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in application form.
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do hereby declare this invention, the manner iu which and the method by

in and by the following statement :—-

which it is to be performed, to be partictlarly described and ascenainzd
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This invention relates to a process for the
treatment of mixtures of platinum group metals, gold
and silver, and is more particularly concerned with
the treatment of so-called platinum group metal
concentrates such as matte leach residues and the
like, and also various intermediate solid products
such as leach insolubles etc: which may arise during

the processing of such materials.

All commercial refining methods for tne
platinum group metals are basically hydrometallurgical
in nature. Thus the first and key operation in tnese

processes is the dissolution of the valuable components

from the source material.

However the platinum group metals are extremely
difficult to dissclve, and extended leaching periods

with highly active media such as aqud regia are

N,

\

commonly used. Even under very vigorous Jeach conditions

»

complete dissolution of the values is not generally
achieved, and in particular the secondary platinum
metals (rhodium, ruihenium, iridium and osmium) are
addition the degree

attacked to only a small extent. In

to which the metals dissolve is often highly vartable
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from batch to batch and is generally dependent on the

nature of the process steps to which the source

material has been subjected prior to the platinum

metal leaching step.

Because of these effects it is common practice

to use a multi-stage process involving both pvro-

ﬁetallurgical and hydrometallurgical steps to effect

dissolution of the platinum metals. One commonly used

series of operations is as follows:-

(1)

(2)

(3)
(4)

(5)

perf&rming an initial aqua regia leach on a
concentrate of platinum group metals, gold

and silver;

smelting the residue with litharge and a reductant

to form a lead-platinum group metal alloy;
parting of the lead bullion so formed with nitric acid

leaching the residue from step (3) with agua regia wits
“Wissolves most of the platinum and palladium

but little of the secondary platinum group mecals;
fusing the residue which is rich in secondary

and

platinum group metals with sodium peroxide;

_leaching of the fusion mixture with water and

neutralising with hvdrochloric acid to producce

a chloride solution of the secondary platinum

group metals.
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Various recycle streams are also invelved in the

practical performance of this currently used procedure.

Thus a large number of operations is involved
and a major proportion of the platinum metals 1is
locked up in recycle streams. Many of the récycle
streams are initially in the form of solutions; 1in
order for the values contained in these streams to be
recovered they must first be treated to render the
precious metals insoluble. Commonly, reduction to
metal using zinc as the reductant is employved, and this

operation is time consuming, expensive and not entirely

effective.

Furthermore it is commonly found with mahy”

precious metal bearing source materials that a large

T -

proportion of the base metal content cannot be effectively

separateg out before the platinum group metal leéch by,
for example, a milder leach such us sulphuric acid
leaching. These base metals theresiore contaminate the
leach liquors containing the precious metals and render

both refining operations and recycle considerably more

difficult.
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It is the object of this invention to overcome

the above difficulties in platinum refining by providing:-

(1) a process whereby a large proportion of the
base metal content of the feed material can
be effectively leached from the precious metal
content before the leaching of the precious

metals themselves, and/or

(2) a process whereby a large proportion of the
precious metal content of the feed material can
be dissolved in a single leach using chlorine as

the oxidant and hydrochloric acid as the

dissolving medium, and/or

(3) a process whereby liquid recycle streams containing
precious metals can be easily processed to recover

the precious metal content without an intermediate

zinc reduction step, by achieving reduction

during base metal removal.

\\‘

In this specification for the sake of clarity the

term "precious metals" will be applied to mixtures of some

or all of the platinum group metals and which may in

addition contain gold and/or silver. The term "base metals”

as used herein includes all metals other than the "precious

metals",
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sultable for the dissolution of copper.

In accordance with this invention there is
provided a process for the treatment of a precious
metal concentrate comprising the formation of an alloy
of aluminium and precious metals and recovering at
least the majority of the precious metals in solution

by a suitable leaching procedure,

Further features of the invention provide for the
alloy to be subjected initially to a 1eachiﬁg step adapted
to remove base metals and for the precious metals to be
recovered subsequently by a second leach step carried out
under strong oxidizing conditions and for the base metal
leach to be performed in two stages, the first of which

is carried out by weak acid under reducing conditions

and the second of which is carried out under conditions

The aluminium precious metal alloy preferably has an

aluminium to precious imetal ratio of bLetween about 1C:1 and

1:1.

\\\

The formation of the aluminium alloy can be accom-
pPlished in a number of wavys but it is mosi efficientiy
performed according to one of three techniques which are
applicable to concentrates of various grades and
compositions as fecllows: -

(l) Concentrates having a high precious metzal conrtent

(above about 50%) and which is essentiaily
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(2)

metallic in character (e.g. lead bullion

residue after parting) may be treated as follows:-

(a) The material may be simply melted together
with an equal weight of aluminium at a
temperature in excess of lOOOOC under a
protective atmosphere to reduce Qxidation of
the aluminium.

(b) The material may be mixed with a small
proportion (5% - 25%) by weight of a suitable
base metal oxide or sulphide, preferably
ferric oxide or feryrous sulphide and
sufficient aluminium powder, preferably a
weight equal to the concentrate. This mixture
is then ignited by a suitable technique where-
upon the base metal oxide and the aluminium
react, and the aluminothermic reaction so
initiated provides sufficient heat to
accomplish the alloying.

\

Concentrates having a medium precious metal content
»

(between about 3C% and 50%) with a hignh base metal

content but where silica is present in low

concentrations (less than 5%) or is praferably

_absent. This may be treated in similar Tashion

te the above except that often sufficient base

metal oxides or sulphides are already present in’



10

15

20

25

(3)

the material to render the addition of further
ferric oxide or ferrous sulphide unnecessary.
Addition of some flux such as calcium oxide (Ca0)
may be helpful in rendering the aluminium oxide
formed in the reaction soluble in the base metal
leach. Certain matte leach residuesand initial

leach residues fall into this class of concentrate.

Material of medium or low precious metal content
(precious metal content of less than 30%) with
high base metal content and high silica content.
The preferred technique here is to form an inter-
mediate alloy of precious metals and iron which
is then alloyed further with aluminium to form
typically an alloy containing about 30% Fe,
30% Al, 30% precious metals and 10% other base
metals such as Ni, Pb, Cu etc. This operation 1is
typically but not necessarily carried out in an
arc furnace as follows:i- |
\?a) The concentrate is mixed with carbon and line,
pelletised, and roasted at agout 800°C to

reduce any precicus metal oxides to metal.

(b) The roasted material is smelted together with
scrap iron in an arc furnace to produce an
‘alloy of rToughly 50% precious metal contzant
and a calcium-iron-silica slag wnich is lcw

in precious metals.
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(c) The slag is poured off and aluminium scrap 1is
added to the iron alloy in sufficient quantity

to form an alloy of roughly 30% Al content.

This technique applies especially to concentrates of
high silica content and low precious metal content
such as certain matte leach residues but of course

could be applied in other cases as well.

In all the above cases the alloy so formed is

preferably treated as follows:-

(1)

The aluminium and iron content of the alloy are
leached together under highly reducing conditions,
using weak acid to do the leaching. Any recycle
streams that are acidic and contain precious metal
values can be used in this step. Very effective
cementation of the precious metal values has been
experienced and the exhausted leach liquor will
contain very low precious méfal values,

The residue from the first leach is then éubjecfed te
A more intensive leach at a potential sufficient to
dissolve copper. Many known methods are available Ifor
dosng this and in particular the controlled potential
leach system of Falconbridge (Journal of Metals, May 197
p 6-9 "The recovery of nickel copper and a precious
metal concentrate from high grade precious metal mattes"

L.R. Hougan, H,. Zacharissen) using chlorine gas as

the oxidant wculd be applicable here.
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(3) The residue from the second leach is then
leached in hydrochloric acid of commercial
strength (about 10 Molar) using chlorine gas as
the oxidant. Leaching has been found to be rapid
and complete and the leach residue, if present,
consists of insolubles such as silica and
alumina with low precious metal content, typically

less than 5000 ppm total precious metals.

Various experiments conducted thus far will now

be described in order to demonstrate the operation or

the invention.

Example T

The concentrate treated here was a moderately rich platinum
group metal concentrate obtained from a copper-nickel matte
leach plani and which analysed roughly 30% precious metals
(platinum group metals + Au + Ag) and approximastely 30%

base metal, the remainder being oxygen, sulphur and silica.

\,

N\,
A sample of this material was firstly leached in 12M hydro-

.

chloric acid using chlorine as the oxidant and the foilowing

percentage dissolutions were obtainead: -

Pt Pd Rh Ru Ir
80.8% 70.7% 2.7% 14 .69 64.8%

These results were improved considerably by perrorming a

reduction roast prior to leaching on another sample of the
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material, but complete dissolution could still not be
obtained, the percentage dissolutions being as follows:-
Pt Pd Rh Ru Ir
98.4% 98.3% 81.9% 52.4% 96.9%
A third sample of the material was then aluminother-
mically reduced with an equal weight of aluminium powder,
by mixing the two ingredients and igniting the mixture by
heating to about 1000°C. The reacted material was firstly
leached with 12M hydrochloric acid in order to remove
aluminium and base metals, and thereafter with 12M
hydrochloric acid with Cl, as the oxidizing agent in
order to dissolve the platinum group metals. The results

obtained upon leaching the reacted mass were as follows:-

Pt Pd Rh Ru Ir
99.6%  99.4% 87.8%  96.9% 96.9%
Thus tﬁe residue left after leaching was'significantiy

poorer in platinum group metal content and in practice
could be recycled to the métte smelting furnace.
N

Example TT ,

The concentrate used in this example was similar to that
described above but had a lower precious metal content

(+ 20%), and was very much more refractory in natuie.

Results obtained on the raw material on Jeaching with 12N
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hydrochloric acid with Cl2 were as follows:-

Pt Pd Rh Ru Ir

63.9% 53.7% 30.9% 16.4% Ls, 29
In this case, treating the material by means of a
reducing roast prior to leaching did not produce as marked
an improvement as in Example I, the results being the

following percentage dissolutions:-

Pt Pd Rh Ru Ir
89.2% gl , 2% 38.1% 3.4% 16.5%

However, after aluminocthermic reduction had been carried
out in a manner identical to that described in Example I,
very good subsequent dissolutions were obtained:-

Pt  Pd Rh Ru Ir

99.3%  99.4% 97.6% 95.6% 87.3%

This example also illustrates that base metaié can be
removed almost completely before HCl/C12 leaching by
leaching in sulphuric acid, under oxidizing conditions.
The follqying percentage dissolutions were found to be
typical: - .

Cu Ni Fe Cr Al

91.2% 85.5% 87.7% 25.5% 95%

The amount of platinum group metals dissolved together

with the base metals was negligibly small.
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Example IIX

The concentrate treated here was a secondary platinum

group concentrate obtained from the parting and aqQua regia

treatment of lead bullion obtained as above described, and

this contained about 60% platinum group metals, 20% lead

and 20% other base metals.

Both direct leaching with HCl/012 and leaching in the same

way following hydrogen reduction of this material proved

to be almost completely ineffective, as shown below:-

Ru Rh Ir
no pre-treatment 0% 18.5% 2.2%
hydrogen reduction pre-
treatment 5.7%, 14.6% 6.7%

A sample of this concentrate was then treated by mixing

it with an equal weight of aluminium powder, and 20%

by weiéht FeS. This mixture was ignited by heapiﬁg at
lOOOOC and the reactéd mass leached.firstly in 200 g/l‘
sulphuric acid to remove the base metals and alaminium
and subéequently in 12M HCl/Clz. The percentage

dissoluPions obtained after leaching for two hours were

as follows: -

Ru kh Ir

89.6% 92.9% 95.8%

This experiment was repeated on a larger scale and it

was found that almosti all of the base metals added and

~
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originally present were lcached in the sulphuric acid

leach. Subsequent HCl/Clq leaching for two hcurs gave
£~

similar dissolutions, viz:-

Ru Rh Ir
90.8% 93.1% 90.3%

A third test on this concentrate was conducted wvherein

fashicn

5 kg of concentrate were ireated in a similar

to the above. The alloy was subjected to an initial
leach in 10M HC1l with the addition of 500 g lFe,(05 uatil

the precious metals jnst started to diz:zcive. Filtration
was effected immediately and showed on analyeis 55 ppm
precious metals, 7 o/l Fe, 3 &/1 Pb and 120 ppm Cu.
Leaching in 10M HCl/Clg was then effeocted and was continued
for eight hours as opposed to the two bhour leach times

above. The extension of the leach time increased the

e

percentage dissolved substantially to that given below:

Ru Rh Ir
99.1 99.5% 99. 3%

S

This~ ieach liquor contained >4 g/1 precicus metalz, 130 pru
Cu and 1,6 g/1 of other base metals thus illustrating tiax
H (&

the maiority of buse metals had beer removed.

The alove leach preocedure was carried out in a ©a st

~

D

manner as opposed to the pieferred three siep nreceaure

set out above. The results of the threc step procedure i

[%

at this time, not availavle but the following ar. T.=<
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reasons for preferring a separate copper leach. In

the leaching of iron, aluminium and similar base metals
strongly reducing conditions are present when the alloy 1s
leached with HC1l or 1,S04 solution. Thus in that leach step
there is virtually no possibility of dissolving precious
metals. In the second step in which copper would be
leached more oxidizing conditions exist thereby increasing

the chance of precious metals being dissolved Also, a

substantially smaller vessel 1is required to effect the
subsequent copper leach thereby resulting in smallier
volumes of leach liquor to be treated 10T dissolved
precious metals. The conditions in each stage »f a Two

stage initial leach can be optimised and a plant can more

readily be efficiently designed.

Example IV

This example illustrates an alternative method oi pei

ming the invention. A concentrate similar to ‘that uscd

in Example IIT was mixed with an equal weight cf aluminium
A

powder, and the mixture melted in a muffle furnace at

o) N . .y
1000°C for two hours. The molien mass was ailowed to cool

and then leached with 200 g/1 1,50y to remove the &soaninium

base metals and the residue was diszclved in .20 C1. -

The percentage dissolutions obtained in this c¢casd were
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as follows: -

Ru Rh Ir
95.6% 91.5%  96.3%

Example V

A concentrate containing about 20% precious metals,

16% silica and 149 iron oxides was heated at 800°C with
carbon for one hour. The amount of carbou added 1s
dependent on the iron and platinum gioup metals that

are present as oxides. The pericd of roasting ic depeindent
on the kinetics of the reduction process and iliis wi il
vary with teinperature, composition, particle size and

the mineralogy of the material.

The reduced material was split into two batches, each of

which was treated as follows.

The reduced material together with lime (Ca0) in an zuount
. - O .

of about 1 part was melted at 1600 Cs iron scraf wWoe

added and the melt cocled. The meral wos seyparated 1

the slag.and alloved with aluminium in the ratio cof

. S0 .. .
O,4:1 Al:precious metal alloy at JECO C by first meliing
the wmetal and adding scolid alumiarum 10 the meval. ster

cooling tﬁe aluminiam allioy was ieached I concentrated
(10M) HC1 acid and the residue leached in concentrated
(lOH) HC1 and C1,. AfTer this i1ecoh thnere wos no vrosidue
remaining. The recovery 0of the various plaeviivn greob
metals in the final lecch liguors s givoen 4o e Tooloving

table: -
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Pt Pa Rh Ru Os I At
_ ) S
Precious metals in
head sample mass % 1,11 6,40 | 2,99 {6,501 | 1,43, ¢, Laj o7«
N RO GG I OO N A
Precious metals in
in slag (ppm) 2434
= (920 ) -
S -
{
Precious metals in !
HC1l leach liqguor
(ppm) — R I
(4,3)
I B
Precious metals in
HCl/Cl2 leach liqguor
(ppm) 700 5063 | 2019 | 44381 850 315 18
(743) | (5583)|(2029)|(47730(333) [{350) ({17
i
Precicus metals % i
recovered in slag % - R o o
= R i H =
(1,%%) { j
- .
I N
—t e —T_ ! -
N i t
Precious metals | L ;
recovered in allovy ] ; i
% by difference - G S S
- 2
RSN ! ! )
(ox. 65! | ! :
! a 1-
..———--T——-—-—-N -—~, o ——T—-_._
i |
Precious metals l % : %
recovered in alloy i |
(calculated from ! i i '
11C1/Clo leach solvtion ' * ;
values) { o anaLn e e
(108,140
| | i
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. The discrepancies in the recovery of precious metals
which are quite obvious were due to assay errors. The
figures given in parentheses are for the second nalt of

the initial reduced material,.

5 Example VI

Finally the operation of the use of a precious metal

containing simulated recycle stream was tesved in order

to observe the cementation effects with the alumdinium
alloy.

10 LO litres of an imitation recycle stream of approximatie LY
2M HC1 and containing

Ru Rh Pd Pt Ir
6000 ppm 5031 ppm 733 ppm 3 ppm 1250 ppm

were contacted with 1 Kg of crushed aluminium-precious

15 metal alloy. The alloy had a particle size of 100% minus
L ' oo L
+ inch mesh and the contacting vas clfiecicd at 0O C oo
six hcurs.

The solution was tiltered off and found 1c Tontain:-

Ru Rb d 't Ir
20 1,5 ppm N.D. O,4% ppm N.D. 6 ppm

(N.D. means not detaciar

Thus cementation appareatly occurred with a hdoh des

of efficiency.
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The above tests which have been carried out
demonstrate that a process according to the invention
will operate effectively in use. It will be neoted that
where hydrochloric acid has been used the strength was
either 10M or 12M. As will be apparent to those skilled
in the art any strength acid may be used with the more
dilute acids simply taking longer to produce the desired

| 1

effect. Also, any strength sulphuric acid could be us=d

up to a maximum strength of about 3500 g/l.

The invention therefore provides a process having

the following characteristics:-

(1) It allows the base metal content to be remcved
prior to the platinum group metal leach by leaching with

dilute sulphuric acid or hydrochloric acid, and

(2) It increases the leachabilivy of the plaiinun

group metals in an oxidizing hivdrochloric acid leach o5

a very great extent, so that in effect total dissolnilcen

can be achieved.

The process may be applied to any platinam Zroup

metal rich material arising at any stage of the conven-

tional refining process, and in particular can be readily

applied to the following raterials:-

(l) feed material to *the refinery, thus eliminaving
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the need for subsequent treatment ol the residue, In

practice, because platinum group metials are so valuabtile,
this residue, if present at all, although low in

platinum group metals ccntent, would be recycled to a

point earlier in the process such as the matie smelter,
(2) the residue from the primary leach, and

(3) the residue from the parting and agua regia
leaching of the lead bullion in which use of the method
sodiam

is a replacement for the potentially hazardocus

peroxide fusion.
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Having now particularly described and ascertained

our said invention and in what manner the same is

to be performed we declare that what we claim is:-

A process for the treatment of a precious metal
concentrate comprising the formation oI an allcy
of aluminium and precicus metals and 1re¢covering
in

at least the majority of the precious metals

solution by a suitable leaching procedurec.

A process as claimed in claim 1 in which the

alloy is initially leached with acid to remove
base metals, the leach being carried out under
conditions which inhibit the dissclution ci the

precious metals, and the residue from ihe inivial

leach is leached under strong oxidizing conditions:

N
N

in order to dissolve the precious metels.

A process as claimed in claim 1 in which the alilov

is initially leached with acid under strong voducing

conditions to remove the majoricy of base wetzls,
the first residuc from thisiritial leaci: i3 then

with acid under conditions suitable for the

Ty
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dissolution of copper to provide a second residue,
and the latter residue is then leached under strong
oxidizing conditions to dissolve preciocus

i

metals.

A process as claimed in either of claims 2 or 3
in which the initial leach for ihe removel of the
-J,«‘r

majority of base metals is effected using

hydrochloric or sulphuric acid.

A process as claimed in claim 4 in whici the acid L«
a recycle siream containing small amounts of
precious metals which are cemented out during the

leaching procedure.

A process as claimed in any of the prececing claime
in which dissolution of the precious metals is
effected using hydrochloric acid and chiorine gas

as an oxidant.

A process as ciaimed in any of the preceu
in which the formation of the alloy is etlected In

mixing the concentrate with a suitable zimount 01

.
;w
§
-
,

subdivided aluminium and the mixiure 1=

sufficiently to cause a molten alloyv to Torn.
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11.

A process as claimed in claim 7 in which the
mixture has sufficient base metal oxides and/or
sulphides to enable a highly exotheimic

aluminothermic reaction to take place.

A process as claimed in any of claims 1 to 6 in
which the aluminium alloy is formed by inuvially
forming an iron-precious metal alloy, removing
silica in the slag formed and adding the

required aluminium to such iron alloy.

A process as clained in anyv of the preceding
claims in which the aluminium alloy has anp
aluminium to precious metal weight ratio of from

10:1 to 1:1,.

A process substantially as herein described or

exemplified.

Precious metals wherevesr procduced nusing a proces:

as claimed in any of the preceding claims,

Dated this Zist dey of, zﬁuu; WY, 1076,

,Z ~7F Rt o ,1.' - P

) g/vf’l/ T e;(o"

JOHN_AND KERNICK

Patent Agents for ihe Applzcanuts



