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PLATSOLTM PROCESS PROVIDES A VIABLE ALTERNATIVE TO 
SMELTING
ChRIS A. FLEMING, SENIOR METALLuRGICAL CONSuLTANT –– SGS

PlatsolTM is a new single step, pressure leaching process developed at SGS by International PGM Technologies to 
recover platinum group metals (PGMs), gold and base metals such as Cu, Ni and Co from a variety of high and 
low grade ores, concentrates, mattes, autocatalysts and other industrial products.

PlatsolTM is a technically-viable alternative to smelting, and could be a particularly attractive alternative for the 
treatment of feeds that are lower grade in PGM and sulphides, and feeds that contain impurities that are difficult 
to treat in a smelter.

PROCESS DESCRIPTION

PlatsolTM is a high temperature (>200OC) 
pressure leaching process, in which 
the base metal sulphides are oxidised 
with oxygen to soluble metal sulphate 
complexes and sulphuric acid, while gold 
and the PGMs are solubilised as chloro-
complexes, by the addition of a small 
amount of chloride salt to the autoclave 
feed.

Gold and PGMs (collectively, precious 
metals) can be recovered directly 
form the autoclave discharge slurry 
by absorption on activated carbon 
or, alternatively, by precipitation with 
sulphide ions afer solid-liquid separation. 
After removal of the precious metals, 
the base metals are recovered by 
conventional precipitation or solvent 
extraction/electrowinning processes.

PLATSOLTM NIChES

There are a number of situations in 
which it is undesirable or uneconomic to 
treat gold or PGM concentrates by the 
conventional routes. These include:
• the treatment of lean concentrates 

containing mixed base metals, relatively 
low concentrations of precious metals, 
and possibly also low levels of suplhide. 
The lower capital cost of a PlatsolTM 
leaching plant compared to a smelter 
reduces the economically-treatable cut-
off grade of the concentrate.

• the treatment of dirty concentrates 
containing deletrious elements such 
as Bi, As, Se, Te, Hg, Ph or Sb. The 
PlatsolTM process is fairly insensitive 

to the presence of these species, 
but smelters have a limited tolerance 
for these elements. High levels 
in concetrates may prevent their 
treatment by smelting, or impose 
severe cost penalties.

• the treatment of concentrates 
containing high concentrations of 
chromium and magnesium. These 
elements have reduced solubility 
in smelting slags at conventional 
temperatures. It is therefore necessary 
to smelt at much higher temperatures, 
in specially designed funraces, which 
increases the cost of smelting. Many 
PGM ores have high concentrations of 
talc (source of Mg), while ores such as 
South Africa’s Ug-2 reef are very high 
in chromite. When treating these feeds, 
it is difficult to reduce the Mg and Cr 
contents in th flotation concentrate 
to smelter-acceptable levels without 
adversely affecting PGM recovery. 
PGM recovery by the PlatsolTM process 
is insensitive to the concentration of 
Mg and Cr in the feed.

• situations where the size of the 
resource is too small to justify 
the capital cost of a stand-alone 
smelter facility, or where the cost of 
transporting the concentrate from a 

remote location to a custom smelter is 
prohibitve.

• the treatment of refractory gold 
concentrates in regions of the world 
where local environmental laws may 
preculde the use of the cyanidation 
process. Such concentrates have to 
be oxidized to liberate the gold, and 
incorporation of the PlatsolTM process 
means that, while the sulphides 
are oxidisng, the gold is leaching, at 
minimal incremental cost, and in a non-
cyanide lixiviant.

PROCESS ChEMISTRY

The most important leaching reactions 
taking place in the autoclave are 
described by the chemical equations 
shown in Table 1.

Table 1

Chalcopyrite Oxidation and Iron Hydrolysis

CuFeS2 + 17/4O2 + H2O → CuSO4 + 1/2Fe2O3 +H2SO4

Nickel Sulphide Oxidation

NiS + 2O2 → NiSO4

Gold Oxidation/Chlorocomplex Formation

Au + 1/4O2 + 1/2H2SO4 + 4NaCl → Na3AuCl4 + 1/2Na2SO4 + 1/2H2O

Platinum Oxidation/Chlorocomplex Formation

Pt + O2 + 2H2SO4 + 6NaCl → Na2PtCl6 + 2Na2SO4 + 2H2O
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PROCESS OPTIMIZATION

The most improtant parameters 
influencing the efficiency of gold and 
PGM dissolution are the autoclave 
temperature and the concentration of 
chloride ions in the feed. This is shown 
in Figure 1, where the trends displayed 
indicate that a temperature of >210OC 
and a chloride concentration of > 5g/l 
NaCl are needed for maximum precious 
metal dissolution. Other less critical 
parameters that influence precious metal 
recovery are the particle size of the 
feed to the autoclave, which should be 
optimized for each application, and the 
free acid concentration of the autoclave 
discharge (ideally 10 to 50 g/l H2SO4).

PROCESS ORIGINS

The PlatsolTM process was developed 
to treat low-grade Cu, NI, PGM ore fom 
PolyMet Mining’s massive NorthMet 
property in the Duluth Complex in 
Minnesota, U.S.A. since NorthMet’s 
discovery in the late 1960s, it has 
been evaluated several times, but an 
economically viable flowsheet has 
proven to be elusive. For the first time 
in 1999, an economically and technically 
viable flowsheet was developed, through 
laboratory and integrated piloting, 
by SGS and the project consultants, 
David Dreisinger and Terry O’Kane. The 
flowsheet involved grinding and flotation 
of a bulk, Cu, Ni, PGM concentrate, 
followed by leaching of the concentrate 
in the PlatsolTM process. The leach 
efficiencies obtained for base and 
precious metals in the Lakefield pilot 
autoclave, during the continuous pilot 
plant campaign, are presented in Table 2.

Two processes were tested for 
recovering the precious metals. Firstly, 
gold and the PGMs were loaded onto 
activated carbon, both as a CIP process 
treating autoclave discharge pulp directly, 
and as a CIC process treating pregnant 
liquor after solid-liquid separation by 
vacuum filtration. These processes 
worked reasonably well, but were not 
optimised. Secondly, for the latter part 
of the pilot plant campaign, gold and the 
PGMs were recovered from the acidic 
autoclave liquor by precipitation with 
NaHS.

Figure 1 Influence of temperature and NaCI concentration on the extraction of Cu, Au, Pt and Pd during 
PlatsolTM leaching.

Table 2 NorthMet Pilot Plant Leaching Result

Table 3A Head analyses of various Cu/Ni/PGM Concentrates Tested

ELEMENT FEED DAYS 1-3 DAYS 7-10

RESIDuE ExTRACTION % RESIDuE ExTRACTION %

Cu (%) 14.7 0.086 99.6 0.074 99.6

Fe (%) 32.9 45.04 - 44.07 -

Ni (%) 3.05 0.047 98.9 0.047 98.9

Co (%) 0.14 0.004 97.1 0.006 96.0

Pd (g/t) 9.90 1.33 90.2 0.72 94.6

Pt (g/t) 2.22 0.164 94.6 0.12 96.0

Au (g/t) 1.41 0.22 88.6 0.2 89.4

ELEMENT 
%

CONCENTRATE TYPE

A B C D E F G

Cu 4.4 2.6 3.2 5.8 2.1 12 4.2

Ni 9.9 4.7 5.7 4.1 3.1 3.01 7.7

Fe - 19 23.8 17.1 12.6 33.9 35.9

S - 33.7 14.1 16.3 7.3 24.5 34.1

Au, g/t 2.5 3.6 4.0 12.4 5.0 0.9 0.5

Pt, g/t 6.0 24.6 81.1 12.3 490 0.8 1.4

Pd, g/t 14.4 38.9 59.8 143 294 2.8 2.0

Rh, g/t 1.8 4.1 14.2 - 103 - -

Cr2O3 - 0.2 0.35 0.2 2.2 - -

Al2O3 - 3.22 2.04 9.3 6.2 - -

MgO - 15.3 14.4 4.5 17.6 - -

CaO - 4.5 1.8 6.6 2.8 - -

SiO2 - 33.7 28.3 - 39.3 - -
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Copper was then recovered by 
conventional solvent extraction and 
electrowinning. Most of the copper 
raffinate (-75 %) was recycled to the 
autoclave feed, while a bleed stream 
was taken to a smaller pilot plant where 
nickel and cobalt were also recovered 
by solvent extraction. The efficiency 
of recovery of metals to these various 
product streams was very high (>98 %), 
as was the purity of the products. These 
results have been published elsewhere 
(1). The simplified pilot plant flowsheet is 
shown in Fig 2.

TREATMENT OF ALTERNATIVE 
FEEDS

PGM/BASE METAL SuLPhIDE 
CONCENTRATES
The PlatsolTM process has been tested 
on a wide range of Cu, Ni, PGM 
concentrates, mostly from North 
America and South Africa. Many of the 
feeds tested were treated in “one-off” 
scoping experiments under “standard” 
leaching conditions of 220°C,10 to 20 
g/l NaCl, 100 psi oxygen overpressure 
and two hour residence time in the 
autoclave. Recoveries for precious 
metals such as Pt, Pd, Rh and Au, and 
base metals such as Cu and Ni are high 
as shown below in Tables 3A and B.

As expected, base metal extractions 
are excellent in all cases. Without 
optimisation, gold recovery is better than 
83% in all cases, and higher than 93% 
in several cases. Palladium recovery is 
usually higher than 93%, while platinum 
extraction is more variable.

The high grade PGM concentrate 
(Concentrate E) did not respond well to 
the one test under “standard” PlatsolTM 
conditions and requires further study.

ALTERNATIVE SuLPhIDE FEEDSTOCkS
The PlatsolTM process has a wide range 
of application. For example, it can be 
applied to feeds such as mattes, copper-
gold concentrates and refractory gold 
concentrates. Results achieved with 
three such feed materials are presented 
in Table 4.

The matte was produced in a Sirosmelt 
furnace, while the copper concentrate 
was a typical chalcopyrite concentrate. 

Table 3B Performance of the PlatsolTM process on various Cu/Ni/PGM concentrates

Table 4 Treatment of Matte, Cu/Au Concentrate and Refractory Au Concentrate with the PlatsolTM Process

Figure 2 Conceptual flowsheet for gold, PGM and 
base metal recovery .from sulphide concentrates, 

as piloted at SGS for the NorthMet project.

ELEMENT % ExTRACTION IN LEACh FOR CONCENTRATES

A B C D E F G

Cu 99.9 98 99.9 99.9 99.9 99.3 99.0

Ni 99.9 99 99.9 99 99 93.8 99.6

Au 93 83 96 99 83 97.1 84.3

Pt 72 80 76 95 51 97.4 98.2

Pd 97 93 94 94 80 98.1 93.9

Rh 95 77 92 - - - -

ELEMENTS FEEDSTOCk

MATTE Cu CONC REFRACTORY Au CONC

GRADE rec, % GRADE rec, % GRADE rec, %

Pt g/t 16.3 99.4

Pd g/t 34.6 99.4

Ay g/t 9.2 80.9 5.7 95.9 19.9 96

Ag g/t 19.4 99.5

Cu % 73 99.9 28.9 99.7

Ni % 17.3 99.9 <0.01

Fe % 0.2 28.3

S % 9.5 33.3

The refractory gold concentrate 
contained pyrite and arsenopyrite as the 
main gold bearing sulphides.

Copper and nickel extraction from the 
matte was practically complete, as well 
as that of the platinum and palladium. 
Gold extraction was lower (81%) during 
the one-off test, and could likely be 
improved.

Recovery of Cu and Au from the 
chalcopyrite concentrate was excellent 
(99.7 and 95.9%, respectively). The 
gold in solution was easily recovered on 
activated carbon (Calgon GRC-22) directly 
from the POX liquor, without prior pH 
adjustment, generating a barren solution 
of less than 0,01 mg/l Au.

Gold recovery from the refractory 
gold concentrate was also excellent 
in this non-cyanide leaching process. 
Interestingly, silver recovery to the leach 
liquor was also very good, despite the 
presence of reasonably high levels of 
chloride ions in solution.
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RESOuRCE 800 million tonnes

MINE PRODuCTION 50,000t/day

STRIPPING RATIO 1/1 years 1 to 6, 2/1 years 
7 to 14, 3/1 thereafter

POwER COST US$0.034/kWh

LIMESTONE COST US$13.00/tonne

DEPRECIATION 10% straight line

DEPLETION 50%

FEDERAL AND STATE 
TAxES

44%

METAL PRICES: Copper US$0.80/lb

Nickel US$3.00/lb

Cobalt US$10.00/lb

Gold US$300/oz

Platinum US$350/oz

Palladium US$350/oz

Table 5 Parameters for the NorthMet Project.

Table 6 Preliminary Economics for the NorthMet Project

Cu Ni Co Au Pt Pd

RESOuRCE GRADE, % or g/t 0.43 0.12 0.01 0.088 0.143 0.389

FLOTATION RECOVERY 94.6 77.2 46.4 76.6 76.4 75.8

PROCESS RECOVERY 97.5 94.5 92.5 94 94 94

OVERALL RECOVERY 92.2 73 42.9 72 71.8 71.3

PRODuCTION kt/yr 72 16 0.75

Oz/Yr 37000 60000 162000

Capex - m uS$ US$492

Opex - uS$/t ore US8.20

NPV @ 10% DISCOuNT - m 
uSS

US$780

DCF RATE OF RETuRN - % 26%

APPLICATION OF ThE PLATSOLTM PROCESS FOR LATERITES AND CATALYSTS
It is well known that certain laterites contain measurable amounts of Pt (for example 
the Syerston deposit in Australia). A sample of laterite assaying 1,48% Ni, 0,18% Co 
and 0,76 g/t Pt was leached for 90 minutes at 250°C with the addition of 450 kg/t acid 
(typicallaterite leaching conditions) plus about 5 g/l NaCl. Under these conditions, 98% 
of the Ni, >95% of the cobalt and 97% of the Pt were dissolved.

Several autocatalysts (two spent and one virgin) were subjected to “standard” 
PlatsolTM leaching conditions. The virgin catalyst, which contained 623 g/t Pt and 431 
g/t Pd responded well to the process, with leach efficiencies of 98 to 99 % for the 
two PGMs. The spent catalysts also contained ~1000 g/ t total PGMs, but the leach 
efficiencies were disappointing in the 75 to 85 % range. Some preliminary work has 
shown that recoveries can be increased to 94 to 95% by adopting a fairly simple 
variation to the standard PlatsolTM conditions.

ENGINEERING REQuIREMENTS

The engineering requirements for a 
PlatsolTM leaching plant are conventional. 
The autoclave specifications with respect 
to temperature and pressure are similar 
to gold pressure oxidation plants such 
as Goldstrike in the USA. To handle the 
presence of chloride in the feed to the 
autoclave, a brick-lined vessel with a lead 
liner will probably be acceptable, due to 
the relatively low chloride level (3 to 10 
g/l Cl), although a polymeric membrane 
such as Pyroflex, as used in the Macraes 
autoclave in New Zealand, may be the 
preferred choice.

Conventional unit operations such 
as adsorption, solvent extraction or 
precipitation are used to recover PGMs, 
Au and other metals from the pregnant 
leach solutions. The downstream 
equipment (S/L, tanks, pumps, SX) 
would have to be made of appropriate 
materials to handle the acidic chloride 
solutions.

ECONOMICS OF ThE PLATSOLTM 
PROCESS

Capital and operating costs will be 
unique to each application of the 
technology, and can only be determined 
with any degree of confidence after 
establishing a mine plan and completing 
a fairly detailed laboratory and pilot plant 
metallurgical investigation.

A pre-feasibility level estimate of the 
economic viability of the NorthMet 
project was prepared, based on the 
flowsheet developed, tested and piloted 
at SGS, incorporating PlatsolTM leaching 
of a bulk sulphide concentrate. Based on 
the assumptions shown in Table 5, the 
economic estimates for the project are 
presented in Table 6.

In contrast to the previous investigations 
of flowsheet alternatives for processing 
the massive, low grade Cu, Ni, PGM 
ores from the Duluth Gabbro in Northern 
Minnesota, it can be seen that the bulk 
flotation/PlatsolTM leaching process is 
expected to yield attractive economic 
returns.
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CCD circuit used to do solid liquid separation after pilot-scale leaching.

CONCLuSIONS

A new pressure leaching process known as PlatsolTM has been developed for the 
simultaneous dissolution of gold, the PGMs and base metals in the autoclave. The 
process is particularly well suited to the treatment of lower grade copper and/or nickel 
sulphide concentrates that contain PGMs, but which are not well suited to smelting.

The process involves the addition of chloride ion to the autoclave feed, at 
concentrations in the range of 5 to 20 g/l NaCl. At high temperature ( ~ 220°C) and 
oxygen overpressure ( ~ 100 psi), plus free acidity of 10 to 50 g/l H2SO4 the conditions 
in the autoclave are sufficiently oxidising for the gold and the PGMsto be oxidised and 
stabilised in solution as chloride complexes.

The process has been shown to be quite versatile, and the many different gold and 
PGM-containing feeds that have been tested so far have generally produced high 
recovery efficiencies for gold, palladium, copper and nickel. Platinum is usually the 
most refractory of the pay metals, but even Pt can be recovered at 80-95 % efficiency 
under optimum conditions.
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