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ABS,MACT.

Fíre assay and wet extraction method.s of deter:nining pl-atinum in

ores 1¡ere eval-uated.. Losses by eaeh procedure were investigated. for

milligram and micrograrn anounts of platinum.

ftre fire assay procedure using lead. as a collector ïras used in

eombination wÍth flame and. fl-arneless atomic absorption, emission spect-

roscopy and. x*ray fluorescence. For the latter method flattened. síl--

ver beacls were analysed d.ir:ectly, r,rhereas for the other methods bead.s

were d.issolved in aqua regia and solutions mad.e up ffith strong hyd.ro-

ehloric acid befone analysis.

The wet proced.ures involved. treatment of ores with acids and. sub-

sequent analysis by flarne atomic absorption or spectrophotometry with

tin (fI) chl-oride. Chromatographie, ion exchange and. solvent extract-

ion procedures l,¡er:e usecL to isol-ate platinu.ur and the platinum group

metals

Results for each ore by fire assay-flame atomic absorptionr fire

assay-emission spectroscopy and wet extraction'showed. no difference at

the 99 per cent confidence level. X-ray fluorescence and flaneless

atomj-c absorption results tended. to be high and Iow respectively. tre

most precise method. vas wet extraction followed by spectrophotometric

analysis. Enission spectroscopy and. x-ray fluorescence generally yield.-

ed the lowest preeision. Wet extraction method.s vere time consr:ning

ancl since no advantage was gained in accuracy over fire assay, a eombin-

ed. fire assay-flarne atomic absorption was the preferred nethod. of analy-
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The Determination of Platínun in Ores.

Introd.uction.

Platinun vas dÍscoverecl in 1735. However, the metal con-

tained traces of pallad.ium, rhodir:m, irid.ium, osmium and. ruthenium,

and. it was not until l-Bhh trhen the latter metal r,¡as isolated', that

platinum vas obtainecl in pure forîn. These early researchers, in

their task to purify ptatinum, laid the found.ation to much of the

analytical chenistry known tod.ay about platinum and the other plat-

inr¡rn-meta1s. Today these metals ín various forms find ever inereas-

ing uses in industry as catalysts for a vide variety of reactions.

Because of its resistance to corrosion the platinum crucÍble and

platinum electrod.es are conmon laboratory equipment. Platinr:m has

also found. extensive use in jewelry and. decorative wear. Its high

melting point and stability make it id.eal for materials of construct-

ion that will not contaminate prod.ucts at high temperature. Frequent-

Iy, platinum Ís alloyed. vith rhod.ium, irid.ium, osmium or ruthenium

to increase its hardness artd. corrosion resistance.

The principal sor:ree of platinun and the other platinum metals

1S

of

ed.

1n

the

one

the several native alloys of the metals found in various parts

vorld.. The correct d.eterrnination of these metals is consÍd'er-

of the most d.ifficult analyses ín inorganic chemistry. Its

ïare occurrence, d.ifficulty in isolating and uníque propertíes have

helped. to make ptatinum a very expensive metal. In business trarts-

actions involvin¡¡ the use of platinum, the accurate determínatíon of
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platinun content is important. A relatÍvel-y sma11 error in a¡r

assay ean result in a large monetary gain or loss.

. ExtractÍon method.s for platinum include fire assay and. wet

procedures. The use of fire assay has grown out of an irrational

assumption that platinum is as noble as goIcl. The efficiency of

the fire assay proeed.ure for platinum has never been completety

eval-uated.

Early d,eterminations for p1atinum includ.ed gravimetrie methods -

in which pJ-atinum vas weighed. or was precÍpitated. ancl the precipitate

ignited. to the metal- and weighed. - and volumetrie methods.

Hor,¡ever, spectrophotometric nethod.s and the more recent spectrochem+

ical, atomic absorption and. x-ray teehniques have extended. d.etermin-

ations to the microgram and. in some cases even sub-ñicrogram'levetrs.

This is of eonsid.erable importanee, beeause as it becomes economÍea11y

feasible to extract Iówer grade ores, more sensitive method.s of analy-

sis must be utilized..

It is the purpose of this stud.y to evaluate fire assay and- wet

procedures for mílligram and. microgran anounts of platÍnun' and to

provicte a comparison of accuracy ancl precision to be expected. using

spectrophotometrie, flame and flameless atomic absorption, emission

spectroseopic and x-ray fl-Uoresee¡¡¿¿ methods for the determination

of platinum in ores.

:li:.
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E!e¡-,_Èan]._prat inurn sol-utíons.

Approxinately I g of platinum wire l¡as accurately veighed out

'on a Sartorius microgram balance and dissolved in ac¡ua regia. Nit-

rous oxides were removed by repeated. evaporations wíth hydrochlorie

acid.. The solution was fil-tered. into a one litre fl-ask and. mad.e up

to the mark vith 0.1 14 hydroehloric aeÍd. This solutÍon lras stancl-

ardized wÍth thiophenol (l). A second. solution \{as prepared. in the

sarne manner, and standardized with tin (II) chloritle (Z) against the

first stand.ard, using al-l calibrated. glassvare. Dilute platinr:m soI-

utions were prepared by dilution of stock solutions.
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Perkin-Elner 306 Atomic Absorption Spectrophotometer.

Perkin-Elner l+03 Atomic AbsorptÍon Spectrophotometer fitted,

vith the IIGA-?O fla¡reless atomization device and. ä deuteríum

background corrector.

Unicam SP 5OO U.V. - Visible Spectrophotometer.

U. of Manitoba Physics Dept. - component parts X-ray

Fluoreseence Speetrometer

Jare1l Ash Spectrograph r"¡ith 3.1+ I¿l Ebert mounted grating with

SrOOO lines/inch, giving a reciproeal linear dispersion of

S frl*r, in the first order.

Densitometer - Jarell Ash Mod.el 21-000. Non-record.ing.

Varian and. Intensítron Platimrm Hollow Cathode Lamps.

Lindberg Hevi-d.uty 20KI^l electric furnac.e.

Sartorius Type tB02 mierobalance.

. Mettler Type H6 milligram balance.

,Ohaus Harvard trip baì-ance.

Magnesia cupels produced. by Leonard Light Ind.ustries,

(Benoni, South Africa).

Crueibles prod.uced. by A.P. Green Refraetories (Ontario, Canad.a).

fon-exchange co]-umns: Large column 2.5 cm diameter, l+O cm length,

Small column'- L.2 cm d.iameter, 30 cm length.

Porasil C colurnns: 1.2 cm dia¡neter, 30 cm length.

Cellulose col-umns: 1.5 crn dianeter, l+O cm length.

At1 the above columns were fitted with sintered. glass discs at

the botton.

lirr:1:':
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Sieves: End,eeott (Test Sieves) f,t¿., Lonclon, Eng1and..

l,{esh size I+l+ Apert¡re 35j mÍcrons.

rr rI l-oo tt t5o rr

ilil2OoilT5il

þ-eg!.".-

Platinum wÍre O.OOB" thíck (Johnson, Matthey & Mal-lory).

Pl-atinun- powd.er obtained. try rétluction of platÍnum oxid.e (The

American Platinum l{orks. n }levark, iV.J. ).

Silver, preci.pitated powder(Johnson, tr{atthey & Mallory).

Lead, b.ooh" roit (Matheson, Coleman & Bel-l)

BIO-RAD AG-50W-X8,analyticaI grade, 50 mesh hydrogen form cation

exchange resin. (gfO-RAD Laboratories, Richmond, CalifornÍa).

ÏIhatman cellulose, fibrous powder CF 11 medium fíbres.

Porasil- C, mesh sÍze BO-1OO (Waters Associates, Ine.,

Massachusetts, U.S.A. ).

Pallad.ir;n and goltl standard.s prepared by d.issolving pure metals

in aqua regÍa, evaporating to a"yrruu" several times rn¡ith concent-

rated HCI and. making up in 0.1 YI'HCI.

Sod ium hexachlororhodate (Atfa Inorganics. , Ventron, lllass . , U. S .4. ) .

Sod.Íum chtoroiridate (Johnson Matthey, Chemicals Ltd.., London).

TÍn (II) chloride sol-ution - 1.0 M in SnCl, and 3 M in HCI-

Lanthanum chlorid.e solution - 6.1+5 e Laro, (reagent grad.e) in

l-00 mI of 6 tf HCI.



-6-

negents-_gentinuedr_

"Buffer" solution - mix 50 ml of l+ l¡ sodiun acetate with 53 m].

of l+¡4 HCI- to give a pH of 2.2!0.2. References (9,87 ).

Tri-n-buty1 phosphate (tgp) was equilibrated with 6 U nCt te-
.:: -: ..:.'.

- fore use, ín the solvent extraction procedure

Thiophenol - (Rtarích Chenical Conpany, Inc.).

Molybd.enunr trioxid.e ( Spex Ind.ustrÍes , New Jersey, U. S.A. ) . 0.15 C
.. :r'-:'.

dissolved in 100 nI 3 M HCt.

All- other ehemicals rüere reagent grade.

I. Colrrrå_el_ BIO-FAD 5OhI-XB.

The resin was cLeanett by gently heating wít]n 50% (v/v) hyd.ro-

chl-oric aeid., and. rrashed several times by decantation with water.

The column t¡as filled to a height of 25 cm vith the resÍn, and.

washed. with water until the pH value of the eluate was the same

as that of the water

The resín was regeneratecl wír]n 35% k/v) hyd.rochloric acÍd and

again vashed until the pH value of the eluate was the same as

that of water.

II. Columns for TBP-treated Porasil C.

5 g of the TBP d.issoLved in ehloroform was ad'ded to 15 65 Porasíl C '

that.had previously been l¡ashefl vith concentrated hyd.roehloric

acid, water, and. drÍed. The slurry l¡as stirred to remove most of

the chloroform, and then placed in a dryíng oven overnight at ?5oC.
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Preparation of Chromatographie columns - continue{.

L,5 g of the ÎtsP treated Porasil C r¡as weighed, and. transferred.

to the column with water. The eolumn r¡as conditioned. with 10 nl

of 0.1 M hydroehlorie aeid. before use

III. Cellulose column.

The col-umn was silanized with a 5/" k/v) solution of dich]-oro-

d.ímethylsilane in toluene before use. 20.g of cellulose vas

mixed with enough TBP/toluene solution to give a thin slurry.

13.3 rnl- of 5 N hydrochlorie acíd. r¿as ad-d.ed and. the slurry stirred

continuously for three minutes. The column was filLed with approx-

írnately l-O mI of TRP/toluene solution, and the slurry transferred'

to the column in small portions. Eaeh portion l.Ias pressed dom

firmly by an up and down movement with a glass plunger.

General- considerations.

Rejection q-l discor<lant results.

l{henever an experímental souree of error was notíced. result" 
,.,,t ,.,:
i.:.i.;:,::.:

were reJected. Frozen beads, careless pourÍng of molten charge, and ,'.,.i,,.
,',;,',','t,'

spilled solutions are exarnples of 
",r"O 

.*nurimental- errors. When no ::

such ertors vrere in evidenee o diseord.ant results vere statistically

reJected. at the 95 per cent confidence level
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FIRE ASSAY.

Introduction.

Fíre assaying is a method of quantitative determination in ,.,_ : ::,..:
. ": ''. '.'

whích a metàl or netals ard. separated from irnpurities by fusion pro-

cesses. It is the old.est analybieal proeedure in use today (3).

i Probably the earliest reference to the fire-assay process Ís to be ..:,,'.' ..':.'.':.
. 

for¡nd. in the Tel- al Arma tablets d.ated. about 13BO B.C. (l+), A cup- " "

I ellation process for gold. is mentioned. by Siculus as being in use ín '."i",',l -.:: -:

the seconil century B.C. (!). The "parting" assay i.e. the separation

I of sifver fronr gold r+as knovn to Geber (fft A.o.) (h).
l

I; Thus it can be seen that fíre'assaying was known lonfi before i

j---a'.--i

' 

the dÍseovery of platinum. The first applícation of fire assay for l

i

platim:m appears to be by Devílle and. Debray ( 5 ), l,¡ho melted solid

i platinum between bloeks of quick-lime usíng a coal-gasfoxygen f1ame. :

i

seme ti¡re its basic nature allol¡ed it to take up any strag forrned. by

oxid.ation of impurities in the metal . Further refinenent of platinun ',:,',:t,,'

was found to be possible by alloyíng .with leatl. Platinr;-m, palladir:m '';:;''",,:',"'

t a,' t,,t 
.t.:

and. rho¿ium were freety sofuble Ín molten lead., whereas irid.ir:m ancl

osmíúm vere not.

Mueh data has been col-lected. to demonstrate the quantitative . ,,.,,, ,

nature of fire assay for milligram and microgram arnounts of golct( 6rT). """"'

Very little such data has been eollectecl for pì-atim:m. This author
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forrnd. only one reference concerned. sole1y vith the fire assay for

platinum (8). The report was eoncernecl mainly vith find.ing an optinr:n

flux for platimrin recovery, and evaluation of the fire assay for mil-Ii-

gram and. microgram a¡nounts of platinr.un. However, very few results t¡ere

quoted evaluating the cupellation process, and. evaluatfon of the fire

assay process was not undertaken for amounts under p0 micrograms

(important for many ore assays). Also few results were guoted for

varying milligran quantitíes of platÍnur-n. ït Ís the íntention of the

author, in this part of the thesis, to fÍ1.1 in these Baps, and so

provide complete data on the efficiency of the fíre assay for plat-

inum.

Ctassically leatt has been used. as the colleetor in fire assay

proceclures. llowever, the c1aím has been made that lead is not a part-

ÍeuJ-arly suítable collector, at least not for some of the more ttinsolu-

b1e'r platinum metals such as iridiun and. osmir:rn. These new collectors

such as tin (9 ), copper (10), iron-nÍckeI-eopper (ff), and nickel su]--

ficte.(fz.¡, have been usecl, but as stated. in a recent bookhE ), "d.es-

pite the availability of new collectors for the noble metals, the elass-

icat lead collection remains elearly superior for the determination of

platínum, paltad.ium, gold and perhaps rhod.ium".



' -10-

Fire assay for Platinr¡n.

The classical fire assay procedure requires the collection of

the p::ecious metals from an ore into a lead button. The lead button

is produced by interactions of the ore with several flux components.

The maJority of ores are by themselves ínfusible, or nearly so, at

easÍly attainable temperatures. However, thorough nixing with flux

components yields a urixture read.ily fusible at such temperatures.

Ores shoulcl be ground as fine as possible to ensure intimate eontact

r¿ith the reagents. After fusion is complete the molten mass is pour- ' a

ed into. a netal nould and allowect to eool. The leati button may then

be removed. from the slag by gentle tapping with a hammer.

Materials commonly used for fluxing include litharge (PbO),

silica (siOr), borax (Na2B\OT), soda (Na2Co3) anô flour. The pro-

portions of each material used r¡ill- d.epend. on the nature of the ore

andtheind.ivid.ua1preferenceoftheassayer.Accord.ingtoBugbee(rI\);
ì

"no two assayers working on the s€rme ore will agree exactly on the 
l

f1uxproportionstouse,soitis.safetosaythat,foranygivenore

there is a comparatively wid.e range within which the four common fl¿x ,',','.

,.,., ,

constituents may be varied. anct stil1 , in the hand.s of an able assayer, I ',',,'

yierd. practically identieal resurts." This is borne out by the work 
'

of Hofflnan ancl Bearnish ( I ) I ùho stutiÍecl platinum reeovery using fluces

varying in nature from very aeittic to very basic. They reportetl thât ,,:

"the?e appears to be no outstand.ingly successful fh¡x for the overall '':":

recovery of platinrrn.rr Fluxes high in silica content were found. to

, give the lowest recovery of platinum, presumably beeause of the high

.viscosíty 
of such fh:xes. 

,,,,.
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The chemistry of the interactíons between the ore and flux com-

ponents is not known to any d.egree of eertainty, but reasonable assum-

ptions;lay be mad.e. At J.ow temperatures some of the litharge is reduced

to elemental lead. by red.uctíon wÍth carbon (ffour):

2pbo+C = 2pb+c02.

The J-ead. droplets tfrus formecl are homogeneously mixed with the eharge,

ancl a lead-platinr.rm alloy formed. by liquÍtl-l-iquid extraetion. Carbon

d.íoxitte is evoJ-ved. and. provides some measure of mixing bebween flux

components, thereby increasing ease of extraction. As the temperature

is raised.o lead. slowly fal.ls to the bottom of the charge, eollecting

platinum, and the other noble metal-s if present, as it cloes so. The

temperature is finally raised. to approximately 1100-l-2OOoC. At this

temperature the charge is very fluid. and. any platim:m not already

alloyecl r¡ith lead will sinply faI1 through the charge because of its

high density and. be eolleetett by the lead.

Lead. may also be fo::ned. by litharge reacting with other eompon-

ents of the ore. In silicate ores, for exa,mple, the reaetÍon may

proeeed. trith the initial formation of lead silicate, followecL by re-

action of the lead silicate with bases in the presence of a red.ucing

agent:
2Pb0+Si02 = Pb2SiO4

Pb2SiO4 + 2 FeO + C = Fe2SiO¡* + CO2+ 2Pb.

' Litharge also oxid.ises base metal sulfid"es, the reaetion being

promoted. by the presenee of sod.a rrhieh aids in the d.esulfurization.
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2FeS, + 15PbO = Fe2O, + )+SOt + 15Pb.

NarCO3 + SO, = NarSO4 + CO2.

Ores with high sulfide content can lead to the formation of

unsuitably large lead..buttons, because of the excess,lítharge required.

for oxiclation. fn such cases a nitre assay is performed, and the ore

is treatect with potassir:n nitrate:

2FeS, + 6KN03 = Fero, + 2K2S04 + SO, * 3Nz

)+tr'es, + 10K{03 = l+Feo + 5K2S0)+ + 3S0, + 5N2.

Opinions vaïy as the proper size of the lead. button. Many

assayers hol-d. that it shoul-cL be proportional to the total volume of

charge; others vary the leacl-fa1l accord.ing to the quantity of pre-

cious metals to be collected ( fl+). ït vould. appear that a button

weight between 2O-3r' g is consid.ered. optimun in most cases.

Cupe1lation. ,:,,.11,,, ,,.,,,

Cupellation involves the seleetive removal of leatl as lead ox= ,',...'.,1,,i,,.._'.. .: :

id.e from the silver and. platinr,ur collected in the lead button d.uring

fusion. Silver exerts a protective effeet on platinum, and. conseq-

uently ís usually ad.d.ed. to reduce losses ,.,:..:.:i: ::

'Cupe1ÌationisaccompJ.ished.inporousvesse1sca11edcupe1s.

Cupels are con¡nonly uade from bone-ash, cement or magnesia. Magnes- l

ia cupels, used. in this work, can absorb three-quarters of their veight
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in litharge. It is neeessary to cupel at higher temperatures vhen

usÍng magnesia eupels, because of the more rapid d.ispersion of heat

of oxidation of lead on such cupels.

On ad.d.ition of the lead button to the cupel (pre-heated for

at least 10mÍnutes), at 95OoC or hÍgher, a dark scun is initially

formed. This seum quicny disappears, and. the molten lead becones

bright. This is referrect to as "opening'j and. is usually complete

within 5 nÍnutes, with the furnaee cloor closed. ![hen the button has

ttopened.", the furnace door is opened. sl-ightly, ancl air alIowed. to pass

over the cupels. This causes oxidation of lead. to lead. oxid.e, which

"'wets" the eupel. Lead. oxid.e is absorbed. into the cupeI, leaving the

sÍlver-platinum bead. or priIl on the surfaee. Silver anct platinr:n

are not oxidised and. d.o not t'lqett'the cupel , and consequently are not

absorbed.. t'Drivingtt, as this process Ís called.o is continued to re-

move all of the lead.

Toward.s the end. of cupellation, the furnace door is closed, ancl

the cupellation "finished.t' for a further 5 minutes. Closíng the furn-

ace d.oor raises the tenperatr¡re ,...whièh' fË , neeesEê?g;- fuj: maintain.th-e

button in a molten stâte.

After the cupellation has ttfinished", cupels are slor¡ly removed.

from the firrnace. This is necessaryrbecause mol-ten sÍlver absorbs

large quantitÍes of oxygen; which ean be violent1y expeJ-lec1 on cooling

too rapidly. Such beads are said to t'sprout" or "spittt. Sprouting

ca¡r be accompanÍed. by meehanical losses of platinum.
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Temperature should be strictly controlled d.urÍng cupellation,

in ord.er to nini-nise losses of platínum. Iov temperatures can cause

buttons to become "frozen". Freezing occÌrrs when crystals of litharge

cover the buttono preventing further oxidation of leacl. Such buttons

can be made to d.rive again by raising the temperãture, but should' be

rejected. as results obtainecl from them are usually tov (fl¡ ). Increas-

ing temperature increases loss of platim:rr by absorption ínto the

cupel (15). Aceording to the ss.rne source, loss occurs during the last

minute of cupellatiofl" Thus the optinun temperature for cupellation

:nt freezing.is one Just high enough to prevt

fnereasing the silver content is also used to minímise losses,

and silver-platinum ratÍos of 100:I and 25}zl- are conmon' Hoffban

( I ) reports loss of platinun when the ratios are as low as 1O:1 anci

20:L. A ratio of 1O:1 (Ag:Pt) is also recommended for the removal of

tea¿ (h ), although aceortling to one soì,lrce, the complete eliminat-

Íon of leact is unlikely (f6 ).

Partíng.

Parting involves separation of sílver from the silver-platinun

bead. obtained. in the eupellation process. This is achieved. by leach-

ing with acids, and. any base metals carried. over in the bead. l¡ill also

be d.issolved..

Sul-furic acid and nitric acid have been used. for parting. Both

these aeíds leave platinum in a finely d.ivid.ed state. Solutions are

filtered off and resid.ues washed vith hot ammonir¡n acetate or hot

' ' t:.a'r!
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water. Ammonium acetate removes l-ead sul-fate which may remain with

the platinum residue. The sulfuric acid shoul-d be free of nitric

and hydrochlorie acids

Using a double parting with hot concentrated sulfuric acid ) ,'...¡,,

Thompson and Miller ( ft) found that a ratio of at least ten parts

si.lver to one part pIätinum was neeessary for complete removal of

si1ver.Insomecases,p1atinumr¡asfound.inthefi1trate,ind.ieat-
'''''l t tt'"

ing linited solubility of platinurn in sulfuric acid. fn another study :'r.

...:...
as much as 50 parts per 11000 parts of platinum have been,found. in , ',:, ,' ,',

the filtrate after boÍling ruith coneentrated sulfuric acid (l+). To

prevent losses slightly d.ilutetl acid was used (82 volumes concentrated
l

sulfuríc aeid. to 18 vol-r:mes of water). Accord.ing to Bugbee (fl+), it is 
f

I

probable that a litt1e silver will atways remain undissolved regard.less 
1

of the ratio of síl-ver used ín the alloy. This could l-ead to errors l

ín the d.etermination of platinum by weighing.

Thompson and }4i11er (17) also studied. the parting of sitver-plat-

inum beads of various ratios by nitric aeid. 0., - ,T per cent of plat-
'''. .:.

Ínum was used in the bead.s and tests were mad.e with 1:1 and 1:l+ nitric ,,,,,,:.:, .,,

acÍd.. In all cases, platimrm was found in the filtrate, the arnount 
i,.,,,....¡i

varying r^rith the ratio of silver to platinum and also-with the strength 
':

of acÍd.. ït was also found. that silver l¡as invariably retained. in the

platinum resid.ue, the anount increasing vith increasing platinun content
..,.t..

. To complicate rnatters a little further, the above results for r':-

Fulfuríc and nitric acid partíngs are subJect to al-teration by the
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presenee of gold ancl the other noble metals. Tn the ternary system'

silver-go1d.-platimrm, silver is only quantitatively separated by con-

centrated sulfuric acid. r,¡hen the three metals are present in very tle-

finite ratíos ( 4 ).. An Íncrease in separation Ís aehieved- when the

ratio of goId. to plqtinun is Íno.r'eased" In the case of nitrÍc acicl,

the presence of gofa 
"ccelerates 

dissolution of platinum, whilst d.is-

solution ís decreased. Ín the presgnce of rhodiuin, iridi¡¡m and. ruthen:

íum (l+).

qacn thst nartín icl will involve aIt can be seen that parting with nitrie ac

re-assay of the acid. filtrate for quantitative recovery of platinr:m.

parting with concentrated sulfilric acid. has been shor,rn to be quantit-

ative for platinum in the preseneç (f8) ana absence ($) of the other

noble metals.

:..ì.::: t:
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Irre._assay'of sta¡aara

The fire assay proced.ure rras evaluated for milligran and. micro

grarn quantities of platinum by salting a blank ore, and fusing with
i,':t'', ,

.:.tt:_t.:.:-.flux A (tatfe f). 15 S of silica r¡as used. as the blank ore.

Fltrx components were weighed out on a Harvard trip balanee

and placed. in polybrrene tags known as "baggies" (mad.e in Canad.a by

Colgate Pa1molive). The flour was veighed. on a millÍgram balanee, ::,;,; ::,

asbetterprecisionwith1eadbuttonweÍghts.cou1d.beobtáined'thÍs

rray. The flux cornponents vere mixed in the baggíe by shaking and

tr:mbling for approxinately I minute. Each fh:x sa.ltple was then

salted with a knor¡n anount of platinum. Some samples were salted.

with weighed., milligra.rn quantities of platinurn, and some sa.rnples

salted. with ni1ligran antL microgr¿ìrn quantitites of platinun add.ed.

as a solution. A maximum of 1O ml of solution was added to red.uee

the chances of the liquid passing through the flux, a4d possibly be-

ing'lost to the-crucible, Si.lver was ad.d.ed. to eách sample, so.-

that the silver-pÌatinr¡n ratio w¿s at least 10:1. Silver was acld.ed

as a powder or as a solution of silver nitrate. Sarnples eontaining

solutions of platinun and. silver were clriecl by placing Ín a d.rying

oven and. leaving overnight at 70oC. Higher temperatures (,^.,B5oC)

were not used., as some of the baggies developed holes, thus increas-

Íng the chances of mechanical loss of sa;nple.. When d.ryrlumps were

broken up and. the contents of the baggie thonoughly mixed. for:l+-5

mfnutes. Ionger mixing times r,¡ere founcl to have no effect on

platinum recovery.
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0re

Pb0

sí02

NarCO3

Ca0

Borax'

Flour

Tabl-e I: Conppsi!,ipp. _ol "fluïes, 
.

15.0e 3o.ob hoc

B:. o TT .o 30

(r5. o)ea 6.3 80

21.1 30.0 80

t+.s 18. B

63 )+o

2.0 2.0 2.5

a. For blankb, 159 SiO2 replaeed. 1)g of platim-m ore.

b. 3Og of crueibl-e pot used. as a sample.

é. hOg of cupel materia1 used. as a sample,

f.:.:.i.:_::
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The crucibl-es containing the assay samples were pl.aced. in the

furnace at 950oC and heatetl to l2OOoC "t the maximum rate of the furn-

ace. This normally required. between 75-90 minutes. .Àfter holding at

this temperature for 15 minutes, the crucibl-es l¡ere removed from the

furnace and. the.mol-ten contents poured Ínto conical iron mould.s. l,lhen

eoor, slags courd be separated from the read. buttons by gentle tapping

l¡ith a small hammer.

tead buttons rrere cupelled and. the silver bead.s analysed for

platinum. Some bead.s Ìrere parted. with eoncentrated. sulfuric acid. and.

analysed. spectrophotometrically with tin (rr) chloride using I cm ancl

l+ em celIs, a.nd other beads were dissolved. ín 6 U hyd.rochlorie acid

and d.etermined. by atomic absorption.' Results of these analyses are

shor,m in lable Ïï. In both method.s , stanilard. solutions ÌÍere always

measured r¡ith each set of samples. These proced.ures will be d.eseribed..

in detail Ín later sections. Blankslüere run with each set of samples.

This corrected for any platinurn contamination of the reagents. ïn all

bl-anks d.etermined. no platinum was detected. Under the c.onditions used.

a detection limit of O.tI+ye/nt can be set for l- cm cells ancl O.O9fS/nI

for l+ cm eelIs. Similar1y a deteetÍon linit of O.We/nI can be set for
t

atomic absorption analysis.

Recoveries for mÍlligra.m amounts of platínum added as a powd.er

and. micrograrn aJnounts of platinurn are on average 97-99 per cent. Re-

covery for mÍttigram amounts of platinun ad.ded as a solution are a

little lower than this (*g5%). It was noticed f,or these sanptres that

total heating tÍme in the furnace was approximately 120 minutes. This

was d.ue to replacement of a high tension l-ead in the furnace, and. as a

result the heating rate of the furnaee was lowered. somewhat. This was
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Table II: Fire aFsay of pl-atinum standax9F-

Platinìrm ad.ded.
as a sol-id.

3.60 *g (")

\.67

5.\2

B.16

10.90

LJ'.66

13. 09

1\.30

2L.\2

21 .52

25.02

¡\. or

5l+. oo

63.IT

Platinum ad.d.ed

as a solution.

9,90 me

n

It

il

ll

ll

ll

il

Pl-atinurn
recovered.

Average Pl-atinum
recoverecl.

gg.T/'

ror,T/"

96,7/"

97 ßr"

gB.8r"

96.t%

96,6%

98.3/,

gg,r/"

98.7/'

LOO,\r,

98,rf'

97.6r,

gB,o%

3,59 mg

)+.T j

,.21+

7.9\

TO.TT

11. .21

l:2.65

th .05

2L.22

2L.23

25.r2

33.35

52.68

6t-.88

9 36 me;

'9 .l+2

.g.rT

9.\5

9.\2

9 .38

9.38

9 .33

[a)
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Tabl-e TI(Cont'd ) .

Platínum ad.d.ecl Platinum add.ed. platinum Average platinum
as a solid.. as a sö1útÍón. . z'eeoverecl . recovered.,. \_,.

9.90 *e 
(") 

g.5z me

9,\5

9 .31

9 .31 9. htto , O5mg (9, ,a*o , j%)

. [a)
t+ .9i ys' Ir.6l re

:: T"=U

,t b,TI

h '73
rr )r.lø

ar',r."r * 
(o, :ril , ,- îr'1,'' 

ol* (e5 
't+to '6/')

5e\.tfÁo) 5%.o ye

582,2 x

593 .0

589.5

i}g.i tgr.sts .? ¡te9g,j!o,j%)I

\g>.'f*to) bBB.2fe

il

It

ll
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Table lI (Contrd).

Platinum add.ed. Platim:rn ad.d.ed. Pl-atirun Average Platimro
as a Folid.. as a soLutión.. roecqvgred.. recovered; . . .-

- (r)
396,L Hc' 389.0 uslr

rf 392,j

r, 378 .3

tr 389;6

. 389,6

rr 389.6

r.r i. 
l+05 .I

118.6 ,, *(a)I _ 1-19.5Fc

390,6!'i th ¡rE 
(fa, 6t:-,g%)

Lr6.5

tt l-18 .2

" I_OB,O, 
* 

,r_B.Ir3.?u e¡¡g.6tt.t%)
I

98.9 u*(u) 94.0 ueI- - 
r

93 ,0

99.5

91 .0

98.T

1-00.7 96 ,ztt+ ,z f EbT .1rt\ 3/,)
z9.6yu (a) 3o.oys

27,5

28.o 28, rt=,tl^s$63!n,z%)
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Table rf (Cont'a).

Platinum add.ed. Platim:m ad.ded Platim¡m Average pJatim:m
as a solid. as a sol_ution. zrecovered.. recovered..

fr.'::.:f. . :i

''' ;.: :r': -_

re.By* (") zo.ry*

,il

rl

* Value reJected. on statistical ground.s.
(a) SnC12 spectrophotometric analysis.
(t) A.A. anatysis .

+ Values quoted at the 95/, confid.ence level.

20.)+

18.9

l-8 .0

18. r-

18.)+

20 .1_

19 .8

l-9,9

rg.g

18. )+

18,l+ Lg.2t0, 6 yeGT ,O!3,o%)

¡ll

1l
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later reetÍfied,. It was fel-t that this extra heating time could. inc-

rease Losses of platinun to the slag and to the valls of the crucible.

To test this assumption, slags and crueibl-es were assayed.

Six crucibles from both 9.90 ng and h.95 me sa.nples were weighed

and. crushed. fine enough to pass through a sieve.of mesh size l+\. Sam-

ples at each level l¡ere comtrined., mÍxed thoroughly and sampled in a

manner to be d.escribed. iater for ores. Six 30 g samples from each l-evel

were assayed with fLux B. The silver beads obtained from cupellation

were combÍned, parted. in concentrated sulfurie acid and analysed. spect-

rophotometrically. 0.86 mg platinum was found for the six 9.p0 mg sam-

ples and 0.26 mg platÍmrrn for the six l+.95 ne sarnples

Slags'were crushed to mesh size l+l+, and. assayed. vith an extra 30 g

litharge and 2 g flor:r. Beads were analysed. as above and 128¡rg plat-
I

inum found. for thê six 9.90 ng sarirples and..hl+f,{S for the six l+.95 mS

samples. These results when ad.d.ed to the original values represent an

average recovery of a-96.5 per eent.
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Cupellation of Þlatinum sbandar.cls.

Evaluaiion of the cupellation proeess 'was accomplishecl by salt-

ing artifieíal lead buttons r'¡-ith known a¡nounts of platinurn and silver.

A boat shaped container vas made from a 5" x 5" square of lead.

foil of O.OOh" thickness. Carefully weighed. amounts of platím:m and.

sílver powders were ad.äed., and. the boat carefuJ.ly formed into a cube,

small enough to fit Ínto the mouth of a cupeI. The weight of the leacl

cube r,ras approximately 2! g, Silver to platinum ratios were 1O:l or

higher.

MagnesÍa cupels Ìrere placed in the furnace at'96OoC and. pre-

heated. for at least 10 minutes before use. Lead buttons r,rere add.ed. to

these cupels as quickty as possible, to prevent "freezingt'. After t'open-

ing" of the buttons (5 ninutes)o the furnace door was slightly opened,

alnd. a l/h" plate placed. trnder the door to control the d.raft ' To pre-

vent air from flowing d.irectly over the cupels, thus causing too large

a temperature d.rop, blank cupels were placed. between these eupels and

the draft. Und.er these cond.itions the 'driving of the lead. oecurred,

at the rate of approximately 1 graJn per mínute. I,lhen driving was com-

plete, the furnaee door was closetl and. the eupelJ-ation finished. for a

further 5 minutes. Cupels vere then slowly withdravn from the furnaee

to prevent sprouting, and. allor¡ed to cool. Irlhen eool the silver beacls

Ìrere removecl from the cupel and weighed, after first carefully scrap-

ng cupel material with a spatula.ing avay ad.hering cupel materia,

The recovery of platinr:m andi sil-ver is record.ed- in Table IïI. On

average, the bead.s are 2-3 mg heavÍer than the platinum and. silver add.ed..
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Blank cupellations on 2J g Leað. foil- r'eveal-ed the presence of 2 mg

silver. TLrere is eyldence that as the sil-ver and. pI-atinun contents

were increased more l-ead. was retained, However, all silver beads

were shíny and hemi=spherieal- and. no visual ind.ication of lead rnras

present

The variatíons in recovery are probably due to fluctuations in

temperature within the furnace. Ttris author found on occasion con-

sid.erable lead retained in beads cupe3-l-ed. near the furnace wal1s.

tlus al-l cupellations were performed in the central area of the fur-

naee hearth.
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CupellatÍon- of platinum standard.s .Table fIï:

Platinun adtled.

- 
(*e)' 

-
Silver adcled

('e) '
Platinr:m + Silver Platinum + Silver

(re). recovered (mg).

2.93

l+. rO

6.to

10.6tt

L2.70

1\. TB

r.9.59

20.36

2L.67

23.26

2r.98

26.:9t

30. 63

31.78

I+2.07

52.56

39.5

I+5.6

Bz.9

118. 0

r32.1

tr6.3

232.3

2r2.5

222.3

281+.,

297.3

27r.r

329.6

381. l+

5r5.5

539.9

l+e. l+

t+9.7

89.6

L28.6

lU+.7

191:r

25r.9

232.8

2tß.9

307.8

323.3

298.O

360.2

hr3.2

557.5

,92.t+

\3.9

5r.9

90.3

T28.7

r\8.3

190.0

253.5

230.0

2t+7.9

308.8

326.9

3A2.5

z6\.2

t+rT.6

560.3

6ol+.1+
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Cupellatíon and. parting of platinurh standlards.

As in the previous section, evaluation of the combined cupell-

ation and. parting proeedure was accomplished. using artificial lead.

buttons sal-ted r.¡ith knom amounts of platinum and. silver powd.ers

Other buttons vere prepared by salting trith mill-igram and microgra:n

a¡nounts of platinum ad.cled. as a sol-utÍon. Silver was ad.d.ed. as a pow-

der or as a solution of silver nitrate, and in all eases the silver-

platinum ratio was kept at 10:1 or higher. The aeid.ity of the solut-

ion was kept at 0.1 M or lower to prevent possible corrosion of the

1ead, thus increasing chanees of mechanical loss. Solutions were

evaporated by placing in a drying oven at 85oC for several hours.

Boats l¡ere then fold.ed into cubes and eupelled as d.eseribed previously.

Three acid.s were eval-uated. for partÍng. l:h nitric acid. vas

found to d.issolve as much as 60 per cent of the platinum and. so rras

not eonsid.ered. further. Concentrated. sulfuric acicl and slightly dil-

uted. sulfuric aeÍd (Bo volumes acid. and. 20 volumes water) were both

for¡nd to yíeld. the same recovery for platinr:m. rt was deeíd.ed. to use

concentrated. sulfuric acicl for all partings as no advantage could be

gained. by d.ilution. Bead.s were placed. in 30 ml beakers and. an approp-

riate volume of concentrated. sulfuric acid add.ed. (Z rf acid rras

add.ed. for bead.s of silver content up to 50 ng; 5 ¡ll ad.d.ed for 2oo ng

silver and. 10 n]. for higher silver content). A gJ-ass cover was plaeed.

on top of the beaker, and. the bealçersr contents heated on a hot plate

rurtil the rapid evolution of bubbles had. ceased. The beaker and con-

tents trere allotred. to cool and. then cÌiluted with an equal vo}¡me of
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Lrater, and filtered through a tr'lhatman No. )+2. I cm filter paper,

whilst sti1l hot. In this vay, silver and. any lead present wil-l

remain in the filtrate. After being washed rn¡el-l l¡ith hot water,

the filter paper was transferred to the origÍnal 30 nl beaker and

ignited. overnight in an electric oven at I+OO"C. The residue was

treated. with aqua regia and the solution evaporated to dryness on a

steam bath. The treatment l¡ith aqua regia was repeated. tvice more,

foll-owed. by three treatments l¡ith concentrated hyd.rochloric acid., and

the resiclue f,inally d.issolvetl in r¡ater, and- fiftered through a Ìlhat-

man No. \2 paper to remove the last traces of silver. Platinum was

determined gravimetrically Lrith thiophenol or spectrophotometrically

by tin (II) cnforide. These results are record.ed. in Table IV.

A number of bead.s were placed. in 10 nL volumetric flasks and.

parted. with coneentrated nitric acid. Solutions were maile up with 
I

6 U þtlrochloric acid. in the presence of lanthanum and platinum deter-. 
:

mined. by atomic absorption. These results are also shovn in Table ïV.

Ïn both the above procedures., blanks were always run with each I :

set of sa.rrples. As before, nO platinun r¿as deteeted. ', 1'

:';.; 
.

It is interesting to compare results obtained by atonic absorp- .,',',,i

tion wÍth results obtained by the other nethods. Since beads analysed

by atomic absorption were parted and. analysed. in the sarne flask, re-

sults obtained. should. be ind.ependent of any parting losses i.e. losses ,,,,,.,
, :::':i'

to the filtrate or mechanical losses on filtration. These resultsr,

on average' show greater than 99.5 per eent recovery for platinum indicat-

ing that losses to the eupel are insignificant. Recovery of platinum by



Tabl-e IV:

Platim¡m addêd
as a sol_id.. as a soI-ution

Pl-atim¡m
reco]¡e.red.

2.99 mg

h. o5

6.Ð+

10.28

l'2,97

1)+.30

19.1l+

19.72

2I.O+

22'56

25.22

26.L8

29.38

3o'96

l+1.97

5\.ro

20.0I- mg

19.56

20.05

T9,97

20.30

-30-

Cupellation and parting of platim:m standardg.

Pl-atinum ad.ded

z.gs 
^eG)

l+.fO

6'ro

10.61+

l'2.TO

llr.fg

L9.59

20.36

2L.67

23.26

25.98

26'9t

30.63

31'78

t+2.07

52.56

Average Pfatimln
recovered.. _

ro2,1r,

gB.Br'

97 '6f'

e6,61,

LOz,T/,

96,8%

97 .T/"

96.9%

9s,g%

9T.o/'

9T,LT'

sr 3r,

g5,g/'

97,W"

99,8,/"

ro2,gr"

rg .TT 'g(t 
)

ll

ll

ll ag,gB È0,3þg (ror,rtr, 7%)
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Tabl-e lV (Cont 'd. ) .

Platinum ad.ded.
as a sol-id.

Platinum atlded
as a solution.

l-0.13 :ng 
(t )

ll

il

ll ' 
,

g.go me(")

'tr

It

ll

lr

ll

. in

ll

ll

l*.95 re(")
il

ll

'il

il

lt

59\.lu*(")t-
lr

il

PIatim.¡m
recoverec[.

l-0 .03 mg

9.96

g,g1

g,B2

9.62 me

9.1+B

9.66

9.62

g,69

9.52

9.66

9.76

9,78

J.O2 mg

)+.82

\.gz

4. go

)+.82

5.o9

5e5.T ys

58s. 5*

592.7

Average Platim:m
reeoverecl !

-
9,93 ! o,l-\rne(9$,o !t,W¿

9,61+ ! o.o8:ng(97.h lo,B/,)

h.g3 I o,ths(99 ,6 !z,z/,)
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Tab1e IV (Cont'd).

Pl-atinum add.eê
as a sol-id.

Pl-atinun add.ed
as a solution.

59\.aF e 
(" )

It

ll

\9i,t f u(" )

1l

Ir

ll

"u,'tP* 
(")

Ir

,g'rr,,..gr *(.)

tl

lr

118,6 f*(")
ll

Pl-atinr¡rn
rêcoveréd.

,e2.7 r e

592.7

589.7

501.5 f,r c

l+98.5

501.5

\9i.j
t+gj.j

s89.0 p c

389.0

383 .0

392.0

395.2

386. o

:-90.5 l.t c
I

2O2.5

r8B. o

797.5

a96.5

n6.3 ys

119.5

1L5.2

Average P1atinum
recovereiL.

592.7 !2:7 y e(Ot . ïto . 5/")

)+ge. r1s,T f*(r00.7t6.371

389. ot\ ,5 f^*(gB,z-r-,tl")

r95 . otT, a¡ s(18,12t3,6%)
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Table IV (Cont'd).

Platinum ad.ded. Platinum add.ed. Platinum Average Platim¡m
as a so1íd. as. a sólútion. Iecovered.* ÍecovereÇ, _

1r-8.6 He(") 113.2 ¡.rgl-l-
f1-3 .2

tr 1l-1.0 nh.Tt3,1ue(96 ,T!2,6/,)
,

B'9 r *'(") 98 '2 ye

98 '2
tt 91' o 'x

tt loo. o

rt l_03 .0

,').e y*r^t ll.l ,- 
ee'6!z'5 ys(roo 'T!z'5/')

lr 28,3

I

,_r.a ¡*(") 
?ou.."rrr

t' 19.8

n ZL.3

rt r8'Il

l-9.2

rr r8')+

il 19 '5

" 2o.5 19,5to, B t¡e(98 ,5t\.0/,)
I

* Vê1ue reJectecl on statistical ground.s.

(a) SnCl-2 spectrophotometric analysis.
(t) Thiopheno'l gravimetric anal-ysis,
(c ) A.A'. anal-ysis.
+: Values quoted at the 95/' confidenee l-eveI.
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parting in coneentrated sulfuric acid is on average lor¡er'98.1+ per

cent. Gravimetric results t¡ere not incl-ud.ed., because as vj.II be ex-

plained in a later sectíonrthese results are subject to high positive

errors. These averages seem to inclicate that the main loss of plat-

inum in a combined eupellation and parting proced.ure is Ín the part-

ing stage. Howeve", ì."t" of significance at the 95 per cent confid-

ence level- sholr no signíficant difference betveen the averages..

In an attempt to id.entify losses, cupels and. filtrates from bead.s

parted Ín concentrated sulfuric acid. were analysgd. for platinum.

Cupels lrere weighed. and. then crushed. to pass through mesh size l+h,

eombined. and. thoroughly nixed. on a cellophane sheet. Several samples

were assayed., bead.s parted and. platinum d.etermined spectrophotometric-

ally usÍng l+ em cells. A cupel previously used for cupelling lead and.

silver vas used, as a blank. No platinum was found. in this blank. Of

308fc platinum Iost, only 6zFc (20 per cent) was recovered..

Fifteen filtrates vere slowly evaporated on a stea¡n bath, to a

small volume. The contents of the beakers vere taken to d.ryness by

fi.uning off the suLfuríe acid. on a hot pIate. aq,r" regia, concentrated.

hyd.rochloríc acíd. and. vater were ad.ded as d.escribed above. The solutions

were filtered. into flasks containing concentrated hydrochloric acitl, and

tín (II) chloride, and. platinum d.etermined spectrophotometrically using

l+ cm cells. Only on one oceasíon vas platinum found. in the filtrate,

the amount found.¡ 50IAg, eonstitr¡ttne O.!.2 pe¡ cent of the pg-atir¡rrr added

- \¿.oT ns.

ft is seen that recovery of

el-lation and parting proced.ure is

9.90 mS and h.95 ne samples in the cup-

g}-9g per cent. firi" seems to verify
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the earlier assumption mad.e that the maÍn losses for these samples

tluring the fire assay proeess r,rere to the slag and crucible wal-ls.

The weight of lead. buttons used in this v¡ork was generally kept

at 25-28 e. However, button weights were varied from 15-h0 g rvith no

d.ifference in the recovery of platinrun.

Y4ation or pratimm "e ,,,'i,...,:,,:.: ::
Tt was anticipated. that silver beads obtained. by fire assay of 

r.,,,,,,,,,,,,,

ore samples lrould be analysed for pJ-atinurn by atonic absorption in a ¡:::::::'

manner identical to that used for standard. bead.s. This necessitates

d.isso1vingthebead.in6l.,tnyaroeh1oricacid..fncreasingacid'strengths

may be used, but this d.ecreases platÍnum sensitivity. To obtain quant- ;

l

itiesofp1atinum.intherangenecessaryforatomieabsorptionana1ysis,

small bead weights should be used. so that smal-l-er dilutions with acid i

;

are possùb1e. It r+as thus ad.vantageeus to test recovery of platimm with i

varying bead. weights - especially in the 2-6 ng range - and varying sil-

ver to platinum ratios. These results are shor.m in Table V.

Quantitative rêcovery of platinum is obtained using a bead. rn'eight

as 1or,¡ as 1.1+ mg. The reeovery of platinum with silver-platinum ratios

of lOiI - 15:1 are signíficant, since these ratj-os are expected. in the

analysÍs of the ftoat concentrate. Although not record.ed, the óilver-
platinum ratio was varied from 10:1 to 200:1 with no differenee Ín reeovery.
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Table V: Valiation of platinun recovery with silver.

Platinun ad.d.ed Silver added
( r¡e)

6.0

1r

lt ,

il

5.0

ll

tl

il

lt

h.o

r

rt

il

il

rr

2.9

3.5

2.7

5.5

Silver/Platinr¡m
ratío

Platinum recovered
(%)

t9b.1 
( 
" )

ll

il

1l

L9t.t(a)
il

It

n

It

396. r 
(a)

il

ll

ft

lì

n

19?.9(b )

ll

lt

It

l-0:1

il

ll

il

It

10:1

il

ll

il

il

10: I
ll

It

It

tt

lt

15:1

18:1

1l+:1

28: l-

100.3

99.8

99.8

99.3

99.8

101.3

101. 3

100.7

100.1

100.1

98 2

98.2

s6.T

99.0

99.8

9T .5

r02. 3

9r.o

99.8

99.3
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Table V (Cont'd)

PlatÍnum ad.d.ed(f e)

na.e(b)
.il

ll

lt

ll

on o(b)

ll

il

il

lr

tt

il

It

tt

A.A. analysis.

SnCl2 speetrophotometric

Silver added

6.6

10. 5

1.1+

It

ft

B. )+

)+. f

5.2

1.1+

It

t?

Silver/Platinum
ratÍo

55zr

BB:1

12: l-

It

It

th :1

\r: r

52:I

1\ :1

It

il

il

lt

analysis.

Platinum recovered
(/") .

95.5

93.6

10o.7

98.z

99.7

99 't+

99. l'

101+.1

9t+.9

93.9

Ì00. 5

9r.9

99.7

101.7

il

n

ll

(")

(r)
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Conclusion.

The fire assay proced.ure has been shor'¡n to be quantitative for

platimrm, results in most cases showing g}-g9 per eent r""o.ru"f. *o

d.ifference is in evíd.ence betr.reen mÍlJ-igra.n amounts of platinrrnr addeci

as a powd.er ancl a sol-ution, and. microgram amounts of platinum.

The results obtained from the assay of crucÍbles and slags, and

the faet that cupellation and fil-trate losses have been shor¿n to be

insignificant, suggest that the main loss of platinun d.uring the fire

assay is by migration to the walls of the erucible. '

silver-platinr¡m ratios as low as 10:1 and. sirver weights as row

as l-.1+ ng have been shotm to effect quantitative recovery of platinun.

It is unlikely that the aceuracy and. precÍsion found for synthetic

samples as shom in Table rr will be d.upIÍcated by an ore assay. pro-

blems of homogeneity and. sarnpling must be taken into account an any ana-

lysis for an ore, and "ideal" conditions as found in synthetic sarrples

are rarely eneountered..

r . '.:-:)
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Tire qf;say for pLatinum using tin as a_ collector.

The precious metals are collectetl in molten tin Lrhen the

' sample is fused. at 1200 - LI|O'C with a flux containing stannic

oxide, sodium earbonate, silica, borax and. flour (g). The result-

ant tin atloy is granulated. by melting in a strea¡n of nitrogen and.

quickly pouring into approximately one litre of uater. The water

is removed. by decantation, and the residue treated. vith concentrated.

hydroehloric acid rrhiçh volatilizes most of the tin. The precious

metals are dissolved ancl isolated. by various proced.ures prior to

d.etermination.

The success of tin in collecting platinum and. the other prec-

ious metals is clue to the formation of intermetallic compound.s of ..

the ty¡re Pt-Sn an<l Pb-Snr.

It was the authorts intention to "simulate" the cupellation

prpcedure, by forming the intermetallic compound.s of tin antl plat-

inum independent of fl-uxing and evaluatÍng the proeed.ure for plat-

inum. If successful the entire fire assay procedure could then be

evaluated and. compared in efficiency to the fire assay using lead.

Artificial buttons Ìrere prepared. by salting tin foil with

nilligran amounts of platinum added as a solution. After evapor-

ation of the platÍnum aliquot, the tin foil, rveíghing approximately

25 e was carefu].ly fold.ed into a ball-, sma].l enough to fit in a Vycor

tube. Air vas purged from the tube by nitrogen gas d.elivered. thro-

ugh a small-er vyeor tube pJ-aeed d.irectly over the button. The vyeor

tube was heId. in an open fIa.ne until the button had melted. The
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nitrogen d.elivery tube was withdral¡n and. the molten tin alloy poured.

quickly into approximately one litre of water. The water was d.ecant-

ed. off and the resid.ue heated to dryness on a hot ptate. The contents

were then transferred to a l+OO nl beaker and. treated. with concentrated.

hyd.rochlorie acid to volatil-ize most of the tin. Complete volatili-

zation was aehieved with 3-\ nf of a 7:2 mÍxture of concentrated hyd.ro-

chl-orie and hydrobromie'acid.s. The remainÍng residue was treated three

times with aqua regia, three tÍmes with coneentrated. hyd.rochloric acid.

and. finally with water, antl platinum d.etermined by atomic absorptíon.

The above procedure r¡as repeated once more. Recovery of platinum was

B5-9O per cent. The remaining platinr:n cóuld. be removed. from the Vycor

tube by leaching with.aqua regia.

Visua1 inspectÍon of the Wcor tube during heating showed that

platinurn l¡as "stickÍngttto the walls, and there appeared to be tvo

metallic phases at all times. It r,ras considered. that a true ínter-

metallic compound l¡as nöt beÍng formed. und.er these eonclitions and. this

line of rvork was d.iscontÍnued..
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FÍre-assay of Platínun ores;

ïntroduetion.

As with any nethod. of analysis, the accuracy ancl precision ob-

tained. by fire-assay is very d.epenilent of the sampling procedures

used. The importance of proper sampling method.s has been enphasized.

by Bugbee (fl+), who states "when it is considered that the final sam-

p]-e for fire-assay usually weighs somewhat Less than 15 g,and that

each must truly represent from 1 to 5 car-loads of ore weighing from

5O-25O tons, the enor:nous practical ttifficulty of the problem may be

appreciated..'r The problems of such sanpling are d.iscussed in varÍous

texbbooks on fíre-assaying (\rfl+).The analybÍcal chemist has usually

no control over this nethod. of sampling and Ís coneerned. more with

laboratory sa"rnpling. In this case, ores should. be ground to a high

fíneness. This not only aid.s in every particle having an equal eha¡lce

of appearing in the sample, but also ensures cond.itions for an initial

optimum fusion.

Optinrum saraple size has been related. to the physical eharaeter-

ists of the ore, such as partiele síze (f6). However, the size of

sample taken by this author for eaeh ore uas determined by the nethod

of analysis used..

ïg_boratory sampling of ores.

, The ores receivecl for assaying hacl been previously crushed. and

sieved, and. weighed approximately 1-2 1bs. In ord.er to ensure ad.equate
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fÍneness, i.t was attempted. to pass each ore through sieves of loo and

2oo mesh. Hor¿ever, very little ore c¿mle through either mesh. This

was surprÍsing since the ores already showed. a high degree of fineness.

The sieves Ìrere placed, on vibrators for several_ minut,es, but this
fail-ed to coll-ect an¡rmore ore. ïnspection of the sieves und.er a micro-
scope shol¡ed' that the holes of the sieves l¡ere free and that small glob-

ures of ore rrere sticking'to the fine vire, probably by eleetrostatic
force. This was taken as evÍdence that the ores were fine enough to pass

through the sieves, and required no more crushing

The entire oïe sanple was placed. on a large sheet of cellophane and

roIled or tumbled by lÍfting alternate corners of the sheet. After twenty-
fÍve minutes of mixing, the ore vas spread out evenly on the cellophane,

and. marked off into one inch squares. The sample for assaying r¿as then

obtained' by taking a smal-l portÍon on a spatula from eaeh of the squares.

The spatuJ-a was extend.ed d,own to the bottom each time. trrrith practiee,

approximately equal portions could. be taken from eaeh square, thus, keep-

ing variations to a minimr¡n.

This proced.ure was repeated to

minations, except that the rolling

The ores to be analysed l¡ere obtained from the Merensky Reef in the
Bushvetd rgneous complex, south Africa. The maJor component of sueh ores
is pyroxene (silicates of calcium, magnesiun, iron, allrainum, sodiun an¿

antl lithium), nainry bronzite (r,,lg, r'e)rsiror. Minor components include
chromÍte (re(cr,F.)eol*), chalcopyrite (cu¡esr), pyrrhotite (Fe s) and

i,; :r,ì_::., jij-r;:!: j :.i,

:.--.t -t-'.:.t."

obtain ore sarnpJ_es for

and tunbling was red.ueed.

future deter-

to five minutes.

r:l-
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pentlandÍte ( (Fe,Ni)rSg). Traee constituents incl-ude a variety of sul-

ficles of iron, copper ancl nickel . The platim¡n metals are present as

native platinum, sperrylite(etas2), braggite (etrramiS4), stibiopall-adi-

nite (Pd3S5), coonerite (pts) and laurite (nus2). A;proportionof the

platimrm metals ís also present in soIid. solution in the sulfides of

iron, eopper and nickel . Each ore - designated. by n¿rme'or mrmber -

had. been prevÍously analyè.ed for platinum metals and goId. Resul-ts of

these analyses for platinum are shovn in Table VT, together with the

method.s of analysis. Fifteen laboratories were furnished. samples of ore

USBM 31 by the United States Bureau of Mines as part of a "round robin"

analysis and. tlrelve laboratories submitted analytical results. The

values reJected. in the averaging of ore USBNI 3l- were rejected by the

United States Bureau of Mines and. not by this author. Vlhere possible

preeÍsion has been quoted at the 95 per cent confid.ence 1eveI. It should.

be mad.e clear that the laboratories that analysed ore'USB}4 31 did. not

analyse ore S[ and. the float concentrate. A eompJ-ete analysis of these

ores for th'e platinum metâ1s and gotd is shown in Table VII.

The .approximate weights of the ores taken were sl+ - 15,g; float con-

centrate - B g and.. USBM 3f - il- g. Siliea.(f5e)was used. as a blank ore.

In ord.er that the flux r¡as not too basic approximately I g of silica trras

add.ed to the float coneentrate and l+ g to USBM 31. From previous exper-

ience of an id.entical ore, it was deemed. necessary to roast usBl¡l 3l be-

fore fire assaying. This was achieved. by placing ore samples.in porce-

lain d.ishes and. placing in the furnace at 7O0oC. The furnace d.oor lras

left slightly open to create a d.raft,'necessary for the oxid.ation of

sulfur to sulfur dioxide. The samples were stirred at frequent intervals

l:::1
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Table VIÏ: Previous analysis of ores for platinum group metals and gold.

Concentration of metal (ppm).

_g!._GÐ_ 'F1oat concentrate (19) usBl4-31 (20)

\.g ft s%) +

(")r.r- 
ß.2/,)

(o)0.¡:

9.ri (c )0. s\ Qr .B/,)
(u)0. ts e¡.o%)
(")o.t,r (20.57¡

(a) Average value fron 9 laboratories.

(t ) Tentative value from United. States Bureau of Inlines

(c) Average value fron J laboratories.

(¿) Average of 12 determinations from United States
Bureau of lvlines.

(e) Average val-ue from B laboratories.

+ FÍgures in brackets represent relative stand.ard. deviatÍon.

Bz.6o

49.90

1. OO

1.35

2,r5
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whilst roasting. Loss in veight on roasting vas on average o.0o3e/g.

Samples of S¡* and. the fl-oat concentrate were veighed. directtry into

baggies and. mixed with the flux components (rlux a).. six milligrans

of silver as silver nitrate was ad.d.ed to the ffoat concentrate and.

2 mg add.ed to the other two ores. The samples l¡ere d.ried., usually by

leaving in a drying o.r"r, overníght at JOoC. After drying, lumps were

broken up and the nixture thoroughly shaken for five minutes. The cruc-

ibles were plaeed. in the furnace and samples fire assayed. in an id.entí-

ca1 manner to that alreatty outlined. for synthetic samples.

The silver beads obtained were analysed by atomic absorption and.

results are shor,¡n in Table VIII. Initial results for the float concent-

rate were l-ow and. so samples :srere roasted as d.escribed above before fire

assaying. Loss in veight on roasting was on average o.0t3g/e. These

results also appear ín Table VIfï. Several S4 ore sámples r.¡ere al-so

roasted to see if recovery coutd. be improved. Although l-oss in weight

vas 0.O3Og/S, results obtained were the sa¡ne as previous analysis. The

proced.ure vas checked. using the method. of standard add.itions. Three beads

obtained from the fire assay of equal a:nounts of ore were plaeed f.n LO nL

flasks and. treated. as described above. Ad¿iÍtions of o,79.2 and. l5B.LFc
l

platinum were macle to respective flasks, and the absorbance of each solu-

tion vas measured, using a bl-ank to zero the instrr¡ment. A plot of ab-

sorbance versus amount of platinum add.ed yieId.ed. a straÍght line as shown

Ín Figure f. Extrapolatibn of the line to the abscissa yielcled. fl.t+yS

platinum whfch ¡.¡hen ctivid.ed by the sarnple weight (l>.g g) gave a value of

.l+.g¡ ppm for ore s\
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Fígure I. Standard. ad.dition method
of platinum in ore Sl+.

for the determination
(Sca1e expansion X5).
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Ì¿lethod.s for the d.etermínation of Platinr:il.

a). Gravimetric method.s.

Probably the easiest and most convenient method. for the

deter:nination of platÍnum after removal of sil-ver by parting is by

d.irect weÍghing. The filter paper containing the platinun residue

could be igníted by leaving in a tared erucibl-e overnight at hOOoC.

The crucible coulct then be weighécl and the amount of platinum d.eter-

mined.; Blanks would have to be run to correct for residual ash from

the filter paper. However, it was invariably found that , even after

double partíng with eoncentrated.. sutfuric acid., the platinum resid.ue

eontained. traces of silver. B1anks couId. not be relied. upon to

correet this, since the amount of silver retained. probably varied.

from bead. to bead.. Because of this reason a d.irect veighing pro-

ced.ure was not used.

A gravimetric methocl using thiophenol (l) was used. for milli-

gran arnounts of platinum. After igniting the filter paper at l+OOoC,

the platinum resid.ue '!,ras alternately treated. vith aqua regia three

times, concentrated. hyd.rochloric acid. three tÍmes and finally water.

The solution lras filtered. into a hoo mr beaker and made up to 2oo nl

with water. DissolvÍng in water and filtering removes the last traces

of silver. The solution was acidified. with four drops of concentrated

hyd.rochloric acid a¡rd. five drops of thiophenol then actd.ed.. A eover

glass was placed over the beaker ancl the rnixture digested on a steam

bath r:ntil the supernatant liquid. was clear. This period may extend.
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to twelve hours or possibly more dependí:ng on the temperature of

the steam bath. The solution rras filtered through a J em lrlhatman

No. I+l+ paper and the resid.ue washed vith water. The filter paper

was transferred. to a tared coors 000 porcelain crucible and. placed

in an electrie oven. The tenperature was sl-or¡ly raised to l+oooc

and. herd. there for three hours, and. then raised. to Boooc and held

for twenty minutes. ðrucibles were then removed. and the residue

weighed as platinum. Blanks which Ìüere run simultaneously with

samples in al-l cases tr€re eonsistent at between l_OO - 2OO¡S. Re-

sults obtained are shown in Table ïX.

It can be seen that most results are high. Thís has been the

usual experience of the author usÍng platínun stand.ards. Table IX

shows the values obtained on one set of platinum standards. Beamísh

( f6) remarks that there is a marked tendency toward.s positive errors

using thÍs method. However, these errors shoul-d be at maximum 0.2

per eent and. certainl¡¡ not 3 - I per cent. In an.attempt to deter-

mine the reason for high values, these platÍnum resid.ues were heated

in a stream of.hydrogen at Boooc. Losses in weight occured. as shovn

Ín Table fX . Heating was continued. until- no further l-oss in weight

was obtained.. Blanks were also heated. in hyd.rogen but no loss in
weight oceurred..

Tr¡o reasonable erplanations may be put forward to explain these

losses in weight:

a) Further removal of sulfur as hydrogen sulfide.

b) !'orrnation of oxid.es of pratinun on heating in the electric

oven follovecl b¡¡ reduction in hydrogen.
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Explanation (a) l¡ould. seem most valid especially as yellow

specks were in evid.ence in the black resid.ue. The temperature in

the erectric oven (8oooc. ) does not seem high enough for formation

of platimrm oxid.es (16), Even if such oxÍd.es are formed., they are : ,"..
,'._.-- :-:.

volatile and one would not expect theÍr presence in the resid.ue.

Other precipita.rt" *."" examined and. only zinc was found. to be

recommend.ed (21 ). The rnethod outlined. for zinc was then used for : ;, .,, 
',,,.

' ' : ..a.,',,

standard. platinr:rn solutions. Again results were very high - probably 
i:::.r:'i

beeause of contarninatÍon by zinc

Beeause of these hÍgh resu-lts, a sêcond. platimun solution was

standard.ized spectrophotometrieally against the original standard" us-

ing all cal-Íbrated. glassvare. Also mil-l-igram sampres of platinum

from the fire assay and cupellation procedures l¡rere determined in the

salne way.

b). SpectropEotometric method..

The co]our formed. by the reaction of platinum r¡ith tin (Tr)

chlorÍde rnras used. for spectrophotometrÍc anal-ysis (2 ). After..part-

ing, the platinum resi-d.ue was ignited. and. treated vith aqua regia,

hyctroehlorie aeid and water as d.eseribed. in the previous sections.

Platim:rn solutions r,¡ere ad.d,ed to voh¡metric flasks containing

concentrated hydroehloric a.cid and. tin (ïï) chlorid.e and. the absorb-

anee measured at l+oo nm in 1 or l+ crn cerls as d-etermined. by the con-

centratlon. Optimurn reagent coneentrations l¡ere ÌO ml- concentreted.

hyd.rochloric acid. and 20 m1 tin (If) cnforide per IO0 rnl of solution.

UsÍng I cm cell-s the coneentration r,¡as linear over the range 3-23 ppm
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and. using l+ cn cel1s l-inear over the range 0.5 - I pp*. Absorb-

ances were corrected for blanks eontaining hydrochloric acid. and.

tin (II) chlorid.e. From blank measurements detection limits were

calcurated to be o.rl+ ¡s/nrI'for 1 cm cells and o.o9¡te/nr for h cmI l-
cel-Is. The precision obtainable in both cases'was t 0.1 per cent.

Standard graphs are shown in Figures Iï and ITI. Tn a1l- analyses

standard solutions were measured. r¡ith sample solutions to check the

calÍbration.

The nature of the coloured product formed in the above reaction

has been the centre of consÍderabre interest. Ayers and Meyer (22 ),

using the methods of contÍnuous variations and mole ratios, found evi-

d-ence for the formation of several complexes. Some of the reactÍons

r.rere slov, others rapid. rn aqueous solution, the principar prod.uet

was bel-ieved. to be a tetrapositive ion of formula {etsn4cr4)\+ in

¡,rhich platinum exists Ín the zero oxid.ation state.

A later study by Led.erer and. shukl-a (23) d.isagrees with the

above concl-usion, claiming the comprex is anionic in nature. using

adsorptÍon paper chromatography, they suggested that trichlorostannate

ligands (SnCI.) were coorclinated to platinum and. that zero valent plat-

im:rn was highly unIikely. support for thís has been given in corres-

pondence on the subJect (?-l+,25).

Davies et at (21+) confÍrmed the eomplex Ìras anionic by ion-exchange

and. gave evidence for the presence of þt (snCr 
r)rC;*f,z-.

Cramer et al Q>) isolated. tr¡o substances from solutions in vhich

the tin (TI) - platinum ratÍo was greater than !:1:



Figure II. Tin (II) chlorÍd.e speetrophotometric calíbratíon
curve for 0.8 - : ppm platinum using l+ cm cell-s.
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Figure ftl. Tin (rT) ehloride
curvefor3-23

spectrophotometrie calibration
ppm platinum using l- cm cell_s.
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[(cenf ), ecur]¡ *(sncrr), and [(c6H5), ecnr]reæt, (snc13)r.

(red crystalline) (yellow crystalline)

Further evidence for the eu(SnCfr)r3- 
"rrion 

comes from the work of 
,.,,,,'.,',,,,,

Pietropaola et a1 (26) who studied the reaction of PtCfL2- vith ethy

lene in the presence of SnCl-- . These authors clain no ethylene
.J

ad.sorption is deteetable at high tin-platinum ratios, at r,¡hich the j ,._.:,,:,,,,,,,,

pred.ominant species is the five coord.inated. et(sncrr)r'- , Their ."'"":j"'1"'.:'

study also shornrs that SnClr- behaves as a l¡eakcrdonor, but is a . ,.,,:.,: ,..,.,',

strong dr - dtf metal to tin bond acceptor ligand-.

Young g.!__s1(2? ) frave proposeð the possibility of eis and. trans

isomers formed. in the following stepvise manner 
l

snc12.:'- 
- :"'r. 

;

Ptclr,2- a 5nc13 
--Ð 

ftcr3(sncts)2- + cI-
4

2-
Ptc13(snclj)2- * snc13- <=:à trans - Fbc12(snctr)r'- * cl-

trans - Pbcl21srrcr3)22- 
=+ 

cis - Ptcl2(sncr3 )r'-. ;,,¡,,,,,,',,..,'
,., ' -, ,

' ;.: ::.: _: 
:r,

Lindsay et a1 (28 ) founcr evid.enee for the anÍon [Ft3sngcl2o]l+- ":"1"":"""

in acetone solution. Platinr:m is presumably in the zero valent state

rn a recent porarographic and spectrophotometric study in this 
,,,,.,,.,,,,,,, ,. i

laboratorY, Dugan (29 ) found. evj.d.ence of re<luction of platinun (fV) i':::.::'::::':

to platinun (ff) a;nd possibly platinun (O) in perchloric acíd med-

ium. At tin-platinum ratios greater than 1:1 at least two compl-exes
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l¡ere formed.. At lov and intermetliate tin to platinum ratios' one

eomplex is initially forned followed by rearrangeraent or dissociat-

ion to another complex. This nearrangement was suppressed at high 
,,.,

tin-platinum ratios (50:r). fhese results were interpreted as Ínit- :r:':i:

ia1 formation of a trans complex followed by rearrangement to the cis

isomer. At high tin-platinum ratios, this rearangement was suppressed

..,.,.,

Thus it ean be sèen that while the colour formed betveen platinum 
,,:t ,,

and tin (ïI) chloride in acid solutíon is the basis of a sensitive, i""

quantitative method of determination, the'exact nature of the system

Ís as yet not completely und.erstood.

c). Atomic absorption. 
:

The method clescribecl by Van Loon (30) was used to d.etermine 
:

platinum in silver beads obtained from the cupeÌlation process. 
i
:

Each bead, obtained. from f,ire assay of ores S\ and USBl,f 31 ' 
'

: ,i
was placed, in a 10 mJ- volumetric flask and 0.! ml concentratecl nitric 

il:::

acicl adtled. The flask r,¡as heated. by'imnersion in a beaker of hot ''1,

naterr'and. heating continued. until dissolution of the bead was complete.

C.oncentrated. hydrochlorÍc acicl (3.?5 mI) vas then added, ancl the flask

heated once more to d.issol-ve the sil-ver. The flask was allowed. to eool ,

usually overnight, and lanthanu¡n as lanthanum chlorÍd.e added so ss to

make the final concentration in the flask I per cent. The flask r¿as

made up to the mark with distilled vater, and. platinun absorbance deter-

mined. versus standards eontaining silver, 1 per cent lanthanum and.
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6 ltl hyd.rochloric acÍd. by running, closely, a lolrer concentration

stand.ard., follor¡ed by two samples and a higher concentration stand-

ard. in quick successÍon.

The bead.s obtained from fire assay of the float concentrate

llere placed in 25 ml- volumetric flasks. Solutíons lrere still made 6

'in hydrochloric acid and the final concentration of lanthanum in the

flask was still 1 per cent.

B1anks were run with each set of samples and. under the eond.i-

tions used it is possible to d.etect O.l+ gg/ml of platinum.
I

Add.ition of excess concentrated hyd.rochloric acid. serves not

only to dissolve the platinum but also to keep silver in solution.

Sil-ver is soluble because of the formation of anionic compJ-exes of
-2-?-the type AgClr-, ASCI'- . and AgC14

The following instrument settings rrere used. according to the

Perkin-Elmer ilandbook ( 3l):

hlavelength:

Lamp cunent:

Slit setting:

Fuel (Aeetylene) flor,¡
rate:

Air fl-or.¡ rate:

z6>gî

25rr'Ã

\

3.8 titres / minute.

2)+ l-itres / ninute.

Burner þositions and. aspiration rate were adjusted for optimurn

absorbanee each tirne.

Preclsion obtainable using scale expansion x5 is of the order

of ! 2/0, over the concentration range !-100 ppm. The stand.ard. graph

is shor¿n is Figure-IV.



Figure IV. Atomic absorption cal-ibration curve for
0 - lOO ppm platinum (no scale expansion).
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ït is of interest to consider the interferences on platim:m,

due to the other noble metals. Van Loon (28) found platinum ab-

sorbance depressed 30 per cent by I per cent sil-ver. other studies

(32,33,31+ ) have shown interference from palladiurn, gold and. part,i-

cularly rhodium and irid.ium. All interferences due to these metals

may be removed by the addition.of I per cent lanthanum.

Gilbert (35) ¿ivid.es ehemieal interferences into two ty¡res

I) Vapour-phase interferences ineluding ionization, exeitation

and dissoeiation.

rr) condensed-phase interferenee due to the formation of an invor-

atÍle species of the analyLe

Type (If) woultt seem to be more applicabl-e in this work. Ion-

ization is not expected to any great extent in an air-acetylene f1ame,

because of'the reratively low temperature of such a fl-arne. Excitat-

ion interference is d.ue to a shift Ín population of several energy

levels in an atom. since the ground. state d.oes the absorbing in

atomic absorption, this type of interference is negligibre. rnter-

ference can also be encountered due to insufficient d.issociation of

molecules at ordinary flame temperatures. I{otter flames can be used,

but this increases chances of ionization.

. The work of van Loon et al (32 ) lends eredence to the above

assurnption concerning ty¡re (rt) i.rterferences. plots of absorbance

versus (ptt+) / @t\*)rwtrere (ttt+) is the concentration of contarainant,

showed d.istinct breaks in absorbance d.epression at (Mt+, / @t\+) = Z
..

for sod.ium and potassium and. a value of 1 for magnesium and caleium.

This suggests the formation of an invotatile species of platinum as

shown below:
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(z/n)nn+ + n;(rtcr5) e* Mz/nptcr.o + zH+

ïnterference by a cation would d.epend on the extent of the d.is-

placement and. the volatilÍty of the platinum salt formed as compared.

to H2(PtC16). In strong hydrochtoric acid. solution, alL the noble

metals form anioníc complexes. of the nobre metal-s consid.ered. Ín

this work, the least slable are rhodi,r* ( 36) and irÍdium ( 3?). Thus

it is expected. that rhod.ium wil-I cause the greatest interference follov-

ed by iri<Lium. This is borne out by the r¿ork cited. above (Se,¡l+). All

metals will cause interferenee when present in large amounts.

Lanthanum (fff) depresses platínum absorbance reachÍng a mínimum

at Í,^3+¡ , (ptl+*) = 0.7. This is possibly due to the fol-I0wing re-

action:

2La3+ * 3lz(rtcr5) i'--à ¡.r(rtcr5), +

Increasing concentrations of l-anthanum release

ing to enchancement of absorbance.

The suggestion was also mad.e that oxides of platinuta may be pre-

sent in the fl-ame. Lanthanum could. prevent Ínterference from such

species by one of the following reactions:

hl,a(s) + gor(e)

La(e) + prxo2

Hotter flames may arso be used. to red.uce condensed-phase inter-

ferences. Van Loon et al- ( 38) stuaied the above system in nitrous oxide-

acetylene flarnes and foun<l interferences ïrere ind.eed remove<ì.. However,

sensitivÍty lras trovered. by a factor of l+, presumably because of ioniza-

tion effects.

2H+

more platinum lead-
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EA4ISSTON SPECTROSCOPY.

fntrocluctÍon.

Atomic emission spectra are observed. l¡hen photons are emitted ,,,,:.

by atoms in an excited. energy state. The frequencies of the lines

are characteristic of the elements present and. ean, therefo:ie, be :

utilized. in qualitative and. quantitative analysis. .: . ,,
:,::' 

:

Various energy sources may be used. to excite el-ectrons in atbms. 
;,:.,,,,,

fn emission spectroscopy eleetric arc and. spark discharges are eommon-

Iy used.. l¡ith sueh powerful exeitation sources, hígh resolution in-
strumentsarerequiredtoreso1vethecomp1exspectragenerated..The

spectra originate from excitation of outer or valeney electrons, ancl 
]

are studied in the visible and near U.V. regions.

The sample for analysis is vapourised into the excitation source ) 
:

and'.the1ightthusprod.uced.isd.ispersed.byaprismoragratingarrd.

record.ed.o usually, on a photographie plate. The intensity of an emit-

ted'tinedependsonthenumberofexeited.atomsand.heneetheeoncent-

ration of the particutar element in the sanple 
l';r.''.''

: ., r., ,,.

Many spectrographic method.s have been énpIoyed. for the d.eterrnin- ',,',',: ,'

ation of platinum. sampres have been in the forrn of sirver bead.s 139r1+o);

leacl buttons from arrested. eupellations ( \t )+2) ; and as solutions ( \S,l+l+ ) .

fnitiaL studíes were perfor:med. rrith silver beads. ït was thought '",'.,

that since no parting or dissolution of the bead.s r{as necessary, arc- 
:: ;: '

Íng of the beads vould provide the simplest and most convenient method

for platinum d.eternination.
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Ar c i ne -of__¿i f ver_b eads_.

Silver beads r,reÍghing approximately 20 mg and containing O (U1ank),

10, 20, hO and. 60l'lg of platinum were prepared by eupellation as d.escribed

in a previous section. These bead.s were placed. in standard. 3/16" cupped

graphite el-ectrod.es and 6 mg líthium fluoride acld-ed. as a buffer to pre-

vent bead ejection auring arcing. The bead.s were excited by means of an

uninterrupted. d.c. arc (il.5n), in an ar€çon-oxygen atmosphere, fo11oved"

by three photographic exposures. The first exposure was completed at

l2O second.s, the second exposure conpleted when the intense silver col-or-

ation of the arc began to decrease and the thÍrd terminated when the arc

characteristics ind.icated that eomplete vol-ati.lization of the electrodes

eontents had been aehieved.'Total exposure time was approximately 2\O sec-

onds. Exploratory results shor¡ed a linear rel-ationship betrveen concent-

ration of platimrn and intensity of spectral line (SO6U.T1l), when pì-otted.

on log-Iog eoordinates.

A1l- beads to be used. in firther emission spectrographic work wereo

therefore prepared. containinS 20 mg silver. Standard. beads tirere ptepared

by cupellation, and. synthetic fire assay beads and. ore beads prepared. by

fire assaying with flux A as descríbed previously. Ores designated float

concentrate and USBM 31 lrere roasted. at TOOoC for one hour before fire
assaying. Ore weights l¡ere sueh that betl¡een 2O-5Of e of platinum were

taken

' Arcing of these beads failed to reproduced the linear rel-ationship

found in earlier l¡ork. fndeed, in some instances, no platinum was found.

at all. Close examination of the bead.s during arcing shoved that after
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all the silver had vorâti!-ized., pratinum was left on the electrod.e in

the for^n of a "leaf". This leaf either burnt to compretion on the

electrod.e' orwas eJeeted at rand.om intervals eausing erratic resuÌts.

copper powd.er was add.ed. to the erectrod.es to try to prevent eJection

of the pratinum. copper eLectrodes have successfurly been used for

arcing silver beads (ll5). However, copper fail-ed to overcome the

problem, eJection still taking place after the volatil-ization of cop-

per. Red.uction of the arc current to JA also proved. unsuceessful. ft
nor¡ appears that early suecess with this rnethod was purely fortuitous

and. this line of work r,¡as d.iseontinued..

Beacls vere then dissolved and. applied. to the electrod.es as so1-

utions. SynthetÍc fire assay beads and. ore bead.s verre placed in 25 nI
voli¡metric flasks and 0.5: ml concentrated. nitric acid. ad.d.ect to d.issolve

the silver. Two rnillilitres of concentrated hydrochloric acicl was

then added to dissolve thg platinum. Fl-ashs were gently heated to en-

courage d.issolution. I{hen coor frasks were mad-e up to the mark vith
concentrated hydroehlorie acid, and. allowed to stand. for severalhours.

This ensures eomplete d.Íssolution of the sil-ver. Stand.ard solutions

l'¡ere macle by pipetting microlitre quantities of stock platinr:m and. sil:
ver solutions into 2, nr flasks 

"rru 
u.uuirrg nitric acid. and. hydrochloric

acid as above. These solutÍons contained. O, 10, ZO, l+0 and. dO ye plat

inum and' 20 mg silver. A calibration was attempted by running each stand-

ard. in triplicate. 200¡ f of solution was placed on each electrod.e in
20Yr alíquots, after first we.terproofing the eteetrod.e with l+oy1 of a

1% solution of polystyrene in benzene. fhe aliquots rdere evaporated onto

the electrod.e, by plaeing the electrod.e und.er a heat ramp. A fÍnal

r.:-:
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20yL of polystJ¡r.ene sol-ution was applied Just before arcing. The

eleetrod.e r,ras then mounted against a conieally tipped. graphite elec-

trode and. arced. at 11.54 in an argon-orygen atmosphere, using an anaJ-y-

tical gap of l+ mn. A l+5 seeond pre-burn followed. by a 35 second. expo-

sure nas used.. Resul-ts were very erratÍc, especially at lov load.ings

of pratinum (Bo nB and t60 ng). preeísion at these revels *^"! 5o%.

Platinum 2659.1+5 ana 306)¡.Tf i fi.nes r¡ere used.. ïnternal standardÍ-

zation was not attempted. Most of the elements considered. vere vol--

atil-Ízed'before platinum during the pre-burn. Those that were desir- :

able - the noble metals - Irere eonsidered. unsuitable. because of their
presence in ore ser.nFles. This r,¡as not consid.ered. critical since the

arc burned very quietly and. steaclily with minimum wandering and. r,ras

constantly foeussed on the slit.

Because of the lack of suceess with a d.c. arc, it was deeided. 
.

to utilize ühe method of Haffty and Riley (h3) an¿ use an Ígnited a.c.

arc to excite the platimrm.

Ig@ platinum so-lutions .

The same solutions prepared above were used., except that l+ofI

of, a 1'000 ppm molybdenum solution was added to each flask. Molybd.enurn

serves as ¿ün internal standard. Instrumental- cond.itions are given in
lable i.

stand.ard. soLutions T{ere run in triplicate by adding 200¡1 in

50 ¡1 aliquots to the ftat end of the electrod.es. Erectrod.es were
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Table X: fnstrument,al conditions forjgr:e¿_q.c_r__-erg.:

Þccitation source - igniteti a.c. arc. PrÍmary power source - fuIl

wave rectified. 230V, 6OHz power supply - initiated. by a high-volt-

age condensed spark synchronized to initiate eaeh half cyele.

Rad.io frequency cumgnt:

Capacitance:

fnductance:

Primary resistance:

Secondary resistance:

Discharge voltage:

Current, radio frequency:

Slitvidth:

Analybical gap:

Transmission:

Exposure:

-Emulsr-on:

El-ectrod.es:

2.0 A

0.0025 f/.r.
15 PH (resídual).

16 tz.

o. 5 JL.

15,000v.

7.5 A

)+o f,

3nn.

Steps 3 & 6 of a 7 step filtu".(")

20 seconds.

Kodak SA-l-

Anode - ASTM B (rtat en¿)

Cathode' - ASTM 5 (flat ena)

(a) Neutral filter vÍth bancts of d.Íffering t,ransmittance placed at

the slit of the spectrograph. It r.¡as prepared. at A.E.C.L.,

Pínanra, Manitoba from thin aluminum sheet and. painted bl-ack.

Transmission of step 3 is \O .T% anð, for step 6 - tt.Z%.
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waterproofed and aliquots evaporated. under a heat lamp as already

described.. Residues l¡ere excited. by an ignited- a.c. arc for twenty

second.s. Photographic plates were calibrated r^rith an iron spectrum, 
,, 

,

excited. by a d.c. arc at JA for eight seconds.using a slit vidth of ::,,,.'"'',

2011. rntensities of spectral lines were measured. using a non-re-
I

cording d.ensitometer. Calibration plots of concentration versus inten-

sity ratios of Pt 2659.1t5'/ Mo 2816.15 and pt 3061+ .TL / ¡;1o e$r6.f6 ;.:,.;,.,

gave straíght lÍneso when plottecl on log-1og coord.inates. precisj.on '' ' '

i,'.,.',,;
was much improved usÍng the pt 26j9.\, / wo 2816.15 ratio :i;:::

Synthetic fÍre assay solutÍons and. ore solutions were run ancl re-

sults rüere very 1ow when compared. to the stand.ard graph. However, 
:

when eupellation beads were dissolved ancl used as standards, results i

;

ind.icated. quantitative recovery, as shom in Table XI and. XII. It r¡as
l

-.ifound that accuraey and. preeision were much Íraproved. using the pt 306l+.?r / ,

Uo e8f6.f5 intensity ratio. ThÍs is in contrast to the previous stand- 
i

ards. Several plates r¿ere used to accomodate atl- sanples, and eupe1l, i

lation standard-s rüere run on each plate to check the calibration. Each 
,,..;,.,,¡plate vas d.eveloped. by the proced.ure recommend.ed. by Kodak, an¿ develop- ," ',"":'

ing solutiong vere changed onee weekly. ::;':.-::

Conclusion

ft is surprising that so mueh trouble was experieneed using a d..c. .: ::-',i
i' . ir:1-: ì

arc on silver beads after a report successfully accomplishing the same

(S9). However, other workers have had. the problem of bead. eJeetion r¡hen

arcíng on graphite electrod.es. Sim (l+5) overcame the problem by using

copper eleetrodes. AÌthough these electrodes seem best for arcing silver ,,,,,__,

::'r.',.''^
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fgnite4 a.c. arc of syJthetic fire assay sa¡rples.

Platinun add.ed
( ve)

16.1

lf

.il.

'il

2h.].

lt

il

il

32.2

ll

ll

hB.3

.il

t? '

It

Platinr¡m recovered.( ue)

17. r

17.1

16.0

1l+.1+

2I+.5

20.0

20.0

2l+.0

\o.o x

31. 3

31. 3

\6. o

l+9. o

l+9. o

I+6. j

Average fecovery.

t6.z t 2.o fE (roo.6 t tz.t+/")

22.L ! 3.9rc (gl,l t ú..2/")

31.3fc Gt.z%)

)+1.6 + z.6ye ßa.ø ! j.\f,)

* value reJected on statistical ground.s.

t V"Ir."" quoted. at the 95{," confid.ence l-eveI.
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beads, they were not used. for this vork. Whitehead. and Head.y (l+6 )

used l-0 mg rhodium powd.er as a buffer to prevent bead eJection. It

r'¡as felt that a platinum metal would likely be contaminated with plat-

inurn and. the presence of only 0.0001 per cent platinurn would be d.etect-

ed. Thus, it was not considered good. practiee to use another platinum

metal in the d.etermÍnatíon of platinun.

Poor resul-ts obtained for solutÍons using a d..c. are may be due to

the small amount of sarnpre beíng ad.d.ed. to the eleetrod.e cf. 8o ng. This

is close to the deteetÍon lirnit. If results had not inítialIy been so

fortuituous, smaller bead. weights would. have been useä, and. small-er d.il-

utions utÍlized. Thus, more platÍmrm would. have been ad.detl to the elect-

rode with a probable increase in preeision.

No explanation can be forwarded. to explaín vhy cupelJ-ation stand.-

arils vere necessary using an ignÍted. a.c. are. Resu]-ts using synthetic

stand.ard.s were approximately 30-50 per cent ]ow. rt is inconceívabl-e

that such losses will oecur for platinum in al1 sarnples in the cupeila-

ti.on or fire assay proced.ure.

The precision obtained at Bo ng (tr3 ne) agrees wett with that ob-

tained in another st,udy (ttO ng ) at 79 ng (t+l+ ).
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X RAY FLUORESCENCE SPECTROMETRY.

Introduetion.

ÏIhen high voltage eleetrons impinge on a target they are re-

tarded and quickly lose energy. The energy these electrons lose is

radiated in a spectrum that ranges from the x-ray region into the in-

fra-red and is generally referred to as a "continuuiil'. If th; voltage

across the x-ray tube is raisetl to a critieal leveI, whÍch is a func-

tion of the targetn sharp peaks are superimposed. on the t'continuün".

For a given target these spectra occur at the sane w'avelength and so

are referred to as "characteristic line" spectra.

Characteristic rad.iation arises from the energy transference Ín-

volved. in the arrangement of orbítal eleetrons of the target element

following eJections of one or more electrons in the excitation pro-

cess. Line spectra are named. accord.ing to the transitions involved..

Thus, if an electron moves into an enpty K shell the charaeteristic

radiation emitted is designated. Koc r K p etc depending on whether the

electron originated. from the L or M etc sheIl. The relative sinplicity

of characteristíe x-ray spectra is ex¡rlained by the limited numbers of

energy leveIs in the atom, the fact that certain electron transitíons

are prohibited. and. that for those that are possibÌe different probab-

ilities exist.

The characteristic x-ray speetrum of an el-ement can also be ex-

eited by x-rays, if this primary x-radiation is suffi-ciently energetic

to ionf.åe'an inner shel-I. This is knol¡n as "secondary exeitation".

i: ;.::i iÌ:.i1r.i:;.1-.i,:
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secondary excitation is also knovn as fluorescent x-ray spectrography.

fn quantitative analysis the intensity of the "charaeteristic

linet' is related to the concentration of the element. 
,,,,,,,,

Commonly secondary x-radiation is scattered. from the crystal sur- ;'i'; i.:i

face and by suitable collimation and sel-ectíon of Bragg angle of reflec-
tion, the radiation is analysed. Ínto its component wavelengths. The

number of photons seattered. at eaeh Bragg angle is registerecl by a ,;,,,,,',.

tt: 
'

Geiger counter or proportional eounter

rn more recent years soIid.-state d.etectors have been used. to clis-

tinguish and. measure índivid.ual lines by means of energy d.iscrimination 
:

(47,\8). These solid-state d.etectors are prepared by doping impuritie" 
I

suchasphosphorusorboronintootherwisepuresi1Íconorgermanium
l

crystats. Impurities that add electrons such as phosphorus are te:med. 
I

id'onors; impurities that create t'holes" such as boron are.termed acceptors. 
i

.An n-ty¡re material contains free electrons for conduetion whereas a p- 
.

ty¡re has an abund.ance of hores. The Joining together of n-ty¡le and p- :

type crystals produces a p-n Jr:nction. Appli'cation of reverse bias to 
,_, ,,,1 

..;.

this p-n erystal creates a ctepletion zone r+ithÍn the erystal which is .."

practicalÌy free of nobile charge. fonizíng rad.iation on entering the ,'",,'',',

d.epletion zone creates electron-hole pairs, vhich prod.uce pulses of
electric current. Pulse height analysis al-rows the sorbing of the

energy pulses into d.ifferent channels for counting. Pulses are direct- j.:r::: :':1

, i:::;,: r,.r:, ,:.

1y proportional to the energy of the ineiclent x-ray photon

Lithiun differs from the usual doping agents in that rithir¡m

atoms occupy interstitial sites and not substitutionar sites. For
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this reason the diffusion coefficient in líthiun drifted. silieon is
greater by a factor of approximately 107. Solid.-state d.etectors offer

the advantage that all x-rays from elements ín a speeimen may be counted

sJmuttanèously

Several examples are d.ocumented d.emonstrating the applicability

of usíng x-rays ror thå d.etermination of platinr.un in ores and mattes.

Strasheim and Ìfybenea(hg) d.etermined platinum, gold and. írid.ir¡rn

in matte solutions by a eorrectíon method and. an internal stanciard met: 
.

hocl. The results obtained. agreed. well rn¡ith one another and. also r,rith

atomic absorption and. chemical values, although the l-atter vere not

d.eseribed.

Russell et al (50) ¿eterrnined. nobre metals in nicker sulfid.e-

buttons, ion-exchange resins and. matte-reach resÍdues by x-ray analy-

sis. Floatation coneentrates and nÍckel sulfide mattes were analysed

for noble metals by eoncentration in nickel- sulfi<i.e buttons. Results

lrere compared. with standards. prepared. by add.ing solutions of the noble

metals to pure nickel sul-fÍd.e', the mixture then dried., homogenÍsetl

and. peIleted. Resul-ts for platinum and. patJ-ad.ium vere satifactory

when compared. rrith atomic absorption analysis. Matrix effects r¡ere

found. to be insignifÍcant.

rn the analysis of ion:-exchange resins and. solutions of matte-

l-each residues, matríces were found to vary significantly so that net

peak intensities could. not be related. to concentration. To overcome

this, internal standard.ization l¡as utÍJ_izedr mereury being used. as an

internal standard for pratinurn. rn both cases, synthetic stand.ard.s
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were prepared. as identical as possibl-e to sa:nples. The proced.ures are

capable of a high d.egree of aecuracy and precision

Bapat ( 5r) ¿escribed a method. for the sÍmultaneous d.etermina- 
: .,.

tÍon of platinum and pallaclium, by isorating the metals on an anion- i' 
,

exchan8e resin-1oad.ed. paper d.isc. rn thís way, mierogran q.uantities

of platinurn and. pallad.ium could be d.etermined in the presenee of mílli-
i.t :

gran quantities of base nãtals. The method sas extended to a niekel '¡,'"',,:'

.a :.

matte, and. results obtained. agreed. well with spectrophotometric analy- ' .,:
j:.::.::'

sis.

To cletermine platinum in ores, Losev (!2) dissotved the silver
assay bead in dil-ute nitric aeid, ad.d.ed tantalum as a comparison ele-
ment, evaporated. the sorution, ignited the residue and then ground. it.

i

The anarybical l-Ínes used vere platinum Lo<¡, and tantalurn Lpt and 
i

LP, . For concentrations of platinr:m ress than 0.5 per cent, the i

ibead. was first treated rrith ctiluts surfurie acid to d.issorve the i

l

silver. The error quoted. r¡as 3-l+ per cent. 
i

chow (6) developed. a proeed.ure for the determination of gold in sÍl- 
;.,,,,,,
l.-::-.:: ::ver assay bead.s. Bead.s were flattened. and. a constant area exposed. to .,.i ,,,

the x-ray bearn. Although results were very promising for synthetic ""'':"':'

sa;nples ' ore sa^rtples were not analysed. Other noble metals were found.

not to interfere.

' ft is hoped. to extend. Chor^¡t s method. to the analysís of platinr:n

in synthetic silver assay bead.s and if successfu.l- to further extend.

the method. to ore samples
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Experimental.

- Tube: Molybclenum

Voltage: l+O tçv

Fil-ament: 20 nA

Detector: Kevex Si(ti) vith an active area of
30mm2 and. resolutÍon of l-95ev fuII
Ìri¿ith at half maximurn (FI4IIM) at j.9 Kev.

Counting
Time: I minutes.

' x-rays from the rnorybd.enum tube are filtered. so as to be large-

Iy monoehromatie, collimated. anti allor¡ed to fall on the sarnple to be

analysecl. The si(u) aeteetor is placed Ímmed.iately below the sample

out of the path of the main beam. The d.etector is operated. at liquid
nitrogen temperatures. The d.etector output signals are amplified. an¿

shaped. for sorting by a 102h channel pulse height analyser. The mem-

ory of the purse height analyser may be continuously nonitored. by a

d.isplay oscilloscope allowing the entire range to be inspected. at a

single glance. The data are recorded in ctigital form as a telet¡le
reaclout of the memory.

{-ray fluorg s e enc e_o f st and?rd s i 1ver -p_IjLtjrlum b e ads .

silver beads weighing approximatery rr mg ancl containine 0.2-\
per cerit platinr.rm were prepared ín triplicate by cupellation of lead

boats as described previously. Blanks were also includ.ed. Both platinr:n
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and silver Ì¡ere ad.ded. as solutions. The heni-spherical beads so pre-

pared. l¡ere flattened betl¡een tl¡o steel blocks in ord.er to present as

large a surface area as possible to the x-ray bearn. This was accomp-

lished in two stages. Aftér cupellation any adhering cupel rnaterial

was carefully scraped. away with a spatula and. the beads flattened to

approximately 0.5 mm. The beads were then annealed by heating in a

porcelain crucible at red heat for 2 to 3 minutes and finally flatt-

ened. to a pressure of 10 tons with a hyd.raulie press.. Annealing pre-

vented. the beads fron splÍttiqg or cracking. Bead. thickness was con- '

stant at 0.1-O - 0.12 nm. Diameters of beads varied. from 3.70 - )+.lO nm.

The bead.s 'were mounted on nylar foil of L>O y g cm-Z thickness

stretched. over'an aluninrun foil ancl held in position by vacuu:ir grease.

The hold.er lras placed in the speeimen chanber which was then evaeuateil.

The.sample mad.e a \5o angle to the x-ray beam. fnitial-ly tube voltage

and. tube cument were varied and l+OKv and. 2OnA found. to give the best

peak to baekground. ratio. Each bead. vas eounted. for B minutes. ThÍs

was long enough to obtaÍn 10% counting statÍstics for 0.IB% platÍnu¡n.

Fígure V shows the spectrum obtained. from a bead. containine 1O0fg. platinun.

Only channehs 256 - T68 are shown. Resolutions calculated. for 9.1+l+

fev (PtLo<¡ peak) and l-1.0? fev (ptt pr peak) are 330ev and. 365ev, resp-

ectively. Thus ít is not possible to resolve Lo(r, and Lo<¿peaks nor Lpl

and Lpapeaks (ta¡te XIII).However, Ptlo<and. PbLp peaks are easily

resolved.. Sinrilar ealculations showthat Ko<¡ : and Ko<¿peaks of sil-ver

will appear as a single Kocpeak. This is al-so the ease with the K p
I

l-ine. AgK-< and. AeKp peaks are easily resolved.



FÍgure V. X-ray fl-uoreseence
contai.ning 100 HgI

spectn:rn
platinum.

of a silver bead
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A calibratÍon curve r.ras d.ral¡n of percentage platinum against

ptxc<./lero( intensity ratio using the method of t-east squares. (Rppen-.

d.ix A). This is shom in Figure vr. The concentratÍon of platinum

in the sil-ver beads l¡as ealculated. from the pÌatimrm add.ed and the

weight of the bead after cupellation. fntensÍty ratio l¡as chosen as

this ratio is indepurr¿urrt of instrurnental errors such as salrple size,

sample position and. x-ray tube current.

Blanks contributed. a constant 10 counts / B minutes at the ptl,o<

1ine, and. hence all platinum intensities rlrere corrected by this amount.

This correction made very l-ittle d.ifference at high platim:m intensities,
but rvas significant at low eount rates. lüo correction lras applie¿ to

the AgKe( l-ine. The results for stand,ard bead.s are shol¡.n in Table XfV.

The method. was tested. usíng synthetic fire assay samples prepared

by salting flux A. Recoveries are listed in Tabl-e XV. As rras the ease

r¿ith stand.ard.s, bead. thiekness r¿as constant at 0.10 - 0.12 nm. Bead

diameters varied from 3.1+O - 3.90 nun.

I{onogeneit,L_of beads .

To obtain quantitative results using an intensity ratio nethod, it
is essential that platinum is uniformly d.istributed throughout the silver
matrÍx. To test this uniform distribution two bead.s, one at 1ow concent-

ration and. one at high concentration, vere chosen at random, and both

sides of the bead.s counted five tines for the.same length of time, Re-

sults are shorrn in Table xvr. Applieation of the student "t" test for
signifieanee at the 95 per eent confidence level shows that the averages

for eaeh bead are statÍsticaIly the sarne (Appenctix B). This indicates

eomplete bead homogeneity and justifies the use of íntensity ratios



Figure VI. X-ray
bead.s

fluorescence calibration curve for silver
containine O.18 - l+.2% platfnum.
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Table XVI: Ilomogeneity of sil_ver-pl-atínum bead.s.

Sample: 50 .2 uEPt,

Side A Sid.e B

Pt As pt /Ae Pt Ae pt,/Ae

2r5 5T)+9 o. o)+\4

268 ,679 o.o\72

269 j8T9 o. o)+58

269 6os6 o. oU+6.

268 6rhr o. ot+36

Average ratio Side A: O.Ol+5l.tO.OOU

Side B: O.OU+TrO.OO2O

Sanp]-e: l+80.3 uEPt

Side A

Pt Ae ptlAs

19U+ \foS o.l+131+

2o4l+ 5226 0. 3911

2I2T jo68 o.l+tgT

20To SoBT o. )+o6g

2I\2 5o't+g o.I+zl+z

Average ratio Side A: O.\ttltO.0160

Side B: 0.395110.0119

Side A: Top side of bead

Sid.e B: Side in contact with cupe1.

263 jT jz o. o)+57

257 6018 o.o\zT

281 6o6z o. 0l+6\

260 6ot6 o. o)+32

272 6oro o.o\5s

Side B

Pt Ae ptlAg

l.896 )46\T o. ¡*o'o 
j

196+ \gol O.l+oo2

r95l+ 5ol+\ o.3BT\ :: :' 
t t t''::it:

1955 5089 o.3B\2 ,,:,-,,,,,,.,

196T . \glo 0.3958 r':.',¡",'1:",,'-''"
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Inter-element effects.

rt is neceèsary to d.etermine the infruence of iridium, go1d,

rhod.ium and. palladium on the platinvm / sil-ver intensity ratio,
since these metals are present with platimrm in most platínum bear-

ing ores. Figure VII compares the positions of La<and Lß peaks
l*

obtained. by individually. eounting evaporated. platÍnum and gold solu-

tions and. irídium powder. Different amounts of each metat and d.iff-
erent count times r,¡ere used. Platinum, gold and. Írid.ium have sÍmilar

excitation efficíeneies and. hence equal amounts of each metal- would

be expected. to give peaks of equar intensity. rf this was the case,

analysis would be impossible since the L peaks of each metal woul¿ be

unresorved. However, analysis of platinum in present oïes shourd. be

possible because of the Ìarge exeess of platinum comparec{ to iridiu¡i
and gold. To test this hypothesis, silver beads containÍng looFg

platinum, SoPg pa11ad.ium, rofg rhod.irrm, rOf g go1d, and 2f c irid-
Lr¡n Ìrere prepared. by salting l_ead. boats and cupelling as described.

previously. These numbers represent maximr¡m val-ues of each metal in
the ptr-atinum ores analysed. The beads r¡ere counted. in the usual

manner and compared r¡ith standard. loofg platinum beads. These re-

sults are shom in Table XVII. Comparison of absorption eoeffieients
(e) in¿icate no interference from the other noble metals.

rrid.ium and- rhod.ium are not fully soluble in morten silver, and

hence are not uniformly d.istributed throughout the beads, but appear

as black speeks on thê surface. Both sid.es of the beads containing

these metars 'were counted, to d.etermine if this had any effect on the



Figure Vff. Comparison of Lo¿and. Lp peak positions
for go1d, platinum and.'iridium.
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platinum'/ silver ratÍo. Results appear in parentheses in Table xvrï.
Similarly, it was shown that pallad.ium and. rhodir:m Ko<lines d.o

not interfere l¡ith the AgKo<line. This was expected because of the
vast difference in the amounts of the elements present..

. Thus, it has been'd.emonstrated that by taking Ftï,ocand AgKoc peak

heights, interîerence from the ot,her noble metals is insignificant.

Analysis of ores.

ores l¡ere sampled and fire assayed with flux A as descrÍbed. in
previous sections. The float concentrate and. ore USBM 31 l¡ere roast_
ed for one hour at Toooc before fi*e assaying. cupellation bead.s vere

prepared., flattenedl and counted. in the usual Ìray. The resul-ts of the
ore analysis are shown in Table xvrrr. The weights taken of the ores
designated' sl+ and' usHd 31 çere such that a ¡ninimr¡m ot l+0¡rg platinum

I
tras 'determíned. r-z g of the froat concentrate was taken.

"q9""f""i""-,_

x-ray fluoreseence has been shown to be quantitative for platÍnum
in the range studied'. Aeeeptable resu-l-ts were obtained for ore sl+ and

the fl-oat concentrate. However, high results r.¡ere obtained. for ore
usBrf 3f' as comparecl to previous analyses. Bead homogeneity was test_
ed by counting the opposíte side of each bead. The resurt of this
analysis was 6.36 t o.6o ppm. This r¡ould seem to indicate homogeneity.

)3;3i
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Bead.s l¡ere al-so exarnined for l-ead.. Lead peaks appear to the short

wavelength side of platinum, and hence may excite the ptatinum peaks

causing enhancement of the platinum - silver ratio. lio evidence of
lead r'ras found. Al-so from experience with bead.s coritaining lead, mgïe

is usual-ly present on the surface attached to the cupel, ancl so en-

hancement should. be much higher on one side of the bead than on the

other. This Ís not the case. Thus no satisfactory explanation can

be given for the high results.

'' :..'''|'.:-
'' .t:'.::;:

,,rai'
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FI4,METESS AToMTC ABSORPTION.

fntrod.uctÍon.

The theory and practice of atomic absorption is l¡eIr esta-

brished ( ¡s). ltrtren light of a characteristic frequency is passed

through an atomic vapour eontaining neutral atoms in the ground.

state' energy is absorbed., provid.ed. the atoms resonate at the ehar-

acterÍstic frequency. Atoms are excited to a higher energy teveì,
but quíekly return to the ground state, re-emitting energy at the :

sa.ne frequency. Irleutral atoms are usually prod.uced by nebulizing

aqueous or organic sol-utions into a flame. Flames, holcever, suffer
from several disad.vantages. NebulÍzatÍon efficiency is only approx-

imately I|?i, for aqueous solutions, and. atomization efficiency in the

flame is extremely Iow. It is also difficul-t to maintaÍn exaet con-

trol over the chemical environment experienced by an analyte Ín the

flame. A revíew by Kirkbright (:l+) r-ists the advantages and dis-
ad.vantages of using flames for analybical rvork

some of the disactvantages of using flames may be removed. by us-
ing non-flame cerls, The chenical environment of " ,rorr-fïa¡ne eell
can be controll-ed by the use of an inert gas. Also the densíty of
the atomic cloud. is expected to be greater in the non-flame eerl,
since sampres are not d.iluted. by gases, burner d.esign and rate of
passage through the flame.

Non-flame d.eviees for atom prod.uctÍon,incl-ucle graptrite furn-
, aees' siliea rods, graphite and tantal-um filalients, cathode-sputtering

{
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cells, d.c. areso r.f. and. microuave plasmas and lasers. A compre-

hensive List of these flaneless d.evices is given by Kirkbright ( :l+).

The most popular d.evices used. tod.ay appear to be carbon rod.s and ear-

bon tubes. these d.evices can attain temperatures as high "" 3ooooc

in a matter of second.s.. Heating may be done in cycles. During the

drying cycle, the temperature ís raised to the boiling point of the

solvent.. The dried. sample is then.ashed. d.uring the charríng eyc]-e.

Thís removes any voratile components sueh as organies or rou boiling
inorganic substanees. The sample is then atomized and the absorbance

read at the r'¡avelength of the anal¡rte being measured.. Thus selective

vol-atilization is possible, considerably redueing chemieal interfer-
ences in many cases. As a result, natrix effects are d.ifferent from

those in a fLame. only substances with boiling points equal to or

in excess of the analybe are likely to eause interference. Other sub-

stances may be removed as d.eserÍbed above.

Lrvov (s>r56 was the first to use a flameless d.evice for analyt-

ical studies. Samples, both solutions and. solids, irere plaeed. on a .,,,,,,..,.

earbon electrode. The carbon eleetrode c¡as then fitted into an elect- t"r::::
' :,, ,.'_, ,

rically heated. graphite tube a¡rd. surround.ed. by argon ga,s; The graphite ,'.'.".":'

tube vas lined. r,rith tantarr¡m foil or prrographite to prevent too rapitt

a diffusion of. atomic vapour into the warls of the tube.. rn this way,

absorute sensitivities were measured..for some 3T erements, including ,..:, .

::.'_ - -.-

noblê metal-s

Janouskova et af ( 5?) stuclied the effect of some base metals arid

, noble metals on'80 ng pratinún in a o.05 N hydroehlorie acid. medÍr:m,

using the HGA-JO graphite furnace. onl-y ruthenium in a 5 ford exeess
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and. strontir¡n in a !O fold excess were found, to interfere. Various

inorganic acid.s were tested and. only O.5N nitric acid. fo¿nd. to inter-
fere. The stud.y was extend-ed. to the d.etermination of pratinum in re- 

..:r.
forming catalysts. Good. agreement r,rith a conventional flame method. :"''i'r

vas reported..

Adriaessens and Iftroop (58) stu¿ied. optirnum cond.ítions for the 
'.':,,.:,fla¡reless atomie absorptiôn spectrometry of íridirm, platÍnum and. rhod- ;..:::1;l

ium. Ivlutual Ínterferences for binary systems in ratios up to loo:l , ,,,,,.r

; . :.:..'"i.
were not d.etected.. Ilitric aci-d. was shovn to have a moïe pronounced. . :

effect on platínum and rhod.ium absorbances than hyrtrochloric acid.. 'l

Nitrogen and. argon lrere compared. as inert gases, and- red.uced sensiti-
:vity was obtained. r,rith nitrogen. Tt r¿as also found that neither rhod.- 
i

iun nor iridir¡¡r gave signals at the platim:n l¡avelength. 
i
I

Rubeska and. Stupar ( 59) used. silica and. cerarnic absorption 
f

l

tubes for the d.etermination of the noble metals. The tubes were 
1

ieÍt,her heated. by a fÌame or placed in a furnace and. heated. electri- 
,

cally. Silver was found. to cause serious interferences on noble metal ;:::,::,
:,-t''..'Ì;.

absorbances, due to light scattering by sÍlver-sal_t particles. This j

interference vas eliminated' by heatÍng the tube in the electric furn- "l't;ii
.

ace. It l¡as stated. that t'direct determination of the noble metals

after enrichment by eupellation is thus made possible by sinply dis-
:.; t:;' ::.i::solving the silver bead.s in nÍtric aeid.." Hor"¡ever, no resul-ts r¡ere .:: r:

' i' 1;

prod.uced. to support this statement

pearton and. lrfallet (60) studied mutual interferenees of the

noble metars on a graphÍte tube in h per cent nitrie acid., and
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conclud'ed that interferenees are much more severe than those found

in fIa"mes. Platim-rm absorbance ïras depressed by ruthenÍum (lRu:1Ft

ratio), rhoclium (eOnn:lpb) and. iridiun (3Olr:Ipt). Sinilar resut-ts

t¡ere found in l+ per cent hydrochloric acid. uranium, vanadium, 1an-

thanum, copper and cadmium l¡ere tested as releasing agents to over-

come these mutual interferenees. cadmium r.ras eonsid.ered. the most

effective

Guerin (61) arso stuctied. the application of carbon rods for
the determination of the noble metals. lrlutual interference .bre?e

found. to be severe in some cases. Both rhod,ium and. ruthenium d.e-

press the pratínum absorbance by 10 per cent in a 1oo fold excess.

copper reduced the depression d.ue to rhodiun but no other releasing

effects r,¡ere found.. only copper and nickel salts r+ere tested as re-
leasing agents. uranium and vanadir¡m caused. depression of some in-
d.ivi.dual noble metals when in a 11000 ford exeess, and. so eould not

be tested as releasing agents. This Ís in marked contrast to fl-ane

teehniques. Lead in a 1ro0o. folcl excess did. not interfere vÍth the

platinun absorbance.

As clemonstrated above much work has been done on noble metals

by flaneless atomic absorption. However, most of the vork has been

coneerned with studies of optimum conditions and interferences from

varíous metals and. inorganie aeids. very few praetieal applieations

have been reported.

Bratzel et ar- (62)-d.eterrnined. gor-ti and sílver in georogieal

and metallurgical samples in the parts per billion range using a
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carbon rod. atomizer. The gold and silverwere leached from the

samples by acids, and. concentrated. into organic.phases by solvent

extraction method.s. This has the advantage of leaving potentially 
1., ,.,i,,,interfering speeies in the aqueous phase. The resurts shorred good. :.;:::'-::.:

agreement vith certified values obtaÍned by a combination fire

assay-flame atomic absorption proced.r:re.

Having established. the feasibility of using flameless atom- :'1''."' . ..,
. :. :: :. ::l:

ization. d.evices for the d.etermination of noble metals, a proeed.ure 
:..:.:-.:.

i;',r;,.,1:,i::,',:lras developed. for the deternination of platinum in .ores by a com-

bined fire assay-flameless atomic absorption rnethod..

_@aþåorption of Ptatinuq st,andardl. I 
:

ft vas antÍcipated that ore samples would. be the same a,È in pr:evious
lflarne atomic absorption r¿ork i.e.e 2 ng sil-ver bead. containing plat- 
l
,,

inum.dissolved. in 0.5 ml concentrated nitric acid. and mad.e up to

l-o nl. with 50 per cent Ïryd.rochlorie acid. The ínítiar work Ìüas un- :

dertaken with this in minct. ,,'.,,. ,'.,..
...'. ' '

Aqueous solutions of platinum were fÍred to determine the opt- ,.,' ,',',,',,'

. 
: ii:-

imum concentration range. Thís was found to be o.!'-]).O ppm for !o ¡r1
,

injections. slight curvature of the line was obtained at the higher

concentrations. rnstnrmental cond.itions are shown in Table xrx. 'Ir- _:.1.:-:, ; : .: :;
:.:::it.:-: .

Pl-atinum solutions in 50 per cent hydrochloric acid were fired.

and found to be f,.inear over the sane range. Ilouever, peak heights haci

been clepressed by approximately l0 per cent. These results were
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Tabl-e XIX: Instn¡lental cond.itions and. consid.erations
for fla,rqel-ess atomíc absolption.

Wavelength:

Slit setting:

Lamp current:

Drying time:

Charring " :

Atoniza- rr

tion :

DryÍng temperature

Charring rr.

Atomisation 'r

Recorder fullscale

Recorder response:

Water flow:

Argon florr:

Sample volume:

Chart speed:

z6sgi

t+

28 nA

\O seconds

3'

15.
100c,c

l_100c,c

26oooc (to'volts)
o

IA

1

3 litres/ minute

3-5 arbitrary setting.

5o¡r

5L nn/ mÍnute

-.:.ì.:.1,.:_.lÊ

Dryipg time and charring time ¡rere varÍed and the times listed are

consid.ered optimum

severar graphite tubes were used in thÍs r,¡ork. They had. all
-_ .-., ' t-.been used. to some exient before platinum injeetions. Before each -',i"..',

analysiso the tube was firetl. to maximum temperature for tvo to three

seconds. Platinum solutions were then inJected onto the tube. rn

all eases, consistent results were obtained. irnmediatery.

*' Footnote 'l , ,
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compared. vith the sanne solutions containing 2 ng silver peï 10 m1 of pol-

, .ution.-Figure vrrr shows the peak heights obtained frorn a 1 ppn plat-
inum solution r'rith and. vithout silver. Sil-ver depresses the p1atinum 

,,,,
absorbance by three per cent. fncreasing the silver concentratíon to :.:l

\ *e/ 10 nl ind.icated. no furt,her clepression d.ue to silver. B1anks con-

taining only silv"t ir, !O per cent hydrochloric acid. were fired. and. no

signal vas obtaÍned. at the platinum wavelength. 
,.:.,:' :.'

Calibration eurves for aqueous and. 50 per cent hydrochloric acid
i't : ;-j

solutions are shor.m in FÍgure ïx. The l-ines for the !o per cent acid. 
:: :

solutions were drawn using the least squares method.. At reast four

inJectionS\fereused.ateacheoncentration'.Peakheightswerefor¡nd.

to vary considerably from tube t,o tube, thus it Ì¡as necessary to draw 
,

calibration curves for each anaì-ysis;

Acid e{fects on pla},jlngn absorbance.- 
,

The effects of the ad.d.ition of , sulfuric and. phosphoric acid.s

on the d-etermination of platÍnrm in hyd.rochlorie acid r^¡ere studied. ,,,',,,:.;,,,:',
'. : _: . :

r..i :. :: :,.ïn a similar study on silver, Marlet and. Kelle"*"n þ3 ) found. that ,.,;;,;,,,,,

thead.ciitÍonoftheseacÍd.stonitrÍcaciciandhydroch1orieaeid.so1-

utions greatly improved. preeision for synthetic samples.

The ad-d'ition of nitric acid to a sirver bead. containing plat- :..:.:,:
. 

,t.:. .:...:: 
- :r...inum d.issol-ves all the silver and. some but not al_r of the pJ-atinurn. : '

Thís hae been confirmed. by this author in previous work on the fire
assay of pratinum. Thus, nitric acid. vas not used. as a medium for
platinum.



Fígure VIII. Effect of silver on platinr¡m determination by
flameless atomic absorption:

A. 1 ppm platÍnum ín 5}il, hyd.rochloric acid.

B. 1 ppxû platinun * silver (Z rr.e,/lO mf ) in
50% hydrochloric acirt.
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Figure rx. Flamel-ess atomic absorption caribratÍon curve for
aqueous and, 50% hydrochloric acid sol_utíons cont-
aining 0.5 - 5 ppm platinum.

Hzo - 5 m'v'
B. 50% nq - tø HNo3 - 10 ms Ãe/jo nt- - 2 m.v.
C . 5O/, HCI- - 1ø HNO3 - I0 rng Ae/jO mt - 5 m.v.

'':. :: r:::': .:.:..i.
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. Sulfuric and phosphoric acíds (tO/"v/v) vere ad.d.ed to a l+ ppT

platinun sol-ution containing silver, nitric acid and. hydrochloric

acid. as d.escribed previously. These solutions were fired. and re-
sults shown in Tab1e KX.

Each acid. reduces both peak height and preeÍsion. This is esp-

ecíal]y marked. in the case of sulfuric aeid. Peak heights lrere initi-
ally consistent at, 56 mm, 'but then becarne alternatery short 1.-5rru1)

and' then long (^z6B*t), accounting for the large coefficient of vari-
ation. Both acid's emitted very dense fumes cluring volatilisation, an¿

charring tirne had to be increased. for phosphoric acid., to a1low argon

gas to cLear the tube of these clense fu:nes

As a consequenee of these results, neither srilturic nor phos-

phoríc acid.s r¿ere added to platinum sol_utions.

Inter-element effects.

Mutual interferences betl¡een noble metals in flame and. flame

less atomic absorption have teen well documented. Several explana- ",,,,,.,, ,,,.,,:
1:;.:;.:: :::i

tions have been forward.ed. to aecount for these interferences using ,! ;,.¡.,,.;,;:,,,,
,,tt,..,',,t,".

flameless d,evices, but none ?re as yet thoroughly satisfactory.
Pearton and t'farlet (60) conclucre that mechaniear suppression is

a possible reason for'the depressant effects observed.. Guerin (6t)' : : : :'.:. :.

agreed. with this conclusion. Aggett and. l{est (61+) aecount for the ,.:, ,.,

d.epression of gord by paì-ladium as being due to vapour phase react-
ions. Enhancement effects accord.ing to Guerin (6r) may be due to the
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Table )O(: 4qili qffects on platinum absorbance.

ij.,.,,. 
.

i 

,,..,1.,

i.,".- 
"

':':.:,:,',

Peak Coefficient of ,

:Acid mediu¡T _ Height 1_ varíation (%).

.,
:

5o/, Hc:- + tø HNo" 86.1, 3., r3 ""._ ).)

50% nct + r% rrNo3 + ro/, H3PoL Br.6

5o/" Hc:- + 1ø HNo3 + ro% H2soL 5,9.3 r2.5

* Average of at least 11 measurements.

3.6
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finer crystal size of the evaporated salt, although no relevant data

has been found to confirm this.

All the interferenees listed have been observed. when the 'interfe-
rent Ís in a large excess, except for one exa:nple, that of ruthenium

on platinw (r:1 ratio). Hol¡ever, Ín the platinum ores analysed, ruth-

enir]n is either absent or occurs to a much lesser extent than platinum.

Also there is strong evidence to shor¡ that l-ossés of ruthenium are high

d.uring the cupellation proeess (f6), and. thus the effect of this metal

on platinum absorbance Ìilas not stud.ied. For simiLar reasons, osnium '

was also not stud.ied,.

solutions were prepared. as d.escribed. above contaÍnine 50yg plat-
inum, 25ygpalladium,5yg rhodium,5yg gold and 2fc iridiur. These

solutions were fired. Ín the usual way and. results eornpared, with a stand.-

ard" 50 fg nlatinum solutÍon. Fígure x shol¡s this comparison. peak 
,

heightsareid'enticatind'Íeatingnointerference.B1ankscontaining

the same conçentrations of noble metals as above but not includ.ing

pratinum l¡ere fired.. I{o signar was observed for platinum.
.', ., -,,Base metal interference rías not tested. The only base metal 
.,,',.'.'

like1y to be present in micrograrn quantities in a silver bead. from 
',,,t.t;'',,

cupellation is lead.. Lead. is more volatite than silver, and- so it is
expected. that atl the lead vould. be Vqlatilized. r¡ith sifver during the

eharring cycle ,.,,,, ,,, ,
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Figure x. Effect of noble metals on platinum determination
by flameless atomie absorption:

A. Stand.ard .jO ltg platinum solution containing
sil-ver , (2 mgl16 at ¡.

B. 20 l^e platinum solution containing silver

li;-l*.* .,^3'E*ul"ilîåîH: ¡ r" go'd,

I t-
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The method. was tested using synthetic samples prepared by

salting lead boats and. cupelling as d.escribed. previously. fn each

case 2 ng of silver 
'ras used. Each bead vas placed. in a lo nl volu-

metric flask and. dissolved. in ( M hydrochl-oric acid. in the usual

manner. samples and standard.s l¡ere then fired, such that two or

three samples were fired. Ûetl¡een each stand.ard. A standard. graph

lras clrawn using the least squares method., and. used to calculate the

recoverÍes of platinum shown in Tab1e )O(I.

The method. was then extended. to ores. lach ore was sampred

as d.escribed. in a previous section and. the float concentrate and

usBI4 31 ore roasted at TOOoc for one hour. The ores vere fired
assayed. usÍng flux A, after sarting with 2 ng silver and. the eupelled

sílver bead. treated as above. In the case of the float coneentrate,

e0 ng silver beads were prepared.. These beads were plaeed in lOo.,ml

voh:metric flasks and. ! nl concentrated nitrie aeid and 50 nl con-

centrated' hydrochlorÍc acid added. This was because I-2 g of concent-

rate was sampled. and. a large dilution was neeessary. The weights of
the other ores taken Ìrere such that the concentration of platinum in
the flasks ïrere in the r-b ppm range. As for synthetic sampres, ore

samples and. standard.s were fired. such that two or three sa.mples were

fíred. betrveen each stand.ard. The 'ore samples were chosen at randorn

for each firíng. A calibration curve was again d.rawn using the least
squares method.. Ore analyses are shown in Tabl_e )O(II.
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Table XXI: Flamel-ess atomÍc absorption of synthetic
fire assay samples

.:.:.!j j!:i¿

9.7

9,7

ro.2

10.)+

10 ,7

20,5

2L.T

Lg.g

T9,T "

¡6. o

38.2

37 .8

39 .0

38.)+

l+l+ .0

Lr. a

l+6.r

)+l .z

\8 .0

10 .110. 5 ¡s (ror .o!5 .o%)

20 . 5!I. 3 ¡s(roa .ot6 . ¡/,)

\6. 6tz. o y*Oz. 1tt+ .o/")

37. 9tr. t+ 

¡ c( 9t+ S!3.j/")

Platinum ad.d.ed. Platim:m ru"orru"ud 
(") 

Average recovery(ue). (ps).

10.0

il

il

tl

ll

20.I

r

il

il

l+0. z

. ll

ll

tt

ll

50.2

ll

It

n

J Va1ues quoted. at the 954, confid.ence level.

(a) Average of at least 3 inJections.
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Conclusion.

Results obtained. by flameress atomic absorption are in good.

agreement rtith previ.ous ar¡alyses. Because interferenees from noblé 
,,, ,...,

metals were absent, and. interference from si-lver only minirnal no .::i:'

releasing agents Ì'rere exanined. This is in contrast to flame

atomic absorption. Rhod.iun at the revel tested. caused serious d.e-

pression of the platinr:n absorbance in an air-acetylene flarne re- ':, ,'i:,,
:_ : .

quiring the use of lanthamrn as a releasing agent. The two exbremely :.::.
hÍgh results obtained for the float concentrate are perplexing, but ';1'."''r

could. possibJ-y be d.ue to light seattering by silver salt particles
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I{ET EXTRACTION.

ïntrod.uction.

hlet extraetion involves treatment of ores with reagents to ob- .,.,,.,;.,

taÍn the noble metals in an aqueous mediun. This has the ad.vantage of
converting the metals'to fonns which respond to separational technÍque

such as ion-exhange and. chromatography. The usual wet extraction pro- ,. ,i:;,,

:" :t,::'i
ced-ures are treatnent l¡ith acidso or ehlorination followed by an aeid

treatment. Ores should be gror:nd. as fine as possible to increase ease . :,',.,t'.,1

of extractÍon.

The industrial process for the dissolution of platinum involves

treatment wÍth aqua regia afber concentration of, the noble metaLs into
a nickel matte (6il.. Gold. is removed. by reduction with ferrous sulfate
follol¡ed by precipitation of platinum with armronÍum chloride. The ammon-

ium hexaehloroplatinate fomed is igníted. to obtain the impure metal.

Platínwn is refinett by d.issolution and. separation of base metals an¿

iridium, rhod.ir¡m and. pallad.Íum as hydroxid.es. by a bromate hyd.rolysis.

Platinum is again precipitated with ammonir:¡n chlorid.e, and the preeipi-
tate ignited. at 1rOOOoC to obtaÍn the pure metal.

In all wet extraction proeedures, base metal-s accompany the noble

metals into solution. Since noble metals are usually present in ores in
trace quantities, the base metals to noble metal-s ratio is very large.
Even in concentrates where the noble metal concentration has been up-

graded, the ratio is stírr quite high. As it is extremery unlikely
that accurate, precÍse results wirl be obtained. by any method. in the
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presence of such an excess of base metals, because of interference
effectsr a separation of base netals prior to noble metal deterrnÍnation
is essential- rr{ethods for such a separation incr_ude liquid-liquid ex_

traction, precipÍtation and. ion-exchange.

Havi-ng removed base metarso a sol-ution is reft contaÍning the
noblg metals. Plat,inll:n may be dete::nined in such a solutÍon ¡,¡ith or
without separation of the,other nobre metals, depend.ing on the ratios
present' Methods of sn.lysis without prior separation incrude emission
speetroscopy, x-ray fluoreseence and. atomic absorption usuarly in the
presence of releasing agents. However, on occasion, spectrophotometrÍc

or gravímetric method.s of anarysis are util-ized, depending on the plat-
ínum concentratÍon, Generally, these method.s suffer from serÍous inter-
ferences from the other nobre metals, and. hence in these cases noble
metal separation is a necessaxy pre-requisite to platinum d.etermina-

tion, separation techniques Ínelud.e precipitation, ion-exchange, chro-
matography and. solvent extraction.

rt was felt that ion-exehange removal of base metars, forlowed by.
chromatographÍc isolation of platinum would. provid.e the nost convenient
and. least time consuning method.s of separation. All_ the method.s ment_

ioned' above have been extensively reviewed by Bea.nrish ( 66 ,67 ,6g ) ,

fon-exehange removal of base metals

ron-exchange resÍns consist of a cross-linked porymer network

eontaining ionized or ionizable groups. For exchange to take place at
a reasonable speed' the ion-exchanger must have an open structure which
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ís porous on the molecular scaIe. Most anatytical l¡ork is done ¡.¡ith

ion-exchange resins based. on polystJrene. styrene is copolymerised

l¡ith ctivinylbenzene to give spherical beads that are then treated.

ehemically to introd.uce ionic groups. To make a strong acid cation
exchanger, the polymer is sulfonateil to give a structure as shorrn below:

CH2-"CH-

3H*

-CH 
CHZ-Q,. ö

so3-H+

Cross lÍnking is expressed as the proportion of

monomer mix. Commonly a cross linking of B Ber

onic aeid cation exchanger.

T¡rical reactions of a surfonated. cation exchanger are:

RzSorH + NaCl

2RzS03Na + CaCI2

---+€-- RzSO3Na + HCI

ã--+ (nzsor)rCa + 2NaCl

Rz represents the non-mobÍre part of the ion exehange resin,
strelow et al (69) *ea"ured distribution coefficients of base

metals and noble metars Ín hydrochlorÍc acid med.ia on a strong acid
ion-exchanger (Dovex 5o!ü-x8). Distribution coefficients vere very high
for the base metars, whÍlst negligibre adsorption was reported. for ptat_
Ínr:¡r (fV). fn a tater study, Ne1son et el (70) confirmed these findi.ngs,

tlivinylbenzene in the

cent is used. for a sulf-
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reporting neglÍgible ad.sorption for the noble metals in the range

O.2-9 M hydrochloric acid.

separation is possibre because base metals forn cationic eom-

plexes, whereas the nobre metals form stable anionic complexes.

gfomatograpt ic isofatl 
: ., :

trrthen discussing chromatographie or solvent extraction methods, ;,.",'i''r...

mention should be mad.e of the tri-n-butyl phosphate (tgp)/hydrochlorie 
,..,:,.,..,,,.,,.1ì-.:'

acid system, because of the ever inereasing separations of the noble

meta1sachieved.insuchasystem;ThepositioningoftheTBPand.the

method. of contact with the hydroehloric aeid. phase d.etermine whether

the process is ion-exchange chromatography or sol-vent erbraction. Dist, 
l

ribution coefficients for the chloroeomplexes of platim¡¡r (If) and (fV¡,

pallatiium (rv), iridium (rv) ana gold. (ïïr) have been d-etermined (I:t,Tz ).
Rhodium (fff) and. iritiium (fff) are not extracted into TBp.

Berg and. senn (?2) believed. tno mechanisms were possible to ex-

plain the method. of extraction. Using PL(IV) as an example, these mech- .:..'
::::l: :r:::::::.:

anisrs may be outlined as follows:
.t"'":"

(r) Extraction of an und.issociated. acid. 

::rrì:: ::

pr[+ + 6cr- €== ptcl62-
'v 

t:rt:, t'" ' ' '

ft,cu62'+ 2H+ ?--l 1l2ptcr6

+nTBP -,è HPLCI--.nTBp +HCl
(o"e) > (ore) (aq).

HrPtC16.* (aq)
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(ff) ErbractÍon of a neutral eomplex.

L+Pt-' + l+Ct- =-+ pbCl,<_ --"-4

Ptcl,*(.q)*ttut,o"*) *= Ptclh'nTBP
(o"g ¡

Mechanism (t) was preferred. beeause of the high stability of
2-Ptcr6- compared to Ftc1U, and. because variations of distribution

coefficíents with hyd.roehloric acicl eoncentratÍon refl-ected. more of
a dependence than mechanism (ff) inaicated

Bark et a1- (7S) proposed. a d.ifferent mechanism, whereby TBp so1-
vated protons ion-associated wÍth chloríde ions und.ergo ion exehange

with the metal chlorocomplex.

Evictence for both schemes outlined. above appear in the 1iterature.
Kulkarni and' sathe (?4 ) reported. exbracted speeies of Hptcl, 3TBp in h M

hyd'rochloric aeid antl Hptcl, 2TBp in 6uhydrochloric aci¿. Tuck (75)

exbracted gold (rrr) fron 2Mhyttrochlorie aeÍd as ïIAucl¡ . 3 TBp. Akaza

et al (76) assuned. the main extracted species to be II(HDO) TBp.+tætCI.-.

in 3-hMhydrochÌoric acÍd. Hor,¡ever, this assumption ap;ea:s to have 
b

been infruencect by fa.niliarity with the work of Bark et ar.
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It is knom that very strong acids such as perchloric, sulfuric
and hfd:roehlorlc are,eitr:aetêdrnainty as [n (uro)\*] [a (rsp-solvated)-]

ion paírs, whilst in moderate concentrations of acid the unionised. forru

TBP IIA is extracted (TT). Thus the mechìmism proposed. by. Berg and

. Senn r^¡ould appear to pred.ominate at lov concentrations of hydroehloric

acid, and. that nrono"uu by Bark et aI would predominate at high eon- .

centrations (>T U)t

using the TBP/hydroehloric aeid system, separations of noble

metals have been achieved. by partition ehromatography (ZB,tg): re-
versed.-phase partitÍon chromatography (Tr,T3 ,76), and solvent extraet-
ion (80).

fn the solvent extraction proced.ure, platinum and pallad.ium as

are separated from :

rhodium and' irittium in a highly acid.ic medium. Uncler these cond.Ítions i

irhodium anct iridium are not extracted, irid.irur (lv) possibly being re_ 
i

dueed. to irid.ium (rrr) by the iodide ion. The iodocomplexes of prat-
inurn and palIad-ium are presumably extracted. Ín an Íd.entieal manner to : ,

the chlorocomplexes. .t".ll't" 
'

i. : ;.:::i- -:-r 
:;

.:-:...r-.:..".:?':'

Proposed. method. of analysis

After study of the riterature it r+as decid.ed to analyse the
.t::-::,r::..:¡,

float eoneentrate and. the ores by the method.s briefly outlined below: i,'."''.":.'.''

The float eoncentrate would be treated. by aeids, gord removed on

a Porasit C eolumn coated with TBP, foLloved by removal of base metals

on a catÍon exehanger wÍth subsequent d.etermination of platinun by atomic

' -:: :.
. ¡r:... ..i .
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absorption in the presence of lanthanr:m.

'res 
S\ and USBM 3t would be treated in an identical manner to

the float eoncentrate, exeept that after passage through the eation
exehanger, platinum would. be isólated. from the other noble metals on

a TBP coated- cellulose colurnn and d.etermined spectrophotometrieally by

tin (ff) ehloride.

Acid extraction r.¡as'ehosen in preferenee to ehlorinationr since

the l-atter technique requires the use of furnaees, tubes and. eollection
vesselsr very ínconvenient t¡hen a large number of sanples is to be analy-
sed'' Acíd' extraction fequires only beakers for ore digestion an¿ less
supervision would probably be required.. T¡co method.s of acid. extraction
vere utilizeci.

A. Treatment of ores r,¡ith three 25 nI portions of hyd.rofÌuoric aeid.,

followed' by three 25 nL portions of aqua regia, forrowed by three 25 nL
portions of hydrochlorÍc acid.

B. The above method. but without any hyd.rofluorie acid treatments.

The removal of goJ-d ín the method.s outrined above requires ex-
plánatÍon. Pohrandt and steele (rg) in their study on the separation

of the noble metals usÍng a TBp eoated cellulose cor_runn, shoved. that
gold couÌd. be eluted along nith platÍnum. This was probably due to
reduction of goId. on the coh¡nn. Attempts to improve matters by the
use of oxid.ising agents faíled. since gold (rrr) interferes with the
tin (ff ) chlorid.e d.eterminatÍon of platinr¡n (2) it must be remove¿

prior to such d.etermÍnatíon. This is most convenientry d.one in o.r M.

hydrochloriq acid on a TBP coated Porasil C colu¡nn. It has been shown
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that up to 20 mg of goltL can be removed. by 1 g of such material in
the presence of base metals a¡¡ci noble metals (BI).

GoLd. uncler certain conditÍons also exhibits erratic behaviour on

cation exchange col-r¡rnns (S2). It r¿as felt by this author that such be-

haviour couJ-d. affect the recovery of platinum and. hence gold. was removed.

prior to passage through the cation exchanger. This hy¡lothesis is pure-

ly speculative and. no results are prod.uced to support it.
As lrill be d.escribed the chromatographic separation of platinum

r'¡as not quantitative in the range stud.ied. and so an alternative method

of separation was utitized.

The alternate method. vas the sol-vent extraction separation as

d.eseribed. by Fayé and. Inman (BO ). This method nas used. rrithout nodifi-
eation i.e. the separation of rhodium and irid.iun, was íncluded. Rhodium

and irid.it¡n by themselves are not soluble in aqua regia, but there is
ample evid.ence tc show that, in the presence of the other noble metals,

they are extracted. (83,81¡ ).'

rt has been shovn that gold (rrr) is exbracted in TBp. Thus it
is expeeted. that gold r¡oulil be carried. through the proeedure with plat-
Ínr¡m. Hence a príor separatÍon of gold. is al-so required using this
nethott.
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EValq¡,tion of the method. for is of float concentrate.

The proeedure used. for the deterrnination of the float coneent-

rate was evaluated using synthetie solutions containing both noble

metal-s and. base metals as their ohrorocompl-exes, A typicar sol-ution

contai-ned 2I irqn(rrr), 0.5 g eopper(rr), 0.5 I niekel(rr),2lroy8
platinum, r2oye palladiun, Bo f g gold, hoyg rhod,iurn and. hoIs iridír:n.
Platinr,ur was varied from 120 .- 2,OOO¡S ana the amounts of the other
metals r'¡ere ínereased or d.eereased. in the same ratio as platinum. Base

metal a.mounts were kept constant for all solutions

Eaeh synthetic solution prepared was diluted. to 50 nl vith 0.I l¡l

hydrochloric aeíd and. passed. through the Porasil c column at the maxi-
mum rate of the column. The solution was col-.1-ected in a \oo nt beaker,

d'il-uteti to 300 m1 r¡ith 0.1 M hyctrochloric acid and passed through the
cation exchange column at the rate of one drop per second.. The exchanger

was l¡ashed' free of noble metal-s Ìrith 150-200 ml 0.r M hydrochloric aeid.
The colourless eruate was col-Ieeted. in a 6oo nl- beaker and evaporated to
dr¡mess on a steam bath, after the addition of Zj nI coneentrated. hyd.ro-

chlorÍc aeÍd.

After evaporation 2. nl concentrated hyd.rochroric acid., 15 nl per-
ehloric acid. and 5 nl concentrated. nitric acid r,¡ere ad.ded to the beaker.x
The beakeilsras covered l¡ith a watch glass and. the mÍxture gently boiled
on a hot plate for approxinately 15 ninutes. This serves to destroy org_

anÍc matter carried. over from the catíon exchanger, and arso to remove

ruthenium and' osmium, if present, as tetroxides. After boilÍng the r¡atch
* Mention should be made of the hazard. p::esent vhen working with hot con-

. centrated perchloric acid.. Evaporation of perchloric acid shoul-d be
done in a stainless steel fume hood. having provÍsion for periodic f!-ush- '

ing with water' or vith a fi:me erad.icator over the.vessel. (-described in
G.F. Snith Chemical Co. catalog).
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glags rras removed and. the mixtr¡re slow1y evaporated. to dryness. salts
vere then boiled' rrith coneentrated. hyd.rochloric acid. to convert the
noble metals to their respective chloroeomprexes. The solution vas

evaporä'tecl to dryness ' and the treatment vith concer.rtrated hydrochloríc
aci'd' repeated tr¿ice more. Salts n¡ere finally dÍssolved in watero trans-
ferred' to a 25 ml voh.¡¡retric flask contaÍníns 5 mI'lanthanr¡a solution
and' analysed' by atomic absorption. Sarnples were compared with standard.s

prepared by ad'd'ing the sa¡ne amount of lanthanum to knoçn coneentrations
of.platinurn d'ÍIuted from a stock solution. sanrples and. standards were

run in sequence, by aspirating a lor¡er platinum standard. first, follow-
ed' by two salrples and then a higher platinum standard. Blanks were run

at each concentration of platinurn d.etermined. .However, no platinun was

detected in these br-anks. hesurts are reeord.ed. in Tabre þ(rrï.

l

t'Analysis qf float eoncentrate.

Theaboveproeed.ureruasapp1ied.tothef1oatconc.entrate.Thecon-

taking l,'.,,.,,.,,,.,,,,,.

small- portíons from each square. sarnple weights were varied from 3-T g. 
'.,, 

;.,,,,:::,,

Some salrples were placed in Nalgene beakers'ancl treated by method A, 
'r :":::'r

and some vere placed. in glass beakers and. treated by nethod. B. samples

were stirred' at frequent intervalso vhilst evaporating to d.r¡rness on a ,,,,, ,,,,,
: :: l:.: :,

stearn bath. After the last evaporation step, 25m;- of concentrated hydro_ , r-,,-',,,,.' ,,.,,'

chlorie acid. vas ad.ded. to each resid.ue followed by an equal vol-r¡me of
water, and' the solutions filtered throughÏrhatman No. h2 paper into 200nr :
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Table )Gf ff : Evaluation of wet edure for the float concentrate,

Platinum add.ed.
(se)
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lr
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It

il

tt

( ue)

l-16.8

121+.3

123.0

1_23.0

]-L2,5

L22.5

t_t_6.3

Lr6.5

I.2l+ . O

2\T.j

dß.2

255,5

23\.3

238,6

4zg. o

\6t.>

I+79.0

l+\3.3 rÊ

\ro.s

\rg. s

el+3. Btro.2 f s(tor .zt\ .z%)

)+75.rt?. o 
f{ s(98. 6tt. >%)

Pl-atinum recovered.. Average recovery

119.913 .3 ye{,99 .r!2.7%)
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Table XXIII (Cont'd).

Platinum added
( ¡re).

723.0

rl

. 
tt

r1

r!

l-,OOl+.0

It

ll

n

I.t

2,008. o

il

r

It

. tt

Platinun r:ecovered. Average recovery( fe)

708.5

7fl-, )+

6gg.a

711. )+

723.O

992,0

966,9

980,9

l- r 0Ol+ .0

gT5,g

2,Ooh.O

2ro39.2

2)o2o 
^o

2, OOI+. O

2ìO2O.O

* Values reJected. on statistical- grounds.

1 Val-ues quoted at. the 95/" eonfídence level.

Tr-0. Br1o. :¡s(9S. 3!L.\'Á)

l

983.9!r?.9 Us(gA .o!t.A%) j

I

'

tt-t.t.. ,': .'

2,OrT.2_!rT.6 HS(100.5!O.gfr)''--':..'":'.::I -" :.:.;.:::..::.:
!: .:. : ...-. ..
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beakers. Each residue was r¿ashed well with hot I I{ hydrochloric

acíd., ancl saved. for fire assaying. sorutions Ì{ere evaporated. to dry-
ness on a steam bath, and then dissolved. in 50 mr 0.1 M hyd.rochloric

acid and' subJected' to the sane treatment as described for synthetie
solutions. Prior to passage through the porasil c corunn, each soru-
tion was filtered. through l,lhatman No. \2 paper, since it was invaríabry
found that traces of residue ca¡ne th¡ough the first fitrtratÍon. These

residues were combÍned with previous resid.ues for fire assaying. Dur-

ing evaporation of the eLuates from the cation exchange col-umn, a whÍ-te '

precÍpÍtate settled. out at low voh¡me in each beaker. These precipÍtates
were filtered. off, dried, míxed thoroughly and prepared in pelÌet form

Ín a boric aciâ matrix ancl examined. by x-ray fluoreseence. ,sil-ieon was

the only element found to be present

Salts, after conversion to ehlorocomplexes r+ith concentratecl hyttro-
chloric acid, vere dissolved ín water and filtered through whatnan 5l+l
paper Ínto 25 nl vol-umetric fLasks containing lanthanum, and analyse¿ by
atomic absorption. Filtration removes al-I but traces of d.issolved. silica.

:t.;,t:.'
:ì.:t.'-::'.Results of these analysés shown in Table XXIV are low when eompare¿ , ,,.,

with previous analyses. Resid-ues were fire assayed. with flux A, takipg
into aceount the sil-ica content of the resid.ues and. the carbon eontent
of the filter pâpersr The 2 mg silver bead,s obtained. were analysed by

atomic absorption as described by the method of van Loon (30). These

resrilts are also shor,rn in Table )O(IV.

To determine if sulfur Ín the matrix r,¡as the cause of incomplete

. attack by acids, several concentrate samples were weighed. into porcelain
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Table xxrv: Determination of platinrln in.float concentrateru¡-;;¡;;;;;ti

A. AqUA REGTA

Acid extraction (ppm pt).

q'a 79.r

6E. r 
T j.g

q'a 
Ts'B

66.t+ 
TT .z

lost l_ost

B. IIF'

l-ost

86.1

Bt+. g

86.1+

BE. 6

?8.5

Aciil extraction (ppn pt). Acid extraction & fire a"s"v (ppr pt).
6z.z

66.8

6t.z

,9.6

æ.3

59.6
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dishes and roq,sted. in a furnace at roooc for one hour. These samples

were treated. r¿ith aeid.s as d.eseribed under methods A and B, and. put

through the conplete analytÍcal procedure, as in outlined. in Figure xr.
Results of these analyses are shoo,' in Tabre xxv. Residues vere again

fire assayed, and platinum d.etermined. by atonic absorption. No prat-
inum was found in resid.ues from hydrofluoric acid treatments, but small

amounts r¡¡ere found. in the.resid.ues fron the aqua regia treatment. con-

sequently method A rras the nethod. chosen for future wet extractions.
Several more samples

statement of resu]-ts

of

is

float concentrate trere analysed. and a complete

given in Table fXVfII.

A solutÍon containing 2o0fs platinum and. rooyg palradium as

their chloroeomplexes rras evaporated. to dryness, great eare being taken
not to overheat the residue, formed. The resid.ue r¡as dissorved in 2 nL

5N hyclrochloric aeid., and. with a plunger in position resting on top of
the colu:rn bed, this solution was transfemed to the cellulose column.
The beaker was washed once with 1 nl of 5N hyd.rochloric acid and. wash-

ing continued with small a¡nounts of 1:1 TBp/totuene mixbure. The pl'nger
r¿as sIowly removed' ànd the solution aIlowed. to enter the cellulose col-
umn. Elution was carried. out vith the TBp/toluene mixture at a rate
of 2 nl per minute. Effective separation of platim¡n and. paIlad.ir:m

r¡as achieved.. platim:m vas completely eluted between 30_6, , nl and.

pallad.iun betveen go-150 ¡nl. lin (rr) cr*oride was used to test ali-
quots being eluted from the column.
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Figure XI. Schematic diagram of wet
of f]oat concentrate.

procedure for analysis
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Table xxv: Determínation of pLatinr¡n in float concentrate

IIF (ppm Pt ) . AQUA REGIA (ppm pt).

80. r
82. 3

82.1+

84.6

81.9

80,2,

73.5

7l+.3

TI,T

TT.3

8e. )+

T6.r+

77 .3

7l+.1+

8o.l+
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solutions containing 2oo f s pra.tinum, 1oo pc palladiumr 20ys
rhod-iun and 20¡.rS irid.iun were evaporated to dryness, ¿issolve¿ in 2 nI

5N hydrochlorie acid. and. ad.d.ed to the cellulose col-umn as d.escrÍbed. 
:,:,::, r: :::::

above. The first 30 ml of organic eluate was d.iscarded. and the ner! ,..:::.:'.::-.:

35 nl collected. in a 50 ml grad.uated. clinder. The eontents of the

g:raduated. eylinder *u"u ,"".rsferred. to a I25 ml separatory funnel- an¿

platÍm[n extracted. by shaking with 50 mI water for 30 seeonds. The . ,'-'r':,'',:,',-,i", ,'
. .'1.: ; .: : :.1

:.:.-.:.:::.tt,

watervasthenrunoffthroughWhatman!l+1paperintoa2o0n1beaker.
,. , .,1,,-,,,,,,,,, ,&traction lras repeated twÍee mo¡e ¡rÍth 50 ml aliquots of water, and. . i,'i,:':l'::;::.

the aqueou.s extracts eombined. The combined. extracts were then evapo-

rated to dryness in the presence of a few rnÍlIilitres of eoncentrated. hydro-

chloric aeid. The resÍdue Ìras dissolved. Ín water, transferred. to a f.i.l
:25 tnt vohunetric flask containing Z.j. mL concentrated. hydrochloric i

acidand5m1tin(II)crrrorid.e.,and'p1atinumd.ete¡rnÍnedspectrophoto-j

metrical-Iy using 1 cn ce1ls. Reeovery for platinr:m at this level was i

95 per cent. l

A second solution lras passed dom the se.rne column and vhile 
,...,,.,..,:,,,.,.:.:

good' separation r+as stÍll achieved, reeovery was lower. rt was observed. ,, ,,,-,
_-.ì.:-:: : 

-::-.:: 
:l:'that the flow rate of the colurm had d.ecreased. to 1ml per minute. pass- ',,,,.'",'i".,,',','

age of a solution through the column a third. time produced similar results.
I -1JRecovery of platinum lúas again lowered and the flov rate had. d.eereased

to 0.5 mf per minute. :.: :..:.,:.,: 
'.. .,,, ,., ,,,,..,,,.,.,.,rr,,.

The above stud.ies Ìrere repeated. using solutions eontainins 2Oys .'' ' ' :

pilatlnum, 10 pg pallad.ium , 2 pg rhod.ium and. 2 ¡.rg irid.ir:m. The bestf--tcucitu
', recovery obtained. for platim:n at this level l¡as 85 per cent

,:: :.::_:t_.,:.. _.,:.:
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column i,para.rnete,rs sueh as length, flow rate, strength of aeid

and. arnount of rBP used were changed in an attempt to improve on re-
covery but with no success. consectruentlÍ, chromatographic studies

r.¡ere terminated at this point in favor of solvent extraction.
:

Reeovery of platinum at the 200 f,tg 1eveI agrees well l¡ith that

obtained. by Pohlandt and steele (Tl) using a porasil c column coated.

l,¡ith rBP. However, i-t appears that no vork has been d.one at Ior,¡er

levels of platÍnum and, so comparisons vith this r^¡ork eanngt be made.

Pohlandt et aI (79) r.port "d.ouble-band" formation for pratinuú on

prolonged- heating, after evaporation to d.ryness.. presumabry the

d.ouble band.s are d.ue to pt (rr) and pt(il). As alread¡r stated., great

care was exercised. in the evaporation step, beakers being removed. from

the steam bath just at the moment of dryness or a few moments earl-
ier. Nevert,heless, at sueh low concentrations of pÌatim:m, reduetion

of Pt(W) to Pt(II) may be possible. ïn their procedure, pohlandt et al
(79) recommendecl ad.dÍng sodium sulfite, primarily to precÍpitate gold..

It was shor¿-n that an excess of sodium sulfite d.id. not have undesirable

ef,fects and' actualÌy increased resolution for platinum and pa1lad.iun.

In another stud'y, Pohl-andt and Steele (7r) demonstrated different dist-
ribution coeffÍcients for pb (TI) and pt (fV) in a TBp/HCL system us-
ing Kel-F powder for batch extractions. In elution studies vith a TBp

coated' Porasil c corumn, !o per cent of the platinum .v¡as eluted as pt
(II) ana 10 per cent as pt (IV) un¿er oxidising conditions, in 5 N hydro_

chlorÍc acid. solution. under these conditions, complete separation of
platinum and iridium coul-d not be achieved.. Hor+ever, under reducing
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cond.itions in the presence of an excess of sod.iun sulfite, complete

separation was possÍble, platinum being eluted as pt (rr).
A solution containing 200 fe nratinum r¡¡as evaporated. to dryness

and the residue d.issol_ved in 2 nl of 5 N hydrochloríc acid.. Ten mi11i-
grams of sodium sulfite r,ras ad.d,ed., and. the solution added to the cell--
t¡'Iose column as d.escribed. above. The eluate r+as tested vith tin (ff )

chloride and as before platinum was eluted betveen 30 - 6j nt rhis
proced'ure was repeated for solutions containine zofg platinum, IOf/g ,,,,:,
palladium, , 

fg 
rhod.Íurn anð. 2 fg irid.iun. The eluate portion contain-

ing pratinum vas treated as described. above and platinum l¡as d.etermined.. 
.

dpectrophotometricalJ_y with tin (II) chloride using l+ cm ce1ls. Of

four solutions tested. recovery varied from 6T - ll+O per cent. Thus,

results obtained were far morè erratic in the presence of sod.iun sulf-
ite than in Íts absence, ancl formation of t'd.ouble-band,s" d.oes not appear .

to be responsible for low recovery of pratÍnurn at the zo $g lever.
I

AnalysÍs of ores.

As before the method used for anatysis of ores ,vg,ç.evaluated..

using synthetÍc solutions eontaíning base metals and noble metals.
rnitially, hollever, the solvent extraction proced.ure Ìras evaruated

usingç a solution eontaining only platinum, parradium, rhod.ium and.

íriêiurn. Pl-atinurn r¡as varíed from 20 - rzo¡rg and the ratios of the
I

other noble metaÌs were the same as described for the float coneent_

rate.
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T.

A sanple solution containing the noble metals as theÍr ehloro-

complexes was evaporated to dryness on a steam bath. Salts were d.is-
solved. in l-0 r¡l- of 6 M trydroeh]oric aeid and transferred to a 60 mt

separatory: funnel with an addÍtional 10 ml of acid. The solution r¿as

shaken with 5 ml of an aqueous l+ per cent (v/v) solution of sod.ium

iodide and the mixture allowed to stand for at least I0 ninutes. plat-
inun and palIadÍum íod.ocomp]-exes Ìreïe extracted. wÍth two 15 m1 port-
ions of the TBP/hexane solution, and the extracts combined. an¿ saved

for further treatment. The aqueous layer vas l¡ashed. with 10 nl hexane

to remove organic traces, and. the hexane portion added to the TBp/hex-

ane extracts. The aqueous layer containing rhodiurn and. irid.ium was

d.iscarded

The combined' TBP/trexane extracts r¡ere shaken r.¡Íth three separate

10 n]. portions of concentrated. nitric acid. for 30 second.s each. Nitric
acid' extracts l¡ere ptaced. in a separatory funner, diluted with an equal

volume of water, and l¡ashed vith 10.ml hexane to remove as much rBp as

possÍble. The nitric acid. solution r,¡as run off into a 200 nl_ beaker

and' evaporated' to d.ryness on a steam bath, after the ad.d.ition of I mI

of a 5 per cent solution of sodium chloride. platinum and. palladi'ln
were converted. to their chl0rocomplexes by repeated. evaporation with
2 - 3 ml- of eoncentrated hydrochloric aeid.. T\.¡o milrir-itres òf buffer
sol-ution and r-0 mr of water were ad.ded. to the beaker, and the sor_ution

l¡armed' to dissolve the salts. After cooling to room temperature,, r ml
of a 0'5 per cent alcoholic soluti.on of p-nitrosodínethyleniline was
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add.ed-, and the solution transferred. to a 60 mI separatory funnel

wÍth a minimum quantity of water. The red palladium-p-nitrosod.i-

nethylanilÍne comp]ex r¡as extracted. r.¡ith tl¡o 15 mr_ portions of
chl-oroform. The aqueous layer contai.ning pratinum vas fÍltered
through a Inlhatman 5h1'paper into a 200 mr beaker. Approximately

2 ml concentrated. surfuric acid and. ) mr perchloric acid l¡ere ad.d-

ed. and the solution evaporated. to fumes of sulfur trioxid.e. The

solution *as cooled. and r ml concentrated hyd,rochloric acid. very
carefully addecr. Platinum T,¡as converted to the chlorocomplex by

boiling, and boiling eontÍnued until 2-3 nI of solution lrere left
in the beaker. The sor-ution *as quickly cooled by immersion of the
beaker in cold l¡ater, an¿ added to a 25 ml vorumetric fr_ask cont_

aining 5 mt tin (rr) e¡rroríd-e. Platinum r,¡as determined speetrophoto-

metrÍcally using l+ cm cells. Results are recorcled in Table xxvr.

IT. ql@$ion g-Pora"i1 C, ""ti"" "".p,
Solutions were prepared containing 2 g iron, 0.5 g éopper,

0.5 e nÍckel and. the noble metals includíng gold in the ratios ar_
ready quoted. These sol-utions were passed. through the porasil c

and' cation exchange columns and after treatment to r:emove organícs,
the remainíng noble metars *ere converted to their chlorocomplexes

by repeated evaporations l¡ith coneentrate<i. hydrochloric aeid. plat-
ihum was then isolated by the solvent extractÍon proced.ure described
above and, determined. spectrophotometrically with tin (ïï) ehlorid.e.

Results are shoun in Table XXVII.
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Table rxvr¡ Evaluatiol gf the solvent extraction procedure.

Pl-atinum ad.ded

20"1-

ll

tl

It

.il

il

It

\o.z

It

.tl

ll

'¡t

l_00.5

201.0

il

il

20. trlo. 5 ¡e(roo. olz.j/,)

101-.3

102.1

192.5

I9T,)+

203.0 tgT.6ttt lfs(9S.3!6.r%)

x Value rejected.. on statistical grounds.

1 V",lnu= quoted. at the 9j% confidence level.

Platinum recovered Average recovery( ue)

19 .8

20.6

20.1+

20.3

18.7 x

20.1+

19.3

l+r.l+

ho.e

39.4

36.7

35.e 
i

I35.9 38;3r2.5lte9r¡i,!6,2%)
I
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Table )Ofl/If: Eyaluation of porasil C, cation exchange
_@-glvent ext¡action procedure.

Average recovery

20.I
il

lt

n

lt

. lt

)+O.Z

lr

il

il

il

t1

100. 5
tr

il

il

il

il

201. 0
. ll

lt

il

It

ll

19' l+

2L.2

22.r+ x

19.z

l-9.z

20.I

Ls. o

\0. t
l+f.g

3\.0 x

38. 2

39,T

97.3

98. B

93.t x

98.0

101.0

100.9

20h. l+

20r,6

2O5.1+

202.8

188.9 x

208.2

19. Btr . rf c( 98 . :)tj. j/")

\o.T tz.3¡ s (ror .z!j.T%)

99 .2tz.r¡ s (98 .7 tz.t/")

*

t
'Values reJeeted. on statistical ground.s.

Values quoted. at the 95/" confidence IeveI.

20\. 5!3. e¡ s(ror .T!r.6%)
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rII.
rnitiar resurts for these ores were ror¿ and therefore al]

sarnples to be analysed. Ìrere roasted at Toooc for one hour before

acid. extraction, ore sa:nples weíghing betveen 5-10 g were treated
using method A. The fuIl anal¡rtical proced,ure is given in schem

atÍc form Ín Figure xrr., The solutions r,¡ere treated. ín an id.enti-
caI manner to that already deseribed. for synthetic solutions. ore

residues were saved for fÍre assayíng.

on evaporation of the solutions after passage through the
cation exchange colurnn, a r,rhite precipitate settred out at, 1or.¡ vol__

ume - 50-100 ml in each beaker, and the solutions became veïy green

in colo'r. This *as especially pronounced. Ín the case of the usBM

31 samples. The preeÍpitates were filtered off and id.entlf,ied as

silica by x-ray fluorescenee. Repeated firtratÍons of aqueous soru-
tions failed. to remove all the silica, and so an additional evapor-

ation step wÍth 3-l+ '1 of hydrofluoric acid was iner-ud.ed in the anary-
tieal scheme

:

Íhe green solid. obtaíned on evaporation to d.íyness r¡as ident_
Ífied as containing chromir.im by d.iphenyr earbazi<r.e and. confÍrmation
was obtained by atomic absorption. Arso, on boiling vith perentorùc

acid, the sol-utíons turned red, and. a red sor-id precipitated. out on

cooling. ThÍs is further evidence of chronium (65). Chromiun (fff)
is oxid.ised to chromium (vr ) vhich is precipÍtated. in cold perehrorÍe
acid'' on evaporation of the perchloric acid and add.ition of coneent-
rated hytlrochlorÍc acid, chromium (vr) :.= reduced. to chromium (rrr)



',1

Figure XIf. Schematic diagram of wet
of ores Sl+ and USBM 3l_.

procedure for anaÌysis
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Proced.ure as for
float coneentrate
using nethod. A.

Evaporation. Treatment Ìrith IIF. Síl-ica volatilized.
as SiF4

Euaporation. ConversÍonE
chlorid,e form vith IiCl.

Evaporation. . Treatment
trith HCJ., HC1O4 and. HNO3

Evaporation. Conversion to
chl-oride forn with HCl.

Dissolve i_n 6 l,t itCt
Transfer to separatory
funnel and ad.d 5 ml
l+Ø sod.ium iod.ide-

Aqueous phase
containíng Rh.
& Ir dÍscarded..

Exüraction vith TBp/Hexane

Re-extraction with H}IO3.

Add.ition of I nl- j% WaCt.
Evaporation. Conversion to
chloride fornr with HCl.

Evaporation. Addition of 2 nlbuffer sol_ution & l_O n]- H^0.

Addition of I mI 0.5/, ateoholie
p-nitro sodinet hylan iline .
Extraction with chloroform.

Organic phase
eontainíng Pd.
discarded.

Addition of, 2 mI II2SO)+ & 5 nl HC1O4

Evaporation to fumes of
SO¡. Boil with IICI.

Analyse vith SnCi-2
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and. a green colour is once again obtained.. Repeatecl passes of 0.1 M

hyd'rochloríc acid solutions through the cation exchange column failed
to remove any of this green col-our. Hor¿ever, the presenee of chromium

in the +3 oxid-ation state r,¡as not considered d.etrimental , since it Ís
known that chromium in this state is not ex-bra.cted into TBp (g5), ana

so is not likely to eausl 
".ty interference in the determination of plat-

inum' Ilence solutions were analysed for platinura without any further
attempts at removal- of chromium, and. resul-ts are shorm in Table )orvïIf.
Results rnrere initially lorv for USBI4 31 samples and. ore residues Ì¡ere

fire assayed. The silver bead.s obtained r¡ere d.issolved. in aqua regia,
and' the solutions evaporated. to dryness. Resid.ues vere treated several

times with concentrated. hydrochloric acicl and. final-Iy dÍssolved in O.I M

hydrochloric acid. This precÍpitates silver and lead. if present. The

precipitates,were filtered off and the solutions then analysed for plat-
inum by the scheme outlinecl in Figure xrI except that the small cation
exchange column was used. No platÍnum Ìüas found. for Sl+ but consider-
able pfatinum ¡¡as recovered for USBM 3l

Tr'ro usBt'{ 3r- ore samples r,¡ere boired with perchloríc acid for
three hours, prior to treatment i,rith nethod A. rt was thought that
platim'm may be trappeci in a chromium matrix, resulting ín l-ol¡ recover-
ies' Perchloric acid is frequently used. for dissol-ution of chromirm

ores (65). However, row results r.¡ere obtained. and ore resi_d.ues stil_l
had. to be fire assayed. for complete recovery.

To determine if platÍmln was quantitatively extracted. into the
TBP/hexane phase in the presence of chromium, the aqueous filtrates

'' i:.
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from several- extractions were combÍned. and. subJected to fire assay

using flux A. The solutions obtained. after d.issolution of silver
bead's were passed through the smaIl eatÍon exchange col-umn an¿ put

through the solvent extraction procedure. No platÌ.nun was found..

- Analyses of us'Brvr 31 ore were obtaÍned independ.ently of the
solvent extraction proeedure by atomic absorption of solutions after
passage through the cation exehanger. Chronium is known to cause

interference in the atomic absorption d.eterminatÍon of platinun,
when present in a ratio of 5O:I (Cr:pt), even in the presence of re-
leasing agents (sr). 'Thus, it was deemed necessary to try an. remove

as much of the chromium as possibre before anarysis. ThÍs was aeh-

íeved by addding coneentrated hydrochloric acid in 2-3 mI aIÍquots,
to hot sol-utions of perehloric acÍd., and volatilÍsing chromium as

chromyl chloride (ae¡. This r¡as repeated severar times until no more

chromyl chloride was evolved in the ad.d.ition of hydrochloric acid. It
was assumetL that platinum was not volatile under such condÍtions.

' l{oble metal-s vere converted to their chlorocomplexes by repeated. eva-
porations with eoncentrated hyd.rochloric acid, d.issolved in water an¿

transferred' to 10 nl volumetric flasks containÍn g 2 mL ranthanum soLu-
tion' ore resid.ues r'¡ere fire assayed. and. anaJ-ysed for platinum by the
scheme outlined. in FÍgure XrI. Tr¿ice as rnuch ore as was normally
taken r+as used for this analysis. Recoveries by aeid extraction were

stÍIl J'ovr, and results quoted in Table )ofl¡rrf also includ.e fire assay

of the residues.



T
ab

le
 )

O
fff

lf 
:

O
re

 d
es

iE
na

tio
n:

S
l+

5.
09

5,
r9

1.
51

 *

5.
$

5.
37

5.
11

5.
 3

0

C
on

ee
nt

ra
tio

n 
of

 p
la

tin
qm

 (
¡n

n)
.

$o
at

 c
on

ee
nt

ra
te

A
ve

ra
ge

 
j.Z

O
 ! 

O
.Iz

a)
 

S
pe

et
ro

ph
ot

om
et

rí
c 

an
al

ys
is

.

b)
 

A
to

m
Íc

 a
bs

or
pt

io
n 

an
al

ys
is

..

_1
 V

"l-
rr

us
 q

uo
te

d.
 a

t 
th

e 
9j

%
 e

on
fid

.e
ne

e 
le

ve
l.

* 
V

al
ue

s 
re

Je
et

ed
 o

n 
st

at
Ís

tíe
al

_ 
gr

ou
nd

s.

B
o.

r

B
z.

t

B
z.

)+

8)
+

. 
6*

B
r.

 9

B
o.

 a

8r
.8

8r
.2

T
9.

B

7g
.r

80
.2

80
.9

 t 
o.

B

us
S

M
 3

1

5.
79

4

5.
92

h.
eo

5.
1+

o

5.
30

5 
.1

1+

3.
92

l+
'9

eb

I+
.2

8

l+
. 
ef

5.
35

h.
9¡

 t 
o.

h6

I F (, C
o I



-l ?o_

Conql"s¿g.r_

llet extractÍon provid.es an ind.epend.ent method for evaluating
fire assay proced're, and is especÍarly useful when fire assay var-
ues are in doubt. llhire this method. is time consuming, it requires
less knorrred,ge of ore compositÍon than is need.e<i. for fire assay. How-

ever' it is so:netimes neeessary to fire assay residues for the high-
est accuracy. The above rrork has d.emonstrated- the importance of
roasting ores containÍng sulfur prior to acid extraction. The higher
values obtained by method A are interpreted as hydrofluoríc acÍd be-
Íng able to penetrate the sulfur r-attice r,¡hich may still be present

after roasting. chrornir:m whÍch ís eruted. from the catÍon exchange

column r,rith tire nobl-e metals has been shom not to interfere in the
sol-vent extractÍon proced.ure.
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Summary. 
-

Fire assay and. l¡et extraction methods were eval-uated. for both

ni1lÍgram and microgran quantities of platinum. Reeoveries r¡ere

found. to be quantitative for both methods. The main ross of plat-
inum in the fire assay proeess was found to be to the crucible i,¡al-ls.

Cupellation losses were shown to be negligÍb1er

Resu]ts obtained ín'the analysis of each ore and. the precision

obtained by each method are shown ín Table )o(rx. These results
are compared wÍth varues obtained. ind.ependently as described in
Tabl-e vr. Good agreement is demonstrated for each ore vhen com_

pared. wÍth previous anal,yses except for x-ray fluorescence of the
ffoat concentrate and USBþI 3l and. fl-ameless atomic absorption of the
float concentrate.

The student "t" test was used. to determine if there Ì¡as any

difference in the averages obtained. by the different procedures f,or

each ore. Results obtained. for ore Sl+ are not statÍsticalJ-y differ-
ent at the 95 per cent confid.ence lever, al-though this is onry bare-
ly so for fla¡nel-ess atomic absorptíon and wet extraction. For the
float concentrate and ore USBM 31, flame atomic absorption and. emi_

ssion spectrographic results are the same at the 95 per cent confi-
d.ence 1evel and these results are the same as the wet extraction ïe-
sults at the 99 per cent confidence revel. Results by x-ray fluore-
scence and flameless atomic absorption for the float concentrate and.

USBM 31 are respectÍve1y high and low, although the fl-amel-ess atomic



.: :: -,:;

Tabl-e þ(IX:

of_platinum in ores.
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absorption result for USBM 31 shor¿s no statistical d.ífference from

the resurts obtained by emission spectroscopy and r¡et extraetíon at

the p! per cent confidence leve1. The reason for these high and 1ow

values is not readÍly aoparent especially in f.ight of the exeellent

agreement obtained by both methods in the analysis of ore sh.

several- generarizations nay be mad.e as regards the precision ob-

tained by each tectrnÍque. Þnission spectroseopy and. x-ray fluore-
seence generally yield t,he lolrest precision. This is due in part to
the dÍfficulty in preparíng stand.ard.s whose platinum content is knom

to a high degree of acc,racy. precision for ores sl+ and. usBM 3r - of
which approxÍmatery equal amounts were taken - is fairly eonstant

except for analysis by r¿et extractÍon and. spectronhotometry. The targe
difference may be attributed to the nature of the ores. Reeovery of
platim:m was complete for ore Sl+ b¡r wet extraction, but ore USBM 3l re-
quired' fire assay of the resid.ue after acid extraction to effect com-

plete reeovery. Flame1ess atomie absorption shgvs very eomparable

precÍsion to flane atomÍc absorption for ores sl+ and. usBl.{ 31. The

most precise method was r¡et extraetion followed. by spectrophotometric

analysis of ore sl+. Hor.¡ever, wet extraction proced.ures are very

time consr:ming and certainly no advantage was gained in accuraey over
fÍre assay. rf platÍnum is present Ín rarge enough eoncentration

then fire assay followed by flame atomic absorptÍon is the preferred.

method of anarysis. rt may be fortuitous that ores chosen for this
study were amenabr-e to fire assay, whereas in theory, díssolutÍon of
any ore should be accomplÍshed by wet procedures. The resul-ts indi-
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cate hol¡ever, that r.¡hen ores are knom to be amenable to fÍre
assay, this method rnay be used on a routine basis. wet extrac-

tíon need only be used. as a check or when fire assay values are

in doubt.

The precision obtained Ín this work by flame atomic absorpt-

ion, emission spectroscopy and speetrophotometry compares favor-

ably with that obtained in the previous analyses of usB4 3r (ra¡te

vr). rt can be seen that although emission spectroscopy ean be

. as precise as the other two method.s, precision tends to be more vari-
able, and. the figure obtained. for preeision in this work is approx-

imately equal to an average value of the four results from Tabl-e Vf.
For Iow values of platinum, flameless atomic absorptÍon and

emission spectroscopy have been shown to offer feasible alternatives

to spectrophotometric deternination, when highest aecìrraey and pre-

eision are not required.. Þnission spectroscopy may be mad.e moïe pre-

cise by using smaller bead weights, resultùng in smarler d.ilutions

and. more platinum being applied to the eleetrod.e for the sa.ne sample

volume. X-ray fl-uorescence offers the advantage that samples are not

d.estroyed and potentiarly varÍabl-e photographic processes are elim-
inated. Precision may be increased, by tonger counting times or by us-

ing a crystal spectrometer and. obtaining higher count rates in a

shorter tine. sensitivity may also be increased by the use of higher

energy x-ray tubes.

'.r-.i .t..tr:
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To the authorrs knowledge this is the first tÍme evaluatíon of
fl-ameless atomic absorptiono emissi-on spectrographic and x-ray f]uor-
escence technÍques has been compared. for analysis of pJ_atinum in ores. 

:Using these methods, palladium; goId., rhod.irrm and iritlium Ín the rat,ios
tested have been found not to interfere l¡ith the d.etermination of plat-
inum.



Appendix A.

. Least squares method..

Application of the least squares method. to the corr_ected. data
gave the foll-owing equation for the l_ine:

y = 0.0990(to.oo13)x + o,oooo.

fLrus, it is seen that the rine passes through the origin. This
is to be expected since a blank eorrection has alread.y been applied.
Because of this the equation of the line was simply taken as:

y = 0.0990(to. oO13 )x.

Because errors in counting statisties are larger at the o.z/, pt
level than at t1e \% leveln a weighted.regression was also used. to cal-
cul-ate the equation of the r-ine. fhe weighted fom r^¡as taken as a ree_
iprocal of the variance of the mrmber of eounts. This yield.ed. the same

equatíon as above.

Ttre standard' d-eviation of the lÌne sy was carculated as:

," = llåc¿-",)t-l %

LN-lJ
i,..,;. t.,, '., .,. -,,.

' t.::::::.:::..:.where y = measuredvalue

yr = calculated value
:-n = mrmber of sanples

Thus Sy = 0.00755.



Appendix B.

rrtrt test for significanee.

To detertine if there is a significant difference betr"¡een the
average ratios of síd.es A and B of the beads tested o the following equ_

ations were used:

t = lo-fu

s =ll,t
t_-

xot2 * Irxu-xul2 l%
NA *NB -z ]J
=r2- *o)' +

------(3 )

where l^ * Average ratio of side A.A

^--^-^^v
^B _ Average ratio of side B.

sl = Estinated stand.ard deviation of the difference
bètween means

= 
:;:"f;:t-ffä3:t"" of a sinsLe deterrnination rû.n

N.+N_"A':'B = Nrlnuber of eounts = 5.

(x-l)2 = iïï:;T;.lf sr¡m or the squares or the deviation
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The experÍmental- "t" found is eompared with the va]ues of 't,,
tabulated for given probabilities at specified d.egrees of freedom.

rf the experimentar value is less than the tabulated value, then
there is no dífference statistically.

Experimental values of "t" for 50.rf * and. LBO .3 
f" 

platinum

samples are 0.jZ and,0...82, respeetívely at the 95 per cent confíd-
ence Ievel. The taburated- value of !'t" for both samples is 2.3r.
This indi.cates homogeneity for both beads.
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