml,)

17 ml, of strong scetic acid were added, the solution
warmed to 70°C, and hydrogen sulphide bubdbled in for
twenty minutes,

The indium sulphide was allowed to settle for ebout ten
minutes end then filtered and washed. o

The sulphide was dissolved by adding hot 5N, hydrochloric
e€cid to the precipitate on the filter and catching the
solution in the precipitation deaker.

The solution was boiled to remove hydrogen sulphide and
then oxidised with a few drops of nitric acid. One grem"
of Tartario acid was added to this solution and then
ammonia until very faintly ammoniacal.

(The volume of the solution at this stage '13'150 mnl,)
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17 ml. of strong acetio acid were added, the solution wersed
to ’7300 and hydrogen sulphide again bubbled in for twenty
minutes., ’ '

This sulphide was filtered and thoroughly washed.

It is very easentisl at this point to wesh thoroughly, so as
to remove the tartrate,

The sulphide was dissolved in hot §N, hydroehloric acid,

en sulphide removed by boil and oxidation with nitrie
aeldlm indium hydroxide precipitated by ammonis in the
usuel way,.

The hydroxide was converted to oxide and weighed.
The following rescoveriss were recorded:~

TABLE 10,
Test ., In, Added, In., Recovered.
1. 0,0804 grm, 0,004 grm,
g,. " | 0'.0907 "
3. . " 0.,0804
4. " " 0.0203 ¥
e o e T i ]

Average vecovered - 0,0806,
Added - 0,0804,

The Gata in ths “In, Recoversd" column were caloculated safter
dedueting Fe,0y, whioch was estimated colorimetrieally. The
Pog0y was veFy low, being 0,15, 0,10, 0,16 and 0,20 mgrm, in
teats 1, 2, 3 and 4 reapectively.

These results indicate tbat the tartaric - acetic acheme for
removing iron is very satiafactory and that indium is
quantitatively precipitated as sulphide.

(¢) RECOVERY OF IEDIUM IN PRESENCE OF LAROEK PROPORTIONS
OF ZINC AND MODERATE PRUPGRTIONS OF \IRON,

(1) 34 Orems of £inc were dissolved in hydrochloric acid end
3 gremg of ferrioc chloride and 0.00804 greanm indium (ae ohloride)
added. This was done in quadrupliocate,

It will be noted that this mixture approximates tc a 50 grem
sample of ephalerite, containing 0,004% of indium and a typical
proportion of iron,

This mixture wes ted in the standard way as described under
Oroup 2 (pages17/18 ) with sodium hydroxide - potassium oyanate -
apmonia and the finai hydrochloric seid solution treated
sccording to the Group 3 method described on page ll ~ 12,

After removing most of the zino by Group £ and iron by Group 3,
indium was ,gzonipltlt.d three times by smuonia and finally,
the hydroxide ignited to oxide,

Just pﬂar to the hydroxide preoipitation, pairs of solutions
were combindd, so that two lots, eaoch sontaining 0.0041 grm.
indiun, were dealt with,
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o Rogculto coro;-
DPATLT 13,

 Teot. In. ~dded, Ine. docovered o
10 Q. 0361 Cm. OQQOQQ ;
2. | W 0.Coc0
e e e e e me s

o Aftop dodueting tho iron.

() Two sorico of roeovoricso vero medo provious to tho ono

Juct deoeribed, but, in oach cone, Queing e Croup € trootoont
a-onia vao edded fn pufficiont oxeces to Qilocolve all the sine
hydronido.

1t will bo noted that &n tho aoocrlptaon of thic portion of
Groun 2 (pace 11), 4t 1o cuphoniped that coso gire hydronide
gupt réaoin undiceoelved,

tno oiobturceo cnnlyood contoinod oochi-

8ino - B0 cromo.
Ferric Chlorido - 3 ®
Indius . - 00,0001 CE'C:'JQ

In Croup 5, 1t von obporved thet enly o ollrht procipitato foruod.

o indiea oce ogticoted In o ucunl oLy nd tko pocovorics
TOXO 1~

TADLT 10,

.Teote In. £44cd. In. Lecovered.
1. 0.0051 gre3. 0.0006 Crem.
Bc I . o " 0:0385 a
O . 0,008y ¢ G038 ©

it coczo vory fouoiblo, tiat indivs vae loot in Croup 3, oviw
to o doricicnc of sinc oulphide. . (%ho conccntration of in
ver enly 1 in 43 GJY 4n thio prouvpl. .

Althourls tho c—onin concentrotion van hizh in Group O, 1ndlun
chiould not have ttea leot thoro, Dy virtue of the cexorstivoly
larao proportion of forrie hydroxnido fuaoctloning oo cn cdcorving
sediuz. In tho words dono on tho reeovery of indiua in tho
propenco of iron, bHut in tho avschco of gine, vory rood regullc
woro yocorded, but, thero, tho woizht of indivu vornoticoobly
croator (0.0005 orea ogodnot CW0051 cros) omd the comecntraticn
of indiwy Juot prior to bubblnnv h@dro*cn culphido 1 in C,000
(U ticen otronser).

It vould appoar thoroferc, that a fn&r voirht of sinc ohould bo
precent in Group S, copocinlly chien Cac wolcht of indiua 1o lcos
than, ooy 0.01 ~pan, thd in tho nbacneo of other acdecorting ncdia,
ouch oo locd pulpghido, dicauth culphido, otce

{3) fnother thrco rccoverior toro ncde, uoing in cach coco 25 (o,
of ginc, U sraue fopric chloride (ad 0.G30) craz 4ndlud,

Tho uoual Croup 8 cnd I proccdurc was cucﬂtcd, ozecpt thnt oo
Group L coporntlone wero medo fnptond of onc cnd tint cinc.
acototo (proporcd fron metallic zine) vas atded in gsuffiociont
guantity 1a Group 8 to .7ivo g saticfcetory proportion of cuvlphido
for cdcorption, fhroo oooonio proeiplitotionn vore nodc.
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The recovery was as follows:-

ZFABLE 39,

Test, In. Added, In, Recovered.
1. 0,0051 gram 0.,0061 grem
2. " . 0,0060 "

3. " * 0,008 "

Average Indium recoversd 0.0061 gren
Indium Added - = 0,0061 grem

Considering that Swo presipitations were made in Group 2, the
sbove results appsey to confirm the inferencs drewn in the laast
series of recoveries (C (2) - Pege 24 ), 1.,e., that the loss was
due to the Group 3 procsdure and not to the Group 8 seperation.

{4) at this stage, the following question naturally suggests
itself, 1.90,,

Is not the Group 2 separetion scheme gquantitatively sound
in the g_gz_%g of Potassium Cysnate, but in the presence of
sufficient Ferric Hydroxide, functioning as an adsorbent?

'ghis qgo:nan 1s dealt with here Deocsuse iron is removed in
rOUp 9. ’

With this gquestion in view, five lots were preparsd, each
containing 25 grems of sino, 3 grams ferric chloride (approx.
l gram iron) and 0,0061 gram indium,

The procedure was similar to that descridbed under Group £ (o),
(Page 17 ), except that sodium xide was 2dded until
there was s slfght pormanent precipitate of gine hydroxide

(no indicator was inocluded) and that this was followed slmost
imnsdiately by the addition of ammonia, until only & slight
precipitate of sino hydroxide remained.

The cysnate hydrolysis waps omitted. _

The Oroup £ scheme was repesated, Group 3 assparetion carrded out
twice (with sddition of spproximately 0.2 grm. of sinc as zino
acetate) and then finally, three ammonia separations mmde.

The results weres-

TABLE 16,
Test, In, Added. In., Resovered.
%: 0.0951 SFu 3:00& ggm.
3. .~ 0,0080 *
4, o " 0.,0049 "
6. " 0.GLES *®
M

Averege Indium recoversd - 0,008 grm,
Indiam added e« 00,0081 grm,

These results are very ph“mi and cleariy indicate that the
analytical schame 1s quantitatively pesfeot in the absence of
the oyazta bzgrolnu s provided, ferric hydroxide Ts % sent
&8 an adsoyx .
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{4) RECOVENY OF INDIUM IN PRESENCE OF LARGR
PROPORTIONS OP ZINC AND VARYING PROPORTIONS
GF IRON,

The last series of recoveries clearly show that indium is
guantitatively precipitated from compayatively large proportions
of 2ino, in the pressnce of ferric hydroxide, ss adsordbent.

These recoveries werse made in the presence of 1 grez of iron,

It wvas considered advisadle, bowsver, to carry ocut a further
ssries of recoveries, using smaller propoertions of iren,

- By these means, 3 minimus weight of iron may e found for the
satisfaotory quantitative recovery of indium, in the presence
of large proportions of sinec,

The following aixtures wers prepared:-

‘1) Zin&...........u'u.un - £5 greuns,
Iron (as ferric chloride) - 1.0 grama,
IMlm I NEREERNSENE RN XN ] - 000%0 w'

(2) zm I E NN E RN ERNFEE NN RIS - “ Tame ,
Im GeeeBOsBNAINSISERNLNGSD - 0. 10 gm.
IndUm ..oveccvvanercace = 0.0060 gream,

(3) Zinc Sseeverscenstrranssy Sﬁam.
IPON tsvvesesecsvrssnsss ® 0,10 gyam.,
Indfum sevscsrsénsvosurre W 0.6080 gran,

(‘) Zim i!oottvoon‘c-tio';uo - 35 m.
IPON seiesencncovenesnne = 0.04 gran,
mm (EEXR RN ENNEE RN AN RN - 600050 W’
The snalytioal procedurs was the same as in the last series of
regoveries, extept that the Group £ separation was mwmde onoce
and a8 a result of this, no gino acetate was added in Group S.
Three ammonis ssparations were made,

The results were as followa:e |

TARLE 18,

Teat ., A!'O. Pressnt. In., Added. In., Recovered.
1& loo w. ) 0.0050 gml 0.0%1 MO
2. 0.40 " " " 00,0080 "

3. 0010 . " . 000%1 .
4. c.08 * " " 00,0047 *

The srecoveries in teets 1, 2 and 3 are obvicusly exoellent and
in test 4, the somewbat low result may be due purely to a normal
experimental error, but may indicate, that, in the presence of
lens than 0.1 gr, iron, the adsorption is not gquantitatively
satisfectory. In any case, it ssems advisable to have
considsrebly more than 0.04 grem iron in the Oroup 2 separation,

One will f£ind, that, in & volume of about 500 - 800 ml,, 1 grem
of iron, as ferric hydroxide, will present no filtratioen
aifficulties.

0.1 Granr Iron, as ferric hydroxide, is obviocusly very much
easier to filter than 1.0 gram, but, in the presence of
oonsiderable proportions zinc (which is always the case in
the anslysis of sphalerites and blende oconoentretes), where the
anmonia concentration is necessarily high, there is always the
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" dsnger of lose of some indium, unless there 1s ample ferrio
hydroxide present to hold the indium as indium hydroxide.

Anothsr advantage in having moderate and not smsll gmporﬂona
of iron in Croup 2, is to be found in ths fect, that the ferric
hydroxide adsords falr proportions of sinc, which zino, 1s
carried on to Group 3, where the gino sulphide functions as an
adsorbent of the indium aulphido.

It was found timt the mosat oomren:.ont weight of iron for the
Group B sopnation was 0,8 - 1,0 gram,

The above roaults in Table 18 do, homor, imucate that
oonamnnblgr:mner proportions of iron may be present, therebdy,
making the up 2 separation scheme less restrioted,

In analysing aghalor!.tu according to this gridup separation
scheme, it will be found, that approximately 1,0 gram of iron is
quite & usual weight, when dnling with 40 «» 50 gram lots.

(o) RECOVERY OF IRDIUM IN PRESENCE OF LARGE PROPORTIONS
0P ZIKC AND MODERATR PROPORTIONS CPF IROH AND
ALURINIUM.

The recogniced method of separating aluminium from indium, has
been detvloped by Moser & Siegmann (47) and has also been
described by Eineoke (41).

In this method, sulphosalicylic acld 1s addod to the solution
end then anmoniun carbonate, until neutral to methyl orange.

Acotio acid is then ldded and hydrogen sulphide bubdbled in,
Indium aulphide is th\u quantitatively precipitated.
Alumlnium x'euina in solution.

Dennis and Bridgman (48) separated aluminium from indium by
mesans of sodium hydroxide.

In Moser end 3iegmann's method, the lulpbonolicyuo Acid is used
to keep the al una in solution.

Considering thlt tartaric acid is addod to the solution in the
Group 8 separation desoribed here, it is not necessary to add
sulphosalicylic acid, as tartrate ion inhidits the precipitation
“of aluminium wdroxido and baeic scetate of aluminium,

Moreover, any resldusl nlm:lnltm uu be oompletely removed in
the sodium hydroxide groups (Groups 6 and 7).

The rolloung,reof)very ascheme was adopted:=-

Three lots were prepared, each containing 20 grams of sino,
t;moo grems of ferric chloride and 5 grams of A.R, Amonn
Alum,

0,0082 gram indium was sdded to one 1ot and 0.0041 grem to
each of tno others,

 Thase aolutiona were treated in the usual ranner, sccording
to Group £ (omitting the cyanate hydrolysis).

Two Group 3 sopamti.ons wore made., These were followed by
ons ammonia precipitation, one sodium hydroxide precipitation
(in 0,SN alkalinity) and finally one more smmonia
precipitation,

The hydroxide was ignited to oxide in the ususl manner.
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The x_'uultg'»nhé &s followss~

TABLE 18,

Tgbt._f i In. Added, In. nccovmd.
1. 00,0082 grm. | - 0,008 grm.
B. 0.0041 g%*mg_ | 0.0040 g‘ )
5. | o008 " | .0,0040 "

Results R and 3 indloate that aluminium is sstisfactorily
:umémtgd by the qup S5 nthad, folwnd by sods.\m hydrozldﬂ
- treatment,

It seems feasible: tbnt almont all the ahminiwu il cliﬁmtcd
in Group 3 and that residual aluminium is ruond as slumimﬁa in
 the sodiun hydroxide filtrate (48). :

Result 1. is alightl;’ high and may be dus to the mtontian of
g mll emount of tlma&ni.um, o

{£) RECOVERY oF TNDIUK N mssmu OF MCDTRATE PROPORTIORS |
ﬁ m:’%m AND SMALL PROPORTIONS OF CERIUM AND (THER mm_

Commering that susll tuount:s of indium zu indiferous ;:nc
ores, be assooisted with aimilarly smaull amounts of the
Tare ha, it was deemed ndvisable to sarry out & apeoisl
mcoury of 4ndium in the pmnmc:o of theae metals,

Purthermore, by vhvtm of the faot t&uts the rare sarth } xmn -
“are insoluble in ammonis and sodium hydroxide (49) and also that
the rere sarth sulphides are not precipitated by dk dra on

- sulphide in weak mineral soid or acetio soid solution (49?

~ Group 3 ia tho only atage in the whole analytiocal soheme, where
these elements can be eliminated,

Pour solutions- nm pr-pu'od « Two mclmm serium chloﬁda '
(not free from other serths) and the other two included a
nydrookloric acid solution obtunod by lulttbly treating the
mineral monszite.

?go)rinely aruahﬂd monagite na :usod w;wh poeutima pyroaulph-tu
A8}, o .

The ;as.xturee were: |

(1) Zﬁﬂc bl‘li'titi&lup "‘: 0.25 m-
c‘x‘im rissensesnn T 0,005 "
mum m-qbﬁpvnieﬁq "'“ 'O-QOEQ “v

(2) zmn..........u '_ .?8 grém,
o - Bare Earth Mtlll.w- 0. 005 = 0,007 gram,
Imim‘&.ltﬂtliﬂﬁn had .9050 mma

 In the latter case, the rare eartbs wers introduced ss sulphates
£rom the monasite Eamtmmt and were approximetaly 0,005 - 0,007 grm.

In this partisculay ucwm, the Group 8 hydrogea sulphide _
treatomant whs oarried oot twies snd was followed Ly one amonu
precipitation, one sodium haﬁroxida proatpitnuon and ﬂmlly

_ mntlur amm tmtmmt.

‘.l'he indium was n!.ah-d u o:ido in thu usual way,
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The results were as follows:-

IABLE 27,

Test, In. Added. In. Recovered,
1. 0,0080 gram. 0,0068 grem.
2. e e+
3, o » 0,0088 *

4. # ® 0.0081 *

%
3 and 4 wers the “Monazite" resoveries.

The 0,25 gram of sinc in the mixtures is quite ocharacterietio
of the amount of sins in Group 3 during the annlysis of &
typloal cre, :

The Group 5 separation was made only twice, thus, the above
recoveries must be considered quite satisfactory.

In the pressnve of adnormelly high proportions of rere
earths, the hydrogen sulphide separation seheme would
obviously bave to be ocarried out at lgast three times.

Moet mopaszite deposits sre thoriferous, (79), (up to 20% se
Thog), benos, it follows that thorium is also quantitatively
r ed in this Group, when in small proportions, (See also
"Qualitative work on 6roup 5" below),

{g) Recovery of Indium in the presence of large amounts
of sinoc and moderete amounty of iron and manganease.

Moat sphalerites are manganiferous, containing up to 2i¥
of manganese (37), hence, it was considered neceseary to
Tun & series of recoveries of indium in the presence of
manganese s and ofcourse zine and iron,

The following mixture was prepared in quadruplicate:-

Z1ia0 - B0 grema,
Iron - 1 gram,
Kanganese -~ 0.5 gram,.
Indfum - G,008l grem,

The zinc was dissolved in hydrochleric scid and the iron
(as ferric ohlorids), manganese (es manganous ohloride),
and indium (as chloride) added,

One Group 2 sepsration and twe Group 3 separstions were made
and these were followed Dy three ammonis separtions,

The final hydroxide was ignited to oxide in the usual way.

The pecoveriss were as follows:e

TABLE 38,

Test . In. Added. In, Recovered.
' 1- 0-0051 MNe 0 9031 ram,
2. - 00081
3. » . 0,008 *
4, n " o002 "

WMW
Averege Indium recovered « 0,00562 gram,
Indium Added « 0,000 gram.
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These results are very satisfactory and show that manganese
{in the presence Of iron} is sstisfeactorily oliminated, by

the standard Group 2 and § separations, followed by ammuonia
precipitations. (Ses alaso Section §).

The recognised methnd of separsating indium from manganese
depends on the reaction of hydrogen sulphide in acetic ac
solution, wheredy indium gulphide is precipitated and manganese
remains in solution.

This method bas been described by Moser and Slegmann (47)
and Elnecke (88).

It wag considered sdvisable however to carry out the above
soeries of recoveries, by virtue of the faet that in the
actual analysis of a sphalerite, large proportions of zino
and moderate proportions of iron are present, which wore
the conditions of the above recoveries,

QU:LITATIVE WORK ON GROUP 3,

(2) Witk & view to lmvestigating the behaviour of certain
elemente, whioh one would espeot to be eliminated in
Group 3, the following qualitetive testa were made:-

The solution of ths element {usually about 0.8 « 0,3 gren
in § O ml,) was acidified with hydroxhloric acid, about

1 gram of tartaric acid added, the soluticn rendered feaintly
:mfgnxaeal and then correctly acidie (1.5N) wish acetic
acid.

The solution was itvhod to sbout 709C and hydrogen sulphide
bubbled in for adout 10 minukes,

If a precipitate formed, 1t was filtered off, washed and
treated with hot BN. hydroehloric aoid. The resulting
filtrate was boiled to remove hydrogen sulphide (when
present), oxidised with a drop or two of conocentrated nitric
80id and then treated in the same way as desoribed above,

If a preocipitate again appeared, it was treated with hot 5N,
hydrochloric acid, the filtrate bolled to remove hydrogen
sulphide, osidisoa'with & drop or two of nitric acid, cooled
and then rendered slightly ammonisoal, Any precipitate

or opelesoencs was noted.

The following are the results in tabular form:-

TABLE 10,
‘Element . %::.g nt . ::ﬂ;,:fﬁ,, ;2::2::nt. ?gmnrka.
Cr from CrCly | Ko. Pr. - | - Note. 1.
‘|Mn from MnCl, | No Pr. - - Note, 1.
W £rom Sod. o Pr. - -
Tungatate |
Ketallic W in siight Ko Pr, or
Aqua Regle, Opalescence Gpaloao-nge -
Zr. from Zr(Niog)g Ho Pr. - -
h from &h(NOa)‘ No PFr. - -
rb from Ammon, Heavy | No Pr. but fo Pr. ote. 2.
Molybdate Pr, %%}6?3331'°°f‘
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TABLE 19 Continued,

Tst Hol 2nd g8 Ammonie
Elexent.  pregtment. Treatment.  Treatment, Jomarks.
 Motallic Ko | No Pr. but
in Aqua Hegla Heavy Pr. slight Adis- Note 2.
coloratlion. '
Se from BeCly No Pr. - -
V froa Sod. 8light 8light
Orthovansdate Turbldity Turbldity ¥o Pr. Hote 3.
|V frou Sed. & Turbidity 8light Ko Pr. Note 3.
| metavanadate * Opelescence
| v froa Vanadyl |
| chloride | furbidity | No Pr. -
| U froz Urenyl !
't Hitrate | No Pr. - -
| Ti froa TiCly | Moderate Pr,| 5light Pr. No Pr.
T1 from Pot. :
. fluotitanate  No Pr. - | - Note 4.
Pt. from PtCly Distinet Pr.| Yo Pr. -
. Pds from PdClp ' Distinet Pr.| Fo Pr. - Bote B.
. Au from Sod.
. Chloraurate Distinct Pr.| Ko Pr. -
Se froa NepSe03 jeavy Pr. Slight die- | Ko Pr.
! coloration
Te fro: Na,PeOy| Heavy Pr. | Slight dis- )
“2%0% coloration Ho Fr

‘Hotent

(1) In the cese of Chromium md ¥mganess, the concentration was
considerably greater; approximately 1.0 gram in 50 ml.

{2) The dAiseoloured solution was boiled, oxidised with nitric
8cid amd then scmonie sadded in slight excess.

Ho precipitate formed..

{3} The turbidity appearsd tc be due mainly to sulphur.

{4) The solution treated with hydrogen sulphide wat obtained by
actingy upon the potassium {ltotitanate with Aqua Regia and
drivins off excess chlorine.

(5) Some Palladsous Chloride was oxidissd with Chlorine, excess
Chlorine removed and the resulting golutiin treated in the ususl

'WQ
The resulte were the sasae sz for unoxidised Palladious Chloride.
All theme tesats were done in the nbuohco of Zinc,
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In ths presence of zinc, there would obvlounlg bs adsorption
difficulties, but, considering that none (with the exception
of manganese and possibly molybdenum, selenium and tellurium),
of thess elements 1as likely tc be present in anything but
small traces and also that the Group S separation ia

invariably carried out two or three times, it seems as &f
these elements will be satisfectorily oliminated at this stage.

Moreover, it 1is 1nt0raat1n% to note that the "ammonia®
column shows "no precipitste® for each element,

In the csse of manganese, any traces passing beyond Group &
will be removed in Groups 4 and 8,

Traces of residual molybdenum, selenium and tellurium will
bs oliminated 4n Groups 4, 6, 7 and 8., (Ses also Sectlion 5).

(b) ELIMIBATION OF PHOSPHATE, ARSENATE, FLUORIDE & BORATE,
(1) PHOSPHATE.

Qualitative work was done on solutions containing phosphate,
iron snd tartrate. )

It was found that vith'oompuratzvoly small proportions of
phosphate, hydrogen sulphide gave no preoipitate in 1,5N,
acetio acld concentration,

Phosphate reasined in solution,

When the phosphate (aa disodium hydrogen phosphate) was in
excess of 0.5%, there was a tendenoy for ghnsphsto to
precipitate during the hydrogen aulghido reatment. (A large
excess of tarteric acid would prebadbly avoid this). :

This tendency doces not materially affect the group ssparation
scheme, hecause any restidual phospbate would ultimately be
eliminated in the sodiue hydroxide groups, namely, groups 6 & 7.

This would, however, result in sn abtnormal amount of iron
passing on with ths indium and ultimately deing included in
the sesquioxide ash. i

This candition howsver would be exceptional in prectice, but,
if it arose, the iron could be weighed with the indiua and
estimated colorimetrically in the usual way or else, the
precipitate LIn Group 7 oould be digsolved in hydrochloric acid,
apnroximately 0.2 gram sinc (as chloride) and 0.5 granm
tartaric 80id edded and the whole made up to 100 « Ammonis
would then be edded until neutrelity was reached and then
acetic acid until 1.5X. :

The usual hydrogen sulphide treatment would then be carried
out and this would be followed by the routine Group 4 - 8
separations.

This would rarely be nscessary snd would only arise in cases
of phosphatically veined sphalerites and phosphatised
smithsonites. '

2inc phosphates are uncommon in nature.

(2) ARSENATE.

The beshaviour of arsenate in the presence of iron, would be’
almost identical to that desori under phogphate above,

There would be a strong possibility, however, of arsenic
being precipitated in Gréup 3 as sulphids,



In thls case, owing tovtha’inSolnbilxey of the dulphid&

in SN, hydrochlovic seid, srsenic would be almost ,
entirsly eliminated in Group 3, \

| R,lidull arsenie would, ofcour-a, be removed in Groupe 8 b v.
(3) FLUORIDE. ' L

a anlutiun WAS praptrtd uonhnin&ng 2;0 grans. sodium,tluorido,,
2.0 grama ferric chleride, 3.0 grams tertaric scid and _
5 ml, hydrochloric acid in a total velumo or 200 ml,

. This was rendarsd vany faintly nmmpn&lcnl {no precipitate
'rorfog at this ataga) and thsn asetie tcid wis sdded up
to . N. o

This g&ve a nloar aolution, uhich was wermed to 80°G and
then trested with hydrogen sulphide for 15 mina. '

" The whole wes filtered, washed and Gtesolved in bot BN.
hydroshloric ncid.-

- 1ittle iron.

. The filtrete uontumd only 'Yy tneo of fluoride and very |

It is nbv&bus, thmrororo thtt w&th only one hydrogan
“sulphide troutnonz, ntnriy 411 the fluoride passes into
the Group 5 filtmte, Two of theat aoptrations should
ranove sll rlnorido‘

Creater proportionn of fluorido mny have e to be
specially deslt with, but; the abeove proportion representa
approximately 2% of fluorine (1.6., working on s 4050 grem
sample of zine orn) or 4% of rluor-apnr.- _

"It is very doubtful whether fairly pure npacznnna of sing
 blende or emlithsonite could camtuin.tluor aper (or apstite)
i1 excess of this pwuportiona _

fmall amounts cf ruaidunl fluarida wauld ba removed 1n
Group b. - . .

(4) BORATE, | o . |

A test wery similar to that desoribed unﬁﬁr "Fluoride” unu
‘conducted and the results found to be similar to the
fluoride results.

Borates ars not 1ik01y to sccompany sphalerite or tmith:onzee..
- slthough susaexite {a zinciferous borate) has beonAfound
ssspolated with sincite and villomito {61).
'Trnces of rasiﬂu&l borate would be rencved 1n Groupa 6 &7,

- Por quantitatige racovariaa of indium in presence of

- phosphats, srsenate and fluoride, ses "Seotion 8%,

anntitativa work in the presence of nraonie 18 also gtvan'
under "Groups 4 end 6" - pugang 0.

GKOUP§ 4 and 8¢ ?or sake of sonvenience, thess groups -111 o .
ssori nnﬂar one heading. | t _
Group 4. | |

The importent function of this group is the elimination nf 
glmoet all of the rnidual zlnc t’m Group .

Bosides this, nlsidunl capper. ctdmium, nickel, oabnlt,
manganese and posaibly molgbdenum, vansdium and tungsten

- will be elininated heye. Frcbnbly 81l thalllum is r&uoved‘
in this group. ,



.

‘here,

érd Tungsten will bo eliminated in this group. Also
.. vesldual srsenic, phosphste, borste and aluminium will
be removed with this trestnent. |

LcO | o

~ Group &, | |
Traces of ging escaping Group 4 sre entirsly removed

Aty pesidunl Thellium, Gellium, Nolybdenum, Vamadium

Tin and Antimony Ar@ almost entirsly sliminated by this
aodium hydroxide treatment, '

Residual silice. acid will be vemoved here,
QUANTITATIVE WORK: o |
{a)  INFLUENGE OF VARYVING AMOUNTS OF TARTRATE ON

THE QUANTITATIVE PRECIPIPATION OF INDIUM
RYDROXIDE BY MEANS OF AMMONIA, C

Considering that comparatively lssge smounts of tartaric
acld are deliberately added to the solution just prior
to the hydrogen sulphide treatment in Group 3, 1t seems

- sxpedient to investigats the maximum tartrate ion

concentration for the setisfactory quantitetive preciplie-
tation of indium hydroxide by smmonis.

Reich, Richter & Wyrouboff have dons work in connsction
with the inhibltion of the precipitation of indium
hydroxide by tartrete ion (and similar fons). -

' Eaidnf& Richter CES}.founﬂ that in the presence of

tartrate ion, no indium hydroxide was preclpitated by
alkeld hydroxide. - , ' - B

Wyraubafrgbthtas however, that tertrate icn does not; .

4Ankiblt the precipitation (53).

Reich & Richter axab etaﬁa;;thaﬁ_né inﬁinm,hydraxzaefis

precipiteted by ammonia in the presence of tartrate fon {54j.,

The Oroup 3 precipitation s usunlly sarried out twice.
After the fiprst, the grester portion of the tartrete is
removed in the filtrate.

It 15 seldom netessary 4o add mors tartaric asld just

-before the sstond hydrogen sulphide bBubdbling, vecauae the

concentration of iron has been greatly diminished by the
first trestment. o '

‘Hence, it £ollows tiat the precipitate from the 5escond

treatment will contain only & small amount of tartaric acid
snd this should be entirsly eliminated on washing with
marny lots of hot water (which is tho recognissdlprocedure

in practice].

Nevertheless, there {5 a romote possibility o»f smail smounts
of tmrtrate bsing present in the finsl filtrate from
Group 3 aud hence in the solution for the Group & treatment.

The foiznsing recoveries were thus méde, with e view to

snteblishing whether the presence sf amall smounts of

tartrate seriously affect the precipitation of indium hydroxide
by ammonia, : ‘ ' :

Five lote of indium chloride {esch representing 0.0060 grm,
Indium} were made up to 50 ml., 1 ml: of concentyrated A,.R.
Nitric Acid end the oorrect amount of A.R. Tertaric acld
added., . ,

—— iy ~mEe—— S o re M T T — A N R T A S e
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The solutions were boiled for fifteen minutes, the
hydroxide allowed to settle for thirty minutes and
then filtered and washed three times to rexove most
of the sodium hydroxzdo.

The preecipitates were then dissolved in S8, nitric
aciﬂ and the hydroxzide reprecipitated with samonia
ign:ltad to the oxlide in the usual manner.

The roesults of theae tests were as followa:-

TABLE 21,

Tost. NaOH Concentration.|In,. Added. |In. Recovered,
1. Q0.02N. 0,0060 grm. 0.0080 grem.
2, 0, 08K, 0,0080 o 080
3 [} 0.353; ol " Q 00‘58 u
".’ 0'.25‘; " " 0.0081 .
B. 0,354, @ @ o.0082 "
8. 0.28N, . 0.0080 °
7. 0,26K. L 0.,0080 "
8, 0.6W, * W 0,0060 "
- 0.5K, & = Q.0049 "

10 . Qta' L] " " 0.0050 "

11. 0,58, . 0w 0,008y "

12. 0.5%8. Bo® 0.0061 "

13, 0,58, £ . c.0062 *

4. N. e 0,004 *

18, M. B oon 0,008 "

16 'y 8‘ . » s 0 & 001’ "

17, - gK. ® 0w 0.0018 *

It appears, therefore, that oconsentretlions of sodium
hydroxide up to 0.6N, are quite safe for the guantitative
precipitation of indlum xide,

Noyes and Dray found that with 1,78, Sodium tg{drondo.
1 mgra,. of indium was recovered from 1 mgrm. {30),

Prosumably, conditions were different from thos under
whioh the abwo recoveries were made.

In practice, howevey, it will be wise to limit the scdium
bydroxide conoentretion to O0,8%,, which concentration ia
suffioient to hold sprpreciadle amounte of tin and nntlmony
in solution,

or the elements (or mups) that may be present in
g 6, tin and ant ares likely to bo in the
oot prozorlion. (nu (@) Page39 = 394 for the

recovery of indlum in presence tin and antimony).

(c) RECOVERY G INDIUM IN THE PRESERCE OF SHALL
Pﬂbgggglﬂﬂs GF GALLIUM AND MODBRATE PROPORTIONS
oF ’

Einecke (56) states that the mnum of geallium from
indium is & QA1ffloult ono and oites Crockes' method (67),
in whioch, sodium hydroxide is used as the medium of
separetion,

By these means, indium hydroxide 1s prootpitatcd and sodium
gallate minsin solution:

The objections made appear to be that the indium hydroxide
adsorbs some gallium hydroxide and that some indium remmins
in solution with the sodiuwa gallate.
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The former objection 1is obvioualr of 1little significance
in the group separation scheme devised hers, owing o the
imt&tbag thare are 1.nv-r1ab13 two sodium hydroxme
treatments,

?r&coa of ga.luum hym-oxida rmining with the indium
hydroxide after the first sodiuvm hydrozide treatment, will
be sntirely rcmna Quring t:hq ucond tmtment.

. uamovw, it mast be rvmmbom, um. the mjor portim
.+ of the gallium iu reucved in ﬂx‘wp 3. '

Gellium 1ike nlumiaium aoan not i‘orm a uulphiau m the
wet WAY . (58)‘ :

comidcrs.ng hnvevcr. that BOX gallium may be sdaor’md
- by the ginc sulphide in Group 3, it is necessary to

investigate the mmonl of gauium ’oy mum of saaium
bydmxldﬁ; o

Gallium 13 slways li.kely to ba pru-nt m sphnleruu and
c;e:;&omuy, its uammtrntion my bg gx-utcr than tmt
0. um, - .

The latter nb:mt.ion mmm abov doea not appesr bu
be serious in this partiocular aapuuéinn schems, when one
studles the racoveries racordad on page 36 '

' In an salksiine environment of 0.5N, snd less » there appears
to be no aigniﬂnmt loaa of ipdium,

The tallaung aorim ot reanvws.u of inﬂim in the pmaama
. of zinc and gallium, apmm to confirm thias,

: mhe fanoﬂng nixture was amlyaad in qunérupla.cate.

Zine {as chloride) - .25 gram,
~ Calliun {es chlarma) - 0,028 "
Indium {aa Chloride) - 0.0051 n

The Gmu 3 trestment wns atniod out twice and the final
fs.ltuta ‘therefrom was oxidised with s few drcps of nitrie
acid (after bolling to remove stmtur per‘tibn of ths .
hydrogen sulphiﬁa) .

?he solution was cczwcntratm 1:0 50 m‘t, and then nmda
mederately ammomonl. _ ,

This was gentli boiled unbil fninbly tmonucal the
- precipitate allowed to settle, filterad and nahed and thm
_ diaanlvod in BN. hydroohluria ‘em. , |

To this aolution wis added s BB. solution of sodilum
hydroxide nntil mlcb neutrauty. -

. Sodiuvm hydroxide was then added 1n axaus unul tne

slkalinity was O.5N,, the solution bolled for about five '
ninutes é‘gnﬁ pracs.pat:tn anmrod to settle and then filtered
snd "‘5 . .

'l'his procipitate s diua?.vad in 53. hsmum.orie acid and
the sodium nydraxiﬁo troatnent repested.

The praoipztate m this anse was again disselived in 5N.
hydrochloric aem and the aoiution randered modomt.aly
nmnilzul.

Excess ammon.u waAs renoved by bcning nnd the prmipltuta
allowed to settls, x'&ltemd am waahed tm then s.gnitad o
to the oxide, ' _

The ruults 'mzo a3 foncwsw .



Tost., In, Added, In. Reoovered.

1, 0,0051 gram,| 0,0050 gram.
2. 0,008y " 0,0080 *®
3, 0,008 " 0.0081 *
4, 0,081 " o, 0082 *

Average Indium Recovered - 0,0061 grem.

The CGroup3separetion was inoluded, because, in practice,
much, 1f not most of the gallium will be remcved thers.

{(d) RECOVERY OF INDIUX IN THE PRESENCE Oi' SMALL
PROPORFIONS OF THALLIUM AND MODERATE PROPORTIONS
OF ZIKC.

One of the most satisfactory wnys ef separating thallium
from indium is by sgitating the mixed bromides, inthe
presencs of free hydrobromioc acid, with ether,

Indium bromide is insoluble,

This method is desoribed by Wads and Ishil (50). Noyes
and Bray (80), (81), have also done work in this conneotion,

In the snalytiesl method developed in this wvesearch, this
method is obwiocusly inspplicadle,

Sy virtue of the fact that thallous hydroxide is soluble
in water (60) and in excess alkall, it appears quite
rnséblo that thallium will be eliminated in Gpoups 4, 6
am 7.

BBttger desoribes s ueﬁtnt.ion using emmonia (81).
Honge, the following recoveries were made,

The following mixture was analysed in guadruplioats,

Zine (as chloride » 0.25 gran,
Thallium {as thallous nitrete) - 0,088 "
Indium {(ms ohloride - 0,008 %

One Oroup S and one Group 4 separsetion were carried out
and these were followed by ome sodium hydroxide and finally,
one more ammonia preoipitation. '

The results were as followsi-

TABLE 83.

Test. In. AdQed. In. Recovered,
1. 00,0051 grem. 0.,0048 gram,
2. " " c.0052 *

3. " ® 0,0080 *
4, R " 0,0049 ¥

Average Indium Reccvered - 0,0050 gyem,
Indive Added - 0,008 "
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It is interesting to note that thalloug nitrete was used
in this recovery.

Thallic solutions give precipitates with alkalles (62)
ingoludle in excess, hencs, since the thallium appears
to have been eliminated in Groups 4 and 5. (Thalliun is
precipitated as sulphide in Group 3 and this sulphide 1is
soludble in 6N, hydrochloric acld), it follows, that the
regular nitrio acid treatment does not oxidise thallous
ion to timllsoc fon.

Noyes and Bray in thsir "Quslitative anslyais for the
Rare Rlexzents™, record that thallous chloride is oxidised
to thallic chloride by chlorine and bromine, Dut do not
mention the sction of nitric scid (63)., Presumadbly,
nitric acid Goes not oxidise thallous to thallic thallium,
nor apparently a low consentration of chlorine prosduced
by the action of a few arog; of anitric acld on approximately
250 ml, of a dilute hydrochloric acid solution, auch as
obtains on oxidising the filtrate from Group JI.

soreover, if thallium 1s in the thallis condition prior
to Group 5, the hydrogen sulphide treatment will
precipitate thallous sulphide (63). :

(e) RECOVEBRY OF INDIUE IN THE PRESENCE OF MCDERATE
PROPORTIONS OF TIN AND ARTIMONY AND THB USUAL
AMOUNT OF ZINC. .

No specific date could de found with regard to the
quantitative recovery of indium in the presence of
antimony &nd tin, although, Wada and Ato mve done generel
work on the precipitation cof sulphides insoluble in dilute
hydrochloric acid, in the presence of indium (84).

By removing elements such as tin, antimony, copper, lead,
eadmium, mercury, dbismth, etc., by prooipftating theiy
sulphides in dilute mineral aecid solution, theire is
definite Qangér of loss of imdium by adsorptien,

This locs may be relatively apprecisble, when one or more
of these elements 1s in felr proportion and indium in low
concentration.

One of the main objects in this research, is to develop
an analytiocal group scheme, whereby, indium 19, as far as

possihle, %% the Erooigltaeo. and not in the solutiens,
thus, =i [ &3 Dy adsorption,

This aim is fulfilled intredueing an samonia and then
sodium hydroxide separations, after Group 3.

It will be found that antimony and tin are satisfactorily
eliminated by sodium oxide, except, possibly when in
abiaormally high coneentretions.

The following mixture was anmlysed im quadruplioate:-

Zinc (es ¢chloride « 0,26 gram,
Antimony (as antimonicus chloride - o
Tin (as stamnous chloride) - 0,08 0
Ipdium (as chloride) - . -

with this mixture, one Group 4, two Group 6, and one L£inal
smeonium hydroxide preecipitation were carried out.

The sodium hydroxide concentretien in the first treatment
was O.6N. and the second treatment, 0,3N. :
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The recoveries were as follows:w

ZABLE 84,
Teatb, In, Added. | In. Recovered.
:: o.oogl gtan. g:giﬁg g:::-um.
S 0,00860
o LI 0,0080 *®
- -z

Average Indium Recovered - 00,0050 -
' I‘nﬂ?ug Added - 0,0085) W

These results are v satisfeotory and show that tin
and antimony up to 0.1 grex are completely removed hy two
sodium hydyvoxide treatments.

If tin and/or antimony are in greater proportions than this,
then thres sodium hydroxide precipltations would, in all
probability, remove &ll txaees of these slexments,

It will be noted that stannous and antimentous chlorides
were used for this recovery.

During the oxidation of the fimal Group & filtrete by
means of & few drops of nitric s0id (in a total volume of
200 ml,), stannous ion will oxidise to stannic ion, but,
it 1s very doubtful whether antimonic lon will result.

Noreover, if sntimony is preaent in the antimonie confittion
in the filtrate from Oroup 1, it may de precipitated as the
pentasulphide in Group 3,

In this case, it might stlll be in the antimonic form in
Group 8,

This, however, will not negative the efficeey of Group 6

with respect to antimony, since scdium antimonate forms

Just as readily ss the antimonite and is soluble in excess

;;lén;..d Sodium astennate is also scluble in excess sodium
roxide. ,

(f) RBOCVERY OF INDIUM IN PRESENCE OF MODERATE PROPURTIONS
OF ARSENIC AND THE USUAL PROPORTION GF ZINC.

It is very doubdbtful whether any, but traces of arseanic will
pass into the filtrate from Opoup 3, owing to the {nsolu-
bility of the sulphides of arsenio in 6N, hydrochloric acid,

The following analysis, however, was made and is worthy of
resord. The mixture analysed wesy~

Zinc (a® chloride) » - 0,85 gyanm,
Arsenic (am disodium hyd, arsenate) « 0,10 grem,
Indium (es ohloride) - 0,008 *

One ammonis and two sodium hyd:-éxmo iopuntlona weye made
and these were followsd by & final ammonia precipitation.

Group 3 was omitted.
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The results were as followssw

ZAQLE gg,

T‘at. m‘ Adﬂﬁdu :ht RBWV’P‘&-
1, 0,008} gren, 0.0U40 gran,
2. " ° 0.,0049 %

3. " " 00,0083 "
4, “ . 0,0082 *
8, B 0.,0080 "

Average Indium Recovered - 0,005) grem,
Indium Added - 0,008 "

(g) RECOVERY OF INDIUM IN THE PRESENCE OF MODERATE
PHOPORTIONS OF SILICIC ACID ARD THE USUAL
PROPORTION QF ZINC,

All refractory siliocates and free silica, will be rexoved
in Group 1, and the grester goruon of the eilicic eaoig,

derived from silicates readily aoted upon by hydroschlorio
agid, will alao be removed in this separstion, ,

Residual silicic acid will pass on to Group 3, where 1t
mAY Or may not be eliminated, depending on conditions,

Of the residusl silicis acid whioh esoapes both the
Group 1 end 3 sepurations, most will be sliminatsd along
with lead in Uroup 8.

If treces still persist, bowever, the sodlum hydroxide
treatment in Sroups 8 and 7 should entirely eliminate
these last trwoes,

It was thus considered advismbls to run a quantitative
recovery of indlum in the presemce of siliole acid, using
the Group 3 and sodium hydroxide separations only and
omitting the sulphuric acld treatment (Groupt),

By introducing 0.1 %ram of silica and omitting Group 6,
conditions were obviously extreme.

The mixture used was:-

Zine (as chloride) - (.25 gyea,
8i1ica (as sodium silicate) - C,1 ¥
Indlum (as chloridas) - 0,D0SC M

The hydrogen sulphide tresiment wes carried out once,
followed by one Group 4, two group 8 and finally, one
amaeonia precipitation.

The results wares as followsie

ABLE 2
Test, In, AMded, In, Rooovwod:
1. 00,0060 gram, 0,008] gram,
2, “ 0.0081 "
3. " " 0.C050
4, ® " 0,004 "
WW-

Average Indium ERsgovered « 00,0080 gmen,
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For work dond on other elements removed in these
Groups, see Seotion 6,

Group 6,

The filtrate from Group & is cerefully evaporated to
fumes with sulphurioc acid copled, diluted and filtered
and the precipitate thoroughly washed.

The filtyate is retained for Group 4,
The obvious function of this group is the removal of lsad,

LeaC $3 partly removed in group 1, but mush passns on to
tke sulphuric acid group. ' o

Besides lead, residual silicis acid will be almost entirely
removed in this group,

Traces of fluoride would alse de eliminated here,
QEAKT;TATxvg WORK:
RECOVERY OF IRDIUH IN THE BRESENGE P

MCDERATE PROPORTIONS OF LEAD AND THE
USUAL PROPCRTIONS OF ZINC,

ihe following mixture was analysed lun triplicate:-

Zine (as chloride} ~ 0.25 gram,
Lead (as nitrate) - (,80 gra=,
Indium (as chloride) - 0,006} *

The procedurs ws &s followsi-

The above mixture was made ugr:e 100 m., 5 m1, of
altric eacid added and the whole ught to the beil.
After, cooling slightly, aasmonia was added 1n moderate
exeo;; an% the whole bolled until the solution was faintly
armoniacal,

The hydroxides were filtered off, washed three times and
then dissolved in hot ON. nitric acid, the filtrate being
oaught in the precipitation hesker.

6 ml, of soncentrated G,R, sulphurioc s¢id werse added and
the whole carefully evaporeted to fumes, cocled and SO ml,
of water added,

After standing for two hours the sulphate was filtered off
axl washed thoroughly.

Sodium hydroxide was sdded to the filtrets to neutmlise
ths sulphuric scid and then added in excess, until the
solution was G.3N,

This was brought to the boil and allowed £0 simser Lfor sabout
15 minutes,

The precipitats was then allowed to settles and wag fliltered,

The hydroxids wes dissolved {n 8¥, hydroshloric acid and
indium hydroxide presipitated by meens of ammonia,

The hydroxide was ignited %o oxide in the ususl way,
Along with this triplioate recovery, twoe blanks were run,

. the conditions being precisely the ssme as those of the
recovery analyses, except, that lead wag omitted,
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Tie regults ware as follows:-

TARLE 27,

Teat, In. Added. In, Recovered.
1». UqWﬁl gm. 0.0055 w.
g. 0,0081 gyram, - 0.0062 *

Se 0.,0061 gream, U, 0083 .
4, x 0.00561 gren, o.0081L "
5. % 0.0051 gram, 0,004 ®

x Tests 4 and B were the blanks.
These results are falrly satiafactory.

If any lead sulphate remsins in solution in Group 6, 1t
will be removed in Group S by being converted to sodium
plunbite, walch will ba eliminated 1in the Group 3 flltrate,

Croup 7,

The temm "Group” here might de deemed & misnomer, ags thia
stage was introduced into the snalytiocal soheme purely in
order toc eliminate bismuth,

“he group however, includes & sodiwa hydroxide troatment
&nd this elimlmates the last tyaces of zino, iHoreover, it
an unusually high proportion of sntimony and/or tin is
present, this group la sasential,

"races of residual mercury would also bs removed heras,

It 18 interesting to noto that if bisauth is present in the
ors, 1% will remin quantitatively with the indium throughe
out Groups 1 - 8,

In the presence of bismuth, therefore, this group is
indispensables,

QUANTIPATIVE WORK;

RECOVERY 07 INLIUM IN THEZ PRESENCE G&
KODERATE PROGPORTIONS OF BISMUTH.

2N, HY DRUCHLORIC

The following mixture was treated:-

Bismuth (as ohloride) < 0.10 grem,
Indlum (as ohloride) « 0,0061 grem,

The procedure waas as followsi-

The blsmuth ohloride &nd indium chloride were mede up to
50 ml. with water sndi 13 ml. of concentreted C,R, hydro-
chloric acid added.

The solution was warmed to 80°C, and hydrogen sulphide
bubbled in for five minutes.

The sulphide was allowed to settle dnd then flltered and
thoroughly washed, firatly with three weashings of 0,5XN,
hydrochloric acid and secondly with five lots of water,
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The £iltrate was evaporuted down to about 50 ml, and
oxidlaed with & few drops of nitric aeid,

The indium wes precipitated with ammonis in the ususl
manner and weighed a3 oxide, after ignition.

The results were:-

Test, hi m . In, Resovered.
1. 0,0061 gram, 0.,0049 grem.
8, " . 00,0080 "

3. L 0,0083 *
4. » " 0.0063 *

Excluding the ousside resuli, the average of tests 1, & and
4 is 0,008]1 gram,

It seems probeble that the high result in test 3, war due to
the inoomplete precipitation of bismuth as sulphide, although
all four were conducted under the same oconditions,

A furthsr series was analysed, using 0,6N. inateed of 8N.
bhydroohloric asid.

(v)

The same welghts of bismuth and indium were taken as bdefore
and the generel procedurs was the same, except that the
lcidit,' was O,5N. instead of S‘Q

The results in this case werei~

TABLE 20,

Test . In. Added. In, Becovered.
1, 0.00B1 grem, 0,0083 gram,
2. . " 0.0051 "

S. " " 0.0c051 "
‘t " ® 000058 s .

m
Average Indium Regovered « 00,0088 grem
Inﬂ:;g Added - Q,008) grnm:

These results show that no indium was lost in the 0,58,
acid treatment and also that all dPlssuth was removed.

It appears advisable, therefors, to remove bismth in 0,.6X,.
instead of £N. acid solution,

Noyes and Bray (33) seem to favour O,3N, acid for the
g:ng:;:c prescipitation of dDismuath, without danger of loas
W

Wade & Ato (65) state thmt 0.3 grem of bismuth in 80 ml, of
0.6N, Nitric Acid is completely precipitated as sulphide
with hydrogen sulphide treatment,

It sesas, therefore, that 0,0N, aoid 1s gquite sultable for
this group (Ses also Section S).

Sroup 8.
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Qpoup 8.

As in the case of Group 7, this oan haprdly dDe considered
& "Oroup Separation” in the strict sense of the term,

The function of this group is merely to precipitate '
indium as hydroxide, in preparetion for the sctual estimation-
Gravimetrio, Volumetric, Elestyolytic or Potentiomstria.

The flltrate from Group 7 will be almoat feee {rom all
other metals, with the exception of small amounts of sodium,
which, ofcourse will not affect the purity of the indium
hydroxide after sultable washing.

It 1s uniepireble t¢ ignite the hydroxide formed from the
sodium hydroxide trestment, as there 1s always the possibility
of the retention of amell amounts of sodium salts.

The presence of mn amounts of smmonium nitmte on the
other hand 1is not deleterious to the gquantitative oconversion
of indium hydroxide to indium sesquioxide,

(ne muat guand against the presmmce of ohlorides, inoluding
ammonium chloride, except in She smallest traoss, as there
1s & tendency for um to be lost as the ehlor{d‘, which
?gg}m?ga?t about 8009 at ordinary atmospheric pressurs

» *

A thls final ammonis group fs so vital in the gravimetric
estimation of indinm as oxide through hydroxide, a series
of Geteruimations was udo', in whioh, ammonia wves added to
indium chloride solution, ' in the absenss of other
metals, (Bﬂ), (23)' (24). (“). {26)0

The snalytical details were as follows:-

The indium ohloride was made up to 50 wml, with water, 1 ml.
of concentrated nitriec acid added end then sammwnis in
noderats excess (about 2 - 3 nl, of the 83C ammonis in
exceoss in a total of 80 ml, of solusion).

The solution was bolled until only feintly ammoniacsl, the
precipitate allowsd to settle end then filtered through
:;‘hh;:dunan » thoroughly washed, drisd and ignited to

0 8,

The rssults were ag follows:-

¢ 30

Test, In. Added. In, Recovered.

1. 0.0050 gram 0051 grawm

2. 0080 TR0 | loogy Ee

3. L0650 " o081 “

4. L0086 * 0080 *®

5. L0050 * .GoBY  *

6. L0080 0080 "

7, 0o " ,0108 ¢

8. 0101 " L0108

A second serles of satimations was inndo tut in this oase,
hydrochloric aoid was added insteed of nitric acid,

These resulta were:-
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TABLE 31,
'fTéstg. 1 1nj1£da§d,'f'_”‘ In. Beaovared.
3., | ,0050 grem, | - .0CS0 gr&m
2 | - SO080 & o 0080 -
< » . B -‘0%“ " 015051 . n
de 1 k0080 " L0062 "
B, | L0080 " | L0080 "
Go . | O80T | o082
.| saa 5 .o;oz. o

" In the case of Table 5&, the'avaruge for the § pgrm. lata
48 ,005) grm, end in the case of Table 31, 0051 pgrm,
The overail avaraga is Qfoourac ‘9051 gran,

' The averall average for the 10 mgrus. lots is L0202 arnm.

~ Considerabls work has besn done by loser & Siegmann (8%).
ard by Thiel and Koelooh (23}, (R4}, on the quantitative
Setermination of indium as axide, by means of the
precipitetion of the hydroxide with emmonia, but, canaldaring
that this flual stage 1a so vitel to the estimation of
o indlug in sine ores, it was decided to galn fipyst heng
- gzperience by conduating the above series of tasts,
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SEQLIGN 8,

CONFIRMATION OF THE EFFPICACY OF THE ANALYTICAL
SCHESE BY THE RECVERY CF INDIUM FROM COMPREHENSIVE
SYRTHEPIC NIXNTURES, |

The results resoxded in Section 4, pages 14 - 45
{ndicate thet indlum can be setisfastorily and quentits
tively lsolated from the slenents which are likely to
agccompany it in nature, by meana of the analytical scheme
outlined in Section 8, papes 11 ~ 138,

In Section &, however, the various plements, from whioch
indium was rescovered, wars given individual treatment in
the relevant groups and it now remains to eatablish the
method by sttexpting to recover indium quantitatively
from comprohsnsive mixtures,

With this in view, three cerles of anslyses were conducted,
namelys-

(a) Recovery of indium from a mixture of elements,
which are likely to scoompany it in nature,

(b) Recovery of indium from a mixture of elements,
which are not likely to accompeny it (except,
possibly in small treces) &in nature.

(o) Recovery of indium from a mixture mors
compreheneive than either (2) or (1),

{(a} The following mixture was prepered in triplicate;-

T. 38,

Blement. Bow Introduced. . Wt. of Element.
| Zine Zine in hydroshloric aeid 26 gramg,
Tron Ferric chloride 1.0 %

Galliam Gsllium chloride 0,008 gram.
hallium Thallous nitrate 0,006 *
S1licon Sodium metasilicate 0.1 ol
Calcium Calciuxm Carbonate in hydroohe
loric acid 2.0 "
Kanganese |[Mangsnous chloride 0.8 .
Copper Cuprio oxides in hydrochlopio
acid 0.2 "
Arsenio - |Sodium earsenite 0.1 "
Selenium - [Sedium Jelonite ' 0,08 w
Fellurdum |Potassium Tellurite 0,06 "
Silver Silver Nitrate 0,008 *®
Cadmium Cadmium Chloride 0.8 "
Tin Stennic Chloride 0.08 "
Antimony  |Antimonic Chloride o, 06 °*
Meroury Mercurio Chloride 0.1 "
Load Lead Oxide in Aqua Regia ‘ 0.5 "
Indium Indium Ohloride 0,0080 %

Joe indlum was acourately pipetted from & stendard solution.

This mixture was made up to 400 mls, and treated in the
following way:=-

Group 1 « (mitted

Oroup 2 « (me Separsation
Group 3 « Two Separations
Group 4 « Une Separation
Group 5 ~ (ne Separation
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Group 6 - One Separation
Group 7 - One Ssparajion
Group B - One Separation

The groups mentionsd here refer of oourse $o those
descrided in Sections 35 and 4,

The "Brief Tabulation of Analytioal Scheme” on pape 13
Section 3, should be referred to at thia juncture,

Group ) wes omitted on account of the absence of gangue
material refractory silicates, eto,

The results were as follows:-

TABLE 33,
8
Teat, In, Added, In, Resovered,
1. 0,6080 gram,| 0.0047 gram,
2. " " 0,008 "
. 8. R . 0,0048 ¢

In s mixture of this nature, the recovery must be considered
&3 being quite satisfactory. '

The slightly low results do, at lesst, appear to indiecste
that the other olements were eliminated,

in
(b} The mixture chosen this instence was:-
TABLE 34.
Element . - Bow Introduced, dt, of Element.
_ x -
Zine ztnofkwdroahlarxo aeid 25 grams,
Iron Perric Chloride 1.0 griam.
Zirconium Ziroonium Nitrese 0.086 .
Titanium Sodiwm Fluotitanate 0,08 *
Beryllium Beryllium Chloride 0,05 "
angaten Sedium Tungstate 0.08 "
snadium S0dium Orthovanadase 0.08 »
Ureanium Upenyl Nitmte 0.05 v
Indium Indivum Chloride 0,0060 *®

This waz prepared in triplieste,

The group separation was as followa:-

Gpoup 1 « Omitted

Group £ -« (ne Separation
Group 3 « Two Separatiocns
Group 4 - One Separation
Group § « Omitted

Group 6§ « One Separetion
Group 7 « One Sepsration
Group 8 - One Separetion

Group 1 was omitted for the same reason as that given under
(a) above, and Oroup 5 was omitted, becamse lead and silicon
were not 5atvnduecd into the mixttpe.
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The resulte of the recovery were as followsie

TARLE 35,
Test., | In. added. In, secovered.
1, 00050 pram, 0,0051 cvam,
2. f o o,0081 ¢

n 1t

n

0,008

These resulta are axoellent and in this particular aixtum
exphesise the efficacy of Gyroup 3.

uf the nine eléwents in ths mixture the grsater portion of
geven of them 1s vemoved in Group 3.

(e) The mixture treated in this caso was:-

CAALE 38,

Llement . How Introduced. Wit, of Element,
Z2ino Zino in Hyéroshlorls Aeld 20 franms,
Iren Ferric Gnloride 1.0 OGran,
¥Fluorine Sodivm Fluoride U8 "
wapnegiun Zapnesium Oxide in Hydroch-

loric Acid 1.0 w
Aluminiun sluzinium Chloxride 0,08 ¥
S4ilicon Sndlua S1licate 0.1 n
Phosphoyus Disodiunt Hyd,., Fhosphate 0,82 a
Calcium Calclum Cerbonate in YHydroah-

loric acid 2.0 "
¥enpaness Manganous Chloride 0.1 "
Cobelt Cobeltous Chlorlde 006 "
Kickol Nickelous Ghloride C.06 %
Copper Cupric Czxide in Hydroehlorin

Aeld 0.6 ”
Gallium Oallinz Chloride 0,006 ©®
Sraenic Diasiiua yd, Arscnzte 0.2 "
Jelenlum Sodiun Selanite c.,06 ¢
Strontium Strontium Chloride Oed "
“inlybdenus ammoniun Holybdate V.08  ®
Silyar Silver VNitrate G,008 ®
Cafmfws Cadmiun Chloride 0.5 n
Tin Stennic Chloride 0,06 ¥
Lntlicony Aatiaonio vhloride Cl,06 %
Talluriua Potassiun Tellurite 0,06 *®
Barium Bariun Cardbonate in Hydrooh-

ioric acid 0.6 ki
Geriun Cerous Chloride {(not free {rom

cther rare earths N, 006 ¢
Neroury Mercuric Chloride 0.1 "
Thallium Thallcus Nitpete 0,005 *®
Land Leal Uxlde in Hydrochlorie ..cid| 0,8 "
Riaalh Blgmthous Chloride c.06 Y
Caronivm Chromlc Chloride .08 ¥
Tndiwag InGiua Culovide 40080 ®

-

This analysis was carried ocut in duplicate and the rasults

Worosie
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TASLE 37.
——
| Tuat, In., Added. In, Hecovarsd
o}, 0.008C grex. Q.,0001 zrac
2. : v 0,C00Y CTRE 0.0063 gram

e Group Beparationg weret-

Omittsd

Group 1 -~

Group 2 =~ Two Ceparstions
Oroup 3 = Tour Separations
Group 4 = One Separation
Group 5 « One Separation
Group 6 =« dC{ne Separation
Uroup 7 ~ One Eeparation
Group 8 - Ons Reparsation

By virtue of the relatively high praportion of elements

- partly eliumineted in Group 2, this separation was wusde

twice and by virtue of the presence of 0.2 grau of phosphorus,
four separstions of Uroup 3 were necessary.

It 18 interesting to note, that the final oxide ash contalined
only 0.6 amgrse. of ferric oxide in sach case.

It sust be remszbered that this recovery was mede frow a
uixture containing 30 elements (excluding, ofcourss, chlorins,
oxygen, nitrogen, sodium, etc,) and the above two results are
very reassuring, In thess special recoverles froun
couprehenelve mixtures, it ls worthy of note, that the
average of the elght results ls 0.0050 gram, which is the
theoreticsl recovery.

The greatest positive error is 0.3 ﬁgrm; {only once) emd the
createst negative crror, 0.3 wgmw. (only once).

In the oircumstences, this asxiouw error of 87 canpot be
congidered eerious. ' '
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SECTION 8,

BLANKE TEST ON THE ES3ENTIAL RBACENTS USED IN
- THE ARALYTICAL RESEARCH.

With a view to runnipg &« blenk test on the easential
reasgents used in the analytivel research, four lois of
3G gyems of G,R. Zinc were dissolved in G,H. hydrochlorie
agid, 3 grams of G,H. Ferric Chlorids added to saoch and
the solutian tukon through the complete group separation
sohemeo.

The final hydroxide precipitate from Group 8 was ignited
to oxids in the usual way and the ferric oxide estimated
eoclorimetrically.

The resgents used in these blank teats were:-

Ketallice Zinc - Anslar.
Ferric Chloride « Analar,
Hydrochlorio Zoid « Analapy.
Sodium lydroxide - Analay,
x Amsonium Hydroxide - Oydinary C.,P, &nd Analsr,
tartarioc Acid = Ordinapy C.F,
Acetlc Acid - Ordinary C.FP,

Hydrogen Sulphide Generated fron ordinary

ferrous sulphide and
comn:eroial hydroohleprie ;oid-
Hitrie deid Analay,
Sulpharic Acld - Analar,

% Grdinary C,.P, Ammonis was used in Group 2 and anelar
purlty in Groups 4 and 8.

“he above reagents were used throughout the work dotalled
in Seoctions 4 and 5,

The roesulbs of these bhlenk tsats were as followsi~
TAELE 38.

Test . ¥t. of Oxide fco ggiﬁﬁ%ﬁ?e) Differsnce,

l, 0,2 agom, 0.18 mgrnm, Ca0 mgIa,
2e .2 " $,16 " 0.0

3. 0.1 " o, 12 * v ¢
4, 0.5 " ) 0,38 " 4+ G.B "

e e B e

In the "Wt, of Oxide” column, the welghts are 4 0.1 mgra.
snd in the "Ferrie Gxide" column, X (.02 mgrm.

In the "Difference” Column, the results are therefore
0.1 mErm,
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KIIon 7,

DIGRAMMATIC SCREME AND NOTRS IN CONNECTION WITH PRE
ELININATION OF ELENENTS IN THE GROUP BEPARATIUN PROCESS.,

The dlsgrem on plgo BlA gives one a contlise nmnnnﬂ.on of
the group separation socheme and indicates how and whare the
du’tonnt elements are eliminated.

The following explanatory notes sppertain to the schems: -

(1) An "S" ageinst a vertiocal line :muutn that the
elesaents appearing dslow are entirely, -f.mn entirely
or mainly removed in that partioular group.

(2) A "P* against & vertieal line indicates, that the
slsusnks appearing below are only partly removed in
that partieunlar group.

(3 smh appearing in breckets Nproum those eslements
) ch have besn mainly er pu‘ly, but not entirely ’
mwnd in a previous group {or groups).

(4) The reagents appearing esross the long vertiecals, are
those which are ulunt in the respettive groups.,

(5) Across esch long vozﬁnl, 1s au indication, as to
whether indium sppears in the filtrte or presipitate
in the partioular group, :

(b) NOTEBL

In the fellowing notes, the slements are dealt with 1n order
of inoreasing stomis mamber,

The different typs forns and brecksting indicate:-

(1) &%% ?{3: Elements which are invariably or ususlly
n typieal sino ores.

BD; Elements which are

Elezents which are infrequently

The special symbols appearing immedistely after the sheniocal
symbols represent:-

(1) "E" Entirely, almost entirely or mainly eliminated in
the group, the number of which is postfixed,

(2) ;:" hrﬁy .:lhmund in the group, the number of which
pOIt XSl

Elemsnts whioh obviously do unot enter into the greup upmuuun
schams, such &s hydrogen, nitrogen, ohlorine, ete. and also the
amuu, bave mt been {noludnd.

Lithium) E.R,, E.3,
{ um) S, - {3ee page 31)
0305 B.8. - (see page 33)

“0 vy BBy = (See + 3 { ] 33)
E.2., B,3.
um E.3., E.8. ~ (see page27)
LICON. P.1,, P.,2,, E,5,, E.6, - (See pagh0)
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DIAGRAMMATTIC EELIMINATION SCHEDME.

Gr.1l. Gr.2., Gr.3. Gr. 4, Gr.5. Gr.6. Gr.7. Gr.8.
HC1, |+ Min, HNOg Ne.OH4NH, OH W, PH. HySPy HpS-NaOH|HpS-  NH,OH,
In. jn filtrate. (Fo C13) | In. in| precip. In. in fifltrate In, in filtrate In. in
In. in precip. : NaCH.
E P : NaOH- precip
Quartz, refrac- ab As sk Ala, W PG o 56 HI-NHACH-LA- T, In. i3 precip'ln in oreck
tory silicates In. ig precip. . preciip.
and gangue. E%.“_.
—
E P E ' 1P (FY () (WP B
T T 1 I T T l [ | | [ l | 1
Li Mg Ca Co r\l: Ca slq— (Al,p CLL Ba M, 2 (M2 (Ca) (NS (€) (£€) (Mo) (ed) (TR Tt (T (€8N (Ta)?

| [
() (e (SL) (sL) (1'1)% (H]%) e!-;

| . |
E P (Z+)
(se) | T 1T 1T 71T 77 [ 171

. S — T | l ] (B) (ARY(5) (P) (V) (Zn) (Ga) (@) | (As)(RV) (€8)?

| i
(L) Ba B F (M AR P | (Ca) Te V Cr (M=) Fe Ga (as) (5<) (57

A A IR N R R B 1 7 T 1T T 1T 11 0@5'3&@“(' | | | !
Zy €2 Mo Rvl RR Pd (Te)(Ba)Rarelorths Ta? (W)T+? Pt AuHgTHh U ha ) €T (AW (TR) (P82 (Ta?

AR



(Titanium)
(Yenadium)
Chromtua

Cobalt
GOFFER
ZIRC
GALLIPM
Germanium
. Arsenic
Selenium
8t inm
(Zirconjus)
(Columbium)

Yolybdenum

(Ruthenium)

( Rhodiug)

68.
E.5., B.6, « (3e¢ page 32)
R.2., E.3, (When rieh in Ca., 2.2., E.3., E.4.)
E.3, ~ (B3es page 31)
E.5., E.6, - (Ses page 31)

8,3, If Cr. is present in turl{ high
proportions, which ineidentally is most
unlikely, then treoces may pass beyond Or.3,
through sdsorption in the 2n8,

In ghia case, it will de found with the fimal
T .? however, may be avoided by dlssolving
the combined hydroxides from Gy, 7 in RC) and
reprecipitating with NagOo,

Under these conditions, indium 48 quantitatively
precipitatedn(65) and Cr, remains in solution
a8 !aa(!ro .

One may tgon pass on to Or, 8.

This eondition will, however, be rere, sinoe
chronates are not common ina nature and since
the relatively commonly oscurring mineral
ehﬁuto is not readily acted upon dy strong
20108 .

PBs, B3.y Bibs = (See pRge 29)

E3, Traces of iron invariably pess througn‘ wikh
th; indium and ars found as Fegly in the finel
aah, :
This vesidual iron is probably beneficial to
the preoipitation of indium dyoxide in
Gre., 4, 6, 7 and 8 and is est od colorime-
trically. ,
3.9., E';‘f

R.2., B.4,

Rtg'o’ E‘Q‘o‘v

P.zt' Pc‘a. "50’ EIQ.’o’kspr

B.3,, B.6, Gallium is ususlly present, dut »
seldom in anything dut smell tmeces. (800 page* )

P.l., B,08,
P.l., E,3,, .6, = (3ee page 394)
Pu.l., B,5,, B,
B.2., B.3.
B.3, = (Ses page 30)

Doubtful, but probably eliminated in OGroups
3,4,8sm2 7,

EQ&.' E.‘Q - (B.. ”8. 30)

8.3?., EQSQ In the “ - S tm%mﬁ. B will
probably behave like Pt anl P4, It should
defiinitely be removed in Groug 8, considering
that sodium ruthenate is soluble in water (82)

2.5, Rhodium sesquisulphide and rhodium
hydrosulphide are inseludle in acids. (83)
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(pedlsdium)  E.3., .8, - (3ee pageSl)

8llver P.l., E.2,
CADMIUM B2, Eody | |
JIHDIUR Quantitatively retained throughout the schems,
®in Eeba, BT, = (Bes page 39)
© Antimony Eebey E7 - (Sea page 59)
Tellurtum  P.l., B.5., E.d,
Berius Be2a, B,3. |
(Rays Rerths) R.5. =~ (8ae page 28)
(Tantalum) gogggml 5 but probedly alm:m:cd in Croups 8, 4
(Tungzaten) Puls, Be34, Bu5, = (Ses page 30)
(Qgmium) Psl., B8, Sodium oammte is soluble in water {84)
(Ingatem) B3,
'(g 1:#1@} | EvS., B6. « {See page 31)
0014 | B.3,, BE.6. = (See page 31)
Meroury BeSu, Bu7. |
THALLIUM 8.4,, E.6, Thallium is ususlly present, but
— seldom in enything but small treces (3ee page 58)
LEBAD Padey BuSa, B8, « (Ses page 41)
,gmtg E.7. If bismuth is present in relatively
appreciable proportions the Ho3 sgotion of Group
7 mat be repeated. (3es page "
{Thoriums) E«8. =~ (3ee page 30)
(Crentum) = E.5. - (Ses page 31)

The rare metsls Hafnium, Masurium, and Rhenium bave not dbeen
dealt with, lafntum is ohemioally very similar to zireonium
and 1t i»2 thus highly probabdle, that enn slesent would be
eliminated in Grouwp . :

The oxides of Rbenlum ares more aeidis than basle, hencve, it
sppears as if this slement would be eliminsted in the sodium
hydroxide groups,

gh-niun would tend to precipitate in Group 3, elther as Boes,,or Re
2

- Hot sufficlent 1s known about Masurium to speculate on ite

- #limination in this snalytical scheme,

Owing to their extrize rearity, Rsdium and its sassocistes nesd not
be considersd here.

Most of the above slements were introduesed into the comprahsnsive
nynt.muc mixtuﬂt described in Section &, pqgu 48 - 49,
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mgmx 8 N

‘ M&IL@ AﬁALY‘I‘ICAL PROCEDURE IN CORRBCTION WITH
o ‘TKE AﬁAIL‘!SIS oF EIKC am. ‘

Finsly orugh the ora mﬁ weigh out four 1ot.a a: lo . 50 groma
sech, If the indium percentage ia very low, ssy below 0;0015,
eight loﬁa ot 40 = 50 grams sach should be treated. S

Thase sre ultimately aamninad ana rodueoa to dupnuta :
satimmtiona,

Tranasfer tsa 1itre aonicsl rzuka and n&d 200 mla onnnmtntod
wdmem“io seld to ‘sdoh,

In the cdse af mlphidu m-cn, nlaw to :m:- on a hotaputa ’
without vf.geroua ba:l_u.ng, until most of the ore has dissolved.

This uamny takos 3 » 4 houra with eypical Syhalal‘itOQ, vot
DRy taka lonaw. .

It is tmuently nocuury t.o nda & furthex- 50 = 100 ml; at' soid
4n ordw to dlsmolve tho mejority of the ore, |

m:rva fpom hoteplate, sllow to uttle . rew minutes md taen
decant into mm conioal beakers, :

544 & fupther 50 ~ 100 m:l. concmtﬂtaﬂ bydz‘achloxvio ncm to the
residue {which should not Ve excessive) and then sufficient

_ camentm{:ad nitric acid ¢o ﬁusclﬂ any ralmunl uulpnmu .
A minimes o!‘ nitric acid :honm be added, | |
Bring thy decanted solut.ton to the boil and very ca
,":&trio scid, d.vnp by . drop, in order ta axmua SIPO0s
A0 1

. Cagxe mub bt tnkan ham, uapeauny vhm the iron 1; over 2% .

Avoid anan of hltrio anid.

Combine tm ﬂjor solution and the rogidusl lomeioﬁ and diluua _
oy concentirate to sbout 300 ml, cool and sllow to stand in order
to precipitate insoludble mettier (?nngue, insoluble uniuctn, sk
~¢:luoi.o ﬁﬁdd. lead chloride, ete,

Filter { pmrambly through pupar pulp) into 11?:«:'& oconical bumm.
It there is muoh gelatinous silicio acid present, it must be
apoaully tmtaﬁ in onﬁw to remuove any adsorbed indium chloride,

- Trgnsfer !;lu suuemom pmeipiuto to & 300 ml. ’b«kar, ada
10«30 ml, concentiated nitric acid (depending on the volume of
the pregipitats), carsfully evaporats to dryness snd then buke,
Gool, add adsui 20 =1, b!!. nmric acxd, nm snd filter into
300 m3, boakam.

Evaporete to drymma again,. bake and take up with 3.0 - 20 mh 2N,
bydrochloric ucid. ' ,

' mi lead is pnaant, tllov I:he lead ehlorldn to utth oue
and filter, ' _ | o

Md the acm mlution ta tno oain tmlk.

 7nis is tha completion of atage 1 {The “Gmup-“ will be tormed
 "Steages” in the detalled nmlytioal prooudurﬂ

Whilst Btege 1 4» in pmgnas s B apwul quantitative anslysis
on & separate portion of the finely c¢crushed ore, should be
: umm out in order. w detearmines the 1!’0:1 pomantngt.
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If & carbonate ore is being analyaid, there is less d4iffioculty
in getting the material inte solution with hydrochlorie aeid
and less acid will be required.

If the iron percentage is exoeptionally low, i.e. below 0,5%
1t 1s advisable at this juncture to add G.R. ferric chloride
solution in suffiolent quantities to bring up the welght of
iron in each lot to spproximataly 0.5 gram,

Ad4 8N - 7N sodium hydroxide to the filtrate from Stage 1,
until s permanent brownish precipitate results.

An excess of sodium hydroxide must be avoided and ths liguid
mist not react alkaline after this treatment.

The socdium hydroxide is added to neutralise the grsater portion
of the free acid and to bring down some of the iron and zing,
but not all of the iron and not sufficlent to redissolve rine
&8 Sodium sincate,

Now 844 ,880 ammonia with thorough agitation, until nearly,

but not all the einc hydroxide haa dissolved.

The zino hydroxide is usually plainly visibles at the bottom of
the beaker after allowing to settie for a few minutes.

If all the ginc i3 Aissolved at this stage, there will be
insuffioclent sinc sulphide in Stage 3 for satisfactory adsorp-
tion, Allow tbhe hydroxides to settle for sbout 156 « 30 minutes

and then filter through 15cm. filters.

Bach lot should be filtered through two 15 cm, filters, to avoid
too great & volume of hydroxides in each paper,

When the iron percentage is excessive, i.e., greater than 5%,
three filters ?or two larger filters) should be used, for each
ot.

When 411 the precipitate Lms deen tranaferred to the filters

and filtration has ceased, place each funnel in turn in the
corrsdt beaker and add hot 5N, hydroohloric acid to the contents
of the filter paper,

Ths chlorides will thus be received in the precipitation detkers,

It will not be necessary at this stage to wash the hydroxide
precipitates prior to dlssolving in aoid,

This 1s the end of Stage 2.

Transfer the contends of the litre beskers from Stage 2 to
500 ml, conicel deakers, :

The most sultadle volume at this phint is 250 m.

tt_tho iron percentsge is greater than 5f£, a somewhat larger
volumss is preferable, |

A44 4 - 10 grems of Tartaric eacid (the actusl weight of tartaric
acid to be added, depernds mainly on the volums of the solution
and tho concentration of iron) and then ,880 ammwonie, until the
solution 1s very faintly ammoniacal.

The senss of smell 1s probably the beat indicator here.

If ferrio hydroxide precipitates at this junoture, acldify with
hydrochloric aeid, add more tartario acid and then render

very faintly emmoniacal,

Then 8dd glacial acetic acid until the scidity is 1.8N., Warm to
about 80°C and budble in hydrogen sulphide for 15 - 20 minutes.
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Allow the sulphides to settle and then filter through 15 oam.
filters, sgain _v.ﬁ.nz two filters for each lot.

if too much ginc had been removed in Stage 2, zinc acetate
solution (containing approximately 1% of sinc) should be
carefully added drop by drop to the acetic solution during

the hydrogen sulphide treatment, until a satisfactory volume of
ginc sulphide is present. 0.4 « 0.6 gram appears to be the
optimum weight of zinc sulphide in this particular process.

If the 2ino sulphide 1s muoh in excess of this, difficulty
might be experienced in filtering and washing the sulphides.

If very much lower, there is a possibility of loss of indlum,
especially if the indium is present in very small proportions.

Experience should be gained, b{ passing hydrogen sulphide into
specially prepared acetic solutions containing the ugual amounts
of iron ard varying proportions of zino,

One will then becoms acqualnted with the appearence of 0,4 - 0.6
gram of g£ino sulphide,

The sulphide precipitates ere then washed two or three times
with hot water and dQuring this washing, a few ml, of hydro~
chloric acid should be added to the precipitatiocn deakers (the
bubbling tubes rmust be pleaced in the beakers during this
procedure) in order to dissolve adhering sulphides.

The funnels ere then placed in the correct beakers and warm GN.
hydrochloric acid sdded to the sulphides on the papers,

It A8 necessary to place a watch glass over the funnel
immediately after adding the acid, in order to &void loss by
spraying, due to the evolution of hydrogen sulphide.

The filtretes are boiled to expel the hydrogen sulphide and
are then carefully oxidised with a minimum of oconcentreted
nitric acid, added 4dropwlse,

Concentrate the sclutulons, if necessary, to about £50 ml,
ad4d ammonia until very faluntly ammoniacel and then acetic acid
until 1.5¥8. and repeat the hydrogen sulphide treatment.

It 1s usually not neceseary to add taprtaric acid just prior
to the second hydrogen sulphide bubbling. ‘

The 4iron concentration has been greatly reduced and there is
‘usually sufficient tartario acid carried through from the first
precipitation to keep this iron in solution. _

If the iron peroentage in the ore is over 5%, it may beo necessary
to make three precipitations in Stage S. -

The £insl ealphide precipitates are thero washed with hot
water in order to remove all trmaces of | Ar3ic 80ld and are
then dIuoIvé by adding bot bN. hydroochloric ac o the

' [+
filter papers and the solutions being received in the
precipitation beakers,

Boil the solutuions to remove hydrogen sulphide, oxidise with
& minimun of eoncantrated nitric acid and eévaporate down to
about 50 ml,

Transfer to £50 ml, beakers,

This ends 3tage 3.
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Add mm in mdvrats excess to the solution obuinad fmm .
Stege 3 and boil until slightly ammoniscal.
- Allow to settle and filter througn 11 ¢m, r:lturz.

Wash, pl:cu ‘the funnels in the proai itation beakers and
. dlgsolve the hydrozidos in hot BN, tria acid,

. ms..s and_s Stage 4.

244 & ml, of concentyated sulphuric acid to the nitric sotd
solubion obiained from Stage ¢ and ounsantrata to fumes.

~ Cool, add 50 ml, water and sllow to aettle,

It 1s sdviiablt st thie point to allou the preuipltate to
ssttle over night. _

Filtar and wagh into zao m&, bankhrl.

 This ends smsv B

Add BN, undium hydrnxmde in excess until the alkalinity is
about 0,4N (it 413 not advissable to exoesed 0,6H), bring to the
- boll and nllov to aimmarlron about 16 minutes,

" Remove from hotuplnta anﬁ :1low to at&nﬁ tor sbout 20 - 30
minutos. : _ ‘

If the precipitates are very amnll at this atuga, pniru should
be filtered through one filtex papor, thus reducing the

- estimation rran quadruplicate to duplicaﬁc.

‘The solutions sre filtored thraugb 1icm. filters andvuuahad‘

 The Funnels are then placed in the precipitation beakers and
- hot 5%, nyarouhloric aaid nddaa to thn hyﬁrnxidas on the filter
papers, | o | . |

This enda Sttgo 6.

Heutralise the aolutznn ebtainsd trﬁm Stage 8 with 58, sodium
hydroxide golution and then add hydroohloric Reld until the
solution is. 0 5H. in icidity. o

‘Warn the aolution o about BOOU and ‘bubble hydxo en sulphide
for 5 minutes, Allow the eulphid; to otble an tnaaniltar
thraugh llom. filtexrs,

.Wn:h,a ftu'timea with 0,5N, hydrochlorie aoid and finally i&th
water,

 Cateh the filtretes in 250 ul. zmkorm : Boi.l toe filtmtal :
to remove hydrogen sulphide and then oxidcaa with » rew drbps

~ of conoentrated n&tr&o actd.

444 Bn., sodium hydro:ida in txcusa, until the alknlinity is
about 0.4¥., dricg to the boll snd £llow to simmer for sbout
15 minutes, Remove: from hotnplate und allow to stand for about
2030 mlnnbes. ,

- Filter throusn llem. filbera and wash, Pluce the runnala_in
the precipitetion beakers and udd hot BN, hydrochlorio acld to
the hydroxides,

xr, dur!ng the bubbiing ar hydrngon sulpnida no precipttutc
or distrinct brownish colour sppears, it 1111 obviously not
be necessary to procesd with the tilﬁrucion»nnd the solution .
ney hatnilaﬁ.&nﬁ oxbdia&d faredistely and then scdium hyﬂraxlde,
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sdded, |
‘This 1s the end of Sisge 7,

~ Add ammonia in moderate exesss to the solution obiained from

© Stage 7, allow o simper opn the hot-plate uptil slightly

. ammoniacal, then, sllow to setile. cnd tilear through llem.
 ashlesy tiitar paper.

Wash‘uharaughly, transfer to tarnd aruoibles. dzy in an ovan; _
place in a cold mfrlu mﬁ gm&mny bring the temperature np .
to about 850“3 : _

When ashed, plade 1n doaioe&tur, ooel and weigh,

Transfer the ash to 100 mi. beakers diu;olva in s fow ﬁrOp;
of G.R, hydronhlorio acid, trensfer this solution to 100 ml,
graﬂunetd flasks, take nu{ttble nltqnuﬁt and estivete the iron
colorimstyically., _ - '

‘The thiooysnate mathnd is very eu&tabla here.

' The ferrle oxide weight is deducted from the total esh and ths
indium percentage caloculated. =

The indium‘aeaquiuxide = indium factor ls .837.
The atonmio Igisht of indium 1a taken as 134,76,

Thie atomic ﬁalghx was decided u n by the Atsmic ﬁaigbt
‘Qommission of the International Union of Chemistry. (87),

If the indium percentage is very low, i.e., less than ,001%,
it is adviscble to unite all four preoipitnbts 4n Stage 6

(ate page 57).

By thess means, ores oontaining down to approximntaly.9065%
indium can be avaluatsd. ,

With the extreme case of ,0006%, beg:lrming with 4 1oes of om,
each welghing 50 grams, thes final weight of indium oxide (1:
quite fres fpom iren) will be ,0012 gram,

. Provided thies can be. teighod'* 0.1 mgra,, thn relative orror
1< 108 and tno abaclute error < JL00058,

Thers 1s much evidence in the various roocvcry'tqblos uppearlng
in Sectlons 4 snd & « pages 14 - 46, that Che errors dus ¢
annlytteal manipulation are nnt very significant.

%rentoat ‘arror is gcnsrtlly 9.3 mgra, in 6 mgrms. and the
2.1 » 0.2 mgm, 5 mgrmc. -

When )laalng {ndiferous ores in uttegorioa uf vnmying indium
-gggtegt it will seléom ba nocassary to demand high accuracy
n .

 With réchly inditiroua ores, say about 0.1% {ndium, & final ssh
of 0,06 gram indium oxide will be welghed, starting with 50 graus
of ore und estimating each lot ucpurnt'ly without uniting pcira.

In this came, an absolute srror of 0,3 Mg, repraacnta .
relative error of cnly 0.5%, which 1s nngl&gibla in this type
qt an:lyéia.

it is ofsourse fcaaible, that thara might bo 41 incrsass in the
abgolute error with incresss in indlum, bt this ia not so

likely when one considers that the indium, in 5 groups out of
8 in the presence of bismmth and 6 groups out of 8 in th#é abssnoce
of bismﬂxn, is in the roai ittta and not Ln the filtrate,
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ubrtavcr, when the inGlum Is xn the :iltrnca, ths aacampnnying
precipitate is not highly adaorbont (mninly Pbcl in Group 1 _
and Fb 804 in Gruup 5 -

This leads to & minimom of loas or 1nd1um through tdturption
in dieonrdad pwoctpitxtes, -

| This will probably m&nimiau the incraaat in :b»olube arror'with
increass in indium, ‘

In the mmﬁh@d detaiied above, the 1ndium 1. dotnnuinﬁd
gravimgtrically as oxide. _

There are ofcourge other methods ur aattmnting the indian,

The final hydroxide prncipiﬁate from atage 8 mny be dissolved
in the most suitable acid, correctly treated and then the ‘
indium estimated in one. or the following ways:-

{1}). Gmavimﬂtrtetllx as aulphidu (1), (Q?)‘

"-€8} arnvinacatuully as B-Hydroxyqninnlute (GB).

(3) Volumstriocally uith.bwamnta {69}._

"_(4} Volumstricslly with ferrooyenide {69);
{5} macmmmny {10}, {'m), (1), ('tz}, (73),
- {86) ?otentiomatrzcally {71}, : '

Spociroscopio and m&uroacqpic mgthnda hav- not bcen xncludtd,
48 these are mors adapitable to very small welghts of indium
pesulting from the treatment of modersts to largs amounts of
ore containing very small trsces of indium er of comparatively
snaigﬁémnunxe of ore aonttin&ng mad»ratﬂ to large propovtians
- of Iam., '

'SFor details of the apachrouaapic methoda, mee (74), {75),. (?6),
77}, and of the miproscopis mathod, ﬂOQ (?B),Thﬁ lsat 1s
utriaﬁlr . qualitativa mathod)

With experisnce, the srnvimatrio mnthnd Y. dcacribad abova. c:ﬁ
 be carried aub in npproximately 14 workins hours,

gh&a gémb ezcludcs the period nacoasary for dia:olving the oro )
I acia,

The tiae naossaarg for aolntion vnriqa aonsidownbzy from ore to
ors, |

 Nore then 14 work&ug hours will ofecurae be n necesssary in casses
where gara than two hgarogan nulph&de aopav&tzons {in Stege 3)
ars nuus,

The best sohamo of o uuiaing the nnnlyais 1a-to diasolva the
ore throughout the firat dsy end filter of § the solution and
poaaiely complets Stage £ es well. -

the end of the second day, the nnulysis abna:d have reached
Stage 5 amd the zaae sulghata (if prascnb) azloﬂud to stand

~ overnignt,

- The analysis 1s cqulotoﬂ on tha tnira,duy._ ‘
Quadruphicate un:iyaia can he dono in tnia !ﬁy und 1n this timo‘v
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SEICTION
ESTIMATION OF THR IRDIUM CONPENT? OF CRNPAIN SOUTHERN

AFRICAN SPHALERITSS, BY MEANS OF THE ARALYTICAL MBPHOD
DFSGRIBED IN SRCTION 8.

The following specimens of sphalerite were amalysed:-

(a) Sphalerite from Witkop, Harico, Western Trensvaal,
Soath Africa,

(b) Bplmlerite from Buffelshoek, Zeerust, Western Transvsal,
South Afriss,

{c) Sphalerite from Stinkhoutboom, Ottoshoop, Western Transvasl,
- South Africa,

{d) Sphalerite from Kaalplasts, Marico, Western Transvaal,
South Africs,

() Sphalerite from Orootfontein, South West Africas.
(r) Sphalarite from Lonely Mine, Pulawayo, Southern Rhodesia,
{(g) Spbalerite from Broken Hill, Northern Rhodesla,
(h) Sphalerits from Eroken Hill, Northern Rnodesias,
Beaides these elght specimens from Southern Africa, & apsoimen
of sphalexrits from the richly indiferous deposita of America
{forwarded by the Indium Corporation of Amerioca) was analysed,
The sctual 4istrict wae not disclosed by the consignor, but
the specimusn was taken from depesits, which ars being worked
for indium,
ANALYTICAL A

EPECIMEN (s).
Loeality: Witkep, Marico, Western Transvael, South Africa,

Fhysical snd Minerslogical Hature:

Magsive, coarse-grained, yellowish-brown, sphalerite.
Minswmlogically, very pure, _

Iron Content: 1.6% (ss Fe).
Welght taken for a is,

Four lots of 40 grems sach were taken for anslysis.
group Trestment (Refer to Section 3).

Group 2 <« Once
Group 3 =~ Twice
Group 4 ~ Once
Group 6§ ~ Omoce
Group 8 - GCnee
Group 7 -~ Onoce
Group 8 « Omce
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Resulta of Anslysis.

TABLE 39,

of Tinal |Wt, of |Wt, of Peroentage
| Oxides, ngoa Iw o? Imtu%.
1. |40 gmus, 0.0088 grams, | 0.8 mngrmy| 0.0020 grm) 0.,0041
L o.0022 * 0.8 " | G.0020 " 0:0041
3. LA 00,0084 * 0.4 " | 06,0080 " | 00,0041
4. s " 0.,0023 ¢ 0.2 " | 0,001 " | 00,0043

anal,| Bep of B

Average -~ 0,0042%,

In this analysis, each of the four lots, waas taken through the
gonplogo separation process; duplicates wers nst combined in
roup 8.

After the completion of the analysis, the four lots of indium
chloride (aliquots of whioh were used for the colorimetric

estimation of iron) were combined and ecnsentreted down to
about 30 ml,

This acid solution was nentrelised with smmonia (after adding
0,5 gram of tartaric acid), acetio acid added o 1.,5N and then
hydrogen sulphide bubdbled in, :

The characteristic hright yellow indium sulphide was preeipi-
tated almost immediately. '

Specimen (b

Locality, Buffelshoek, Zeerust, Western Transvaal,
South Africa,

Physical and Minepal ' Nat

Nassive, Cosrse~greined, yellowish-brown sphalerite.
ﬂimulogionly s Yary pure,

Iron Content. 2.0f (aa Fe).

Weolght taken A 18

Bight lotas of 40 grems each,

Group Treatment,
Group £ - Once
Group 3 - Twice
Group ¢ - Onoce
Group 5 «~ CO(nce
Oroup 8 « Once
Group 7 « Once

In Group 8, the eight precipitates wers dissolved in
kéydrt{:;ﬂono acid and the solutions eombined, so as to obtain
] ., ‘

This was dons besause Oroup 6 showed a very light precipitate
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TABLE 40

onl. | Bt. of | WE, of ?.inil‘ Wt. of | Wb, of ‘metu o
Anal, | 5ohel, " Oxides. | Fesox néaﬁ bt Tndiun,
b'lj ‘0 gﬂmﬂ; Q.OQ@O S?m&.: 0.7 Qgrmp 00,0013 grm.AQ.OOOV%
-g‘» s & | 0.0037 grm, | 0.6 mgrm, | 0,0011 grm.| 0,0006%
'7: ‘ L - . ' -
8, " n
‘1;;m=:gz; e . , —
Average - 0.0006%
§2lecimen gc;,
g ggg& ;gx, Stinkhoutboon Othoshaop wGattrn Trnn:vunl
. . South Arxviuq’_ \ " ’
nysicel & Mine

Hassive, falrly Mna-gr&imd, bm Gphnlerito. :
ﬁzgﬁruogiadly, rurly pwro » with slight indlcations of
~ gelena,

‘Iron Content 2.8% (as ;we).

it token for )

Four lots of 40 graws esch,

geoup T nt.

Group 2 = Once
Group 3 « Twice
Qroup 4 «~ Once
Oroup 5  « (noe
Group 6 = Once
~Oroup 7 =+ Onoe -
Gz‘oup 8 « (noe

In group 6, the four precipitates wero dinolvud in hydrouh!.orle
aoid and ﬁu aolutiom combined, so as to obtain two lots,

Quadrupuaatu nx’e aencanmtvd to duplicatu.

0,0022%

L3

_ Amrag 4

- TABLE 41,
o '-‘ W .df ' 'tt Fiﬂ‘l ﬂﬁ; of : wﬁt Of ‘ & tage
Andle | Sohal.. 8;1 _FPeoOx a; m ¥
i, | 42 Wma. - D,0025 El‘ith Q.4mgrme | 0.00213!‘!&; 0,0022%
g. e _ | '
. w s F 0,002 grm, |O.3mgrm, | 0,0021gre,|0,0022%
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Bpgoiﬁnn.(dlg

Locelity, Eaalplaats, Larico, Gestern Transvasl, South Africs,

Haoaive, fairly fine-grained, dsrk drown, Sphalerite,

Iron Content, 2.65 (as Pe)
Welght t for Analysi
Four lots of 40 grams each,

Orou
Oroup 2 « Once
Group & « Thres times
Gronp 4 « Onoe
CGroup 6 « Onece
Group 6 = O(mos
Group 7 -~ Onow
Group 8 = Onoe

In Croup 6, tha four resipitates were dissolved in hydrﬁahlarie
6013 and the solutions combined, so &s to obtain two lots,

Quedruplicates were aonoenbrataa to duplicates.
Results of Anslyses, |

TABLE 48,

e [Pt | et |Gy [

1. | 40 grams ) 0.0016 grm. | 0.5 mzrm.|0.0011 grm. 0.0011%

5. | 4 o | 0.0026 grm. | 0.3 mgra. [0.0018 crm. | 0.0028%

| Average -~ 0.,0012%

Bpesimen §32,

ngg;;gz* Orootfontein, South ﬁost Africa.

'ﬂaasive, fine-gr&inod Bphalarito with qnnrtz aend gilicate m veins,
Generally, Arensacecus. Golour,_brotn. :

' ;ggn Content, 0,49% (aa Fo).
§E££ ggg Combined s&zioa, G, o5,

E_ilgh’t lote of 40 grams each,
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Group Irestment,
Oronp £ = Once
group & « Twioe
Group 4 « Onoe
Group &8 - Onece
Group ¢ =~ Onoe
Group 7 =~ Once
Group 8 - Onoe

Perric Chloride wes introdused just prior to sdding Sodium
Hydroxide in Group 2, in oxder to bdring up the weight of iron
in sach lot to spproximately 0.5 gran. (See pags 55),

In Growp 6, the aight precipitates were dissolved in hydrochloric
acid and the solutions combined, so as toc obtain two lots,

This was done because Gyoup 6 showed a very 1light precipitate
of hydroxide,

Resultes of Anal

TABLE
Wwt. of  |Wt, of Finel | W#t, of Wt, of Feroentage
Anal, | sphal, | oxides. PepOx IngOs of Indium,
1., | 40 Grems, '
: v o |(0.0016 grm, | 0.6 mgrm. | 0,0009 grm.| 0,0004%
“| oo
[ ]
& | 4 & [0.0018 gra. | 0.7 mgrm. | 0.0011 grm.| 0,0006%
* o n

Average - 0.0008%

hca;nog 1! h
Locality, Lonely Kine, Bulaweyo, Southern Rhodesia,

Physicsl & Nineralogicel Eature,

Masalve, Pairly Pine-gralined Sphalerite with very fine vains
of sflicecus materisal, Colour, brown,

Iron Content  3.4% {(as Fe).

Fres snd Comd Silice, ¢.0%.
Ve aken for .yeds, Eight lots of 40 grsms esch,
droup 8 « Onae
Group & =~ Thres Times
Group 4 « Unoe :
Oroup 6 - Once
Oroup 6 « Once
Gyoup 7 « Onece
Group 8 =~ Onoe

In Oroup 6, the eight precipitates wers dlssolved in
mrfoglwie seid and the solutions cambined, so as to obtain
\ ots,
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Tbis was ﬁOhﬂ beaunac of the vary llght hyaroxida praozpituﬁa
in Group 8.

" on £L1tering off the insoluble matter from the Group 1 treatmsnt,
& falr voluma of gelatinous silicioc acid vls found on the filter.,

owing to 1t gelatinous and naaorptivn nnturu, this 8ilicio aeid
was treiated scoording to the method desoribed on puge 64 in |
order to remcve traces of indium adsorbed in the precipitete,

ST om WEoF e oF T Werentage

Andl. seme), | " Oxides, | PesOx  [Ino0x lof Indtum,
1, |40 grems ) B - .
§‘ ; : ' 0.0026 grm, 101 Mg . 010015 gIm, 0-(3’0081
4: n ¥ ' ' :

5 " . | | |
6. | % 7 0,007 * | 0.4 " |0,0003 * | 0.0007%
i L :

Aversge - 0.0007(5)%

Specimen ()
'chg;;tg. Broken Bill, Northern Rhodesia.

, nnesivo, rinamgruin»a, dark brown $phalor1ta. -
!zneralogxonlly feirly pure.

aﬁ‘ (&Q Fﬂ)u

Bight lots of 40 grams esch,

Group £ ~ Oncs
Gyoup 3 » Twioe
Group &4 « Once
Opoup 8 = Onoe
Group 8 -« Onoe
Group 7 « Once
Group 8 « Once

In Group 6, the eight predipitates were dissolved 1n
hydrochioric aaid ann the 5a1utionl combined so &8 to obtain
two lots.

£ Anslyses S
EAR TABLE 46, ‘, )
Aoal.] BE, oF WL o FImT | WEITSrT [ Wi, o |[Tercentage
| Sphml, Oxides, Fegls Ann0s lof Indlium,
g» « o a.eoﬂn grm, | 0.8 nmgrm, | 0,0012 grm. [ 0.0006%
‘: ® p o . F
&, | * | . - '
6, | " * | 0.0006 grm. | Oué mgrm. | 0,0012 grm.| 0.0008%
7. L : ' ' . '
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Speeimen gg’ ).

Locality, FEroken Hill, Northern Rhodesia,

slca B alogiocal Nes
Massive, coppse~grained, yellowish-bzrown Sphalerite,
The luatre of this specimen was almost sdamantine,
Mineralogically, very purs.
Iron Content. ©,81%(as Pe),

Welght taken for Anslyelg, Eight lots of 40 greams esoh.

Group Treatsent,
‘ Group 8 = Once
Group & -~ Twice
Group 4 - Onse
Group 8 « Once
Group 6 « Once
Gproup 7 ~ Onoe
Gyoup 8 =~ Once
In Group 8, the eight precipitates were disselved in
drnanluric acid and the solutions eombined, 30 as to
obtain two lots,
esult A
TABLE 46,
WE, of [WE. o VImI | Wi, of | WUt.of —[FParcentige
Anal. | Sphe). | Oxides, | Fes0s | Ing0y  |of Indium,
%. €0 g?:lu!.

0.0027 grm, |0,9 mgem. |0,0018 gmm.| 0,0000%

0.0088 ¥ o4 " (0.0018 " | 0.0009%

—— stmmw
Sverage - 0,0000%
Sphalerite from Ameries,

Physical & Mineralogical Nsture,

Nassive, fine-grained, dark«broen Sphalerite,
There was & falr admixture of Galena, Pyrite and Chaloopysite.
Some Quarts veining was observed,

Iron Content, &.7% (ss Pe).
Welght tasken for Amalysis, Four lots of 40 grems ench,
Group Treatment,

Group 8 « Once
Group 3 - Three times
Group 4 ~ Once
Group 5 « Once
Group 6 -~ Onoe
Group 7 « Onoce
Oroup 8 « Once



TABLE 47.
WS W S T W W o T FereeitiEe

Anal. sphal, | " oxtdes. | FegOy | Ingoy of Indius,
: w. 0,0107 g, 0.0880%

s‘ ”

O [ ]

90,0100 * 0.,0R058%
0,0100 " 0,0808%
0.0108 * 0,0815%

The percentages here sre 4 0.0008%.
Averege - o,oczoxu(ﬁ.oeosx)

Degree of Aocupacy of sbove dats,

(a) fut, of Sphalerite” Colum,

The ore wes weighed * 0.2 grem.

(b) "Wk, of Final Oxides® Columgn.

These welghts are * 0,1 mgrm.

(o) "Weight of PepO} aélm.

The FegOy was sstimeted colorimetrisally to an ascureey of
+ 0.08 mgrn,, sithough it bas invariably been reported + 0.1 mgram.

(d) "Weight of Inply " Columm.

As a result of (b) snd {e) above, the weights here are t 0.1 mgom,

() *Perosutese of Indtus® Gojums.

From the point of view of grevimetrie and eolorimtrioc accurecy
the peroengages recorded in thase columas ape + 0,000084 in the
oases of analyses b, o, I, g and B, + 0.0001% Th the cases of

o and 4 and + 0,0008% in the sase of™s.

Ow to She relatively high percentage of indium in the
American specimen, the final results have been pewported

: 0,0008%., :

Sugmary of Analysgs,
JARLE 43,
Specimen, | I-Mdtty. Indtum Poﬁmﬁtgi

a Witkop, Western Transvsal, ,

Seuth Afries., 0.0048%
b Buffelshosk, Zeerust, Western

Transvasl, South Afrioca. 0.0006%
o Stinkhoutboon, Cbtoahoop,

Western Tremsvaal, South Afriea. | 0.0082%
4 Ksalplaabe, Marico, Western :

Trensvasl, South Afriea. 0.0012%
] Grootfontein, South West Africa. 0,0008%
o Lonely Mine, Buyleawayo, Southem «

Hhodegie s Bulsweyo, 0.0007%
g Broken Hill, Rorthern Rhedesis. 0.0008%
b Broken B.‘lll. Northern Rhodesia, 9.0009’

Amsriean Exaot Loocality mot Kmown. 0.0e10%

——




{a} An Amalytical Scheme 18 descrided in mtn.m and later
in detsil, tor the astimation of Iadium in Zino Ores.

The nethod 1s & ohenionl ons and 1a mmﬁoﬂ in
croup Form., v

{h) OCther msthods ars described ina sompented upon.,

- {e) The mumm snd quastitative signifiocancs of the
Croup Sepmyntion Sobhwwe 18 dealt with in detail,

)} The atrauu{ of the anaiytliesl method is confirmed by
§§§t estimtion of Indiun ia compredensive ammu
UPeS . :

{e) The 1solstion of Indiun nm the eliminskion of other
slanents, by saexs of tnu weshod, are pumoa
aumnuuun

(t} 'z"ha mmx«x Sohano amlopﬁ and deacrided &n this
is used for the estimstion of Indiww ia eertain
o¥ites from Weateru Treansvasl, Seuth Afries snd
alse m Riadsis and South ¥eat Afriss and the resulte
b 1.3 * :

pees of compariscn nam tmtm m&nn
&phl te was analysed and the results are mam
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