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ABSTRACT,

Fire assay and wet extraétion methods of determining platinum in
ores were evaluated. Losses by each procedure were investigated for '
milligram and microgram amounts of platinum.

The fire assay procedure using lead as a collector was used in
combination with flame and flameless atomic absorption, emission spect-
roscopy and x-ray fluoreScence. For the latter method flattened sil-
ver beads were analysed directly, whereas for the other methods beads
were dissolved in aqua regia and solutions made up with strong hydro-
chloric acid before analysis.

‘The wet procedures involved treatment of ores with acids and‘sub—
sequent analysis by flame atomic absorption or spectrophotometry with
tin (IT) chloride. Chrbmafographic, ion exchange and solvent extract-
ion procedures were used to isolate platinum and the plétinum‘group'
metals.

Results for each ore by fire assay-flame atomic absorption, fire
assay-emission spectroscopy and wet extraction showed no difference at
the 99 per cent‘confidence levél. X-ray fluorescence and flameless
atomic abéorption results tendéd to be higﬁ and low respectively. The
_m0st precise method was wet extraction followed by spectrophofometric
analjsis. Emissiop spéctroscopy and‘x—ray fluorescence generally yield-
ed the lowest precision. Wet extraction methéds were time consuming
apd éince no advantage was gained in accuracy over fire assay,_a combin-
‘ed fire assay-flame atomic absorpfion was the preférred méthod of analy—

sis.
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The Determination of Platinum in Ores.

Introduction.

Platinum was discovered in 1735. However, the metal con-
taiﬁed traces of palladium, rhodium, iridium, osmium and ruthenium,
and it was not until lSﬁh when the latter metal was isolated, that
platinum was obtained in pure fofﬁ.' These early researchers, in
their task to purify platinum, laid the foundation to much of the
~ analytical chemistry known today about platinum and the other plat-
inum-metals. Today these metals in various forms find ever iﬁcreas—
ing uses in industry as catalysts for a wide variety of reactions.
‘Because of its resistance to corrosion the platinum crucible and
platinum electrodes are common laboratory eqﬁiément. Platinum has
also found extensive use in jewelry and decorative wear. Its high
melting point and stability make it ideal for materials of construct-
ion that will not contaminafe'products at high temperature. Frequent-
ly, platinum is alloyed with rhodium, iridium, osmium or ruthenium
to increase its hardness and corrosion resistance.

The principal source-of_platinum'ana the othér platinum metals
is in the several native alloys of the metals foundvin various parts
of the world. The correct determination of these metals is consider-
ed one of the most difficult analyses in inorgapic chemistry. 1Its
rare occurrence, difficulty in isolating and‘unique properties have
helped to make platinum a very expensive metal. In business trans-

actiohs involving the use of platinum, the accurate determination of




platinum content is important. 'A relatively small error in an
assay can result in a large monetary gain or loss.

Extraction methods for platinum include fire assay and web
procedures. The use of fire assay has grown out of an irrational
assumption that platinum is as noble as»gold.  The efficiency of
the fire éésay procedure for platinum has never been completely
‘evaluated.

Early determinations for platinum included gravimetric methods -
in which_platinum was weighed or was precipitaped and thé precipitate
ignited to the metal and weighed - and volumetric methods.
| However, spectrophotometrié methods and the morevrecent spectrochemé
ical, atomic absorption and x-ray techniques have extended determin-
ations to.the_microgram and in some cases even sub-microgram:levels.
This is of'considerabié importénce, because as it beqomes economically
feasible to extract;ldwer‘grade ores, more sensitive methods of analy-
sis ﬁust be utilized.

It is the purpose of this stﬁdy-to evaluate fire assay‘and wet
procedures for milligram and microgramlamounts of platinum, and to
provide a compafison of accuracy and frecision to be expected using
spectrophotometric, flame and flameiéés atomic absorption, emission
épectrbscopié and x-ray fluorescence methods for the determination

of platinum in ores.




Standard platinum solutions.

Approximately 1 g of platinum wire was accurately weighed out
‘on a Sartorius microgram balance and dissolved in aqua regia. Nit-

rous oxides were removed by repeated evaporations with hydrochlorie

"acid. The solution was filtered into é one litre flask and made up
to the mark with 0.1 M hydrochloric acid. This solution was stand-
ardized with thiophenol (1). A second solution was prepared in the
same manner, and standardized with tin (II) chloride (2) against the

first standard, using all calibrated glassware. Dilute platinum sol-

utions were prepared by dilution of stock solutions.




Apparatus.

Perkin-Elmer 306 Atomic Absorption Spectrophotometer.
Perkin-Elmer 403 Atomic Absorption Spectrophotometer fitted
with the HGA-TO flameless atomization device and_é deuterium
background correptof;

Unicam SP 500 U.V. - Visible Spectrophotometer.

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

Fluorescence Spectrometer. »

Jarell Ash Spectrograph with 3.4 M Ebert mounted grating with
5,000 lines/inch, giving a reciprocal linear dispersion of

5 X/mm in the first order. |
Densitometer - Jarell Ash Model 21—000.' Non—recofding.
Varian and Intensitron Platinum Hollow Cathode Lamps.

Lindﬁerg Hevi-duty 20KW electric furnace.

Sartorius Type 1802 microbalance.
Mettler Type H6 milligram balance.
'Ohaus Harvard trip balance.

Magnesia cupelé produced by Leonard Light Industries,

(Benoni, South Africa).
Crucibles produced by A.P. Green Refractories (Ontario, Canada).
Ion-exchange columns: Large column 2.5 cm diameter, 40 cm length;

Small column - 1.2 cm diameter, 30 cm length.

Porasil C columns: 1.2 cm diameter, 30 cm length.
Cellulose columns: 1.5 cm diameter, 40 cm length.
All the above columns were fitted with sintered glass discs at

the bottom.




Apparatus continued..

Sieves: Endecott (Test Sieves) Ltd., London, England.

Mesh size l4b . Aperture 355 microns.
" 1 .lOO W 150 1
1} tt 200 " 75 it

Reagents.

Platinum wire 0.008" thick (Johnson, Matthey & Mallory).
Platinum powder obtained by réduction'of platinum oxide (The
American Platinum Works., Newark, N.J.)..
Silver, precipitated powder(Johnson, Matthey & Mallory).
Lead, 0.004" foil (Matheson, Coleman & Bell).
BIO-RAD AG—SOW—XS_analytical gréde, 50 mesh hydrogen form cation
exchange resiﬁ. (BIO-RAD Laboratoriés, Richmond, California).
Whatman éellulose, fibrous powder CF 11 medium fibres.
Porasil C, mesh size 80-100 (Waters Associétes, Inc., .

- Massachusetts, U.S.A.).
Palladium and gold standards prepared by dissolving pure metals
in aqua regia, evaporating to d?yness several times with concent-
rated HC1l and making up in 0.1 M HCI.
Sodium hexachlororhodate (Alfa Inorganics., Ventron, Mass., U.S.A.).
Sodium chloroiridate (Johnson Matthey, Chemicals Ltd., London).

Tin (II) chloride solution - 1.0 M in SnCl, and 3 M in HCI.

2
Lanthanum chloride solution - 6.45 g Lazo3 (reagent grade) in

100 ml of 6 M HCL.




Reagents continued.

"Buffer" solution - mix 50 ml of b M sodium acetate with 53 ml

of UM HC1l to give a pH of 2.2+0.2. References (9,87 ).

_ Tri-n-butyl phosphate (TBP) was equilibrated with 6 M HC1l be-
. fore use, in the solvent extraction procedﬁre. |
Thiophenol - (Aldrich Chemical Company, Inc.).
Moledenum trioxide (Spex Industries, New Jersey, U.S.A.). 0.15 g

dissolved in 100 ml 3 M HC1.

All other chemicals were reagent grade.

Preparétion of Chromatographic columns.

I. Column for BIO-RAD 50W-X8.

The reéin was cleaned by gentl& heating with 50% (v/v) hydro-
chloric acid, and washed several times by decantation with water.
Thé column was filled to a height of 25 cm with the resin, and
washed with water until the pH value of the eluate was the same

as that of the water.

The resin was regenerated with 35% (v/v) hydrochloric acid and
again washed 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 dissolved in chloroform was added to 15 g Porasil C,
‘that had pfeviously been washed with concentrated hydrochloric
acid, water, and dried. The slurry was stirred to remove most of

the. chloroform, and then placed in a drying oven overnight at 75°C.




Preparation of Chromatographic columns - continued.

ITT.

1.5 g of the TBP treated Porasil C was weighed, and transferred
to the column with water. The column was conditioned with 10 ml
of 0.1 M hydrochloric acid before use.

Cellulose column.

The column was silanized with a 5% (v/v) solution of dichloro-
dimethylsilane in tolueﬁe before use. 20“g of cellulose was
mixed with enough TBP/toluene solution to give a thin'slurry.
13.3 ml of 5 N hydrochloric acid was added and the slurry stirred
continuously for three minutes. The column was filled with approx-
imately 10 ml of TBP/toluene solution, and the slurry transferred
to the column in small portions. Tach portion was pressed down

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

General considerations.

Rejecﬁion of discordant results.

Whenever an experimental source of error was noticed results

were rejected. Frozen beads, careless pouring of molten charge, and

spilled solutions are examples of such experimental errors. When no

such errors were in evidence, discordant results were statistically

rejected at the 95 per cent confidence level.




FIRE ASSAY.

Introduction.

Fire assaying is a method of quantitative determination in
which a metal or metals are separated from impurities by fusion pro-
cesses. It is the oldest analytical procedure in use todsy (3).
Probably the earliest reference to the fire-assay process is to be
found in the Tel al Arma tablets dated about 1380 B.C. (h)} A cup-
ellation process for gold is mentioned by Siculus as being in use in
the second century B.C. (L). The "parting" assay i.e. the‘separation
of‘silver from gold was known to Geber (777 A.D.) ()

Thus it can be seen that firewaSSayiﬁg was knpwn long before
the discovery of platinum. - The first application of fire ésSay for
platinum abpears to be by Deville and Debray (5 ), who melted solid
platinum between blocks of‘quick—lime using a coal-gas/oxygen flame.
The heat.insulating properties of the lime were excellent and at the
same time its basic nature allowed it to take up any slag formea by
oxidation of impurities in the metal. _Fufther refinement of platinum
was found to be possible by alloying with lead. .Plétinum,'palladium
“and rhodium were freely soluble in moiten lead, whereas iridium and
osmium were not.

Much data has been collected to demonstrate the quantitative
nature of fire assay for milligram and microgram amounts of gold(6,7).

Very 1little such data has been collected for platinum. This author




found only one reference concerned soleiy with the fire assay for
platinum (8). The report was concerned mainly With finding an optimum
flux for platinum recovery, and evaluation of the fire assay for milli-
gram and microgram amounts of platinum. However, very few results were
quoted evaluating the cupellation process, and evaluation of the fire
assay process was not undertaken for amounts under 90 micrograms
(important‘for many ore assays). Also few results were quoted for
varying milligram qﬁantities of platinum. It is the intention of the

author, in.this part of the thesis, to fill in these gaps, and so

-provide complete dats on the efficiency of the fire assay for plat-

inum.

Classically lead-has been used as the collectof in fire assay
procedufes. However, the claim has been made that lead is not a part-
icularly suitable collector, at least not for some of the more "insolu-
ble" platinum metalsvsuch as iridium and osmium. These new collectors
such as tin (9 ), copper (10), iron-nickel-copper (11), and nickel sul-
fide- (12.), have been used, but as stated in a recent book (13 ), "des-

pite the'ayailability of new collectors for the noble metals, the class-

‘ical lead collection remains clearly superior for the determination of

platinum, palladium, gold and perhaps rhodium’.
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Fire assay'for Platinum.

The classical fire assay procedure requires thé collection of
the preéious metals from an ore into a lead button. The lead button
is produced by interactions of the ore with several flux compbnents.
The majority of ores are by themselves infusible, or nearly so, a£
easily attainable tem#eratures. However, thorough mixinngith flux
components yields a mixture readily fusible at sucﬁ temperatﬁres.
Orés shouldvbe ground as fine as possible td ensure intimate contact
with the reagents. After fusion is‘complete the molten mass is pour-

ed into a metal mould and allowed to cool. The lead button may then

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

Maéerials commonly used for fluxing include liﬁharge'(PbO),

silica (Si05), borax (NaéBhO7), soda (Na,CO3) and floﬁr} The pro-
portioné'of each material used will depend on the nature of the ore

and the individual preférence of the aséayer. According to Bugbee Clh)é
"no two assayers working on the same ore will agfee exactly on the

filux proportiéns to use, so it is safe %o say that, for any given ore
there is a comparatively wide range within which the four common flui
constituents may be varied and still, in the hands of an able asséyer,

yield practically identical results.” This is borne out by the work

of Hoffman and Beamish (8 ), who studied platinum recovery using fluxes

)

(%

varying in nature from very acidic t§ very basic. They'reported'that
"there appears to be no outstgndingly successful flux for the overéll
recovery of platinum." Fluxes high in silica content were found to

give the lowest recovéry of'platinum, presumably because of the high

viscosity of such fluxes.




The chemistry of the interactions between the ore and flux com-
ponents. is not known to any degree of certainty, but reasonable'assum-
ptions may be made. At low temperatﬁres soﬁe of the litharge is reduced

to elemental lead by reduction with carbon (flour):
.2Pb0 +C = 2Pb + CO,.
The lead droplets thué formed are homogeneously mixed with the charge,
and a lead-platinum alloy formeq by liquid-liquid extraction. Carbon.
dioxide is evolved and provides some measure of mixing befﬁeen flu#
components, thereby increasing éase of extraction. As the teﬁperature
. is raised, lead slowly falls to the bottom of thé charge, collecting
platinum, and the other noble metals if present, as it does so. The
.temperaturé is finally raised-to approximately 1100-1200°C. At this
_temperatuie the charge is very fluid and any platiﬁum not already
élloyed with lead will simply fall through the charge because of its
high density and be collected by the lead.
Lead may also be formed by litharge reacting with other compon—v
ents of the ore. In silicate orés,'fbr example, the reaction may
~ proceed with the initial formation of lead silicaﬁe; followed by re-
action of the lead silicate with bases in the preseﬁce of a reducing

agent:

2Pb0 + SiO2 Pb,510y,

+ 2Pb.

LI

Pb,Si0)y + 2 FeO + C Fe,5i0) + 002

Litharge also oxidises base metal sulfides | the reaction being

promoted by the presence of soda which aids in the desulfurization.




2FeS, + 15Pb0O

) F820

3 + hSO3 + 15Pb.

Na,CO5 + SO Na,80), + COp.

3

Ores with high sulfide content can lead to the'fofmation of
unsuitably large lead buttons,_becguse of the excess litharge fequired
for oxidation. _In such cases a nitre assay is performed, and the ore
is treated with potassium nitrate:

2feS

+ 6KN03 = Fe,0, + 2K,80), + so3 + 3N,.

2 273

hFeSE.+ 10KNO4 LFe0 + 5K,S0), + 380, + 5N2;

Opinions vary as the proper size of the lead button. Many
assayers hoid that it should be proportional'td the total volume of
charge; others vary the lead-fall according to the quantity of pre-
cious metals to be collected ( 14). It would appear‘that a button

weight between 20-35 g is considered optimum in most céses.

Cupellaﬁion.

Cupellation involves the selective removal of lead as lead ox-—:
ide from the silver and platinum collected in the lead buttén during
fusion. Silver exefté a. protective effect on platinum, and conseg-
uently is usually added to reduce losses.

Cupellation is accomplished in porous'vesseis called cupels.
Cupels are commonly made from bone-ash, cement or magnesia. Magnes-

ia cupels, used in this work, can absorb three-quarters of their'weight




in litharge. It is necessary to cupel at higherttemperatures when
usiﬁg magnesia cupels, because of the more rapid dispersion of heat
of oxidation of lead on such cupels.

bn addition of the lead button to the cupel (pre-heated for
at least 10 minutes), at 950°C or higher, a dark scum is initially

vformed. This scum quickly disappears, and the molten lead becomes
‘bright. This is‘referred to as "opening) and is usually complete
within 5 minutes, with the furnace door closed. When the button has
"opened", the furnace door is opened slightly, and air allowed to pass
. over the.cubels. This causes oxidation of lead to lead oxide, which
"wets" the cupel. .Lead oxidekis absorbed into the cupel, leaving the
silver-platinum bead or prill on the éurface. Silver and platinum
are not oxidised and do not "wet" the cupel, and cénsequently are not
absorbed. "Driving", as this process is called, is continued to re-
move all of the.leéd.

Towards the end of‘cupellation, the furnace door is closéd, and
the cupellation "finished" fof a further 5 minutes. Closing the furn-
ace door raises the temperature,qwhibhiiﬁinéceSSaryatd:maihtaiﬁ:the.
buttbn_in a molten state. |

After the éupellation has "finished", cupels'are-slowly'removed
from the furnace. ' This is necessary;because molten silver absorbs |
large quantities of oxygén; which cén be violently expelled-on cooling
,t00‘rapidly. Such beads are said to-"sprout" or "spit". Sprouting

can be accompanied by mechanical losses of platinum.




!
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Temperature shouid be strietly controlled dﬁring cupellation,
in order to minimise losses of plétinum. Low temperatures can cause
buttons to become "frozeh". Freezing occurs when crystals of litharge
cover the buttén, preventing further oxidation of lead. Such buttons

can be made to drive again by raising the temperature, but should be

rejected as results obtained from them are usually low (k). Increas-

ing temperature increases loss of platinum by absorption into the
cupel-(15). According fo the samé source, loss oceurs during the lést
minute of éupellatiqnﬁ Thus the optimum temperature for cupellation ‘
is ong'just high enough to prevent freezing.

Increasing the silver content is also used to minimise losses,

and silver-platinum ratios of 100:1 and 250:1 are common. Hoffman

( 8)_reports loss of platinum when the ratios are as low as 10:1 and

20:1. A ratio of 10:1 (Ag:Pt) is also recommended for the removal of
lead (h ), . although according to one source, the complete eliminat~

ion of lead is unlikely (16).

Parting.

Parting involves separation of silﬁer from the silver-platinum
bead obtained in the cupellation process. This is achieved by leach-
ing with écids, and any base metals carried over in the bead will also
be dissolved.

Sulfuric acid and nitric acid have been used for parting. -Both
these acids leave platinum in a finely divided state. Solutions are

filtered off and residues washed with hot ammonium acetate or hot

Y
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water. Ammonium acetate removes lead sulfate which may remain with
~ the platinum residue. The sulfﬁric acid should be free of nitric
and hydrochloric acids.v

Using a double parting with hot concentrated sulfuric acid,
'Thompsén and Miller (17) foﬁnd ﬁhat a ratio of at least ten parts.
silver to one part platinum was necessary for complete removal of
silver; "In some cases, platiﬁum was found in the filtrate, indicat-
ing 1imi£ed solubilityvof platinum in sulfuric acid. In another study
as much as 50 parts pervl,OOOAparts of platihum have been, found in
the filtrate after boiling with cohcenfrated sulfuric acid (4). To
' prevent losses slightly diluted acid was used (82 volumes concentrated
sﬁlfuric acid to.18 volumes of wafer). According t§ Bugbee (1l4), it is
probable that a little silver will always remain undissolved regafdless
of the fatio of silver used in the glloy. This couldllead'to érrors
in the determination of platinum by weighing.

Thompson and Miller (17) also studied the parting of silver-plat-
inum béads of various ratios by nitric acid. 0.5 f-57-per cent of plat-
inum was used in the beads andvtests were made with 1:1 and 1:4 nitric
aéid. In all cases, platinum was found in the filtrate, the.amount
varying with the ratio of silver to platinum and also with the streﬁgth
6f acid. It was also found that silver was invariably retained in the
" platinum residue,.the amount increasing with increasing platinum content.
To complicate matters a little further,‘the‘above results for

sulfuric and nitric acid partihgs are subject to alteration by the
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presence of gold and the other noble metals. In the ternary system,
silvef—gold—platinum, silver is only quantitatively separated by con-
centrated “sulfuric acid when the three metals are present in very de-
finite ratios (4 ). An increése in separation ié achieved when thé
ratio of gold to platlnum s inoweased, In the case of nltrlc acid,
the presence of gold accelerates dissolution of platinum, whllst dis-
solu;ion is decreased in the presence of rhodium, iridium and ruthen-
um (k).

It can be seen that parting with nitric acid will in&olve a
re-assay of the acid filtra%e‘for quantitative recovery of platinum.
Pafting with concentrated sulfﬁric .acid has been shown to be quanﬁit—

ative for platinum in the presence (18) and absence (8) of the other

"noble metals.




Pire assay of sténdard“platlﬁﬁm'samples.

The fire assay proqedure was evaluated for milligram and micro-
gram quantities of platinum by salting a blank ore, and fusing with
flux A (Table I). 15 g of siliga was used as the blank ore,

Flux components were weighed out on a Harvard trip balance

and placed in polythene bags known as "baggies" (made in Canada Dby

‘Colgate Palmolive). The flour was weighed on a milligram balance,

as betﬁer precision with lead button weightS-cduld be obtained this
way. The flux components were mixed in the baggie by shaking and

tumbling for approximately 1 minute. ZEach flux sample was then

salted with a known amount of platinum. Some samples were salted

with weighed, milligram quantities of platinum, and some samples
salﬁed with milligram and microgram quantitites of.platinum'added

as a solution. A maximum of 10 ml'éf solution was added to reduce

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

ing lost to the crucible, ‘Silver was added to each ‘sample; so-
that the_silver~platinumvratio'was at least 10:1, Silver was added
as a powder or as a solution of silver nitrate. Samples containing
solutions of platinum and silver were dried by placing in a drying

oven and leaving overnight at T0°C. Higher temperatures (~85°C)

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

ing the chances of mechanical loss of sample. When dry,lumps were
broken up and the contents of the baggie thoroughly mixed for L-5

minutes. ILonger mixing times were found to have no effect on

,platinumbrecovery;'
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Table 1: Composition of fluxes.

A B C
Ore 15.0g 30.0 Lo©
PbO 85.0 770 30
510, (15.0)g? 6.3 80
| Na,C05 211 30.0 80
| < Ca0 RS ~18.8 —
} : Borax " — | 6.3 ko
| Flour 2.0 2.0 - 2.5

a. For blanks, 15g SiO, replaced 15g of platimm ore,

b. 30g of crucible pot used as a sample,

¢é. M40g of cupel material used as a sample,
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The c¢rucibles containing the assay samples were placed in the
furnace at 950°C and heated to 1200°C at the maximum rate of fhe furﬁ—
ace. This normally required between T5-90 minutes. After holding at
this temperature for 15 minutes, the crucibles were removed from the
furnace and the.molten contents poured into conical iron moulds. When
cool, slags éoﬁld be separated from the lead buttons by gentle tapping
with a small hammer.

Lead buttons were cupelled and the silver beads analysed for
platinum. Some beads were parfed with conceﬁtrated sulfuric acid and
analysed spectrophotometrically with tin (II) chloride using 1 cm and
4 em cells, and other beads were dissolved in 6 M h&drochloric acid
and determined by atomic.absorption.' Results of these énalyses are
shown in Table II; In both methods, standard solutions were always
measured with each set of samples. TheseAprocedures will be described.
iﬂ detail in later éections. Blanks were run with each.set of éamples.
This corrected for‘any platinum contamination of the reagents. Iﬁ all
blanks determined no platinum was detected. Under the conditions used
| a detection limit of O. lh};g/ml can be set for 1 cm cells and O. O9’kg/ml
for & em cells. Similarly a detection limit of O. hrg/ml can be set for
atomic absorption analysis. |

Recoveries for milligram amounts -of platinum added as a powder
and microgram amounts of platinum are on average 97—99 per cept. Re-
covery-fér milligram amounts of platinum added as a solution are a
little lower than this (~95%). It was ﬁbticed for these samples that
total heaﬁing time in the furnace was approximately 120 minutes. This
was due to replacement of s high tension lead in the furnace, and.as a

result the heating rate of the furnace was lowered somewhat. This was




Platinum added

Table I1: Fire assay of platinum standards.

as a solid.

- 10.

11.

13
1b

21.

21.

25
3L

sh;
63.

.60 mg
.67
J2
.16

90
66

.09

.30

Lo

52

.02

.01

00

17

(a)
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Platinum added
as a solution.

Platinum

recovered.

3.59
L.75
5.2k
ye
10.77

11.21

12.65
14,05

21.22

- 21.23

25,12
33.35
52.68
61.88
36
2
ST
45

.38

9
9
9
9
9.h2
9
9.38
9

.33

mg

mng

Averdge Platinum
recovered.

99.7%
101.7%
96.7%
97,3% -
98.8%
96,1%
96.6%
98.3%
- 99.1%
. 98.7%
100.4%
98,1%
97.6%
98.0%




Table II{Cont'd).

Platinum added Platinum added Plgtinum Average Platinum
as a solid. as a solution, - " recovered. recovered_.g ~3

o

9.90 mg %) " 9.52 mg

" 9.h5

" : 9.31

" 9.31 9.41%0,05mg (95,0%0,5%)
4.95 Hg(a 4,67 mg |

" . h.73

" 4.76

" .71

b3

no .76 | |

" 4 .68 4.72%0,03mg (95.4%0.6%)

878.8 ue 98.6%
sob.1 pud) 593.0 e

" 582.,2 %

" ' 593.0

" 589.5

o 589.5 591.3%3.2 1ug(99.580,5%)
h9i1#gw) 488.2 e

" hoi.2

"o 485.3 488.2%7,33 pug (98.651.5%)




Table II (Cont'd).

Platinum added
as a solid.

Platinum added
as a solution.

Platinum

‘Average Platinum
recovered,

396.

"

n

29.

1"

"

b .
1 Hg( ) 389.0 Hg
392.5
378.3

389.6
389.6
389.6
405.5
() 3195Hg
116.5
.118.2
108,0'*
9hOHg
93.0
99.5
91.0
98.7
100.7
(3)' ‘30.0r1g
o755

28.0

390,657,k (98, 6%1,9%)

118.lt3.7f4g(99.6i3.1%)

96.2iu.2pé(97.3iu,3%)'

28,5%3 S £(96,3%11,2%)
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‘Tablé II (Cont'd).

Platinum added Platinum added Plgtinum Average Plgtinum
as a golid. _ as a solution, ‘recovered. recovered,

19.8,Jg(a) | 20.2pg

" 20,k
W 18.9

" 18.0

" 18.1

an 18

s I 20.1
" _ 19.8
" 19.9
" 19.9

" 18.4
" 18,k 19.270,6 Mg(9T,0%3,0%)

* Value rejected on statistical grounds.
(a)  SnCl, spectrophotometric analysis.
(b)  A.A.analysis. '

+ Values quoted at the 95% confidence level.




-2l

later reétified. It‘was felt that this extra heating time could inc-
rease losses of platinum to the slag and to the walls of the crucible.
Té test this assumptiqn, slags and crucibles were assayed.

Six crucibles from both 9.90 mg and L4.95 mg samples were weighed
and crushed fine enough to pass through a sieve'of mesh size 44, Sam-
ples at each level wéré'combined, mixed thoroughly and sampled in a
manner to be described later for ores. Six 30 g samples from each level
were assayed with fluxAB. The silver beads obtained from cupellation
were combined, partéd in concehtrated sulfuric acid and analysed spect-
rophotohetrically. 0.86 mg.platinum was found for the six 9.90 mg sam- '
ples and 0.26 mg platinum for the six 4.95 mg samples.

Slags were crushed to mesh size Ll, and assayed with an extra 30 g
iitharge and 2 g flour. Beads were analysed as gbove and 128/Ag plat-
inum found for the six 9.90 mg samples and.hhlxg for the six h.95.mg
' samples. These results when addéd to the original values represent an

average recovery of ~96.5 pef cent.
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Cupellation of Platinum Standards.
| Evaluation of the cupellafion process was accomplished by salt-
ing artificial lead buttons with known amounts of platinum and silver.

A boat shaped container was made from a 5" x 5" 3quare of lead
foil of 0.004" thickness. Carefully weighed amounts of platinum and
silver powders were adaed, and the boat carefully formed into a cube,
small enough to fitvintq'the mouth of a cupel. The weight of the lead
cube was approximately 25 g, Silver to platinum ratios were lQ:l or
higher,

Magnesia cupels were placed in the furnace at 960°C and pre-
heated for at least 10 minutes before use. Lead buttons were added to
these cupels as quickly as possible, fo prevent ''freezing'. After "open-
ing" of the buttons (5 minutes), the furnace door wés slightly opened,
and a l/h“~plgte.blaced under the door to cbntrol-the-dfaft. ‘To pre-
vent air. from flowing directly over the cupels; thus causing too large
a.temperature drop, Blank cupelé were placed between these cuﬁels and
the draftf Under these conditiqns the ”driving qf.the lead occurred
at the rate of approximately 1 gram per minute. When driving was com-~
plete, the~furnace.door was élosed and the cupellation finished for a

further 5 minutes. Cupels were then slowly withdrawn from the furnace

- to prevent sprouting, and allowed to cool. When cool the silver beads

were removed from the cupel and weighed, after first carefully scrap-
ing away adhering cupel material with a spatula.

‘The recovery of platinum and silver is recorded in Table III. On

average, the beads are 2-3 mg heavier than the platinum and silver‘addéd.-




26—

Blank cupellaﬁions on 25 g lead foll revealed the pfesence of 2 mg
silver. There is evidence that as the silver and platinum céntents
were increased more lead was retained, However, all silver beads
were shiny and hemi-spherical and no visual indication Qf lead was
present. |

The vafiations in recovery are probably due to fluctuations in
températurevwithin the.fﬁrnace, This authér found on occasiqn con-~
_siderable lead retained in beads cupelled near the furnace walls,
Thus all éupellations were performed in the central areé of the fur-

nace hearth.




' Table TII:

Platinum added

27T~

Cupellation of platinum standards,

Silver added

Platinum + Silver

Platinum + Silver

(mg). (mg). (mg). recovered (mg).
2.93 39.5 ho.h 43.9
4.10 45.6 49.7 51.9
6.70 82.9 89.6 90.3
10.64 118.0 128.6 128.7
12.70 132.1 14k, 7 148.3
14.78 176.3 191.1 190.0
19.50 232.3 251.9 253.5
20.36 212.5 232.8 230.0
21.67 222.3 243.9 2k7.9
23.26 28k4.5 307.8 | 308.8
25.98 ' 297.3 323.3 326.9
26.91 271.1 298.0 302.5
30.63 329.6 360.2 36k4.2
31.78 381.k4 413.2 417.6

- 42.07 515.5 557.5 560.3

56 539. 592.4 60k . L

52.
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CupeliatiOn:andAparting'ofgglatinum standards.

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

ation and parting procedure was accomplished using artificial lead
" buttons salted with known amounts of platinum énd silver powders.

Other buttons were prepared by salting with milligram and microgram
amounts of platinum addéd as a solution. Silver was added as a pow-
der or as a solution of silver nitrate, and in 'all cases the silver-
platinum ratio was kept.at 10:1 or higher. The acidity of the soluté
ion was kept at 0.1 M of lower to prevent possible corrosion of the |
lead, thus increasipg chances of mechanical,loss. Solutions were
evaporated by placing in avdfying oven at 85°C for several hours.
Boats Were.then folded into cubes and cupelled as described previously.

Three ‘acids were evaluated for parting. ll:h nitric acid was
founa to dissolve as mpch as 60 per cent of the platinﬁm and so was
not considered further. Concentrated sulfuric acid and slightly dil-
uted sulfuric acid (80 Qolumes acid and.20 volumes watér) were both
found td yield the same reco#ery for platinum. It was decided to use
concentfated sulfuric acid for all partings as no advantage could be
gained by dilution.  Beads were placed in 30 ml beakers and an approp-
riate volume of concentrated sulfuric acid added. (2 ml acid was
added for beads of silver content up to 50 mg; 5 ml added for 200 mg
silver and 10 ml for higher silver content). A‘glaés cover was placed _
on top of the beaker, and the Beakers' contents heated on a ‘hot plate
until the rapid evolution of bubbles had ceased. The beaker and con-

tents were alldwed to. cool and then diluted with an equal volume‘of
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water, aﬁd filtered through a ﬁhatman No. 42. 7. em filter paper,
whilst still hot. In this way, silver and any lead present will
remain in the filtrate. After being washed well with hot water,
the filter paper was transferred to the original 30 ml beaker and
ignited overnight in an electric oven . at 400°C. The residue was
treated with aqua regia.and the solution evaporated to dryness on a
steam bath. The treatmeﬁt with aqua regia was fepeated twice more,
followed by threé treatments With concentrated hydrochloric acid, and
the residue finally dissolved in water, and filtered through a What-
man No. 42 paper to remove the last traces of silver. Platinum was
determined gravimetrically with thiophenol or spectrqpﬁotometrically
by tin (II) chloride. These results are recorded in Table IV..

A number of beads were placed in 10 nﬂ.volumetric‘flasks and .

parfed with concentrated nitric acid. Solutions were made up With

6 M hydrochloric acid in the presence'df lanthanum and platinum deter-.

mined by atomic absbrption. Thes¢ results are also shown in Table IV.

In both the above procedures, blanks were always run with each
set of samples; As before, no platinum was'detected.-

It is interesting to cbmpare‘results obtained by atomic ébsorp—
tion with results obtained by the other methods. Since beadé analysed
by atomic absorption were parted and analyséd'in the same flask, re-
sults obtained should be independeht of any parting iésses i.é. losses
to the filtrate or mechanical losses on filtration. These results, .

on average, shoﬁ greater than»99.5 per cent recovery'for platinum indicat;

ing that losses to the cu@el are insighificant. Recovery of platinum by
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Table IV: Cupellation and parting of platinum standards,

Platinum added Platinum added Platinum Average Platinum
as a solid. as a solution recovered, recovered.,
2.93 mg(a) 2.99 mg 102,1% e
k.10 : h.b5 98.8%
6.70 | | 6.5k 97.6%
10.64 | . 10,28 96.6%
| 12.70 - R 12,97 102.1%
14.78 | | 14.30  96.8%
19.59 _' 19.14 97.7%
20.36 . 19.72 96.9%
21.67 - 21.6h 99.9%
23.26 ' 22,56 97.0%
25.98 | | 25.22 97.1%
26.91 . : 26.18 - 97.3%
30.63 | 29.38 . 95.9%
31.78 | | 30.96 - 97.4%
42,07 . 41,97 99.8%
52,56 E , 54,10 102,9%
19.77 mg(b) - 20,01 mg
" 19.56
o 20.05
" : 19.97

" 20.30 19,98 0,33mg(101,1%1,7%)




-31-
Table IV (Cont'd).

Platinum added
as a solid.

Platinum added
as a solution.

Platinum

" recovered.

Average Platinum
recovered,

10.13 mg @)

10.03 mg
9.96
9.91
9.82

.62 mg

\O

.48
.66
62
.69
.52
.66
.76

O N0 O O O Vv O WO

.78
.02 mg
.82
.92
.90

F e = N

82

'595.Tr4g
583.5%"
592.7

9,93 ¥ 0,14mg (98,0 %1,4%)

9.64% % 0,08mg(97.4 T0,8%)

4,93 < 0,11mg(99,6 *2.2%)




Table IV (Cont'd).

Platinum added

as a solid.

Platinum added
" as a solution.

Platinum

‘recovered.

Average Platinum
recovered..

59h!lr4g(c)

h95¢1’43(c)

592.7 Fg |

592.7

589.7
501.5 p &

498.5

- 501.5

k95,5
495.5
389*0ng
389.0
383.0

392.0

395.2

386..0
190.5 rxg
202.5
188.0
l9f.5
196.5
116.3 pe
119.5

115.2

592.712:7[.'Ag(99.8:0.5%)

498.5%3,7 M&(100,770,8%)

389.oih.5,4g(98.2i1.1%)

195.ot7.,2!4g(98.5i3.6%)




Table IV (Cont'd).

(b) Thiopheno1 gravimetric analysis,

Platinum added
as a-solid.

Platinum added
" as a solution.

118.6'4g(a

"

“

98.9 l*g

1"

"

\i

19.

A

n

"

)

(a)

Platinum

recovered,

Average Platinum
recovered,

113.2 pe
113.2
111.0
98.2 r&g
98.2
91.0 *
100.0
103.0
98.8
28.9 ’Ag
28.3
29.3
120.2 pg
18.5
19.8
21.3
18.h4
19.2
18.4
19.5

20.5

¥  Value rejected on statistical groundé.

(a) SnCl, spectrophotometric analysis.

(¢) A.A. analysis.

+ ,
~- Values quoted at the 95% confidence level.

11&.7i3,1pg(96.7i2.6%)

99.6%2,5 Fg(loo.fﬁz.s%)

28.8i1,3_r4g(97.3ih.5%)

19.5i0.8f‘4g(98.5’£h.o%)
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parting in concentrated sulfuric acid is on average lower - 98.h per
cent. Gravimetric results were not included, becéuse as will be ex-
plained in a later section,these results are subjectvto high positive
" errors. These averages seemvto indicate that the main 1qss of plat-
inum in a combined cupellation and parting procedure is in the part-
ing stage. However, £ests of significance at the 95 per cent confid-
ence level show no significant difference between fhe averages.. |
In an attemptvto identiﬂy losses, cupelsiand filtrates from beads
pafted in concentrated sulfuric acid were analysed for platinum.

Cupels were weighed and then crushed to pass through mesh.siie Ll
lcombined and thoroughly mixed on a cellophane sheet. Se#eral samples
were assayed, beads'parted ahd’platinum determined spéctrophotometrié—
ally using 4 cm cells. A cupel previously used f§r<cupelling lead and
silver was used as.a blank. DNo platinum was foundfin this blank, Of
308}4g platinum lost, only 62f4g (20 per cent) was recovered.

Fifteen filtrates were slowly evaporated on a steam bath, to a
‘small volume. .The contents of the beakeré were taken to dryness b&
fuming off the sulfqric acid on a hot plate; Aqua regia, concentrated
hydrochioric acid and Wéter were added as deséribed above. Theksolutions
lwere filtered iﬁto flasks containing concenfrated hydrochloric acid, and
tin (II) chloride, and platinum determined spectrophétometrically using
ﬁ cm cells, Only.on one occasion ﬁas plaﬁinumbfound in the filtrate,
the amount found, SOng, constituting 0.12 per cent of tha:pigtinﬁm édded-
- 42,07 nmg. | |

It is seen that recovery of 9.90 mg and L4.95 mg samples in the éup—

ellation and parting procedure is 98-99 per cent. This seems to verify
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the‘earlier aséumption made”that the main losses for these samples
during the fire assay process were to the slag and crucible walls.

The weight of lead buttons used in this work was generally kept

at 25-28 g. However, button weights were varied from 15-L0 g with no

difference in the recovery of platinum.

‘Variation of platinum recovery with silver.

It was anticipated that silver beads obtained by fire assay of

ore samples would be analysed for‘platinum by atomic absorption in a
manner identical to that used for standard beads. This}necesSitétes
dissolving the bead in 6 M hydrochloric aéid. Increasing acid strengths
may be used, but this decreaseé platinum sensitivity. To obtain quant-
ities of plétinum in the‘range necessary for atomic absorption analyéis,
smallbbead_weights should be used so that smaller dilutions with acid

i are possible. It was thus advantageous to test recovery of'platinuﬁ with
‘ varying bead weights - especially in the 2-6 mg range - and varying sil-

ver to platinum ratios. These results are shown_in Table V.

' QUantitative recovery of platinum is obtainéd using a bead weight

-as low as 1.4 mg. The recovery of platinum with silver-platinum ratios
of 1091 - 15:1 are significant, since these ratios are expected in the

~analysis of. the float concentrate. Although not recorded the silver-

platinum ratio was varied from 10:1 to 200:1 with no difference in recovery.




Table V:

Platinum added
(pmg)
I

59&.1(*1)

\

i
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Variation of platinum recovery with silver.

Silver added

Silver/Platinum
ratio

Platinum recovered

(%)

('Mg)

6.0

2.9
3.5
2.7
5.2

10:1

15:;
18:1
1h:1

28:1

100.3
99.8
99.8
99.3
99.8

101.3

101.3

~100.7

100.1
100.1
98.2
98.2
96.7
99.0
99.8
97.5
102.3
95.0
99.8
99.3
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Table V (Cont'd)

Platinum added Silver added Silver/Platinum Platinum recovered

(fxg) . (f*g) , ' ratio (Z).
118.6() 6.6 . 55:1 95.5
23 105 88:1 03,6 | S
" 1.h 12:1 | 100.7
! I " - 98.2
" | " " - 99.7
98.9(b) 8.k 8l:1 99.4
" b 41:1 99.4
" 5.2 52:1 : 1041
" 1.k . 1h:1 9k.9
! " " | _93.9
" ) I - : 100.5.
" " " 91.9
" | " " 99.7
" _ | " | " | 101.7

(a) A.A. analysis.

(b) SnCl2 épectrophotbmetric analysis.




Conclusion.

The fire assay procedure has been shown to.bevquantitative for
platinum, results in mpst cases showing 98-99 per cent recover&. - No
difference is in evidence.between milligram amounts of platinum added
as a powder and é solution, and microgram amounts of platinum. |

vThe‘results obt;iﬁed from the assay of crucibles and slags, and
the fact that cupellafibh and filtraﬁe losses have been shown to be.
insigﬁificant, suggest that the main loss of platinum during the fire
assay is by migration to.the‘walls of the crucibieL

Silver-platinum ratios as low as 10:1 and silver weights és low
as 1.4 mg have been shown to effect quantitétive recovery of platinum.

It is unlikely that the accuracy and precision found for synthetic
samples as shown in Table Ii will be duplicated b& an ore aésay. Pro-
blems of homogeneity and sampling must be taken into account an any ana-
lysis for an ore, and "ideal" conditions as found in synthetic samples

are rarely encountered.




Fire-aésay for platinum using tin as a collector.
The precious metals are collected in molten tin when the
sample is fused at 1200 - 1250°C with a flux containing stannic .

oxide, sodium carbonate, silica, borax and flour (9). The result-

ant tin alloy is granuiated by melting in a stream of nitrogen and
quickly pouring into approximately one litre of water. The water

is removed by decantatibn, and the residue treated with concentrated

hydrochloric acid which volatilizes most of the tin. The precious _

metals arevdissolvéd and isolated by various procedures prior to
determination.

The success of tin in coliecting platinum gnd the other prec-
idus metals is due £o the formation of intermetallic compoundsbof -
the type Pt-Sn and Pt—Sne;

It was the author's intention to "simulate" the éupellation
procedure, by forming the intermetallic compounds of tin and plat-
inum independeht of fluxing gnd evaluating the procedure for plat-
inum.' If successful the entire fire assay procedure couldvthen be
evalgated and c§mparéd'in efficiency to the fire assay using lead.

Artificial buttons were prepared by salting tin foil with

milligram amounts of platinum added as a solution. After evapor-
ation of’the_platinum aliquot, the tin foil, Weighing approximately

25 g was carefully folded into a ball, small enough to fit in a Vycor

tube. Air was purged from the tube by nitrogen gas delivered thro-
ugh a smaller Vycor tube placed directly over the Buttonf The Vycor

. tube was held in an open flame until the button had melted. The
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nitrogén delivery tube was withdrawn aﬁd fhe molten tin alloy poured
4quick1y into approximately one litre‘of‘water.' The water was decant-
-ed off and the residue heated to dryness on a hot plate. The contents
were then transferred to a 40O ml beaker and treated with cohceﬁtrated
hydrochloric acid to volatilize most of the tin. Complete volatili- |
zation was aéhieved wifh 3-4 ml of a T7:2 mixture of concentréted hydro-
chloric and hydrobromic acids. The remaining residue was treated three
times with aqﬁa regia, three times-with concentrated hydrochlofic acid
and finallf with water, and platinum determined by atomic abéorption.
The above procedure was repeated once more. Recpvery of platinum was
85-90 per cent. The remaining platinum cdu}d be removedlfrom-the Vycor
tube by leaching with .aqua regia.

Visual inspection of the Vycor.tube during heating showed that
platinum was "sticking" to the walls, and there appeared to be two
metallic phases at all times. It was considered that a true inter—
metallic compound was nbt.being formed under these conditions and this

line of work was discontinued.
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Fire-assay of Platinum ores.

Introduection.

As with any method of analysis, the accuracy and precision ob-

tained by fire-assay is very dependent of‘the sampling procedures
used. The importancé of proﬁer sampling methods has been emphasized
by Bugbee (1h), who states "when it is considered that thé final gam—
' ple for fire-assay usually weighs somewhat less than 15 g, .and tﬁaﬁ

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

50-250 tons, the enormous practical difficulty of the problem may be
a?pfeéiated.” The problems of such sampling are discussed in various
'textbooks‘on fire—assaying {4,14).The analytical chemist has usually
no control over this method 6f sempling and is conéerﬁed more with
laboratory sampling., In this case, ores should be ground to a high . § -

fineness. This not only aids in every particle having an equal chance

of appearing in the sample; but also ensures conditions for an initial
optimum fusion.
Optimum sample size has been related to the physical character-

ists of the ore, such as particle size (16). However, the size of

sample taken by this author for each orer was determined by the method

of analysis used.

Laboratory sampling of ores.

. The ores received for assaying had been previously crushed and

sieved, and weighed approximately 1-2 1bs. In order to ensure adequéte
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fineness; it was attempted to pass each ore through sieves of 100 and
200 mesh. However, very little ore came through eifher mesh. This

was surprising since the ores already showed a high degree of fineness.
The sieves were placed on vibrators for several minutes, but this

failed to collect anymore ore. Inspection of the sieves under a micro-
scope showed that the heles of the sieves were free and that small glob-
ules of ore were stiCkiné‘to the fine wire, probably by electrostatic

- force. This was taken as evidence that the ores were flne enough to pass
through the 51eves; and required no more crushing.

The entire ore sample was placed on a large sheet of cellophane and
rolled or tumbled by lifting elternate corners of the sheet. Aftervtwenty—
five minutes of mixing, the ore was spread out evenly on the cellophane,
and marked off into one inch squares. The sample for assaying was then
obteined by taking a small portion on a spatula from each of the squares.
The spatula was extended down to the bottoﬁ eachvtime. With practice,
approximately equal portions could be taken from eech sqﬁare, thus, keep-~
ing vafiations to a minimum.

This precedufe was repeated to obtain ore samples for future deter—

minations, except that the rolling and tumbling was reduced to five minutes.

Determination of platinum in ores.

The ores to be analysed were obtained ffom the Merehsky Reef in the
Bushveld Igneous Complex, South Africa. The major component of such ores
is pyroxene (silicates of calcium, magnesium, iron, aluminum, sodium and
and lithium), mainly bronzite (Mg; Fe)2Si2O6. Minor components include

chromite (Fe(Cr,Fe)goh), chalcopyrite (CuFeS,), pyrrhotite (Fe S) and
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pentlanaite ( (Fe,Ni)éSS). Trace constituents includela variety of sul-
fides of iron, copper and nickel. The platinum metals are present as
native platinum, spérrylite(PtAse), braggite (Pt2PdNiSh), sfibiopalladi-
nite (Pd3S6), copperite (PtS) and laurite (RuS,). A ;proportion of the
platinum metals is also present in solid solution in the sulfides of
iroﬁ,‘copper and nickel.‘ Fach ore - designated ﬁy name ‘or number -

had been previously analysed for platinum metals and gold. Results of

- these analyses for platinum are shown in Table VI, together with the

methqu 6f analysis.l Fifteen‘laboratoriés were furnished samples of ore
USBM 31 by the United States Bureau of Mines as part of a "round robin"
analysis and twelve laboratories submitted analytical results. The
values rejected in the averaging of ore USEM 31‘were rejected by the
United States Bureau of Mines and not by this author. . Where possible
brecision has been quoted at the 95 per cent confidence level. It should

be made clear that the'laboratories that analysed ore -USBM 31 did not

' analyse ore Sk and the float concentrate. A complete_analysis of these

ores fqr the platinum metals and gold is shown in Table VII.

_The approximate weights of the ores taken were Sk - 15 .g; float con-
centrate - 8 g and USBM 31 - 11 g. Siliéé;(ng)Was used as a blank ore.
In order that the flux was not too basic apprbximately T g of silica was
added to the float concentrate.énd L g to USBM 31. Frbm previous ekpef-
ience of an identical ore, it.was deemed necessary to roast USBM 31 be-

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

_ lain dishes and placing in the furnace at 700°C. The furnace door was

left slightly open to create a‘draft,'neceésary for the oxidation of

sulfur to sulfur dioxide. The samples were stirred at frequent intervals
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Table VII: Previous analysis of ores for platinum group metals and gold.

Concentration of metal (ppm).

sh (19) . Float concentrate (19) USBM 31 (20)

Platinum 523 - 82.60 k.9 (7.32) "
Palladium 0.91 .- 49.90 - (@)a1 (5.3%)
Ruthenium  0.05 1.0 (b)g, 53
. Rhodium _ 0.35 | 9.55 () 34 (17.8%)
| . (a) p,
Iridium 0.10 1.35 0.13 (15.0%)

Gold - 0.23 2,55 | (e)o.11 (20.5%)

(a) AVefgge value from 9 laboratories;
(b). Tentative value from United States Bureau of Mines.
(c) Average value from 7 laboratories.

(a) Average of 12 determinations from United States
Bureau of Mines.

(e) " Average value from 8 laboratories.

+ Figures in brackets represent relative standard deviation.
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whilst roasting. Loss in weight on roasting was on average 0.003g/g.

Samples of S).-and the float concentrate were weighed directly into

baggies and mixed with the flux components (flux A).. Six milligrams

of silver as silver nitrate was added to the float concentrate and
2 mg added fo the other two ores.. The samples were dried, usually by
leaving in a drying oven overnight at 70°C. After drying, lumps were

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

ibles were placed in the furnace and samples fire assayed in an identi-

cal manner to that already outlined.for'synthetic samplesf

The silver beads obtained were analysed by atomic absorption and
results are shown in Table VIII. Initial results for the float concent-
‘rate were low and so samples were roasted as described gbove before fire

assaying. Loss in weight on roasting was on average 0.013g/g. These

results also appear in Tabie VIIT. Severgl Sk ore samples were also
roasted to see if recovery could be improved. Althéugh ioss in weight .
was 0.030g/g, results obtained were the same aé previous analysis. The
-procedﬁre was checked using the method of standard_additions. Threé.beads

obtained from the fire assay of equal amounts of ore were plaeed in 10 ml

flasks and treated as described above. Additions of O, 79.2 and l58.h’ig

platinum were made to respective flasks, and the absorbance of each solu—
tion was measured, using a blank to zero the instrument. A plot of ab-

sorbance versus amount of platinum added yielded a straight line as shown

in Figﬁre I. Extrapolation'of-the line to the abscissa yielded TS.Mng
- platinum which when divided by the sample weight (15.9 g) gave a value of

4.93 ppm for ore Sk,
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Figure I. - Standard addition method for the determination
of platinum in ore S4. (Scale expansion X5).
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Methods for the determination of platinum.

a). Gravimetric methods.

Probably the easiest and most convenient method for the
determination of platinum after removal of silver by parting is by’
direct weighing. The filter paper containing the platinum residue
could be ignited by leaving in a tared crucible overnight at L400°C.
The  crucible could: theh be weighéd . and the amoﬁnt of platinum deﬁei‘—
“mined. Blanks would have tovbe'run to correct for residual’ash_from'
the_filter paper. Bbwever, it_waslinvariably found that ,.even after
doublé parting with concentrated sulfuric acid, ﬁhe platinum fesidue
contained traces of silver. Blanks_tquld not be relied upon to
cofrect this, since the amount of silver retained-probably varied
from bead to bead. Because of this reason a direct weighing pro-
éedure was not~us¢d.'
| A gravimetric method using thiophenol (1) was_ﬁsed for milli-
gram amounts of platinum. After igniting the filter paper at hOQ°C,
the platinum residue was altefnaﬁely treated with aqua regia three
times, concentrated hydrochloric acid three times and finally Water.‘
The solution was filtered into a 40O ml\beaker and made up to 200 ml
with water. Dissolving in ﬁater and filtering removes the last traces
of silver. The solution was acidified with.four dropé of concentraied
hydrochloric acid and five drops of thiophenol then added. A cover
glass ﬁas placed over the beaker and the mixture digésted on a steam

bath until the supernatant liquid was clear. This pefiod may extend
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to twelve hours or possibly more depending on the temperatﬁré of
the'steam bath. The solution was filtered through a T em Whaﬁman
No. 4l paper and.theAresidue washed with water. The filter paper
was transferred to a tafed Coors 000 porcelain crucible and placed

in an electric oven. The temperature was slowly raised to 400°%¢

and held there for three hours, and then raised to 800°C and held
for twenty minutes. érucibles were then removed and_the residue

weighed as platinum. Blanks which were run simyltaneously with

'samples in all cases were consistent at between 100 - 200’Ag. Re-

sults obtained are shown in Tablé IX.

It can be seen that most results are high.‘ This has been the
usual e#perience of the author using platinum standards.  Table IX
shéws the values obtained on one set of platinum standards; Beamish
( 16) remarké.that ﬁhere is a marked tendency towards positive errors
using this method. However, these errors should.be_at ﬁaximum 0.2
per cent and certainly not 3 ~ 8 per cent. In an. attempt to detef-'
mine the reason for high values, these platinum residues were heated
in a stream of hydrogen at 800°C. Losses in weight occured as shown
: in Table wiX . .Heating was continued until no further ldss in weight

was obtained. Blanks were also heated in hydrogén but no loss in

weight occurred.
Two reasonable explanations may be put forward to explain these

losses in weight:

a) Further removal of sulfur as hydrogen sulfide.
b) Formation of oxides of platinum on heating in the electric

oven followed by reduction in hydrogen.
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Explanation (a) would seem most valid especially as yellow
speéks were in evidence in the black residﬁe. The tempergture in
the electric oven (BOOQC.) does not seem high enough for formation
of platinum oxides (16); . Even if such oxides are formed, they are
volatile and one would not expect their presence in the residue.

Other precipitanfs were examined and only zinc was found to be
recommended (21), 'The method outlined for zinc was then used for
standard platinum sdiutions. Again results were very high -~ probably
because of contamination by =zinc.

Because of these high results, a second Platinum solution was
standardized spectrophotometriéally against the original standard us-
ing.all calibrated glassware. Also milligram samplés of platinum
from the fire assay-and cupellation procedures Wefé determined in the

same way.

b). Spectrophotometric method.

The colour formed by the reaction of platinum with tin (II)

chloride was used for spectrophotometric analysis (2 ). After part-

‘ing, the platinum residue was ignited and treated with aQua regia,

hydrochloric acid and water as described in the previéus sections.
Platinum solutions were added to volumetric flasks cdntaining
concentrated hydrochloric scid and tin (II) chloride and the absorb~
ance measured at 400 rm in 1 or 4 cm cells és defermined by the con-
centration. Optimum reagent concentrations were 10 ml concentrgted

hydrochloric acid and 20 ml tin (II) chloride per 100 ml of solution;

Using 1 cm cells the concentration was linear over the range 3-23 ppm
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and using 4 em cells linear over the range 0.5 - 8 ppm. Absorb- -
ances were corrected for blanks containing hydrochloric acid and
tin (II) chloride. From blank measurements detection limits were
calculated to be O.lhrxg/ml‘for 1 cm cells and 0.09r43/ml for 4 ecm
cells. The precision obtainable in both cases was * 055 per cent.
Standard graphs are shown in Figufes IT and III. In all analyses
standard solutions were measured with sample solutionsito check the
calibratibn..

The nature of the coloured product formed in the above reaction
has been the centre of considerable interest. Ayeré épd Meyer (22 );
using the methods of continuous variaﬁions and mole ratios, found evi-
deﬂce for the fofmation of several complexes. Some of the reactions
were slow, others rapid. In aqueous solution, the principal product
was believeduto be a tetfapositive ion of formulsa (Ptth01h)h+ in-
which platinum exists in the zero oxidation state.

A later study by Lederer and Shukla (23). diségrees with the
"above conclusion, claiming the complex is anionic in nature. Using
adsorption paper chfomatography, they suggested that’trichlorostannate
ligands (SnCl3) were coordinated to platinum and that zero valent plat-
iﬁumiwas highly unlikely. Support for this has ﬁeen given in corres-
pondence on the subject (2h,25),

'Daviésvgg_gg (24) confirmed the complex was anionic by ion—exchangel
and gave evidence for the presence of [?t (SnC13)201é]2—.

Cramer et al (25) iéolated two substances from solutions in vhichl

" the tin (II) - platinum ratio was greater than 5:1:




Figure II. Tin (II) chloride spectrophétometric calibration
curve for 0.8 - 5 ppm platinum using 4 cm cells.
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Figure III. Tin (II) chloride spectrophotometric calibration
curve for 3 -~ 23 ppm platinum using 1 em cells.
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PCH

PtCl, (SnCls3),.

[(CgEs)q PCHgly Pt(SnCly);  and [(Cghy), PCH,,

(red crystalline) : (yellow crystalline)

Further evidence for the Pt(SnCl3)53_ anion comes from the work of

Pietropaola et al (26) who studied the reaction of PtClh2~ with ethy-
- lene in the pfesence of SnClB— . These authors claim no ethylene

adsorption is detectable at high tin-platinum ratios, at which the

predominant species is the five coordinated Pt(SnCl3)53- . Their

" study also shows that SnCl3‘ behaves as a weak o~ donor, but is a

strong dm - d7T metal to tin bond acceptor ligand.

Young et al (2T ) have proposed the possibility of cis and trans

isomers formed in the following stepwise manner.

6nCl, + C1 = SnCl3

e

PtC1)“" +8nCly” > Ptc13(sn013)2- + C1™

PLC1(SnC15)%" + BnCl3" =  trams - PLClo(SnClz), + C1”

| 2- . » o
trens - PtCl,(8nCl3)y”  z—>  cis - PtCl,(snCl3),> .

. )4 _
Lindsay et al (28) found evidence for the anion [Pt3Sn80120]
in acetone solution, Platinum is presumably in the zero valent state.

In a'recent polarographic and spectfophotometric study in this

laboratory, Dugan (29 ) found evidence of reduction of platinum (IV)
to platinum (II) and possibly platinum (0) in perchloric acid med-

ium. At tin-platinum ratios greater than 1:1 at least two'cqmplexeé
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were formed. At low and intermediate tin to platinum ratios, one
complex is initially formed followed by rearrangement or dissociat-
ion to ahother complex. This rearréngement was suppressed at high
tin~-platinum ratios (50:1). These results were interpreted as init-
ial formétion of a trans complex followed by rearrangement to the cis
isomer. At high tin-platinum ratios, this rearrangement was suppressed
by the large excess of tin (II) chloride. |

Thus it can be séen that while the colour formed betwéen plaﬁinum
and tin (II) chloride in acid éolution is the basis of a sensitive,
quantitative method of determination, the 'exact nature of the systenm

is as yet not completely understood.

¢). Atomic absorption.

" The method descriﬁed by Van Loon (30) was used to determine

platinum in silver beads obtained from the cupellation process.

Each bead, obtainéd from fire aséay of ores Shi and USBM 31,
was placed in a 10 ml volumetric flask.and 0.5 ml concentratea nitric
acid added. The flask was heated by»immersion in a beaker of hot
water, ‘and heating continued until dissolution of the bead was complete.
Congentrated hydrochloric aéid (3.75 ml) was then added; and the flask
heated once more to dissolve the silver. The flask was allowed to cool,
usﬁally overnight, and lanthanum as lanthanum chloride added so as to
make the final>concen£ration in the flask 1 per cent. The flask was
made up to the mark with distilled water,Aand platinum absorbance deter;

mined versus standards containing silver, 1 per cent lanthanum and
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6 M hydrochloric ‘acid by running, closely, a lower concentration
standard, followed b& two samples and a higher concentration stand-
ard in quick succession.

The beads obtained from fire assay of the float concentrate
_were.placed in 25 ml volumetric flasks. Soiutions weré still made 6 M
:in>hydrochloric acid and the fihal concentration of lanthanum in the

flask was still 1 per cent.
- Blanks wefe run ﬁith each set of samples and under the condi-
tions used it is possible to detectbo.hfxg/ml of platinum.
| Addition of excess concentrated‘hydrochloric'acid serves not
only to dissolve the platinum but also to keep silver in solution.
Silver is soluble because of the formation of anionic complexes of

‘the type AgCl,”, AgCl,” . and AgCL,” .

3

The following instrument settings were used according to the

Perkin-Elmer Handbook (31):.

: o
Wavelength: 2659A
Lamp. current: 25mA
S1it setting: L
Fuel (Acetylene) flow
rate: 3.8 litres / minute.
Air flow rate: - 24 litres / minute.

Burner positions and aspiration rate were adjusﬁed for optimum
absorbance -each time.

Precision obtainable using scale expansion X5 is of the order
of * 2%, over the concentration range 5-100 ppm. The standard graph -

is shown is Figure.IV.




Figure IV. Atomic absorption calibration curve for
0 - 100 ppm platinum (no scale expansion).
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It is of interest to consider the interferences on platinum,
due to the other noble metals. Van Loon (28) found platinum ab-

sorbance depressed 30 per cent by 1 per cent silver. Other studies

(32,33,34 ) have shown interference from palladium, gold and parti-
cularly rhodium and iridium. A1l interferences due to these metals
may be removed by the.addition~of 1 pér cent lanthanum.

Gilbert (35) divides chemical interferences into two types:

1) Vapour-phase interferences including ionization, excitation

and dissociation.

II) Condensed~phase interference due to the formation of an invol-
atiie species of the analyte.

Type (II) would seem to be more applicablé in this work. Ion-
izatipn is not expected to any great extent in an.air—acetylene flame,
because of the relativély low temperature of such a flamé. Excitatf
ion interference is due to a shift in population'of severél energy
.1eveis in an atom. Since the ground state does the>absorbing in
atomic absorption, this type of interference is negligible. Inter-

ference can also be. encountered due to insufficient dissociation of

molecules at ordinary flame temperatures. Hotter flames can be used, -
but this increases chances of ionizaﬁion.
The work of Van Loon et al (32 ) lends credence to the above

assumption concerning type (II) interferences. Plots of absorbance

versus (MPF) / (Pth+)’where (M™*) is the concentration of contaminant,
showed distinct breaks in absorbance depression at (MR*) / (Pth+) = 2
for sodium and ﬁotassium and a value of 1 for magnesium and caléium.‘

This suggests the formation of an involatile species of platinum as

shown below:
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(2/n)'Mn+ + Hé(PtClé) <=2 M, /nPtClé + ot
Interference by a cation would depend on the extent of the dis-

placement and the volatility of the platinum salt formed as compared
to H2(Pt016); 'In strong hydrochloric acid solution, all the noble
metals form anionic complexes. Of the noble metalsvconsidered in
‘this work, the least stable ére rhodiuﬁ (36) and iridium~(37). Thus
it is expected that rhodium will cause the greatest interference follow-
ed by iridium. This is borne out byvthe work cited above (32,3L). 'All
metals will cause interference-whén present in large améunts. |

" Lanthanum (III) depresses platinum absorbance reaching a minimum
at (La3t) / (Pth+) = O;T. This is-possibly due to the following re-
action: - L

3 4 3H,(PtClg) &= Lap(PtClg)y + oH"

2La
'Increasing concentrations of lanthanum releaéé‘ more plétinum'lead—
. ing to enchancement of absorbance.
_ The suggestion was also‘made~that oxides of platinum may be pfé—
bsent in the flame, Lanthanum could prevent interference from such
species by one. of the following reactions:

hra(g) + 302(g) é_—::—__% 2La203(g)

La(g) + PtX02 ‘g===> Las03 + x Pt(g)

Hotter flames may also be used to reduce condénsed-phase inter-

- ferences. Van Loon et al (38) studied the above system in nitrous oxide-
acetylene flames and found interferences were indeed removed. However,
sensitivity was lowered by a factor of 4, presumably because of ioniza-

tion effects.
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EMISSION SPECTROSCOPY.

Introduction.

Atdmic emission spectra are observed when photons are emitted
by atoms in an excited energy state. The frequencies of the lines
are characteristic of the elements present and can, therefore, be
uﬁilizea in qualitative énd quantitative analysis,

- Various energy sources may be used to excite electrons in atoms.

In emission spectroscopy electric arc and spark discharges are common-
ly used. kWith'suéh powerful excitation sources; high resolution in-
struments are required to resolve the complex spéctra generated. The'
spectra originate‘frbm excitétion of outer or valency electrons, and
are studied in the_visible and near U.V. regions.

The sample for analysis is vapourised into the excitation source,
and the light thus produced is dispersed bj a pfism or a grating aﬁd
recordea, usually, on a photographic plate. The intenéity of an emit-
ted line dépends on the numbef of excited atoms and hence the concent- .

ration of the particular element in the sample.

Many spectrographic methods have been émployed for the determin-
ation of platinum. Samples have been in the form of silver beads (39,40);
lead buttons from arrested cupellations (41,42); and as solutions (43,kk),.

'Initial studies were performed with silver beads. It was thought

that since no parting or dissolution of the beads was necessary, arc-
ing of the beads would provide the simplest and most convenient method

for platinum determination.




Arcing of silver beads.

Silver beads weighing appfoximately 20 mg and containing 0 (blank),
10, 20, 40 and 60}Ag of platinum were prepared by cupellation as described
in a previous section. These beads were placed in standard 3/16" cupped
graphite electrodes and 6 mg lithium fluoride added as a buffer to pre-
vent bead ejection during arcing.. The beads were excifed by means of an
uninterrupted d.c. arc (ll.BA), in an argon-oxygen atmosphere, followed:"
by three photographic exposures. The first exposure was completed at
120 sécondé, the second expoéure completed wﬁen the intense silver colorf
ation of the arc began to decrease and the third terminated ﬁhen_the arc
' charécteristics indicated fhat complete velatilization of the electrodes
contents had been achieved.. Total exposure time was approximately 240 sec-
onas. Exploratory results showed a linear reiatioﬁship_betweén concent~
ration of platinum and intensity of spectral line (306&.712), when plotted
on log-log coordinates. H

Ail beadé to be used in furfher emission spectrographic work were,
therefore prepared containing 20 mg silver. Standard bea&s were prepafed-
by cupellation, and synthetic fife assay beads and ore beads preparéd by
fire aésaying with flux A as described previously. Ores designated float
concentrate and USBM 31 were roasted at TOOOC.for one hour before fire
 assaying. Ore weights were éuéh that between 20—50f1g éf‘platinum were
taken. |

. Arcihg of these beads'faiied to rebroduced the linear relationship

found in earlier work. Indeed, in some instances, no platinum was found

at all. Close examination of the beads during arcing showed that after




all the silver had volaﬁilizéd,.platinum was left on thebelectrode'in
the form of a "leaf". This leaf either burnt to completioﬁ on tﬁe
electrode, or was ejected at random intervals causing erratic results.
Coﬁper powder was added to the electrodes to try to prevent ejection
of the platinum. Copper electrodes have successfully béen used for
arcing silver beads (&5); HoweVer, copper failed to overcome the
.proﬁlem, ejection still taking place aftef the volatilization of cop-
per. Reducfion of the arc current to TA aiso proved unsuccessful. It
now'appears that éarly success with this method wés pﬁrely fortuitous
and this 1iné of work was discontinued.

Beads were then dissolved and applied to the electrodesvas sol~
utions. Synthetie fire assay beads and ore beads were placed-in 25 ml
volumetric flasks and O.Srnﬂ_concentrated nitric acidiaddedvto dissolve
the silver. Two millilitres . of concentrated hydrochloric acid was
then‘added to dissolve the platinum. Flasks were gently heated to en-
courage dissolution, When cool.flasks were made up to the mark with
concentrated hydrochlpric acid, and allowed to stand for several hours.
This ensures complete dissolution of the silver. Sfandard solutions
were made by pipetting microlitre qﬁantities of stock platinum and sil-
ver éolutions into 25 @] flasks ;nd adding nitfic acid and hydrochloric
‘acid as above. These solutions contained'O, 10, 20, L0 and 60,Jg plat-
inum and 20 mg silver. A calibrationAwas attempted by runningAeach sténd—
ard in triplicate. 200r:l of solution was placed oﬁ each electrode in
20}‘1 aliquots, after first Vaterproofing the electrode with hO‘Ji of a
1% solution of polystyrene in benzene. The aliquots were evaporéted 6nto

the electrode, by placing the electrode under a heat lamp. A final




20})1 of polystyrene solution was applied Just before arcing. The
electrode was then mounted against a conically tipped éraphite elec~
trode and arced at 11.5A in an argon—ox&gen atmosphere, usihg an analy-
tical gap of 4 mm. A 45 second pre-burn followed by a 35 second expo-
sure was used. Results were very erratic, especially at low loadings
of platinum (80 ng and.l60 ng). Precision at these levels vas ¥ 503.
~Platinum 2659.45 and 306L4.71 X lines were uséd. Internal standardi-.

zation was not attempted.. Most of the elements considered were vol-

atilized befbre platinum during.the pre-burn. Those that were desir-
able - the noble metals - were considered ﬁnsuitable‘because of their
presence in ore samples. This was not considered critical since the
arc burned Véry quiétly and steadily with minimum wandering and was
‘ constantly focussed on the slit.

'Becaﬁse of thé lack of success with a d.c. arc; it was decided -
to utilize the méthod of Haffty and Riley (43) and uéé.an ignited a.c.

arc to excite the platinum.

Ignited a.c. arc of platinum solutions.

The same solutions prepared sbove were used, except that hOrJl
of a 1,000 ppm molybdenum solution was added to each flask. Molybdenum
‘serves.as an internal standard. Instrumental conditions are given.in

Table X.

Standard solutions were run in triplicate by adding 200};1 in

50'41 aliquots to the flat end of the electrodes. Electrodes were




Table X: Instrumental conditions for ignited a.c. arc.

Excitation source - ignited a.c. arc.  Primary power source - full

wave rectified 230V, 60Hz power supply -~ initiated by a high—volt—

age condensed spark synchronized to initiate each half cycle.

Radio frequency current: .

Capacitance:
Inductance:

Primary resistance:
Secondary resistance:
Discharge voltage:
Cufrent, radio frequency:
Slitwidth:.
'Anal&tical gap:
Tranémission:
Exposure:

Emulsion:

Electfodes:

2.0 A
0.0025 fLF.
15 fJHA(residual).

16 .

0.5.0..

15,000V.
T.5 A

hop
3mm.

Steps 3°& 6 of a 7 step filter.(

20 seconds.
Kodak SA-1

Anode - ASTM 8 (flat end)

Cathode' — ASTM 5 (flat end)

" (a) Neutral filter with bands of differing transmittance placed at

the slit of the spectrograph. It was prepared at A.E.C.L.,

Pinawa, Manitoba from thin aluminum sheet and painted black.

Transmission of step 3 is 40.7% and for step 6 - 11.2%.

a)
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waterproofed and aliquots evaporated under a heat lamp as already
described. Residues were excited by ah ignited a.c. arc for twenty

seconds. Photographi¢ plates were calibrated with an iron spectrum,

excited by a d.c. arc at TA for eight seconds using a slit width of
20}1., Intensities of spectral lines were measured using a non-re-
cording densitometer. dalibration plots of concentration versus inten-
sity ratios of Pt 2659.&5'/ Mo 2816.15 and Pt 3064k.T1 / Mo 2816.16

gave straight lines, when‘plotted on log-log coordinates. Precision

was much improved using the Pt 2659.45 / Mo 2816.15 ratio.

Synthétic fire assay solutions and ore solutions were run and re-
sults were very low when compared to thé‘standard graph. However,
when cupellation beads wefe dissolved and used as standards, resulté
indicated quantitative recovery, as shown in Table XTI and XII. It was

found that accuracy and precision were much improved using the Pt 306L.T1 /

Mo 2816.15 intensity ratio. This is in contrast to the previous stand-
ards. Several plates were used to accomodate all samples, and cupell-
_ation standards were run on each plate to check the éalibration. Fach

plate was developed by the procédure recommended by Kodak, and develop-

.ing solutions were changed once weekl&.

Conclusion.

It is surprising that so much trouble was experienced uéihg,a d.c.
arc on silver beads after a report successfully accomplishing the same
(39). HOWeVér, other workers have had the problem of bead ejection when
arcing on graphité electrodes. Sim (L45) overcame the problem by using

copper electrodes. Although these electrodes seem best for arcing silver




Table XI:

Platinum added
( rtg)

-68-

Ignited a.c. arc of synthetic fire assay samples.

Platinum recovered Average recovery.
( pe)

16.1

"

17.1
17.1
16.0
1h.4
24.5
20.0

20.0

2k.0

40,0 #
31.3
31.3
46.0
9.0
49.0
46.5

16.2

22.1

4

I+

2.0,1g (100.6 * 12.4%)

3.9f4g (91.7 * 16.2%)

mu3ﬂg(9rz%)

Lh7.6 2.6}4g (98.6 + 5.4%)

* value rejected on statistical grounds.

t Values quoted at the 95% confidence level.
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beads, they were not used for this work. Whitehead and Heady (h6 )
used 10 mg rhodium powder as a buffer to prevent bead ejection. It

was felt that a platinum metal would likely be contaminated with plat-
inum and the presence of only 0.0001 per cent platinum would be detect-
ed. Thus, it was not considered good practice to use another platinum
metal in the determinatibn of platinum.

Poor results obtainéd forisolutions using a d.c. arc may be due to
the small amount of sample being added to the electrode cf. 80 ng. This-
is close to the detection limit. If results had not initially been so
fortuituous, smaller bead weights would have been used, and smaller dil-
utions utiiized. Thus, more platinum would have beeﬁ added to thé.elect—
’rode with a probable increase in precision.

No explanation can be forwarded to explain why cupellation stand-
ardé were necessary using an ignited a.c. arc. Results using syntheﬁic
standards were approximately 30-50 per cent low. It is inconceivable
that such losses will occur for platinum in all samples in the cupella-
tion or fire assay procedure.

The precision obtained at 80 ng (%13 ng) agrees wellfﬁith that ob-

tained in another study (+10 ng) at 79 ng (Lb).
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X RAY FLUORESCENCE SPECTROMETRY.

Introduction.

When high voltage electrons 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 'continuum'". If the voltage

across the x-ray tube is raised to a critical level, which is a func—

tion of the target, sharp peaks are superimposed on the "eontinuum".

For a given ﬁarget these spectra occur at the same wavelength and so
arevreferred to as "characteristic line" spectra. |

_ Charactcristic radiation arises from the energy transference in- o
volved in the arrangement of orbital electrons of the target element
.following ejections of one or more electrons ih the excitation prb~
cess. Line spectra are named according to the transitions involved.
Thus, if an electroﬁ movcs into an empty.K shell the characteristic
radiation cmittcd is dcsignated Ko(,I(F etc depending on whether the
electron originated from the L or M ete shell. The relativc simplicity

of characteristic x-ray spectra ié explained by the limited numbers of -

energy levels in the atom, the fact that certain electron transitions
_ are prohibited and that for those that are possible different probab:-

ilities exist.

The-characteristic x-ray spectrum of an element can also be ex-
eited by x-rays, if this primary x-radiastion is sufficiently energetic

to ionize  an inner shell. This is known as "secondary excitation".
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Secondary excitation is also known as fluorescent Xx-ray spectrography.
In quantitative anélysis,the intensiﬁy of the "characteristic

line" is related to the concentration of the element.

Commonly secondary x-radiation is scattered from the crystal sur-
face and by suitable collimation and selection of Bragg angle of reflec-
tion, the radiation is énalysed into its component wavelengths. The
number of photons spattefed at each Bragg angle is registered by a

Geiger counter or proportional counter.

In more recent years solid—state detectors have been used to dis-
tinguish and measure individual lineé by means of energy discrimination
(47,48). ‘These solid-state detectors are prepafed by doping impurities
such as phosphorus or boron into otherwise pure silicon or germanium
. erystals. Impurities that add elecﬁrons such as phosphorus are termed
dondrs; impurities that create "holes" such as boron are .termed acceptors.
An n-type material contains free electrons for conduction whereas a p-
type has an abundance of holes. The joining tégeﬁher of n—type and p-
type crystals produces a p-n Junction. Applibgtion of reverse bias to |

this p-n crystal creates a depletion zone within the crystal which is

practically free of mobile charge. Tonizing radiation on entering the
»depletion zone creates electron-hole pairs, which produce pulses of
electric current. Pulse height analysis allows the sorting of the

energy pulses into different channels for counting. "Pulses are direct-

ly proportional to the energy of the incident x-ray photon.
Lithium differs from the usual doping agents in that lithium

atoms occupy interstitial sites and not substitutional sites. For
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this reason the diffusion coefficient in lithium drifted silicon is
greater by a factor of appro#imately 107. Solid-state detectors offer
the advantage that all x-rays from elements in a specimen may be counted
simultanéously.

Seﬁeral examples are documented demonstrating the applicability
of using x-rays for thé.determination of platinum in ores and mattes.

Strasheim and Wybenga(h9) determined platinﬁm, gold and iridium
in matte solutions by a correction method and an internal standard met- .
hod. The results obtained agreed well with one another and also with
atomic absorption and chemical values, although the latter were not
described.

Russell et al (50) determined noble metals in nickel sulfide.
buttons, ion—exchénge resins -and matte-leach residués by x-ray analy-
sis. - Floatation concentrates and nickel sulfide mattés were anaiyséd
for noble metals‘by concentration in nickel sulfide - buttohs. Results
were compared with standérds_prepared by adding'solutions of tﬁé noble
metals to pure nickel sulfide-, the mixture then driéd, homogenised
énd pelleted. Resu;ts for plétinum and paliadium were satifactory
when compared wifh atomiC‘absqrpfionvanalysis. Matrix effects were
found to be insignificant. |

In the'analysis of ion-exchange resins and solutions of matte- |
leach residues, matrices were found to vary significantly so that net
peak intensities could not be related to concentration. To overcome
this, internal standardization was utlilized, mercury being used as an

internal standard for platinum. In both cases, synthetic standards
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were pfepared as identical as possible to samples. The procedures are
capable of a high‘degree of accuracy and precision.

Bapat (51) described a method for the simultaneous determina—
tion of platinum and palladium, by isolating the metals on an anion-
exchange resin-loaded paper disc. In this way, microgram quantities
of platinum and palladium could be determined in the presénce of milli-
gram quantities of base métals. The method was extended.to a nickel
matte,-andifesults obtained agreed well with spectrophotometric analy-
sis. |

To determine platinum in ores, Losev (52) dissolved the silver -
assay bead in dilute nitric acid, added tantalpmAas a8 comparison ele~
ment, evaporated the solution, ignited the residue and then ground it.
The analytical lines used were platinum Lo, and tantaium Lp; and
LFZ; . For concentrations of platinum less thén d.S'per cent, the
" bead was first treated with dilute sulfuric acid to diséolve the
silvér.‘ The error quoted was 3-L4 per cent.

- Chow (6) developed a procedure for the determination of gold in sil- -
- ver assay beads. Beads were flattened apd a constant area exposed to
the x-ray beam. Although resﬁlts were very promising for synthetic
samples, ore samples were not analysed. Other noble metals were found
not to intérfere.

It is hoped.tb extend Chow's method to the analysis of platinum
in synthetic silver assay beads and if successful to further extend

the method to ore samples.
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Experimehtal.
- Tube: Molybdenum

Voltage: L0 Kv

Filament: 20 mA

Detector: . Kevex Si{Li) with an active area of
30mm® and resolution of 195ev full
width at half maximum (FWHM) at 5.9 Kev.

Counting

Time: . 8 minutes.

X-rays from the molybdenum tube are filtered so as to be large-
1y monochromatic, collimated and allowed to fall on the sample to be
analysea. The Si(Li) detector is piaced immediately below the sample
out of the path of fhe main bean. .The detector is operated at liquid
nitrogen teﬁperaﬁures. The detector output signals are amplified and
shaﬁed for sorting by a 1024 channel pulse height analyser. The mem-
dry of the pulse height analyser may be continuoﬁsly monitored by a

~ display oscilloscope allowing the entire range to be inspected at a

sihgle glance. The data are recorded in digital form as a teletype

readout of the memory.

X-ray fluorescence of standard silver-platinum beads.

Silver beads weighing approximately 11 mg and containing 0.2-h
per cerit platinum were prepared in triplicate by cupellation of lead

boats as described previously. Blanks were also included._ Both platinum
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and silver Wére'added as solutions. " The hemi—spheriéal beads so pre-
pared wére flattened between two steel blocks in order to present as
large a surface area as possible to the x-ray beam. This‘was accomp-
lished in two stages. Aftér cupellation any adhering cupel material
 was carefully scraped away with a spatula and the beads flattened to
approximately 0.5 mm. fhe beads were then annealed by heating in a
péfcelain»crucible at red:heat for 2 to 3 minutes and finally flatt— 
ened to é pressure of 10 tons with a hydraulic preés., Annealing pre-
’fented the beads frqm splitting or cracking. Bead thickness was con-
stant at 0.10 - 0.12 mm. Diameters of beads varied from 3.70 - 4.10 mm,
The beads were mounted on mylar foil of MEOth cm'“'2 thickness
stretched over an aluminum foil and held in position by vacuum grease.
The holder was placed in the specimen chamber whicﬁ'was then evacuated.
The sample made a 45° angle to the x-ray beam. Initially tube voltage
and tube current were varied and 4OKv and 20mA found to give the best
peak to backéround ratio. Fach bead was coﬁnted for 8 minutes. This

was long enough to obtain 10% counting statistics for 0.18% platinum.

.

Figurehv showsvthe spectrum obtained from a bead containing lOOr!giplatinum
Only channels 256 - - 768 are shown. Resolutions calculéted for 9.h4k
Kev (PtLe; peak) and 11.07 Kev (PtLgl‘peak) are 330ev and 365ev, resp-
ectively. Thus it is not possible to resolve Le¢y, and Lz peaks noruLP,

_ andinz,peaks_(Table XIII).However,'P§L9<and P%IJF peaks are easily
resolved. Similar calculations showthat K;q, and Ke¢, peaks of silver
will appear aé a single Kc<peak. This is also the case with theI(F

line. AgKe< and AgKF peaks are easily resolved.




Figure V.

X~ray fluorescence spectrum of a silver bead
containing 100/4g platinum.
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A calibration curve wasvdrawn of percentage plafinum against
PtLe</AgKexX intensity ratio*using;the method of least squares. (Appen—'
dix A). "This is shown in Figure VI. The concentration of platinum
in the silver beads was calculated from the platlnum added and the
welght of the bead after cupellation. Intensity ratio was chosen as
this ratio is 1ndependent ofllnstrumental errors such as sample size,
sample positién and x-ray tube current.

Blanks contributed a constant 10 counts / 8 minutes at the PthxA
line, and hehce all platinum intensities were corrected by this amount.
This correction made very litfle difference at high piatinum.intensities,

but was significant at low count rates. No correction was applied to

the AgKex line. The results for standard beads are shown in Table XIV.

The method was tested using synthefic fire assay samples prepared
by salting flux A. Recoveries are listed in Table XV. As was the case
with standards, bead thickness was constant at 0.10 - 0.12 mm, Bead

diameters varied from 3.40 - '3.90 mm.

Homogeneit& of beads.

| To obtéin quantitative results using an intensity ratio method, it
is essentiai that platinum is uniformly distributed throughout the silver
matrix. To test this uniform distribution two beads, one at 19w concent-
ration and one at high concentratién,-were chosen at random, and both
sides of the beads counted five times-for the same 1ength of time, Re-
sults are shown in Table XVI. Application of the Student "t" test for
significance at the 95 per cent cdnﬂidence level shows that thevaveréges
for each bead are statistically the same (Appendix B). This indicates

complete bead homogeneity and justifies the use of intensity ratios.




Figure VI. X-ray fluorescence calibration curve for silver
"beads containing 0.18 -~ L4.2% platinum.
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Table XVI: ‘Homogeneity of silver-platinum heads.

Sample: 50.2 JgPt .
. v f

Side A ' Side B
Pt _ Ag Pt/Ag Pt Ag | Pt/Ag
255 5749 0.0kkh 263 5752 0.0457
268 5679 0.0kT2 257 6018 0.0k27
- 269 5879 0.0458 281 6062 0.0L6k
- 269 6036 0.04L6 1260 6016 - 0.0432
268 6141 0.0436 o710 6010 0.0L453
Average rafio Side A: oqoh51t0.0017'
8ide B: o.ohh7to.ooab
Sample:  1480.3 pgPt
T
Side A : |  Side B
Pt _Ag - Pt/Ag | Pt _Ag Pt/A
194k . 4703 0.413h 1896  L6uT 0.4080
204L ' 5006 0.3911' : 1964 L4907 0.4002
2127 © 5068 0.4197 . 195h 50hh 0.387L
2070 5087 0.4069 1955 5089 0.38k2
o142 5049 0.hoke 1967 . 4970 0.3958
Average ratio Side A: 0.4111+0.0160
| ‘Side B: 0.3951+0.0119

Side A: Top side of bead.

Side B: ©Side in contact with cupel.,
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Inter—-element effects.

It is necessary to determine the influence.of iridium, gold,
rhodium and palladium on the platinum / silver intensity ratio,
since these metals are present with platinum in most platinum bear-
ing ores. Figure VII compares the positions of Le< and L? peaks
obtained by individuélly,counting evaporated platinum and gold solu-

tions and iridium powder. Different amounts of each metal and diff-

erent count times were used. Platinum, gold and iridium have similar.

excitation efficiencies and hence equal amounts of each metal would
be expected to give peaks of equal intensity. If this was the case,
analysis would be imposéiblé since the L peaks of each metal would be
unresolved.. Howe&ér, analysis of platinum in present.ores should be
- possible because of the large excess of platinum compared to iridium
anq gold. To test this hypétheéis, silver beads containing lOO}Jg
platinum, SOfJg palladlum, lOng rhodlum, 10rtg gold, and 2r4g irid-
ium were prepared by salting lead boats and cupelling as described
previously. These numbers represent maximum values of each metal in
thé platinum ores analysed. The beads were cdunted in the usual
manner and compared with standard lOOIJg platinum beads. Thése re-
sults are shown 1n Table XVIT. Comparlson of absorptlon coefficients
(A) indicate no interference from the other noble metals.
Iridium and rhodium are not fully soluble in mdlten'silver, and

hence are not uniformly distributgd throughout the beads, but appear
as black specks on the surface. Both sides of the beads containing

these metals were counted, to defermine if this had any effect on the




Figure VII. Comparison of Le¢and Lp peak positions
for gold, platinum and iridium.
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platinum / silver ratio. Results appear in parentheses in Table XVII.

Similarly, it was shown that palladium and rhodium KexXlines do

not interfere with the AgKexline. This was expected because of the:
vast difference in the amounts of the elements present.
Thus, it has been' demonstrated that by’ taking Ptloc and AcKoe peak

heights, interference from the other noble metals is insignificant.

Analysis of ores.

Ores were sampled and fire assayed with flux A as described in
prev1ous sections. The float concentrate and ore USBM 31 were roast-
ed for one hour at 700°C before fire assaying. Cupellation beads were’
prepared, flattened1  and counted in the usual way. The résults~6f'the
ore analysis are shown in Table XVIII. The weights taken of the ores
designated Sk and USEBM 31 were such that a minimum of hO}Ag platinum ‘é

was determlned 1-2 g of the float concentrate was taken.

Conclusion.
~xouclusion,

X-ray fluorescence has been shown +o be quantitative for platinum
in the range studied. Acceptable results were obtained for ore Sk and

the float concentrate.v However, high results were obtained for ore

USBM 31, as compared to previous analyses, Bead homogeneitylwas test-
ed by counting the opposite side of each bead. The result of this

analysis was 6.36 + 0.60 ppm. This would seem to indicate homogeneity.
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Beads were also examined for lead. Lead peaks appear to the short
wavelength side of platinum; and hence may excite thé platinum peaks

- causing enhancement of the platinum - silver ratio. No evidence of
lead was found. Also from éxperience with beads céntaining leéad, more
is usually present om the surface attached to the cupel, and so en-
hancemenﬂ éhould be much higher on one side of the bead than on the
-othér.' This is not thé case. Thus no satisfactory explanatidn can.

be given for the high results.
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FLAMELESS ATOMIC ABSORPTION.

Introduction.

The theory and practice of atomicvabsorption is well esta-
blished (53). When light of a characteristic frequency is passed
through én atomic vapoﬁr containing neutral atoms in the ground
state, energy is absorbed, provided the atoms resonate at the char- .

acteristic frequency. Atoms are excited to a higher energy levéi,

but quickly return to the ground sﬁate, re~emitting energy at the
same frequency. Neutral atoms are usually produced by .nebulizing
agueous or organic solutions into a flame. Flames, however, suffer
from several disadvantages. vNebulizafion efficiency is only aﬁprox—
imately 15% for aqueous solutions, and atomization'efficiency in the
flgme is éxtremely low. It is alsd difficult to»maintain exact con-
trol over the chemigal environment experienced by an analjte in the
flame. A review by Kirkbright'(Sh) lists the advantages and dis~
advantages of using flames for analytical wofk.

Some of the disadvantages of using flames may be removed by us-~

ing non-flame cells. The chemical environment of a non-flame cell
can be controlled by the use of an inert gas. Alsobthe density of

the atomic cloud is expected to be greater in the non—flame cell,

since samples are not diluted‘by gases, burner design and rate'of
passage through the flame.
Non-flame devices for atom production'include graphite fufn-

. aces, silica rods, graphite and tantalum filaments, cathode-sputtering




cells, d.c. arcs, r.f. and microwave plasmas and lasers. A compre~
hensive list of these flameless devices is given by Kirkbright (5k).
The most popular devices used today appear to be.carbon rods and car-
bon tubes. These devices can attain temperatures as high as 3000°C
in a matter of seconds. Heating may be done in cycles. During the
drying cycle, the température is raised to the boiling point of‘the
solvent.. The dried‘sample is then ashed during the qharring cyclef
This removes any volatile components such as organics>or low ‘boiling
inorganic substances. The sample is then atomized and the absorbance

read at the wavelength of the analyte being measured. Thus selective

velatilization is possible, considerably reducing chemical interfer-

ences in many cases. As a result, matrix effects are different from
those in a fiame, Only substances with boilingvpoiﬁts equal to or

in excess of the analyte are likely to cause interference. Other suﬁ—
stanées méy be remo#ed as described above.

L'vov (55,56) was the first to use a flameless device for analyt-

ical studies. Samples, both solutions and solids, were placed on a

carbon electrode. The carbon electrode was then_fitted into an elect—
rically heated graphite tube and surrounded by argon gas: The graphite

tube was lined with tantalum foil or pyrographite to prevent too rapid

a diffusion of atomic vapour into the walls of the tube.. In this way,

absolute éensitivities were measured for some 37 elements, including
noble metals.

Janouskova et al (57).studied the effect of some base metals and
noble metals on'-80 ng platinﬁm in a 0.05 N hydrochloric acid medium,

using the HGA-TO graphite.furnace. Only ruthenium in a 5 fold excess
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énd stronﬁiﬁm in a 50 fold excess were found to interfere. Various
inorganic acids were tested and only 0.5N nitric‘acid found to inter-
fere. The study was extended to the determination §f platinum in re-
forming catalysts. Good agreement with a conventional flame method
was reported5

Adriaeséens and Kﬁoop (58) studied optimum conditions for the
flameless atomic absorpfibn spectrometry of iridium, platinum and rﬁod~
ium. Mutual interfefendes for binary systems in ratios up to 100:1
were not detected. Nitric acid was shown to have a more pronounced
effect on platinum and rhodium absorbances than hydrochloric acid.
Nitrogen and argon were compared as inert gases, and reduced sensiti-
vity waé obtained with nitrogen. It was also found that neither rhod-
ium nor iridium gave signals at the platinﬁm wavelength.

Rubeska and Stupar (59) used silica and ceramic absofption
tubes for thé determination of the noble metals. The tubes were
either heated by a flame or placed in a furnace and heated electri-
cally. ‘Silver was fognd to cause serious inferferences on noble metal
absorbances, due to light scattering by silver-salt particles. This
interferencé was eliminated by heating the tube in the electric furn-
ace. Tt was stated that "direct determination of the noble metals
after enrichment by cupellation is thus made possible by simply dis-
solving the silver beads in nitric acid." Hoﬁever, no results were
produced to support this statement.

Pearton and Mallet (60) studied mutuél interferences of the

noble metéls on a graphite tube in L per cent nitric acid, and




concluded that interferences are much more severe ﬁhan those found
in flames. Platinum absorbance was depressed by ruthenium (1Ru:1Pt
ratio), rhodium (20Rh:1Pt) and iridium (30Ir:1Pt). Similar results
were found in 4 per cent hydrochloric acid. Uranium, vanadium, lan-
thanum, copper and cadmium were tested as releasing agents to over-
come these mutual interferences. Cadmium was considered the most
effectiVé..

Gﬁerin (61) also studied the application of cérbon rods for
~ the determinatiop of the noble metals. Mutual interference were
found to be severe in some cases. Both rhodium and ruthenium de-
pressvthe platinum absorbance by 10_per cent in a 100 fold excess.
Copper reduced the depression due to rhodium but no other releasing
effects were found. Only copper and nickel saltsIWere tested as re-
leaéing agénts. Uranium and vanadium caused depression of some in- |
dividual noble metals when in a 1,000 foid excess, and so could not
‘be tested as releasing agents. This is in marked éontrast to flame
téchniqﬁes. Lead in a 1,000 fold excess did not interfere with the
platinum absorbance.

As demonstrated above much work has been done on ﬁoble'metals
by flameless atomic absorption. However, most of the work has been
concerned with studies of optimum condiﬁibns and interferences from
various metals and inorganic acids. Very few practical app;ications
have been reported. |

Bratzel et al (62).determined gold and silver in geological

and metallurgical samples in the parts per billion range using a




carbon rod atomizer. The gold and silver were leached from the
samples by acids, and concentrated into organic phases by solvent
extraction_methods. This has the advantage of leaving potentially
- interfering species in the aqueous phase. The results showed good
agreement with certified values obtained by a combination fire
assay-flame atomic abs;rption procedure. |

Having established the feasibility of using flameless atom-
ization.deviceg for the determination of noble metals,-a procedure
was developed forbthe defefmination of platinum'in~ore53by a com-~

bined fire assay-flameless atomic absorptibn method.

Flameless atomic absorption of Platinum standards.

It was anticipated that ore samples would be ﬁhe-éamefaSuin previous
flame atomic absorption work i.e.a 2 mg silver_bead conﬁaining plat-
inum -dissolved'in 0.5 ml concentrated nitric acid and made up to
10 ml with 50 per cent hydrochloric acid. The initial work was un-
dertaken with this in mind.

Aqueous solutions of platinum were firéd to determihe the opt~
imum concentration range. This was found to be 0.5-5.0 ppm for 50'41
- injections. Slight curvature of the line was obtéined at the higher
concentrations. Instrumental conditions are shoﬁn_in'Table XIX.

Platinum solutions in SQ per ceht hydrochloric acid were fired
and found to be linear over the same range. However, peak heights had

been dépressed by approximately 50 per cent. These results were




Table XIX: Instrumental conditions and considerations
- _for flameless atomic absorption.

Charring

Wavelength:
S1lit setting:

Lamp current:

- Drying time:

n

Atomiza~
tion

Drying temperature:

bharring "

Atomisation "

Recorder fullscale:

Recorder response:
Water flow:

Argon flow:

Sampie volume:

Chart speed:

26594

L
28 mA
40 seconds

35 .n

15 VH

100°C .

1100°¢C

2600°C (10 volts)
o .

1A

1

3 litres/ minute

3-5 arbitrary setting.

SO,Jl

51 mm/ minute

Drying time and charring tiﬁe were varied and the times listed are

. considered optimum.

Several graphite tubes were used in this work. They had all

been used to some extent before platinum injections. Before each

analysis, the tube was fired to maximum temperature for two to three

seconds.

Platinum solutions were then injected onto the tube.

all cases, consistent results were obtained immediately.

.

* Footnote

In
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compared with the same solutions containing 2 mg silver per 10 ml of sol-
. .ution.- Figure VIII shdws the peak heights obtained from a 1 ppm plat-

inum solution with and without silver. Silver depresses the platinum

;absorbahce by three per cent. Increasing the silver concentration to

4 mg/ 10 ml indicated no further depression due té silver. Blanks con-
taining only silver in.SO per cent hydrochloric acid were fired and no
signal was obtained at the platinum wavelength.

Calibration curves for aqueous and 50 per cent hydrochloric acid

solutions are shown in Figure IX. The lines for the 50 per cenﬁ acid
solutions were drawn using the least squares method. At least four
injections were used at each concentrationf Peak.heights were found
vto vary coﬁsiderably from tube %to tube, thus it was necessary to draw

calibration curves for each analysis.

Acid effects on platinum absorbance.

The effects of the addition of .sulfuriec and phosphoric acids

on the determination.of platinum in hydrochloric acid were studied.

In a similar study on silver, Mallet and Kellerman ©63) found that
the addition of these acids to nitric acid and hydrochloric acid sol-
: utions greatly improved precision for synthetic samples.

The addition of nitric acid to a silver bead containing plat-

inum dissolves all the silver and some but not all of the platinum.
This has been confirmed by this author in previous work on the fire
assay of platinum. Thus, nitric acid was not used as a medium for

platinum.




Figure VIII. Effect of silver on platinum determination by -
: flameless atomic absorption:

A, 1 ppm platinum in 50% hydrochloric acid.

B. 1 ppm platinum + silver (2 mg/10 ml) in
50% hydrochloric acid.
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Figure IX.

Flameless‘atomic abéorption calibration curve for
aqueous and 50% hydrochloric acid solutions cont-
aining 0.5 - 5 ppm platinum.

A, HO - 5m.v,

'B. 50% HC1 - 1% HNOg - 10 mg Ag/50 ml - 2 m.v.

C. 50% HC1 - 1% HNO; - 10 mg Ag/50 ml - 5 m.v.
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- Bulfuric and phosphoric acids (10%v/v) were added to a 4 ppm
platinum solution containing silver, nitric acid and hydrochloric

acid as described previously. These solutions were fired and re-

sults shown in Table XX.

Each acid feduces both peak height and precision. This is esp-
ecially marked in the cése of sulfuric acid. Peak heights were initi-
ally consistent at 56 mm,.‘but then became alternately short (~s51lmm) |

and then long (~68mm), accounting for the large coefficient of vari--

ation. Bothvacids emitted very dense fumes during volatilisation,_and

charring time had to be increased for phosphoric acid, to allow argon

gas to clear the tube of these dense fumes. . - é,
As a consequence of these results, neither sulfuric nor phos-

phoric acids were added to platinum solutionms.

Inter-element effects.
_ Mutual interferences between noble metals'in flame and flame-

less atomic absorption have been well documented. Several explana-

tions have been forwarded to account for these interferences using

flameless devices, but none are as yet thoroughly satisfactory.
Pearﬁon and Mallet (60) conclude that mechanical suppression is

a possible reason for: the depressant effects observed. Guerin (61)

agreed with this conclusion. Aggett and West (64) account for the
depression of gold by palladium as being due to vapour phase feact~

ions. Enhancement effects according to Guerin (61) may be due to the
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Table XX: Acid effects on platinum absorBance.

Peak Coefficient of
Acid medium . Height * variation (%).
50% HC1 + 1% HNo3 86.4 3.5

50% HC1 + 1%'HN03 + 10% HPO, 816 3.6

50% HC1 + 1% HNO3 + 10% H2SOh 59.3 12.5

¥ Average of at least 11 measurements.
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finer crystal size of the evéporated salt, although no relevant data
has been found to confirm this.
All the interferences listed have been observed when the ‘interfe-

rent is in a large excess, except for one example, that of ruthenium

on platinum (1:1 ratio). However, in the platinum ores analysed, ruth-
enium iéfeither absent or occurs to a much lesser extent than platinum.
Also ‘there is strong evidence to show that losseés of ruthenium are high

during the cupellation process (16), and thus the effect of this metal

on‘platiﬁum absorbance was nét studied. For similar reasons, osmium
was also not studied.

Solﬁtions vere prepared as described above containing SOth plat—
inum, 25}Jg palladiﬁm, 5 Fg rhodium, 5]4g gold and Eng iridium. These
solutions'Wére fired in the usual way and results cﬁmpared with a stand-
érd SOng platinum solution. Figure X shows this comparison; Peak
heights are identical indicating no interference. - Blanks containing
the same concentrations of noble metals as abofe but not inecluding
platinum wefe fired. No signal was observed for platinum. -

Base metal interference was not tested. The only base metal

likely to be présent in microgram quantities in a silver bead from
cupellation is lead. Lead is more volatile than silver, and so it is
expected that all the lead would be volatilized with silver during the

charring cycle.




Figure X.

Effect of noble metals on platinum determination
by flameless atomic absorption:

"A. Standard 50 ug platinum solution containing

silver, (2 mg/10 mi1).

B. 50umg platinum solution containing silver
(2'mg/10 m1) + 25ug palladium, 5 pe gold,
SIIg’rhodium and erg iridium.- *
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Application to synthetic samples and ores.

The method was tested using synthetic‘samples prepared by

salting lead boats and cupelling as described previously. In each

.case 2 mg of gilver was used. Eachvbead was placed in a 10 ml volu-
metric flask and dissolved in 6 M,hydroéhloric acid in the usual
manner. Samples and‘standards were then fired, such that two or
three sémples were fired between each standard. A‘standard graph

was drawn using the leaét squares method, and used to calculate the

recoveries of platinum shown in Tablé'XXI.
. The method ﬁas then extended to ores. Each oré was sampled

as described in a,previous section and the float concentrate and

-USBM 31 ore roasted at T00°C for one hour. The ores were fired
assayed using flux A, after salting with 2 mg silver-aﬁd the cﬁpelled
silfer bead treated as above. In the case of the float concentrate,

20 mg silver'beadS'wére prepared. These beads were placed in 100-ml
volumetric flasks and 5 ml conéentrated nitric acid and 50 ml con-
céntrated hydrochloric acid added. This was because 1-2 g of concent-

!

rate was sampled and a large dilution was necessary. The weights of

‘the other ores taken were such that the concentration of platinum in
the flasks were in the 1-4 ppm range. As for synthetic samples, ore

samples and standards were fired such that two or three samples were

-fired between each standard. The ore samples were chosen at random
for each firing. A calibration curve was again drawn using the least

squares method. Ore analyses are shown in Table XXII.
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Table XXI: Flameless atomic absorption of synthetic
: fire assay samples.

. a
Platinum added Platinum recovered( ) Average recovery
'(J‘ug). (‘Hg)- '

10.0 ) 9.7

1" 9 .7
" ] . 10.2

" : 10,4

" 10.7 lO.liO.SHg(lOl.OiS.O%)

20.1 o 20.5

" : 21.7

" 19.9

" 19.7;".‘ | 20.5%1.3 ’J.g(l‘OQ.OiG'._S%) ‘
bo2 1 36.0 . . -
o NS ‘
" - 37.8

" 39.0

" 4 38.4 | 37.9tl.hf4g(9h.3t3.5%‘)'
50.2 k.0 '
"o 17.8

" h6.1
n hv,2
no 48.0 46.6+2.0 Hg'(92.8:rh.0%)

+ ' ‘
= Values quoted at the 95% confidence level.

(a) Average of at least 3 injections,
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‘Conclusion.

Results obtained by flameless atomic absorption are in good
agreement with previous analyses. Because interferences from noble
metals were absént, and interference from silver only minimal no
releasing agents were examined. This is in contrast to flame
atomic absorption. Rhodium af the level tested éaused serious de-
pression of the platinﬁm absorbance in an air-acetylene flame re-
quiring the use of lanthanum sas a releasing agent.' The two extremely
high results obtained for the float concentrate afe perplexing, but

could possibly be due to light scattering by silver salt particles.
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WET EXTRACTION.

Introduction.

Wet extraction involves treatment of ores with reagents to ob~
tain the noble metals iﬁ an aqueous medium. This has the advantage of
converting the metals‘to forms which respond to separational techniques
such as ion-exhange and'chromatography. The usual wet extraction pro-
cedures Are'treatment with acids,' or chlorination followed by an acid
treatment. Ores should be ground‘gsAfine as possible to increase ease
of extraction. |

The'industrialvprocess for the dissolution of platinum involvés
treatment with aqua regia after concentration of, the noble metals into
a nickel matte (65).. Gold is removed by reduction with ferrous sulfate
followed by precipitation of platihum with ammoniumbchloride. The ammon- -
ium hexachlorop1atinate formed is ignited to oﬁtain thé impure metal.
Platinum is refined by dissolution and éeparation of base metals and

- iridium, rhodium and palladium as hydroxides_by a bromate hydrolysis.

©+ Platinum is again precipitated with ammonium chloride, and the precipi-

tate ignifed at 1,000°C to obtain the pure metal.

In all wet extraction procedures, base metals accompany the noble
metals into solution. Since noble metals are usually present in oréé in
trace Quantities,.the base metals to noble metals ratio is very large.
Even in concentrates where the noble métal concentration has been up- |
graded, the ratio ié still quite high. As it is extremely unlikely

that accurate, precise results will be obtained by any method. in the
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presence'of such an excess of base metals, because of interference
effects, a separation of base metals pribr to noble metal determination
is essential. Methods for such a separation include liquid-liquid ex-
traction, precipitation and ion-exchange.

Having remo?ed base metals, a solution is left containing the
noble metals. Platinum ﬁay be determined in‘such & solution with or
without separation of thé'éther noble metals, depending on the ratios.
present. Methods of analysis without prior separation include emissioﬁ
'spectroscbpy, x-ray fluorescence and atomic absorption usually in the
‘presence of releasing agenfs. However, oﬁ occasion, spectrophotometric
or gravimetric methods of analysis are utilizéd, depending on the plat-
inum concentration, Generally, these methods suffer from serious inter-
ferences from the other noble metals, and hence in these cases noble
metal separation is a necessary pre-requisite to platinum determina-—
tion. Separation techniques ‘include precipitation,<ion—exchange, chro-
matography and solvent extraction.

It was felt that ion-exchange removal of base metals; followed by .
,chroﬁatographic isolation of platinum would provide the most convenient
and least time.consuming methods of separation. All -the methods ment-

ioned above have been ektensively reviewed by Beamish (66,67,68 ),

Ton-exchange removal of base metals.

Ionjexchange resins consist of a_cross—linked polymer network
containing 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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is porous on the molecular scale. Most analytical work is done with
ion-exchange resins based on polystyrene. Styrene is copolymerised
with divinylbenzene to give spherical beads that are thén treated
chemically to introduce ioniec groups. To make a strong acid cétion

exchanger, the polymer is sulfonated to give a structure as'shown below:

CH

—=CH CHp :
(j (j -+
[:i:l\\803 H

503 o — CH——CH,—

Cross llnklng is expressed as the proportlon of divinylbenzene in the

monomer mix, . Commonly a cross linking of 8 per cent is used for a sulf—

onic ac1d catlon exchanger.

- Typical reactions of a sulfonated cation exchanger are:

RzSO3H + NaCl -?——€> RzSO3Na + HC1

2RzS03Na + CaCl, = (RzSO3)ECa + 2NaCl

Rz repreéents the non-mobile part of the ion exchahgevresin.

Stfelow et _al (69) measured distribution coefficients of base
metals and noble metals in hydrochloric acid media on a strong acid
ionfexchanger (Dowex 50W-X8). Distributioﬁ coefficients were very high -
for the base metals, whilst negligible adsorption was repofted for plat-

inum (IV). 1In a later study, Nelson et al (70) confirmed these findings,
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repofting negligible adsorption for the noble metals in the range
0.2-9 M hydrochloric acid. .
'Separétion is possible because base metals form cationic com-

plexes, whereas the noble metals form stable anionic complexes.

Chromatographic isolation of platinum.

When discussing chromatographic or solvent extraction methods,.
mention should be made of the tri-n-butyl phosphate‘(TBP)/hydroéhldric
acid system, because of the‘ever.inéreasing separations of theAnoble
metals achieved in such a system. The positioning of the TBP and the
methgd of contacﬁ with the hydrochloric acid phase determine whether
the ﬁrocess is ion-exchange chromatography or solvent extraction. Dist-
ribution éoefficients for the chlorocomplexes of platinum (II) and_(IV)g
palladium (IV), iridium (IV)vand gold (III) have been determined (71,72 ).
Rhodium (III) and iridiﬁm (III) are not extracted into TBP.

Berg and Senn (72) believed two mechanisms were possible to ex-
plain the method of extraction. Usiﬁg Pt(IV) as an example, these mech-

anisms may be outlined as follows:

(I) Extraction of an undissociated acid.

L+ - ' 2-
PLTT + 6C1 == PtCl..
' o= ogt >
PtC1, oH 'z H_PtCl
H_PtClg + n TBP -——>  HPtCl_ . n TBP + HC1
_ <=
2 (aq) (org) ‘ _ 5 (org) (aq).
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(11) Eitraction of a neutral complex.

pet 4 yor- _— PLClL,
PtCL), + n TBP =—> PtCl, . n TBP(Org)

(aq) (org)

Mechanism (I) was. preferred because of the high stability of

PtCl6 compared to PtC;h, and‘because variations of distribution
-coefficients with hydréchloric acid concentration reflected more of
a dependence than mechanism (II) indicated.

Bark et al (73) proposed a diffefent mechaﬁism, whereby TBP sol-

vated protons ion-associated with chloride ions undergo ion exchange

with the metal chlorocomplex.

T + HC1 =—>  (TBPH'C1")

BP(org) _ (aq) < (org)
5 + - 2- : 2- + o ,—‘
(n TBPH'C1 )(org) R — Pt0}6 (TBPH,)n(Org) + nCl (aq)

Evidence for both schemes outlinéd above appear in the literature.
Kulkarni and Sathe (Tk) réported ektracted‘species of HPtCl5 3TBP in k M
hydrochloric acid and HPtCl5 . 2TBP in 6 Mhydrochloric acid. Tuck (75)
éxtfacted gold (III) from Zrahydrochloric acid as HAuClh . 3 TBP. Akaza

et al (76) assumed the main extracted species to be H(HZO) TBP +HPtCléf
: n

6

in 3-4Mhydrochloric acid. However, this assumption appears to have

been influenced by femiliarity with the work of Bark et al.
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It is known that veryAstrong acids such as perchloric, sulfuric”
and ‘hydrochleric- are ‘extracted ‘mainly as [H (Hgo)h+] [A (TBP-solvated)™]

ion pairs, whilst in moderate concentrations of acid the unionised form

TBP . HA is extracted (77). Thus the mechanism . proposed by. Berg and
.Senn would appear to predominate at low concentrations of hydrochloric
acid, and fhat proposéd(by Bark g&_g;_would predominate at high con- .
centrations (>7 M), | '

Using the TBP/hydrochloric acid system, separations of noble

metals have been achieved by partition chromatography (78,79), re-

versed-phase partition chromgtography (T1,73,76), and solvent extract-
ion (80),

In ﬁhe soivent extraction procedure, platinum and palladiﬁm as
iodide complexes ( probably Ptlhz' and PdIhza) are.separated from
rhodium and iridium in a highly acidic medium. ‘Under these conditions
rhodium and iridium are not extracted, iridium (IV) possibly being re-
duced to iridium (III) by the iodide ion. The iodocomplexes of plat-

inum and palladium are presumably extracted in an identical manner to

the chlorocomplexes. -

. Proposed method of analysis.

After study of the literature it was decided to analyse the

float concentrate and the ores by the methods briefly outlined below:
The float concentrate would be treated by acids, gold removed on
a Porasil C column coated with TBP, followed by removal of base metals

on a cation ekchanger with subsequent determination of platinum by atomic

<«




the latter technique requires the use of furnaces, tubes and collection

- of the noble metals using a TBP coated cellulose column, showed that

'-116-

absorptibn in the presence of lanthanum.
Ores Sk and USBM 31 would be treated in an identical manner to

the float concentrate, except that after passage through the cation

exchanger, platinum would be isolated from the other noble metals on
a TBP coated cellulose column and determined spectrbphotometrically by
tin (II) chloride.

Acid extraction was' chosen in'preference to chlorination, since

vessels, very inconvenient when a 1argé number of  samples is to be analy-
sed. Acid extraction requires.only,beakers for ore digestion and less
supervision would probably be required. Two methods of aéid exfraction
were uti;ized. |

A. Treatment of ores with three 25 ml portions of hydrofluoric acid,

) fpliowed by three 25 ml portions of aqua regia, followed by three 25 ml
portions ofvhydrochloric acid.

" B. The above method but without any hydrofluoric acid treatments.

The removal of gold in the methods outlined above requires ex-

plénation. Pohlandt and Steele (79) in“their’étudy»on the separation

gold could be eluted along with platinum. This was probably due to
reduction of gold on the column. Attempts to improve matters by the

use of oxidising agents failed. Since gold (IIT) interferes with the

tin (II) chioride determination of platinum (2) it must be removed
prior to such determination. This is most conveniently done in 0.1 M.

hydrochloric acid on a TBP coated Porasil C column. It has been shown
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that up to 20 mg of gold can be removed by 1 g of such material in
the presence of base metals and noble metals (Sl)- |

Gold under certain conditions also exhibits erratic behaviour on
cation exchange columns (82). it was felt by this author that such be~
haviour couid affect the recovery of platinum and hence gold was removed
prior to péssage throuéh the cation exchanger. This hypothesis is pure~
1y speculative and no results are produced’to.support'it.
| As will be described the chromatographic separétion of piatinum
_was not quantitative in the range studied and so an alternative method
of separation was utilized.

The alternate method was the éolvent extraction sepération as
described by Fayeée and Inman (80). This method Wéé used without modifi-
cation i.e. the separation of rhodium énd iridium wés included. Rhodium
and iridium by themselves are not:soluble in aqua regia, but there is

| ampie evidence to show that, in the presenée of the other noble metals,
they are extracted (83,84).

It has been shown that gold (III) is extracted in TBP.  Thus it

is expected that.gold wouid be carried through the procedure with plat-

inum. Hence a prior separation of gold is also required using this

method.
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Evaluation of the method for analysis of float concentrate.

The procedure used for the détermination of the float concent-

rate was evaluated using synthetlc solutions containing both noble

metals and base metals as their ehlorocomplexes. A typical solutlon

contained 2 g iron(III), 0.5 g copper(II), 0.5 g-nickel(II),‘eho,Jg

platinum,_lQOrJg palladigm, BO’Jg.gold, hOrJg rhodium and hO,Jg iridium.
. Piatinum'was varied from 120 - 2 OOO}Jg and the emounts.ef the other

metals were increased or decreased in the same ratio as platlnum. Base

metal amounts were kept constant for all solutlons.
Each synthetic solution prepared was diluted to 50 ml with 0.1'M

hydrochloric acid and passed through the Porasil C column at the maxi-

mum rate of the column. The solution Was collected in e hOQ ml beaker,
~diluted to 300 ml with 0.1 M hydrochloric acid and passed through the .
'cation exchange column at the rate of one drop per second. The exchanger v

was washed ffee of noble metals with 150-200 m1 0.1 M 'hydrochloric‘acid
The colourless eluate was collected in a 600 ml beaker and evaporated to

dryness on a.steam bath, after the addition of 25 ml concentrated hydro-

chloric acid.

After evaporation 2 ml concentrated hydrochloric ‘acid, 15 ml per-
. . *
~chloric acid and 5 ml concentrated nitric acid were added to the beaker.

The beaker was covered with s watch glass and the mixture gently boiled

on a hot plate for approximately 15 minutes. This serves to destroy org-
anic matter carried over from the cation exchanger, and also to remove
ruthenium and osmium, if present, as tetroxides. After boiling the watch

"% Mention should be made of the hazard present when working with hot con-

centrated perchloric acid. Evaporation of perchloric acid should be

- done in a stainless steel fume hood having prov181on for periodic flush-
1ng w1th vater, or with a fume eradlcator over the vessel (descrlbed in

G.F, Smith Chemical Co. catalog)
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glass was'removed‘and the mixture slowly evaporated to dryness.. Salts
were then boiled with concentrated hydrochloric acid to convert the:
noble metals to their respective chlorocomplexes. The solution was
evaporated to dryness, and the treatment with concentrated hydrochloric.
acid repeated twice mofe. Salts were finally dissolved in water, tréns—
ferred to a 25 ml vblumétric flask containing 5 ml‘lanthanum solution
and analysed by atomic aﬁsorption. Samples were coﬁpared with standards
prepared by adding the same amount of lanthanum‘to known concentrations
of platinum diluted from a étock solution. Samples and standafds were
ruﬁ in sequence, by aspirating a lower platinum standard first, follow-
ed by two samples and then a higher platinum standard. Blénks were run
at each cbncentration of platinum determined.h.However, no platinum was

detected in theée blanks. - Results are recorded in Table XXIII.

Analjsis of float concentfate.

The above brocedure was applied to the float conééntrate. The con-
4céntrate was sampled in the usual way by making 1" squares and taking
small portion; from each square. Sample weights were varied from 3-7T g.
Some samples were placed in Nalgene beakers and ﬁreated by method.A,
and some were placed in glass beakers and treated by method B. Samples
were stirred at frequent intervals, whilst evaporating.to dryness on a
steam bath. After the last evaporation step, 25 ml of concentrated hydro-
chloric écid was added to each residue followed by an equal volume of

water, and the solutions filtered through Whatman No. h2,paper into 200 ml
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Table XXIII: Evaluation of wet procedure for the float concentrate,

Platinum added. Platinum recovered. Average recovery
('ug) (}ilg) )

120.5 o 116.8

" 1243
" ~ 123.0
" - B 123,0

-n K 112.5

L ' 122,5

" | 116.3

v ‘ 116.5

" ' ' 12hk.0 119.913.3’Ag(99.512.7%)
2b1.0 - | 2ht1.5

" | | 243.2

" | 255.5
o 234.3

"o .' ~ 238.6 . 2h3.8110.2’xg(lol.zth.2%)
482.0 ' 479.0

" o | 467.5

A - ' k79,0
" k43,3 *
" L70.5

"o . 479.3 - ‘-h75.lt7.0r18(98.6tl.5%)
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Table XXIII (Cont'd).

Platinum added ‘ Plaﬁinum recovered,
(;xg)- _ (}Ag)

723.0 708.5
"o _ 711,k

n R 699.8

" y T11.h
" s | 723.,0
1,004.0 - ' ' 992,0
K | 966.9

: | 580.5

" 5 1,00k%,0

"o 9%5‘9
2,008.0 : 2,00%.0
" | 2,038.2
"o ' 2,020,0
LU : 2,004.0

L 2,020.0

* Values rejected on statistical grounds.

+ Values quoted at. the 95% confidence level.

Average recovery

710.8110J3’4g(98.3:1.h%)

983.9+17.9 ng(98.o:1.8%)

2,017.2+17.6 }Ag(IOO.StO.Q%)
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beakers. Each residue was washed well with hot 1 M hydrochloric

acid, and saved for fire.assaying. Solutions were evaporated to dry-
ness on.a steam bath, and then dissolved in 50 ml 0.1 M hydrochloric
acid and subjecfed to the.eame treatment as described for synthetic
solutions. Prior to passage through the Porasil C column, each solu-
vtlon was filtered through Whatman No. L2 paper, 51nce it was 1nvar1ab1y
] found_that traces of residue came.through the first filtration. These'
residues were combined with previous residues for fire assaying. Dur-
ing evaporation.of the eiuates from the cation exchange column, a white
precipitate settled out at low volume'in each beaker. These precipitates
were filtered off, dried, mixed thoroughly and preﬁared in pellet form
in a borie acid matrlx and examined by x-ray fluorescence. Slllcon was
the only element found to be present.

Salts, after conversion to chlorocomplexes with cOncentrated hydfo—
chloric acid, were dissolved in water and filtered through Whatman 541
paper into 25 ml volumetric flasks containing lanthenum, and analysed by
atomic ebsorptioﬁ. Filtration removes all but traces of dissolved silica.

Results of these analysés shown in Table XXIV are low when compared
with previous analyses. 'Residues_were fire aseayed with flux A, taking
into account the silica content of the residues ana the carbon content
| of the filter papers, The 2 mg silver beads obtained were analysed by
atomic absorption as described by the method of Van Loon (30). These
results are also shown in Table XXIV,

To determine if sulfur in the matrix was the cause ofiincomplete

. attack by acids, several concentrate samples were_Weighed into porcelain
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Table XXIV: Determination of platinum in float concentrate
by methods A and B before roasting.

A. AQUA‘REGIA

Acid extraction (ppm Pt). Acid extraction & fire assay (ppm Pt).
67.8 ' ' 79.1
6n.1 1.8
63.1 5.9
67.8 . 79.8
66.4 . : 7.2
lost - lost

B. ' HF

Acid extraction (ppm Pt). Acid extraction & fire assay (ppm Pt).
62.2 . los£ |
66.8 861
61.2 | 8o
59.6 86.4
63.3 v 83.6

59.6 78.5
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dishes and foasted in- a furnace at TO0°C for one hour. These samples
were treated-with acids as described under methods A and B, and put
’througﬁ the complete analytical procedure, as in outlined in Figure XI.
Resulté of these analyses are shown in Taﬁle XXV. Residues were égain
fire assayed, and platinum deﬁermined by atomic absorptibn. No plat-
inum was found in residﬁes from hydrofluoric acid treatments, ﬁut small
amounts Wefe found in thé«residues from the agqua régia treatment. Con-
sequently method A was the method chosen for future wet extractions..
Several mbre samples'of float conéentrate were analysed and a complete

statement of results is given in Table XXVIII.

Chromatographic isolation of plaﬁinum.

A solution containing 200’4g platinum and lOOrlg palladium as

their chlorocomplexes was evaporated to dryness, great care being taken

not to overheat the residue‘formed. The residue was dissolved in 2 ml
5N hydrochloric acid, and with a plunger in position‘resting on top of
the column bed, this solﬁtion was transferred to the cellulose column.
The beaker was washed once with 1 ml of SN hydrochloric acid and wash-
ing continued.with small amoﬁnts of i:l TBP/toluene mixture. The plunger
ﬁas slowly removed and the'solution allowed to enter the cellulose col-
umn. Elution was carried out with the TBP/toluene mixture at.a rate
of 2 ml per miﬁute. Effective separation of platinum and palladium
was échieved. Platinum was completely eluted between 30-65 . ml1 and -
palladium between 90-150 ml. Tin (II) chloride was used to test ali-

quots being eluted from the column.




Figure XI. Schematic diagram of wet procedure for analysis
of float concentrate.
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Concentrate roasted

Acid extraction with

Method A or B

Filtrate.

Evaporation. Résidue
Dissolved in 0.1M HC1

Porasil C column

Residue saved for
fire assaying.

'Gold removed

. Base'metals

Cation exchange column

Eluate

removed.

‘Addition of concentrated HCL
Evaporation. Residue
treated with HCl, HCLO), HNO

3 .

[ —

Organic matter
destroyed. Ru. and
Os. removed as tet-
roxXides.

Evaporation. Conversion to
chloride form with HC1.

Dissolfe salts in water.
Analyse by atomice absorption
in presence of lanthanum.
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" Table XXV: Determination of platinum.in float éoncentrate
by methods A and B after roasting.

HF (ppm Pt). AQUA REGTA (ppm Pt). AQUA REGTA + FIRE ASSAY (ppm Pt).
80.1 80,2 | 82
82.3 73.5 - 76.h
82,4 Th.3 : 77.3
84.6 o TLT o Thik

81.9 ' © 773 . : 80,4
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 Solutions containing 200’Jg platinum, 100 pg palladium, 20’Jg

rhodium and 20}Jg iridium were evaporafed to dryness, diésolved in 22 ml

5N hydrochloric acid and addedvto the cellulose column as described

above. The first 30 ml of organic eluate was discarded and the next

35 ml collected in a 50 ml graduated clinder. The contents of the

graduatéd cylinder wefe transferred to a 125 ml separatory funnel and
platinum extracted by shaking with 50 ml water for 30 seconds. The

water was then run»qff through Whatman 541 paper into a.200'ml beaker.

Extraction was repeated twice more with 50‘ml aliquots of water, and

the aqueous extracts combined. The coﬁbined extfacts were‘then evapo-

rated to dryness in the preseﬁce of a few millilitres of concentrated hydro-
chiorici acid. The residue ﬁas dissoived in-water, transferred to a

25 ml volumefric flask containing 2.5 ml concentrated hydrochlorié.

acid and 5 ml tin (II) chloride ,and platinum determiﬁed spectrophoto=

metrically using 1 enm cells. Recovery for platinum at this levél was

95 per cent.

‘ A second_solution vas passed down the same column and while

good separation was still achieved, reco#ery was lower. It Was observed

that the flow rate of -the column had decreased to 1ml pef minute. Pass-
- age of a solution through the column a thifd time froducéd similar results.
' Reéovery of platinum was again lowered and the flow rate had decreased

to 0.5 ml per minute. |

The above studies were repeated using solutions céntaining QOth
platinum, lO}kg palladium, 2,Jg rhodium and 2r4g iridium. ‘The best

recovery obtained for platinum at this level was 85 per cent.
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Column.pparametérssuch as length, flow rate, strength of acid
and amount of TBP used were changed in an attempt to improve on re-

covery but with no success. Consequently,'chromatographic studies

were terminated at this point in favor of solvent extraction.

"Recovery of platinum at theIQOO/Ag level agrees well with.that
obtained by Pohlandt and Steele (71) using a Pora31l C column coated
: Vlth TBP.. However,' 1t appears that no work has been done at lower

levels of platinum and so comparisons with this work cannot be made.

Pohlandt et al (79) report "double-band" formation for platinum on
prolonged heating, after evaporation to dryness.: Presumably the v
double bands are due to Pt (II) and Pt{(IV). As élready stated, great
care was exercised in the evaporation step, beakers being removed froﬁ
the stgam‘bath just at the moment of dryness or a few moments earl-
ier. Nefertheless, at such ldw cdncentrations of platinum, reduction

of Pt(IV) to Pt(II) may be possible; In their procedﬁre, Pohlandt et al
(79) recommended adding sodium sulfite, primarily to ﬁrecipitate gold.

~ It was shown that an excess of sodium sulfite did not have undesiraﬁle

effects and actually increased resolution for platinum and>palladium.

In another study, Pohlandt and Steele (71) demonstrated different dist-
ribution coefficients for Pt (II) and Pt (IV) in a TBP/HCL system us-

ing Kel-F powder for batch extractions. In elution studies with a TBP

coapevaorasil C column, 90 per cent of the ?latinum was eluted as Pt
(II) and 10 per cent as Pt (IV) under oxidising conditions, in 5 N hydro-
chloric acid solution. Under these conditions, complete separation of

platinum and iridium could not be achieved. However, under reducing
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conditions in the presence of an excess of sodium sulfite, complete
separation was possible, platinum being eluted as Pt (11).

A solution containing QOOng platinum was evapo?ated to dryness .
and the residue dissolved inv2 ml of 5 N hydrochloric acid. Ten milli-
grams of sodium sulfite was added, and the solution added to the cell-
ulose column as described above. The eluate was tested with tin (II)
chloride énd'as before.platinum was eluted between 30 ~ 65 ml. Thié
procedureywas repeated for solutions containihg QOng platinum, lO/Ag
palladium,'efxg rhodium and 2f4g iridium. The elgate portion contain-
ing platinum was treated as described above and platinum was determined.
spectrophotometrically with tin (II) chloride . using b ém cells. Of
fqur solutions tested recoVefy varied from 67 - 140 ﬁer cent. Tﬁus,
results obtained were far moré erratié in the presehce of sodium sulf-

ite than in its absence, and formation of "double-bands" does not appear

' to be responsible for low recovery of platinum at the 20/Ag'level.

Analysis of ores.

. As before the ﬁethod used fpr analysis of ores-H&S;evaluated.
using synthetic sqlutions containing basé,metéls and.nbble metals.
‘Initially, however; the solvent extraction procedure was evaluated
using a solution-containing only platinum, palladium, rhodium and
iridium. Platinum was varied frem 20 —.120,Ag‘and the ratios of the
other noble metals were the same as described for the float concent-

rate.
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I. Evaluation of solvent extraction procedure.

A -sample solution containing the noble metalsvas tneir chloro-
complexes was evaporated to dryness on a steam bath. Salts were dis-
solved in 10 ml of 6 M hydrochloric acid and transferred to a 60 ml
separatory funnel with.an additional 10 ml of acid The solutlon was
shaken with - 5 ml of an aqueous L per cent (w/v) solution of sodium
1qd1de and the mixture allowed to stand for at least 10 minutes. Plat-
inun and pailadium'iodocomplexes Were extracted with two 15 ml port-
ions of the TBP/hexane solutionp and the extracts combined and saved -
for furtner treatment. The aqueous layer was washed with 10 ml hexane
to remove organic traCes, and the hexane portion added to the TBP/hex—
ane extracts. The agueous layer containing rhodium and iridium was
discarded.

The combined TBP/hexane extracts were shaken-w1th three separate
10 ml portions of concentrated nitric ac1d for 30 seconds each. Nitric
acid extracts vere placed in a separatory funnel, diluted with an equal
volume of water, and washed with 10 m1 hexane to remove as much TBP ae
possible. The nitric acid solution was run off inte a 200 ml beaker
and evaporated to dryness on a steam Bath, after_the addition of 1 mi
of a 5 per cent solution of sodium chloride. Platinum and palladium
were converted to their.chlorocomplexes'by repeated evaporation with
.2 -3ml cf concentrated hydrochloric acid. Two millilitres of buffer
solution and 10 ml of water were added to the beaker, and the solution
warmed to dissolve the salts. After cooling to room temperature, 1 ml

of a 0.5 per cent alcoholic solution of p-nitrosodimethylaniline was
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added, and the solution transferred to a 60 ml separatory funnel
with a minimum quantity of water. The red palladium~-p-nitrosodi-
methylaniline complex was extracted with two 15 ml portions of
chloroform. The agueous layer containing platinum was filtered
through a Whatman 541- paper into a 200 ml beaker.> Approximately

2 ml concentrated sulfuriec acld and 5 ml perchloric acid were add-
ed and the solution evaporated to fumes of sulfur tr10x1de.‘ The
solutlon was cooled and § ml concentrated hydrochloric acid very
carefully added. Platinum was converted to the chlorocomplex by
boiling, and boiling continued until 2-3 mi of solution vere left
in the beaker.  The solution was quickly cooled by immersioa of the
beaker in cold water, and added to a 25 ml volumetric.flask‘cont-

aining 5 ml tin (II) chloride. Platinum was determined spectrophoto-

metrically using U cm cells. Results are recorded in Table XXVI.

II. _Evaluation of Porasil C, cation exchanger and solvent-extraction.

Solutions were prepared containing 2 g iron, O 5 g copper,

0. 5 ‘g nickel and the noble metals including gold in the ratios al—
ready quoted. These solutions were passed through the Pora51l C
and .cation exchange columns and after treatment to remove organics,
‘the remaining noble metals were convertedvto their chlorocomplexes
by repeated evaporations with concentrated hydrochloric acid. Plat-
inum was then isolated by the solvent extraction procedure described
above and determined spectrophotometrically with tin_(II) chloride.

Résults are shown in Table XXVIT,
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Table xxvI: Evaluation'of the solvent extraction procedure.

Platinum added _ Platinum recovered Average recovery
(}Jg). ( }Jg)

20,1 _ 19.8
" : _ 20.6

" _ 20.4
" : 20.’3
1 . . ’ 18‘7 *

" B 20.h

" 193 20.lt0.5f4g(100.012.5%)_;
Lo.2 o b1k
n 10,2
" 39.k
" 36.7 -
v | 35.9 38;3:2.5f4g(95.3z6.2%)
100.5 . 101.3

o 102 101.745.1 g(101.245.1%)

c—

201.0 . 192.5

" . 197.4

L ~ 203.0 197.6213.1 4 g(98.3£6.5%)

¥ Value rejected. on statistical grounds.,

i Values quoted at the 95% confidence level.
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‘Table XXVII: _ Evaluation of Porasil C, cation exchange
v and solvent extraction procedure,

Platinum added (ng) Platinum recovered (Mg) Average recovery
. ’ ' '

20.1 19.4
" S 21.2
" f : 224 *
no .‘, - 1.2

" ' - 19.2

E 20.1 | 19.811.1f1g(98.515.5%)‘
ko.2 . k3.0 ' ' '
" , 4o.7
o | k1.9
" 34.0 *
e | 38.2 ‘
" 39.7 | ho.7:273fxg(101.2:5.7%)
100.5 | . 9T.3
"; 98.8

" 93.1 ¥ -

" - 98.0

" | 101.0

" o 100.9 | 99.212.lr1g(98.7i2.l%)
201.0 | 20k.

4
" 201.6
" 205.4
8
9
2

" 202.
" ' 188.

" 208.

20h.5i§.2f4g(101.7£1.6%)

i Values‘rejected on statistical grounds.
t Values quoted at the 95% confidence level.
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III. Analysis of ores S\ and USBEM 31.

Initial results for these ores were low and therefore all
samples to be analysed were roasted at 7OOOC for oné hour before
acid extraction. Ore samples weighing between 5-10 g were treéted
using method A. The full analytical procedufe is given in schem-
atic form in Figure XII. The solutions were treated in an identi-
cal manner to that alrgady described for synthetic solutions. Ore
residues were saved‘fdr fire assaying.

On evaporation of the solutionsvafter Dbassage through the
cation exchénge colﬁmn, a Wﬁite precipitate settled out at low vol-
ume -~ 50-100 ml in each beaker, and the solutions pecame very green
in colour. This was especially pronounqed in the case of the USBEM
31 samples. The precipitatesAwere filtered off and identified as
silica by x-ray fluorescence. Repeated filtrations of aqgueous soiu—
ti&ns failed éo remove all the silica, and so an édditionai’evapor—'
ation step with 3-4 ml of hydr&fluoric acid_was included in the analy-
tical scheme. | |

The gfeen solid obtéined on évaporation to df&ness was ideht—
ified as containing chromium by diphenyl carbazide and confirmation
was obtaingd by atomic absorption. Also, on boiling with perchlofic
acid, the soiﬁtions turned>red, and a red solid precipitated out on
cooling. This is further evidence of chromium (65). Chromium (I11)
is oxidised to chromium (VI) which is precipitatéd in cold perchloric
acid. On evaporation of the perchloric acid and addition of concent-.

rated hydrochloric acid, chromium (VI) is reduced to chromium (III)




Figure XII. Schematic diagram of wet procedure for analysis
of ores Sk and USEM 31.
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Procedure as for
float concentrate.
using method A.

Evaporation. Treatment with HF.

Evaporation. Conversion to
chloride form with HC1.

Evaporation. : Treatment
with HC1, HC10), and HNO3

Evaporation. Conversion to
chloride form with HC1.

Dissolve in 6 M HC1
Transfer to separatory
funnel and add 5 nl

L% sodium iodide.

Silica volatilized

as SiFu

Extraction with TBP/Hexaﬁe

Re-extraction with HNOB.
Addition of 1 ml 5% NaCl.

Evaporation. Conversion to
chloride form with HC1.

Evéporation. Addition of 2 m1
buffer solution & 10 m1 H20.

‘Addition of 1 ml 0.5% alcoholic
p-nitrosodimethylaniline.

Aqueous phase
containing Rh.

. & Ir discarded.

Extraction with chloroform.

Organic phase
containing Pd4.
discarded.

Addition of 2 ml HQSOh & 5 ml. HCth

Evaporation to fumes of
SO3. Boil with HC1.

Analyse with SnCl2
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:and a green colour is once again obtained. Repeated passes of 0.1 M
hydrochloric acid sclutions through the cation exchange column failed
to remove any of this green colour. However, the preseﬁce of chromium
in the +3 oxidation state was not considered detrlmental, since it is
known that chromium in this state is not extracted into TBP (85), and
so is not likely to cause any interference in the determination of plat—,'
inum. Hence.solutions_were analysed for platinﬂm without any further
attempts at removal'of chromium, and results aré shown in Table XXVIII,
Results were initially low for USBM 31 samples and ore residues were
fire assayed. The silver beads obtained were dissolved in aqua regia,
and the solutions evaporated to dryness. Residues were treated several
times with qoﬁcentyaﬁed hydrochlofic acid and finally dissolved_in 0.1 M
hydrochloric acid. This precipitates silver and lead if present. The
-precipitateé were filtered off and the solutions then analysed for plat-
inﬁm by the scheme outlined_in Figure XIIAexcept that the small cation
exchange column was used. No platlnum was found for Sk but cons1der—
able platlnum was recovered for USBM 31.

_Two USBM 31 ore samples were boiled with perchloric acid for
three hours, prior to_tfeatment with method A. It was thought that
platinum may be trapped in a chromium matrix, resulting in low recover—
ies. Perchlbric acid is frequently used for dissolution of chromium
~ores (65). However, low results were obtained and ore residues still
had to be fire assayed for complete recovery.

To determine if platlnum was quantitatively extracted into the

TBP/hexane phase in the presence of chromium, the aqueous flltrates
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from several extractions were combined and subjected to fire assay
using flux A. The solutions obtained after dissolution of silver
beads were passed through the small cation exchange column and put
through the solvent extraction procedure. No platnnum was found
Analyses of USBM 31 ore were obtalned independently of the
solvent extraction procedgre by atomic absorption of solutions after
passage through the cafioﬁ exchanger.v Chromium is known to cause
1nterference in the atomlc absorption determlnatlon of platinum,
when present 1n a ratio of 50:1 (Cr: Pt), even in the presence of re-
leasing agents (33). - Thus, it was deemed necessary to_try and remove
as much of the‘chromium as ﬁossible before analysis. This was ach- |
ieved by addding-concentraﬁed hydrochloric acid in 2-3 ml aliquoﬁs,
to hpt_solutions of‘berchloric acid, and volatilising chromium as
chromyl chloride (86). This was repeated several times until no more
.ehromyl chloride was evolved in the addition of hydroehlorie acid. It
was assumed that platinum was not volatile under such conditions.
ﬁoble metals ﬁere converted to their chlorocomplexes by repeated eva—.
porations with concentrated hydrochloric acid, disselved-in water. and
trensferred to 10 ml volumetric flasks containing 2 ml lanthanum solu-
lfion. Ore residues were fire assayed and analysed for platinum by the
scheme outlined in Figure XIT. Twice as much ore as was normally
taken was used for this»aﬁalysis. Recoveries‘by acid extraction were
still low, and results quoted in Table XXVIIT also include fire assay

of the residues.
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Conclusion.
Wet extraction provides an independent method for evaluating

fire assay procedure, and is’ especially useful when fire assay val-

ues are in doubt. While this method is time consuming, it requires
less knowledge of ore composition ﬁhan is needed for fire assay. How-
ever, it is sometimes necessary to fire assay residues for the high-

est accuracy. The above work has demonstrated the importance of

roastlng ores containing sulfur prior to acid extractlon vThe higher
values obtalned by method A are 1nterpretcd as hydrofluorlc acid be—

1ng‘able to penetrate the sulfur lattice which may still be present-

after‘roasting. Chromium which is eluted from the cation exchange ’ §f~
column'with the noble metals has beén shown not to interfere in the

solvent extraction procedure.
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Summary. '

Fire assay and wet'extraction methods were evaluafed'for both
milligram and microgram quantities of platinum. Recoveries were
found to be quantitativé for both methodé. The main loss of plat-
inum in the fire assay-proéess was found to be to the crucible walls.
.Cupellation losses were shown tobbe negligible.

Results obtained injthe aﬁalysis of each ore and the.précision.

: obtainéd by each method are shown in Table XXIX. These results

are cémpared with values obtained independently as describéd in
Table VI. Good agreement is demonstrated for each ore when com-
pared with previous analyses except for x-ray fluoréscence of the
float concentrate and USBM 31 and flameless atomic_abSorption of'the
float concentrate,

The Student "t" test was used to determine if there was any -
difference in the averages obtained by fhe differenf procedures for
eaéh 6re. Results obtained fpr ore Sk are no£ statistiéally differ- -
ent at the 95 per cent‘confidence level, although this is only bare-
1y so for flamelesé atomic absorption and wet extraction. For the
fléat concentrate and ore USEM 31, flame atomic absorption and emi-~
ssion spectrographic results are the same at the 95 per cent confi-
dence level and these results are the séme as the wet extraétion re-
sglts'at the 99 per cent confidence level. Results-by x~ra& fluore-
scence and flameless atomic absorption for the float concentrate and

USBM 31 are respectively high and low, although the flamelesé atomic




Table XXIX:

A comparison of the accuracy and precision

f'ound in each method for the determination

of platinﬁm in ores.
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absorption result for USBM 31 shows no statistical difference from
the results obtained by emission_spectroscopy and wet extraction at
the 95 per cent confidence level. The reason for these high and low
values is not readily apparent especially in light of the excellent
agreement obtained by both methods in the analysis“of_ore sh.

Several genefalizatiéns may be made as regards.the precision ob-
tained by each techniqué; Emission spectroscopy and x-ray fluore-
Scence generally yield‘the lowest_precision. This is dué.in part to
the ‘difficulty in preparing standards whose platinumvcdntent is knbwn
to a high degree of accuracy. Precision for oreé sk and USBM 31 - of
which approximately equal émounts were taken - is fairly.ponstant‘
except for analysis by wet extraction and spectrophotomefry; The large
difference may be attributed to the nature of the ores. Recovery of |
platinum was complete for ore Sh by wetAextfaction, but ore USBM 31 re-
quired-fire assay of the residue after acid extraction to effgct com-
plete recovefy. Flameless atomic absorption shows very comparable |
precision to flame atomic gbsorption_for ores Sh and USBM 31.' The
most precise method was wet extraction foilowéd by spectrophotometric
anélysis of ore Sh."Hoﬁever, wet extraction procedurés are.very'
time consuming and certainly no advantage was gained in accuracy over
fire assay. If platinum is present in large enough concgntration
then fire assay followed by flame atomic ébsorption is the preferred
method of analysis. It may be fortuitous that ores chosen for this .
study were amenable to fire assay, whereas in theory,_dissblution 6f

any ore should be accomplished by wet procedures, The results indi-
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cate however, that ﬁhen ores are known to be amenable to fire
assay, this method may be used on a routine basis. Wet extrac-
tion need only be used as a gheck or vhen fire assay values are
in doubt.

The'precision obtained in this work by flame atomic absorpt-
ion, emission spectroscopy and spectrophotométry compares favor-
ably with that obtained‘in_the previous analyses of USBM 31 (Table
VI). It can be seen fhat although. emission spectroscopy can be
as precise as the other two methods, precision tendé to be more vari-
able, and the figure obtained for precision in this wdfk is approx-
imately equal to an average value of the four results from Table VI.

For low values of platinum, flameless étomic absorption and
emiésion.spectroscopy have been shown to offer feasible alternatives
tovspectrophotometric determination, when highest accuracy and pre-
ciéion are not reqguired. Emissién spectroscopy may Sé made more pfe—
cise by ﬁsing smaller bead weights, resulting in smaller‘dilutions
and more platinum being applied to the electrode for the same sample
‘ yolume. X-ray fluorescence offers the advantage ﬁhat samples are not
destroyed and potentially variabie photographic processes are elim-
inated. Precision may.be increased by longer counting times or by us-
ing a crystal spectrometer and obtaining higher count rates in a
shorter time. Sensitivity.may also be inqreaSed by the use of higher

energy x-ray tubes.
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To the author's knowledge this is the first timé evaluatioﬁ of
flameless atomic absorptioh, emission spectrographic and x-ray fluor-
escence techniques_has been compared fof_analysis of platinum in ores.
Using these methods, palladium, gold, rhodium and iridium in the ratios
tested have been found not to interfere with the determination of plat-

inum,
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“Appendix A.

. Least squares method.

Applicationvof the least squares method to the collected data

gave the following equation for the line:

¥y = 0.0990(%0,0013)x + 0,0000.

Thus, it is seeﬁ that the line passes through the origin. This

is to be expected since a blank correction has already been applied.

Because of thls the equation of the line was 31mply taken as:
¥y = 0.0990(%0,0013)x,

_Becaﬁse errors 1n counting statlstlcs are larger at the 0.2% Pt
level than at the h7 level a Weighted regres31on was also .used to cal-
culate the equatlon of the 1line, The weighted form was taken as a rec-—
‘iprocal. of the variance of the'numbér of counts. This yielded the same.

equation &s above.

The standard deviation of the line 8y was calculated as:

: i
sy =| S (yy")° |*
n-1
where ¥ = measured value

¥' = calculated value

n = number of samples

Thus Sy = 0.00755.
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Appendix B.

"t" test for significance.

To determine if there is a significant difference between the
average ratios of sides A and B of the beads tested, the following equ-

ations were used:

(1)

K

B Em _ -(2)

L
742 T 42 2
so=] 2.(x, -%)° 4 > (% - U )
- N, o+ Ny -2 ]
where ik *  Average ratio of side A.
X = Average ratio of side B.
B A
SX = Estimated standard deviation of the difference
between means. :
8 = OStandard deviation of g single determination in
the two groups. ’
N
"W = Wmber of counts = .
(XJE)Q = Represents the sum of the squares of the deviation

in each group.
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The experimental "t" found is compared with the values of "&"
tabulated for given probabilities at specified degrees of freedom.

If the experimental value is less than the tabulated value, then

there is no difference statistically.

Experimental values of "t" for 50.2f;g and h80.3f1g platinum

samples are 0.52 and 0.82, respectively at the 95 per cent confid-

ence level. The tabulated value of "t" for both samples is 2.31.

This indicates homogeneity for both beads.
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