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Sperrylite (PtAsy) features among the most prevalent platinum minerals globally with
significant economic importance; however it displays poor flotation characteristics which
result in a significant portion of the mineral reporting to tailings during the conventional
processing route. The application of a cyanide-ferricyanide system as a pure
hydrometallurgical method for the dissolution of sperrylite was investigated in the context
of an electrochemical study. The sperrylite electrode was leached for 12 hours at 40°C and
the effect of Pt(Il), As(Ill), and As(V) on the mineral dissolution was further studied. A
cathodic potential of 245 mV (vs SHE) was subsequently employed, to reduce surface
products. This approach allowed the assessment of leaching characteristics as well as the
investigation of surface passivation, which is believed to contribute to poor Pt recoveries.
According to the results, an increased concentration of cyanide displayed improved Pt
extraction, due to the availability of free cyanide ions for metal complexation. The addition
of Pt(II) ions significantly improved mineral dissolution, while an As deficit was detected
for tests containing As(Ill) and As(V) ions which implied the prevalence of surface
products. SEM-EDS results provided a qualitative analysis of the precipitates formed that
were primarily composed of Pt, As and highly enriched in O. The dissolution of sperrylite
appears self-inhibiting through gradual re-precipitation of dissolved products.

INTRODUCTION

Economically mineable platinum group mineral (PGM) deposits are situated within the Bushveld
Igneous Complex in South Africa, which comprises 90% of the world’s primary PGM reserves
(Garside, 2022). The leading PGM reefs mined include the Merensky, Upper Group Two (UG2) and
Platreef (Vermaak, 2005), where Pt and Pd largely occur as sulphide, telluride, and arsenide minerals
(Shamaila & O'Connor, 2008). The conventional route utilised for the recovery of platinum group
elements (PGEs) in South Africa incorporates the concentration of PGM ores by milling and flotation,
followed by smelting to create a PGM-rich matte, which is then digested by various hydrometallurgical
routes (Crundwell et al., 2011) to solubilise the PGEs.

Mining technologies are constantly improving to reduce production costs owing to the competitive
nature of the mining sector, and similarly to ensure that process routes are environmentally sustainable
(Hamrin, 2001). Alternative technologies have been developed to incorporate a purely
hydrometallurgical approach, with the main goal to create a direct route between the production of
concentrate and the refinery feed. The associated benefits of these include treatment of low-grade,
mineralogically complex PGM ores, reduced environmental footprint in terms of CO, and SOz emissions
and reduced working capital (Milbourne et al., 2003).
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A low-cost hydrometallurgical method was developed by Mwase et al., (2012a, 2012b, 2014) which
comprised a thermophilic heap bioleach to extract base metals, followed by a cyanidation heap leach to
extract PGMs in low-grade ore. The addition of ferricyanide to the cyanide system showed an overall
improvement in Pt recoveries for the direct leaching of PGMs, which created a need to further explore
this system. However, the authors identified a high percentage of sperrylite among the consortium of
unleached minerals and concluded that sperrylite was resistant to cyanide leaching under the
experimental conditions investigated (Mwase and Petersen, 2017). Mwase et al., (2012a, 2012b, 2017) and
Shaik and Petersen (2017) were the only studies to investigate the selective dissolution of various Pt
minerals during concentrate leaching in cyanide, ferricyanide and thiocyanate systems. They included
sperrylite (PtAs) as one of the major Pt-bearing minerals that is highly refractory. Furthermore, it
displays poor flotation properties in comparison to PGM sulphides, which results in a significant
portion of high-value PGMs entering the tailings dam (Shamaila & O'Connor, 2008; Vermaak, 2005).

Sperrylite is a stable compound with complex mineralogy, a limiting factor that has contributed to
extremely slow Pt leaching kinetics (Mwase ef al., 2014). Furthermore, the passivation of the sperrylite
surface due to a partially oxidised As enriched layer, which may not be soluble is believed to have
further influenced the poor Pt recoveries obtained (Mwase and Petersen, 2017). Consequently,
fundamental studies relating to the leaching of sperrylite in cyanide-ferricyanide systems are required
to identify or postulate surface speciation under oxidising conditions in a controlled environment. This
study seeks to develop an understanding of the mineral surface reactions and the nature of the
inhibition layer that forms on sperrylite. The findings presented in this paper are not conclusive but are
a work in progress.

EXPERIMENTAL

Electrochemistry studies were conducted using a Bio-logic SP300 potentiostat and a three-electrode
electrochemical cell setup. The solution under study was contained in a 50 mL jacketed reactor, and the
working electrode was rotated using a Pine modulated speed rotator. The set-up comprised a saturated
calomel electrode (SCE) as the reference electrode, a glassy carbon rod as an auxiliary electrode and the
working electrode under study, PtAs,. The high-purity PtAs, mineral sample originated from the nickel
ore deposit of the Sudbury Basin in Ontario, Canada. X-ray powder diffraction (XRD) established that
the sample was 100% sperrylite while scanning electron microscopy coupled with energy dispersive X-
ray spectroscopy (SEM-EDS) revealed that natural sperrylite comprised 55.13% Pt and 44.87% As and
showed a few impurities of Cu, Si, and S. The working electrode was polished in sequence using 1 pm,
0.3 pm and 0.05 pm alumina oxide on a Struers MD floc polishing pad, followed by sonication of the
electrode before each test. For the dissolution experiments, a varied concentration of NaCN stock
solution was added to a standard buffer that comprised 9.3 g/L NaxCOs to 1 g/L NaHCO;. Individual
125 ppm stock solutions were prepared of Pt(II) from Kz[Pt(CN)g4 ], As(Ill) from As;Os and As(V) from
Asy0s. The ions under study were added in 2 ppm and 20 ppm concentrations. Ks[Fe(CN)¢] was added
last to minimise its interaction with free cyanide ions. A total volume of 20 mL solution was then
transferred into the electrochemical cell. Initially, the open circuit potential (OCP) tests were run for 12
hours at 40°C, 500 revolutions per minute (rpm), and under atmospheric conditions.

The dissolution step was followed by the application of a cathodic potential at 245 mV in order to reduce
surface products where possible. This reduction step was conducted in a cyanide-only solution, to avoid
any current contribution from reducing the oxidant. The reduction step was run up until a negative
current density was observed and immediately stopped when the mineral had entered the oxidative
zone, i.e. a positive current density. Initial samples were taken at the start (t=0) to ascertain a reference
point and further confirm that ions were in the 2 ppm and 20 ppm range. Samples were analysed by
inductively coupled plasma mass spectrometry (ICP-MS) to determine the concentrations of Pt and As
in the solution. Additional leach tests were conducted for an extended period of 24 hours to generate a
substantial surface layer. At the end of the test, the excess liquid was gently soaked up with a paper
towel to ensure that the surface products remained intact. Surface analysis of the mineral electrode was
conducted by SEM-EDS.
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RESULTS AND DISCUSSION

The effect of ferricyanide and cyanide concentration on sperrylite dissolution was evaluated by leaching
the mineral under freely dissolving conditions. Figure 1 (a-d) displays the mixed potential curves
associated with the dissolution of sperrylite for 12 hours at 40°C in the presence and absence of the
various ions and Figure 1 (e-f) shows the current density-time transient during the application of a
reductive potential at 245 mV. An increased concentration of 80 mM Ks[Fe(CN)g] resulted in a slightly
higher mixed potential, as could be expected with a higher oxidant concentration. This has shown to
have an inhibiting effect on the dissolution of Pt obtaining 2.74 nmol after 12 hours (Table I), due to free
cyanide ions being oxidised by ferricyanide to cyanate and cyanogen gas (L6pez-Cueto and Casado-
Riobo, 1979). However, adding NaCN concentration in excess, at 300 mM, has been shown to counteract
the inhibiting effect, consequently obtaining the highest concentration of Pt and As in solution. For the
reduction step, solution analysis revealed the presence of Pt only and no As was detected. The 100 mM
NaCN and 20 mM Kj;[Fe(CN)s test exhibited the shortest reduction step of 18.6 minutes and obtained
0.32 nmol Pt which accounted for 10.95% of dissolved Pt in the initial leach step, whereas the 300 mM
NaCN and 20 mM Ks[Fe(CN)s test accounted for 6.5% of the dissolved Pt while generating the highest
charge of -0.68 mC. The introduction of Pt(Il) ions to the system showed an overall improvement in Pt
and As recoveries. The presence of Pt(Il) generated a lower mixed potential over 12 hours (Figure 1b),
attributed to the oxidation of Pt(II) to Pt(IV) which produced an additional anodic current. The test
solution containing 2 ppm Pt(Il) ion leached 3.01 nmol Pt and 4.56 nmol As (Table I). While the test
containing 20 ppm Pt(Il) obtained higher recoveries and leached 8.35 nmol Pt and 6.39 nmol As, which
corresponded to an extremely low As:Pt ratio of 0.76. In the reduction step, Pt was the only element
detected once again and accounted for additional dissolution of roughly 10% of the leach step, with no
traces of As. The duration of the reduction step generated a charge of -0.05 and -0.06 mC for the 2 and
20 ppm Pt tests, respectively.

As was added to the leaching system in the form of As(Ill) and As(V) to study the effect of both ions on
sperrylite dissolution. The test containing As(IIl) (Figure 1c) produced lower mixed potentials in
comparison to the test with no As. This is largely associated with the oxidation of As(Ill) to As(V) by
ferricyanide which is counterbalanced by an additional cathodic current. As(Ill) added at 2 ppm
achieved a higher Pt extraction of 3.43 nmol, while the test containing 20 ppm As achieved a lower value
of 2.78 nmol (Table I). As concentration deficits were observed in relation to the initial amount added
for the leach tests, -1.81 nmol As for the 2 ppm test and a significantly high value of -210 nmol As for
the 20 ppm test. It is suspected that the formation of As surface products are responsible for the
discrepancies shown in the results. Both Pt and As were detected in the solution after the reduction step,
which was not observed in other tests. This demonstrated that surface products containing Pt and As
are in fact reducible and can be solubilised. Thus As(IlI) present in larger concentrations in the leaching
system gives rise to a higher degree of formation of surface product in which As species are
predominant. As(V) exhibits oxidising characteristics (Perez ef al., 2019), which may further enhance the
oxidation of Fe(Il) to Fe(lll), regenerating the primary oxidant, in turn promoting the dissolution of
sperrylite. The test containing 2 ppm As(V) resulted in the extraction of 2.71 nmol Pt and an As deficit
which amounted to 31.2 nmol. Poor recoveries were achieved for the 20 ppm As(V) system, having the
lowest Pt extraction of 2.55 nmol and a relatively high As deficit of -205 nmol. Based on these findings
it can be assumed that As(V) does not promote the dissolution of sperrylite. Similarly, the decrease in
As concentration is believed to be associated with surface product formation. The formation of arsine
gas was ruled out as it is only generated upon exposure of arsenic or arsenic minerals to acid (Gwaltney-
Brant, 2013), whereas these sets of tests were conducted under highly alkaline conditions and at mildly
oxidative conditions.
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Figure 1. (a-d) Dissolution of PtAs; in varied NaCN, and K3[Fe(CN)s] concentration, under OCP conditions
for 12 hours at 500 rpm and 40°C (e-h) Chronoamperometry tests at the cathodic potential of 245 mV (SHE) at
500 rpm and 40°C.

Table 1. Dissolution of PtAs: for the respective cyanide-ferricyanide leach, in the presence and absence of cations,

and the associated reduction step

Reagent Dissolution step Reduction step
NaCN Kj;[Fe(CN)e] Pt(II) As(III) As(V) Pt As As/Pt Pt As As/Pt Charge
(mM) (mM) (ppm) (nmol) (nmol) (mC)
-0.09 mC
100 20 - - - 292 518 1.77 0.32 - - (18.6
min)
-0.59 mC
100 80 - - - 274  5.62 2.04 0.26 - - 46.8
min)
-0.68 mC
300 20 - - - 328 610 1.86 0.21 - - 46.8
min)
-0.05 mC
2 - - 3.01 456 1.51 0.28 - - (1.25
min)
100 20 -0.06 mC
20 - - 835  6.39 0.76 0.84 - - (5.43
min)
- 2 - 343 -622 (1.81) 0.14 0.44 321 -0.03mC
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(4.81
min)

-0.04 mC

- 20 - 278 -210.09 (75.37) 0.22 3.62 16.17 (3.66

min)

-4.52 mC
- - 2 271 -31.2 (11.5) 0.25 126  5.01
(199 min)

-6.17 mC
- - 20 255 -2045 (79.97) 025 465 13.76
(251 min)

The mineral surface was analysed post-leaching by SEM to assess the changes in morphology, and the
overall distribution of surface products/precipitates, while EDS analysis provided additional
information about the elemental composition. According to the SEM images displayed in Figure 2 (a-
b), precipitates were distributed across the sperrylite electrode surface after being leached in
100 mM NaCN and 20 mM Ks[Fe(CN)g]. The precipitates displayed a dendritic shape that radiated from
a centre point where primary particles aggregated to form core particles for secondary growth. The
average elemental composition of the precipitates is presented in Table II. The surface was highly
enriched in oxygen, with arsenic and platinum present in a 2:1 ratio. However, the bulk areas with no
precipitate comprised of As and Pt only and showed no sign of oxygen. Sodium present from chemical
constituents within the system was found on the surface as well and the content varied from 11-16%. It
is proposed that these aqueous As species bond to the sodium salt to form a precipitate.

After leaching the electrode in cyanide-ferricyanide solution containing 20 ppm Pt, the electrode surface
appeared to be densely populated by precipitates that displayed a variation in morphology and particle
size, Figure 2 (c-d). The diameter size of the particles ranged from 1-4 pm and was distinctly square and
rod-shaped. The average elemental composition displayed an As:Pt ratio < 2, thus Pt precipitates
dominated on the surface area. The bulk conformed to the As:Pt ratio of = 1.96:1, as would be expected
for an untreated/ unoccupied surface.

A highly dense array of angular particles were identified on the electrode after being leached in cyanide-
ferricyanide solution containing 20 ppm As(IlI). An increased level of supersaturation was observed in
the presence of As(Ill) ions, and the shape and the size of the microstructure exhibited a stronger
dependence on the oxidation state of As(Ill), Figure 2 (e-f). The maple leaf-shaped precipitates varied
in size from 7-25 pm and appeared to be interconnected by vines that extended outwards. The addition
of As(V) ions altered the particle morphology to form agglomerates that were widespread and exhibited
a lamellar, needle-like structure that radiated from a centre point, Figure 2 (g-h). The particle size ranged
from 40-60 pm which was comparably larger than those found in the previous test. Furthermore, the
As:Pt ratios of precipitates were found to be the lowest in the presence of As(V) ions, < 1.35. Therefore,
the combination of the cation added and its oxidation state has been shown to greatly influence the
morphology and size of the precipitates. The atomic ratios obtained from EDS analysis could not be
used directly to infer the atomic ratio of As:O and Pt:O, as oxygen is incorporated into both compounds,
but instead provided qualitative analysis of the system. The dominant arsenic oxide ions generated in
hydroxide solutions are H3AsO;, H2AsOs, HAsOs2, HAsO.2, AsOs3- and AsO43- (Henke and Hutchison,
2009) and the Pt-oxides include Pt(OH);and PtO: that are likely to occur as oxidation products during
mineral leaching. However, more sophisticated analysis techniques such as X-ray photoelectron
spectroscopy (XPS) and Raman spectroscopy would be required to further identify the species present.
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Fiqure 2. SEM images of the sperrylite electrode surface after leaching in 100 mM NaCN, 20 mM Ks3[Fe(CN)s] for 24
hours, in the (a-b) absence of cations, (c-d) 20 ppm Pt(Il), (e-f) 20 ppm As(1II) and (3-h) 20 ppm As(V). EDS analysis
is summarised in Table II.

Table II. EDS analysis of the sperrylite electrode after leaching in 100 mM NaCN, 20m M Ks[Fe(CN)s], in the
presence and absence of cations for 24 hours, results are presented in atomic percentages

Precipitates Bulk
Cation o Na As Pt AS:.P t As Pt AS:.P t
ratio ratio
No cation 7157 1472 916 455 2011 6563 33.37 1971
20ppm Pt(I) 6744 1536 1124 596 1891  66.22 33.78 1.96:1
20 ppm As(Ill)  67.86 1336 1191 687 1731  66.08 33.92 1.95:1
20ppm As(V) 6942 1487 9.2 668 1351 0613 33.86 1.951

CONCLUSIONS

The work presented in this paper attempts at developing some basic knowledge of sperrylite dissolution
in cyanide-ferricyanide systems as well as an understanding of the mineral surface reactions. It has
been established that an excess of NaCN in combination with ferricyanide improved the mineral
dissolution and likewise, the addition of Pt(II) ions further enhanced the degree of Pt and As dissolution.
On the other hand, the presence of large concentrations of As(Ill) and As(V) ions hindered the mineral
dissolution and an As deficit was detected. Thus, As present in larger concentrations induces a higher
degree of surface product formation, where As species are dominant. SEM-EDS analysis suggested the
presence of both platinum and arsenic oxide species on the mineral surface. The morphology and
distribution of the precipitates were largely dictated by the ion added, as well as the oxidation state. In
summary, the dissolution of sperrylite appears self-inhibiting through gradual re-precipitation of
dissolved products. The next phase of this research will use a combination of XPS and Raman
spectroscopy to further investigate the oxidation states of surface products, and to propose an overall
reaction mechanism.
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