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Abstract

This paper investigates the recovery of platinum group metals (PGMs) from a dilute cyanide
leach solution containing base metals, in a manner similar to that used for gold extraction in a
typical CIP process, and focuses on both the adsorption and elution stages. The carrier-phase
extraction of precious metals using activated carbon offers significant advantages over other
processes in terms of simplicity, the high pre-concentration factor, rapid phase separation, and
relatively low capital and operating costs. As a sorbent, activated carbon is still by far the most
important material because of its large surface area, high adsorption capacity, porous structure,
negligible environmental toxicity, low cost, and high purity standards.

Adsorption tests were performed on a pregnant alkaline leach solution (0.15 ppm Pt, 0.38 ppm
Pd, 0.1 ppm Au) resulting from cyanide extraction performed in column leach tests. The initial
adsorption rates of platinum, palladium, and gold were very fast and recoveries of these three
metals were approximately 90 per cent after 2 hours and 100 per cent, 97.4 per cent, and 99.9
per cent respectively after 72 hours. The parameters that influence the extraction of PGMs and
Au were examined to assess their relative importance during the adsorption process in order to
provide the basis for process optimization. The concentration of thiocyanate was not identified
as significant factor for PGMs adsorption, while nickel concentration was the most significant
extraction process parameter. Base metal cyanide complexes adsorb and compete with the
PGM complexes for sites on activated carbon, and while copper adsorption can be minimized
by adjusting the residence time, nickel adsorbs at approximately the same rate as that of the
PGMs, influencing the loading capacity and adsorption kinetics of the PGMs.
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The feasibility of eluting platinum and palladium cyanide complexes from activated carbon
using an analogue of the AARL process was investigated. Platinum and palladium elute from
activated carbon almost to completion in 4 to 5 bed volumes at 80°C, while the elution of gold
at this temperature is slow, with a significant amount of gold still to be eluted after 16 bed
volumes. Cyanide pre-treatment was found to have a significant influence on PGM elution.
Higher cyanide concentration in the pre-treatment step results in more efficient elution up to a
point, and experiments suggest the possibility of an optimum cyanide concentration, beyond
which elution efficiency starts decreasing.

Introduction

The carbon-in-pulp or carbon-in-leach (CIP and CIL) processes have been the main commercial
processes on almost every gold plant built since 1980 (Fleming, 1992; Van Deventer, 1984).
Major advantages of CIP plants are that they require lower capital and operating costs, are
mechanically robust, handle plant upsets remarkably well, and are highly tolerant to changes in
feed composition (Fleming et al., 2011), and since their establishment, considerable progress
has been made in understanding the mechanisms and kinetics of gold adsorption onto
activated carbon (Van Deventer and Van Der Merwe 1994).

Alternative processing options that are less energy-intensive and are more able to deal with
complex, lower grade ores are in demand, and according to Liddell and Adams (2012), there is
potentially considerable technical and economic advantages to a robust hydrometallurgical
processing route for PGM concentrates. Leaching of PGMs with cyanide has been proposed a
number of times as a promising PGM process option. Mwase et al. (2012) proposed a
conceptual flow sheet for heap leaching of PGMs from a low-grade ore concentrate. Chen and
Huang (2006) and Huang et al. (2006) investigated two-stage selective pressure-leaching
cementation from low-grade Pt-Pd sulphide concentrates. Shams et al. (2004) leached spent
catalyst with cyanide and claim that among the vast variety of methods available, the cyanide
leaching method is reported to be more cost-effective and environmentally friendly than
conventional melting and acid-recovery techniques. Platinum Australia Limited (PLA) in
conjunction with Lonmin plc (Lewins, 2003), developed the Panton Process, in which low-grade
flotation concentrates are subjected to low-temperature calcination followed by cyanide
leaching at elevated temperature to dissolve the PGMs, gold, and base metals. These are then
recovered from solution by precipitation (Bax, 2004) to produce a high-grade PGM and base
metal concentrate suitable as direct feed to a refinery. On Panton project ores, the process
gave significantly higher recoveries and much higher final product grades than standard
metallurgical processes for PGM. Mclnnes et al. (1994) and Bruckard et al. (1992) studied the
ambient and elevated temperature cyanidation of ore from the Coronation Hill deposit in
Australia. Though the leaching step has been investigated, research regarding the upgrading
and recovery of the PGM cyanide liquor with activated carbon has received little attention.

744



The Southern African Institute of Mining and Metallurgy
Platinum 2012

Aguilar et al. (1997) studied the adsorption kinetics of precious metal cyano complexes onto
activated carbon through their newly-developed capillary electrophoresis (CE) method, and
found that Pt(ll) and Pd(ll) cyanides were selectively adsorbed onto carbon in a short time (100
per cent), while Rh(lll) cyanides showed much lower adsorption (40 per cent). Roijals et al.
(1996) also found that platinum adsorbs fairly quickly onto activated carbon, and in addition,
studied the PGM adsorption potential of several impregnated and ion-exchange resins.
Desmond et al. (1991) evaluated the loading of activated carbon with PGMs and found that
more than 99 per cent of the platinum and palladium were removed from solution but less than
15 per cent of rhodium was removed from solution.

Although some literature regarding the feasibility of PGM adsorption exists, fundamental
research regarding the elution process of PGMs, the mechanism of adsorption and elution, or
the reason for poor rhodium adsorption onto activated carbon is lacking. Milbourne et al.
(2003), in an evaluation of the use of hydrometallurgy for the direct processing of PGM
concentrates, stated that for the well-proven gold recovery process, the carbon is readily
strippable and can be recycled many times. PGMs, however, may not be as easily recovered in
a stripping process as evidence suggest that PGMs adsorbed on carbon from a chloride solution
matrix reduce to the metallic state.

In this paper we investigate the use of activated carbon as a precious metal recovery option
from leach solutions resulting from the cyanidation of platinum-bearing ores or concentrates, in
order that the flow sheet can be assessed for technical feasibility and economic viability. The
two major steps of the process, i.e. the adsorption and elution sections, were investigated and
the effects of operating variables on process performance were determined.

Adsorption
Experimental

A coconut-based granular activated carbon supplied by Marlyn chemicals (Pty) Ltd-South Africa,
with a BET surface area of 1200 m?/g and iodine number 1075 mg/g according to the
specifications of the supplier, was used for the adsorption and elution experimentation work.
Prior to use, the adsorbent was washed with hydrochloric acid (5 per cent) at 25°C and
subsequently dried at 80°C for 48 hours. The water-washing was stopped when the pH value of
the suspension remained constant at 7. This operation significantly reduces the amount of
superficial mineral impurities and powder (ash).

The activated carbon was sieved to obtain a particle size fraction between 1180 and 3350 um,
with a dsg grain size of about 2360 um, for all the experiments.

The adsorption tests were carried out by contacting the carbon with 500 mL of the cyanided
solution (as per table | and Il in the subsequent sections) and adjusted to an appropriately high
pH to prevent the formation of HCN gas by adding NaOH (1N).
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Tests were performed with the traditional bottle-on-rolls method in 2.5 litre bottles containing
500 mL of the solution at room temperature. In order to ensure that a pseudo-equilibrium was
attained, the mixture was rotated for 72 hours, this duration being selected on the basis of gold
adsorption experiments (assuming pseudo-equilibrium conditions) reported by Van Deventer
(1984), who showed that equilibrium was still not achieved between gold cyanide and activated
carbon after several weeks of adsorption. Liebenberg and Van Deventer (1997), indicated that
pseudo equilibrium isotherms could be used, but carbon/solution contacting times of less than
72 hours could lead to ineffective modelling.

Solution sampling was done at pre-determined times (0, 1, 2, 3, 6, 24, 48 and 72 hours) and
involved withdrawal of 5 ml of solution using a syringe filter (to remove any carbon fines that
might be present in the solution) followed by ICP-MS analysis of the filtrate. The uptake of
metals onto the activated carbon was determined from the difference of metal concentrations
in the initial and final solutions.

Apart from initial adsorption tests, all experiments were carried out with synthetic solutions
that were made up by dissolving K;Pt(CN)4, K;Pd(CN)4 and KAu(CN); in distilled water. (Chemical
composition displayed in Table Il)

Adsorption results

Initial adsorption tests were performed on a pregnant alkaline leach solution resulting from
cyanide extraction performed in column leach tests performed on ore following a base metals
extraction. Table | details the components identified in the pregnant leach solution and their
concentrations. The constituent concentrations in the solution were analysed using either ICP-
MS or lon chromatography-HPLC techniques.

Table I-Composition of pregnant leach solution from column test

Constituent | Concentration (ppm) Constituent Concentration (ppm)
Pt 0.150 Pb 0.01
Pd 0.380 Ca 18.500
Rh 0.010 Li 0.007
Ru 0.010 Na 6137
Ir 0.001 K 23.15
Au 0.100 Mg 1.67
Ag 0.040 NO. 0.000
Cu 18.840 a- 12.600
Co <1 CN~ 12.5
Ni 18.300 SCN "~ 3670
Fe 47.300 §2 2.600
Zn 0.060 502 11230
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The adsorption profiles resulting from contacting the solution with activated carbon for both
precious and base metals are shown in Figure 1. It is evident that the extractions of Pt and Pd
are comparatively fast for the first 120 minutes, and then start to slow down, achieving close to
100 per cent adsorption for Pt, Pd, and Au.

Ni adsorption exhibits kinetics similar to those of Pt, Pd, and Au. The high initial uptake rate of
Ni may also be ascribed to the availability of a large number of adsorption sites on the
adsorbent surface. Marsden and House (2006), observed that despite the highly selectivity of
activated carbon for gold and silver over most other metal species, high loadings of non-
precious metals can be achieved onto activated carbon in the absence of significant precious
metal values.

Figure 1 reveal that, after one hour, Cu adsorption was roughly 5 per cent whilst Pt extraction
was between 95 and 100 per cent. Cu co-extraction might therefore be reduced by minimizing
the residence time during adsorption. Copper adsorption increased considerably over time
from 5 per cent after one hour to between 85 and 90 per cent after 72 hours. According to
Boshoff (1994), Adams (1991), and Lu et al. (2002), copper adsorption depends on the copper
cyanide complex present, which is determined by the solution conditions such as pH,
temperature, and mole ratio of copper to cyanide. [Cu(CN),] adsorbs strongly and is favoured
at low pH values and low cyanide concentrations, whereas [Cu(CN)4]*>” which adsorbs very little
is formed at pH values above 10 and cyanide strengths above 200 ppm. [Cu(CN)s]* is the most
stable form of copper cyanide.

No significant changes in the solution concentrations of Rh and Fe were observed after
72 hours. At such low solution concentrations, it is possible that Rh reaches equilibrium very
rapidly at a concentration where analytical errors are significant. It is also expected that Rh is
present in the solution as an octahedral Rh(CN)¢> (Aquilar et al. 1997) but it has not been
established in these tests how this influences the adsorption reaction.. In the case of Fe, the
very low adsorption is supported by Vorob’ev-Desyatovskii et al. (2012,) who showed that
neither K3[Fe(CN)e] nor Ks[Fe(CN)g] in neutral and alkaline (pH 10.5) aqueous solutions are
adsorbed on an activated carbon (GoldcarbWSC207C-GR).
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Figure 1-PGM and base metal adsorption kinetics: pH = 10, [CN] = 12.5 ppm, [activated carbon] = 10
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g/L, rotational rate = 105 r/min, contact time = 72 hours, and temperature = 25°C

Two sets of laboratory-scale experiments were conducted using synthetic solutions prepared as
previously described, whose chemical composition is displayed in Table Il. The first set
consisted of equilibrium tests that were designed to generate the optimum operating
conditions of the adsorption process. The second set of experiments consisted of loading

capacity studies.

Table ll-Individual levels of the seven operating factors

Operating Factors (-) (+)
pH 9.5 12
[Cu(N)] (ppm) 10 100
[Ni(11)] (ppm) 10 100
[CN] (ppm) 100 300
[SCN ] (ppm) 50 100
[PGMs] (ppm)  (Pt, Pd and Au) 0.63 2.03
Carbon concentration [AC] (g/L) 10 20

748



The Southern African Institute of Mining and Metallurgy
Platinum 2012

From the literature (Das, 2010; Adams et al., 1987 Lu et al., 2002) it is known that the solution
pH is one of the most important variables for the overall adsorption process. The effect of pH is
shown in Figure 2 and indicates that a decrease in pH leads to an increase of the uptake of Pt
and to lesser extent Au ions by the adsorbent. Pd was found to be insensitive to the pH. This,
together with the small effect on Au adsorption, may be ascribed to the fact that virgin
activated carbon was used to perform the experiments and to the high availability of sites on
the activated carbon. As the activity of the activated carbon decreases (indication of the sites
available for adsorption) the effect of pH is expected to become more pronounced. A lower pH
appears to favour the adsorption of PGMs but is constrained by a safe working limit at
approximately 9.5 due to the formation of HCN gas at lower cyanide solution pH values.
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Figure 2-Effects of the pH on the extraction efficiency of PGMs (Pt, Pd, and Au) after
two hours of adsorption
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It was observed from the experimental data that the Cu concentration had significant effects on
Pt and Pd extractions. The deleterious effect on Au adsorption was found to be less significant
at these specific conditions. An increase in copper concentration caused a decrease in the Pt
and Pd extraction as shown in Figure 3. This finding is supported by Figure 4, which indicates
that the rate of Pt adsorption is dramatically reduced in the presence of copper when loading
from a higher initial solution concentration of 5 ppm Pt while that of gold remains almost
unchanged. From Figures 3 and 4 it was concluded that the presence of copper in the
adsorption circuit will have a larger impact on the adsorption of platinum and palladium than
on the adsorption of gold. The adsorption time and the amount of copper present in the circuit
will therefore play a very important part and need to be taken into consideration with the
design of the PGM adsorption circuit to ensure sufficient PGM recovery.
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Figure 3-Effects of copper on the extraction efficiency of PGMs (Pt, Pd, and Au) after two hours of
adsorption
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Figure 4-Effects of copper on the extraction efficiency of a) Pt and b) Au from a higher initial PGM
concentration after 1 hour of adsorption (dotted lines to highlight the difference between graphs and
don’t necessarily represent the trend between the points)

Ni was found to have the same effect on the adsorption of PGMs as did copper, as indicated by
Figure 5. The effect of Ni, however, was more pronounced, as the rate of Ni adsorption is
similar to the rate of PGM adsorption, as indicated in Figure 1. While the loading of Cu can be
reduced by decreasing the residence time (e.g. to less than 2 hours), the loading of Ni cannot.
As can be seen from Figure 5, the effect of Ni on the adsorption of Au at these conditions was
found to be insignificant.
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Figure 5-Effects of nickel on the extraction efficiency of PGMs (Pt, Pd, and Au) after two hours of
adsorption

Fleming and Nicol (1984) have suggested that an increase in the concentration of free cyanide
depresses the rate of loading and the equilibrium capacity of gold on activated carbons.

This was also pointed out by McDougall et al. (1980) and is utilized in the elution of gold from
activated carbons. The experimental results from this study as per Figure 6 indicated that there
is no statistical significant change in the adsorption behaviour of the [PGMs] system between
100 and 300 ppm [CNT] for the first two hours of adsorption The cyanide concentration are,
however, expected to have a more significant effect on PGM adsorption under continuous
loading conditions.
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Figure 6-Effects of [CN 7] on the extraction efficiency of PGMs (Pt, Pd, and Au) after
two hours adsorption
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Davidson et al. (1979) stated that thiocyanate anions were shown to have a detrimental effect
on the rates and capacity constants of gold adsorption, when added individually to a synthetic
solution at concentration levels of approximately 100 g/t as found in the plant solution.
However, in this work, experimental findings as per Figure 7 revealed that the presence of
100 ppm SCN" did not appreciably affect the adsorption of PGMs. This observation is supported
by the selective and quantitative extraction of Pt, Pd, and Au from the column leach liquor
containing 3670 ppm SCN™as shown in Figure 1. Further investigations in this direction are
warranted.
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% extraction
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Figure 7-Effects of [SCN'] on the extraction efficiency of PGMs (Pt, Pd and Au) after two hours

Initial metal concentration significantly affects adsorption. Higher initial adsorbate
concentration provides a higher driving force to overcome mass transfer resistances of the
metal ions from the aqueous to the solid phase, resulting in higher probability of collision
between metal ions (PGMs) and the active sites (Rane et al. 2010). Adsorption experiments
showed a greater uptake of Pd and Au for the given amount of treated activated carbon at
higher solution concentration, while there was no effect on Pt extraction, as shown in Figure 8.
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Figure 8-Effects of initial PGM ion concentration on their extraction efficiencies after two hours

In order to determine the influence of a change in activity of the activated carbon on the
adsorption of PGMs, a 10 g sample of activated carbon was contacted ten times with the same
volume (1 L) of fresh synthetic BM — PGM liquor, and allowed to adsorb at room temperature
for 2 hours under the optimum conditions as determined by the previous set of experiments
described in Figures 2 to 8. The activated carbon loadings were calculated from the cumulative
changes in solution concentration before and after 2 hours of adsorption and are shown in
Figure 9 for Pt, Pd, and Au. For the first contact, recoveries from the fresh solution were 98 per
cent for Pt and Pd and 100 per cent for Au within 2 hours, which gradually decreased to 39 per
cent for Pd and 52 per cent for Pt, with the Au adsorption decreasing only to 98 per cent after
10 contacts. (20 hours of contact time in total). Initial Ni adsorption was 89 per cent and
decreased to 13 per cent after 10 contact times. Even though the fractional extraction of Ni in
each contact decreased fairly rapidly, the total quantity of Ni adsorbed was still substantial, due
to the much higher Ni content in the feed solution. Due to the slower kinetics of Cu adsorption,
as illustrated in Figure 1, the quantity of Cu adsorbed could be reduced substantially while
maximizing PGM adsorption by allowing only 2 hours of adsorption time for each contact.
The distribution of the metals on the activated carbon after 10 contact times can be seen in
Figure 10.
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Figure 9-Consecutive loading of Pt, Pd, and Au onto activated carbon from a fresh synthetic BM-PGM
solution after 2 every two hours
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Figure 10-Precious and base metals distribution loading (wt %) on the activated carbon after 10
consecutive 2-hour loadings from a fresh synthetic solution
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Elution

An analogue of the AARL process was used to investigate the feasibility of eluting platinum and
palladium cyanide complexes from activated carbon. The AARL process involves the pre-
treatment of the metal-loaded activated carbon with a relatively strong sodium cyanide and
sodium hydroxide solution prior to elution with de-ionized water at high temperatures (90—
130°C) and high pressure (200-300 kPa). An acid wash of the activated carbon with
hydrochloric acid can be done either prior to the pre-treatment step or following the elution
step, with the main purpose of removing calcium build-up from the activated carbon.

Experimental

Elution experiments were undertaken using the method described by Van Deventer et al.
(1994). Activated carbon was loaded by means of the traditional bottle-on-rolls method, using a
synthetic solution containing an initial concentration of 5 ppm each of Pt, Pd, and Au, for 65
hours, resulting in a PGM loading of approximately 650 g/t for Pt, Pd, and Au each. Typical
industrial loading of Au onto activated carbon before elution ranges from 2800 to 7000 g/t.
Boshoff (1994) suggested the elution efficiency is independent of the amount of gold present
on the activated carbon, and it was therefore deemed appropriate to select a low but
convenient and easily detectable loading for this proof-of-concept study. Equal amounts of
gold, platinum, and palladium were chosen in order to allow comparison between gold, the
elution of which is well-understood, and platinum and palladium, the elution of which is
unknown.

Elution experiments were conducted with the loaded carbon in a glass column with a
temperature-controlled water jacket. The aim of this study was to investigate the possibility of
elution of Pt and Pd and not to obtain the highest possible elution efficiencies. Therefore, a
convenient temperature of 80°C was selected for the elution runs. The downward flow of
eluant (2-4 bed volumes per hour at the elution temperature) through the column was
controlled. A bed volume (BV) is defined here as the empty volume of the reactor (15 ml) that is
occupied by the packed bed of carbon.

The pre-treatment step was conducted outside the column by stirring the activated carbon in
glass beakers for 30 minutes in 40 ml of NaCN and NaOH solution at room temperature. After
the pre-treatment, the carbon was separated from the solution by decanting, and the excessive
solution removed by blotting with filter paper. The carbon was then dropped into the glass
column containing 0.5 BV of eluant at the elution temperature. The starting time for the elution
was taken as the moment when flow of eluant was introduced.

756



The Southern African Institute of Mining and Metallurgy
Platinum 2012

Elution results

Figure 11 illustrates the elution of platinum, palladium, and gold from activated carbon with
distilled water at 80°C after pre-treatment with a caustic cyanide solution as outlined in the
previous section. A typical elution profile can be seen for platinum and palladium with a peak in
concentration around 2 BV for both platinum and palladium, indicating fast elution kinetics for
both metals. In comparison with platinum and palladium, the elution of gold was found to be
significantly slower with less of a pronounced peak than that of platinum and palladium.

250

200
€
g 150
[
S ——Pd
(1]
£ 100 —h—Pt
(]
§ == AU
o

50

0 — m~ Al

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Bed Volumes

Figure 11-The elution of platinum, palladium and gold from activated carbon after pre-treatment with
a caustic cyanide solution with an elution temperature of 80°C

The elution of platinum and palladium slows down significantly after approximately 4 — 5 BV
with the concentration of these metals in the eluate approaching 0, indicating that the carbon
is either stripped completely or stripped of all elutable species. The gold elution profile, with a
broad peak at approximately 5 to 6 BV, indicates that there is still a significant amount of gold
on the carbon at 16 BV. This compares reasonably well with the shape of the elution profiles at
this temperature found in the literature (Van der Merwe, 1991). Typical industrial gold elution
temperatures range from 110 - 130°C.
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As previously been shown in Figure 4, the amount of metal on the carbon affects the rate of
adsorption of PGMs onto the carbon. It is for this reason that the adsorption stages of a typical
CIP circuit employ a counter-current configuration, where the barren carbon with a high activity
(carbon after elution) is contacted with the tailings stream in the last adsorption stage in order
to remove the last trace quantities of gold. Any gold that is not extracted there is lost to the
tailings.

Therefore, in order to consistently achieve low barren losses, it is important to maintain a low
concentration of gold on the carbon in the last adsorption stage, which means the carbon must
always be eluted efficiently. Fleming et al. (2011) showed that increasing the amount of gold on
the eluted carbon that is recycled to the adsorption section from 0 to 50 g/t resulted in an
increase in the soluble losses by 370 per cent. After normalization, the recovery of the PGMs
can be seen in Figure 12.
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Figure 12-PGM elution recovery curve at 80°C

According to Fleming et al. (2011), the upgrading ratio has a significant impact on the plant
performance, and when carefully considered during the design stages can result in important
advantages. Increasing the upgrading ratio and lowering the carbon advance rate is beneficial
as it reduces the size of the elution and regeneration plants and lowers both capital and
operating costs. However, operating the plant at higher gold loadings slows the rate of
adsorption of gold cyanide onto carbon, which will result in a larger ‘metals in process’ (MIP)
amount and can potentially increase the gold losses in the barrens solution. It is possible to
achieve both high gold loading on the carbon (7000 g/t) and low barrens (0.002 mg/L) by
installing more adsorption tanks.
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To arrive at an optimum design, a simple trade-off analysis can be made of the once-off capital
cost penalty of an extra tank versus the lifetime operating cost benefit of a lower carbon flow to
elution and regeneration.

Upgrade ratios for platinum and palladium were calculated from the highest loading on the
carbon achieved during experimentation, which were 3436 g/t for Pt and 3624 g/t for Pd
(loaded from a higher grade synthetic solution containing 30 ppm of Pt and Pd each). Assuming
90 per cent elution after 4BV, as shown in Figure 12, a concentrated eluate containing 360 ppm
Pt and 380 ppm Pd can be obtained.

By assuming that these values can also be obtained on an industrial scale, upgrade ratios of
2400 for Pt and 1000 for Pd are predicted when calculated from an initial leach solution
containing 0.15 ppm Pt and 0.38 ppm Pd (the lower leach solution corresponds to the pregnant
alkaline leach solution resulting from cyanide extraction performed in column leach tests on ore
as described by Table I). According to Fleming et al. (2011), typical gold upgrade ratios range
from 530 to 1420.

As with gold elution, the elution temperature is probably the most significant factor. In Figure
13, higher recoveries and a slight shift of the elution profiles towards the left of the graph
indicates better elution efficiencies for platinum and palladium at higher temperatures. At 4BV,
a drop in recovery from 90 per cent for platinum and palladium to approximately 64 per cent
and 68 per cent for Pt and Pd respectively are shown when the elution temperature drops from
80°C to 60°C.
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Figure 13-PGM elution recovery curve at 80 and 60°C
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A major operating cost common to elution processes is that of sodium cyanide, and reagent
consumption is therefore important. Boshoff (1994), concluded that the feasibility of cyanide-
free elution of gold depends largely on the amount of copper loaded on the activated carbon.
The higher the Cu loading, the more important cyanide becomes in the pre-treatment step to
ensure efficient elution of both copper and gold. This is largely attributed to the difference in
adsorption and elution behaviour between the Cu(CN),, Cu(CN);* and Cu(CN),* complexes in
solution. The Cu(CN), will load strongly onto the carbon ,while Cu(CN);*> and Cu(CN),> don't.
For the effective elution of copper from activated carbon, both free cyanide concentration and
pH need to be sufficiently high to ensure that the complexes are Cu(CN)s> and Cu(CN),>.

A similar effect can be seen for activated carbon loaded with platinum, palladium, and gold
cyanide complexes. Figure 14 indicates a significant increase in the concentration peak of the
platinum elution profile (indicating better elution of the platinum) as the cyanide in the pre-
treatment step is increased from 0 to 0.8 g. A similar result for palladium and gold was found. It
is hypothesized that, as with the copper cyanide complexes, more than one cyanide complex
with different adsorption characteristics develops. This hypothesis is supported by Vorob’ev-
Desyatovskii et al. (2012), who found that on the contact of activated carbon with solutions
containing [Pd(CN)4]*" or [Pt(CN)4]* ions, at least two platinum compounds and two palladium
compounds were found on the coal surface, of which the tetracyanopalladate(ll) Pd(CN),* and
the tetracyanoplatinate(ll) complex Pt(CN),*>" were identified and a possible but improbable
Pd(CN), and [Pt2(CN)1o]*. Now according to Monlien et al. (2002), the formation of fully
pentacoordinated species at the transition state for Pt and Pd does occur. If this is then the
case, a shift between the tetra- and the pentacyano complexes with changing cyanide
concentration according to Equation 1, as studied by Sharpe (1976), is therefore likely with the
latter adsorbing less strongly onto activated carbon and therefore eluting better.

[PA(CN),]>~ + CN~ & [Pd(CN)s]*~ [1]

Figure 14, however, also indicates a decrease in the elution of these metals when the cyanide
pre-treatment concentration is increased from 0.8 to 1.6 g. Both Adams (1991) and Davidson
and Bailey (1991), found that an optimum cyanide concentration does exist and ascribed the
decrease in the elution rate at higher cyanide concentrations to the increasing ionic strength.

Analysis of the pre-treatment solution showed trace concentration of Pt and Pd of 0.05 ppm or
0.05 per cent of the total PGMs for the current carbon loading and pre-treatment conditions.
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Figure 14-The effect of cyanide pre-treatment on the elution of platinum cyanide at 80°C

Figure 15 shows the elution of the PGMs in the presence of copper cyanide complexes. Copper
cyanide elutes first with recoveries of 95 per cent in three bed volumes, followed by the
simultaneous elution of palladium and platinum and with gold eluting last. Cyanide pre-
treatment has again been found to have a major influence on the elution of the PGMs as well as
the elution of copper, and this can be explained by the difference in absorbance strength
between the different copper complexes as previously discussed. As in the case of adsorption,
however, no additional decrease in the PGM elution efficiency is seen at strong pre-treatment
conditions in the presence of copper, as indicated in Figure 15, which shows similar recovery
curves for Pt, Pd, and Au with and without Cu.
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Figure 15-Elution of PGMs and Cu under strong pre-treatment conditions
Conclusion

PGM adsorption efficiency and recovery were studied as a function of different adsorption
parameters such as solution pH, copper concentration, nickel concentration, free cyanide ion
concentration, thiocyanate concentration, initial PGM (Pt, Pd, and Au) ion concentration, and
activated carbon concentration. It was shown that adsorption rates within the first 60 minutes
were very high and thereafter the adsorption proceeds at a slower rate until a pseudo-steady
state was obtained after 72 h. Among the different adsorption parameters, nickel concentration
had the most significant effect on the adsorption process, followed by the adsorbent
concentration. Adsorption of Ni was found to proceed at approximately the same rate and with
the same recovery as the precious metals, showing a recovery of approximately 90 per cent in
two hours. The kinetics of Cu adsorption were slower, with less than 30 per cent being
recovered after 120 minutes. This suggests that the co-adsorption of Cu can be minimized by
shortening the residence time. Adsorption of Fe was found to be less than 5 per cent, while the
recovery of Rh was negligibly small.

It was found that platinum and palladium cyanide can be eluted effectively from activated
carbon with the AARL method. The elution profiles for platinum and palladium were found to
be steeper and to appear earlier than the elution profile of gold, indicating that platinum and
palladium will elute before gold. Platinum and palladium elute from activated carbon almost to
completion in 4 -5 bed volumes at 80°C at the optimum NaCN pre-treatment conditions, while
the elution of gold at this temperature is slow. Elution efficiency is improved with higher
temperatures, and test work at typical gold CIP elution column temperatures of between 110
and 130°C is still to be completed.
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Upgrade ratios calculated from a maximum loading capacity achieved for Pt and Pd were 2400
for Pt and 1000 for Pd, indicating that similar upgrade ratios as those in the gold industry, which
range from 530 to 1420, are achievable. The presence of copper has been found to have no
influence on the elution of platinum and palladium at strong pre-treatment conditions, and
copper will primarily elute before the PGMs.

References

Adams, M.D., McDougall, G.J.,, and Hancock, R.D. 1987. Models for the adsorption of
aurocyanide onto activated carbon. Part Ill: Comparison between the extraction of aurocyanide
by activated carbon, polymeric adsorbents and 1-pentanol. Hydrometallurgy, vol. 19.
pp. 95-115.

Adams, M.D. 1991. Chemistry of adsorption and elution of gold on activated carbon. Recent
Developments in In-Pulp Technology, 7 — 8 October 1991. Southern African Institute of Mining
and Metallurgy, Johannesburg.

Aguilar, M., Farran, A., and Marti, V. 1997. Capillary electrophoretic determination of cyanide
leaching solutions from automobile catalytic converters., Journal of Chromatography A, vol.
778,. pp. 397-402.

Bax, A. Recovery of platinum group metals. AP/P/2005/003433, Appl. 08/04/2004, Acc.
12/12/2008

Boshoff, P.T.E. Cyanide-free AARL elutions are feasible. Minerals Engineering, vol. 7, no. 2/3,
1994 . pp. 251-264.

Bruckard, W.J., McDonald, K..J, Mclnnes, C.M., Sparrow, G.J., and Woodcock, J.T. 1992.
Platinum, palladium, and gold extraction from Coronation Hill ore by cyanidation at elevated
temperatures. Hydrometallurgy, vol.30. pp. 211-227.

Chen, J. and Huang, K. 2006. A new technique for extraction of platinum group metals by
pressure cyanidation. Hydrometallurgy, vol. 82. pp. 164-171.

Das, N. 2010. Recovery of precious metals through biosorption — A review. Hydrometallurgy,
vol. 103. pp. 180-189.

Davidson, R.J. and Baily, P.R. 1991. Carbon Elution. School: Recent Developments in Pulp
Technology. Southern African Institute of Mining and Metallurgy, 7-8 October 1991.

Davidson, R.J., Veronese, V., and Nkosi, M.V. 1979. The use of activated carbon for the recovery
of gold and silver from gold-plant solutions. Journal of the Southern African Institute of Mining
and Metallurgy, May 19979.

763



The Southern African Institute of Mining and Metallurgy
Platinum 2012

Desmond, D.P., Atkinson, G.B., Kuczynski, R.J., and Walters, L.A. 1991. High-temperature
cyanide leaching of platinum-group metals from automobile catalysts — laboratory tests, Report
of investigations 9384. US Bureau of Mines,

Fleming, C.A. 1992. Hydrometallurgy of precious metals recovery. Hydrometallurgy, vol. 30,
pp. 127-162.

Fleming, C.A., Mezei, A., Bourricaudy ,E., Canizares, M., and Ashbury, M. 2011. Factors
influencing the rate of gold cyanide leaching and adsorption, and their impact on the design of
CIL and CIP circuits. Minerals Engineering, vol. 24, no. 6, pp. 484-494.

Fleming, C.A. and Nicol, M.J. 1984. The absorption of gold cyanide onto activated carbon. Ill.
Factors influencing the rate of loading and the equilibrium capacity. Journal of the Southern
African Institute of Mining and Metallurgy, vol. 84, no. 4. pp. 85-93.

Huang, K., Chen, J., Chen, Y.R., Zhao, J.C., Li, Q.W., Yang, Q.X., and Zhang, Y. 2006. Enrichment
of platinum group metals (PGMs) by two-stage selective pressure leaching cementation from
low-grade Pt-Pd sulfide concentrates. Metallurgical and Materials Transactions B, vol. 37B,
October 2006.

Liebenberg, S.P. and van Deventer, J.S.J. 1997. The dynamic simulation of in-pulp sorption
processes using the lumping of competitive and fouling phenomena. Minerals Engineering, vol.
10, no. 9. pp. 959-972.

Liddell, K.S. and Adams, M.D., Kell hydrometallurgical process for extraction of platinum group
metals and base metals from flotation concentrates, Journal of the Southern African Institute of
Mining and Metallurgy, vol. 112, no. 1. pp. 31-36.

Lewins, J.D. The "Panton Process" successful on South African platinum concentrates. ME/
Online, 15 November 2003. http://www.min-eng.com/hydrometallurgy/52.html

Lu, J., Dreisinger, D.B., and Cooper, W.C. 2002. Thermodynamics of the agueous copper-cyanide
system. Hydrometallurgy, vol. 66. pp. 23-36.

Marsden, J.0. and House, I.C. 2006. The Chemistry of Gold Extraction.2nd edn. The Society of
Mining, Metallurgy, and Exploration, Inc.

McDougall, G.J., Hancock, R.D., Nicol, M.J., Wellington, O.L., and Copperthwaite, R.G. 1980. The
mechanism of the adsorption of gold cyanide on activated carbon. Journal of the Southern
African Institute of Mining and Metallurgy, vol. 80. pp. 344-356.

Mclnnes, C.M., Sparrow, G..,J and Woodcock, J.T. 1994. Extraction of platinum, palladium and
gold by cyanidation of Coronation Hill ore. Hydrometallurgy, vol. 35. pp. 141-159.

764



The Southern African Institute of Mining and Metallurgy
Platinum 2012

Milbourne, J., Tomlinson, M., and Gormely, L. 2003. Use of hydrometallurgy in direct processing
of base metal/PGM concentrates. Hydrometallurgy 2003 — Fifth International Conference in
Honor of Professor lan Ritchie — Volume 1: Leaching and Solution Purification. TMS (The
Minerals, Metals and Materials Society.

Monlien, F.J., Helm, L., Abou-Hamdan, A., and Merbach, A.E. 2002. Mechanistic diversity
covering 15 orders of magnitude in rates: cyanide exchange on [M(CN)4]*> (M ) Ni, Pd, and Pt).
Inorganic Chemistry, vol. 41. pp. 1717-1727.

Mwase, J.M., Peterson, J., and Eksteen, J.J. 2012. A conceptual flowsheet for heap leaching of
platinum group metals (PGMs) from a low-grade ore concentrate. Hydrometallurgy,
vol. 111-112. pp. 129-135

Rane, N.M., Sapkal, R.S., Sapkal, V.S., Patil, M.B., and Shewale, S.P. 2010. Use of naturally
available low cost adsorbents for removal of Cr (VI) from waste water. International Journal of
Chemical Sciences and Applications, vol. 1, no.2. pp. 65-69.

Roijals, O., Martl, .V, Meinhardt, E., Cortina, J.L., Aguilar, M., Piccinini, N., and Delorenzo, R.
1996. Characterization of pent automotive catalyst residues for precious metal recycling using
hydrometallurgical technologies. Chemical Industry and Environment. Vol. 2. Poloitecnico di
Torino., pp. 419-428.

Shams, K., Beiggy, M.R., and Gholamipour Shirazi,A. 2004. Platinum recovery from spent
industrial dehydrogenation using cyanide leaching followed by ion exchange. Applied Catalysis
A: General, vol. 258. pp. 227-234.

Sharpe, A.G. 1976. The Chemistry of Cyano Complexes of the Transition Metals. Academic
Press, London.

Van Deventer, J.S.J. 1984. Kinetic model for the adsorption of metal cyanides onto activated
charcoal. PhD dissertation, University of Stellembosch.

Van Deventer, J.S.J. and Van der Merwe, P.F. 1994. Factors affecting the elution of gold cyanide
from activated carbon. Minerals Engineering, vol. 7, no. |. pp. 71-86.

Van der Merwe, P.F. 1991. Fundamentals of the elution of gold from activated carbon. PhD
thesis, University of Stellenbosch.

Vorob’ev-Desyatovskii, N.V., Kubyshkin, S.A., Ibragimova, R.l., Kaichev, V.V., Dubrovskii, Ya. A.,
Babakov, V.N., and Pichugina, D.A. 2012. Study of sorption of platinum and palladium
cyanometallate complexes as the key to understanding the mechanism of binding the
[Au(CN),]” anion with carbon adsorbents. Russian Journal of General Chemistry, vol. 82, no. 3.
pp. 384-397.

765



The Southern African Institute of Mining and Metallurgy
Platinum 2012

The Author

Neil Snyders, Process Engineer, University of Stellenbosch

Neil started as a commissioning engineer at Anglo Platinum’s Polokwane Smelter in 2003
where, after commissioning, he remained in the capacity of process metallurgist for the
smelter. In 2008, he joined Lonmin as Snr Process engineer in their capital expansions group
and was involved in several smelter, base metal- and precious metal refinery projects. In 2010,
he joined the University of Stellenbosch as process specialist and is currently responsible for the
daily management of several PGM related research projects.

766




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


