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Abstract:

Reductive precipitation is a key hydrometallurgical strategy for the recovery of platinum group metals
(PGMs) from aqueous refining streams, converting dissolved metal ions into insoluble metallic or
lower-valence species. Despite its operational simplicity and industrial applicability, achieving high
selectivity for PGMs over co-dissolved base metals remains a major challenge.

In this study, a comparative evaluation of several organic and inorganic reducing agents, including
formic acid, oxalic acid, sodium formate, acetic acid, citric acid, and sodium pyrosulfite, was
conducted to assess their effectiveness in the reductive precipitation of PGMs from chloride-based
leach solutions containing significant concentrations of base metals such as Cu, Ni, Zn, In, Fe, and
Sn.

The performance of each reducing agent was evaluated in terms of PGM precipitation efficiency,
selectivity against co-dissolved base metals, and the extent of undesired co-precipitation. Complete
reduction of both Pd and Pt was achieved using formic acid, sodium formate, and sodium pyrosulfite;
however, pronounced differences were observed in their selectivity profiles. Sodium pyrosulfite
induced extensive co-precipitation of base metals, leading to reduced product purity. Likewise,
sodium formate enabled full recovery of Pd and Pt but resulted in complete Cu co-reduction under
the investigated conditions. In contrast, formic acid achieved quantitative precipitation of Pd and Pt
while restricting Cu reduction to below 40%, thereby demonstrating markedly superior selectivity
toward PGMs. Oxalic acid showed intermediate performance, achieving complete Pd reduction and
approximately 87% Pt precipitation, whereas citric and acetic acids exhibited only moderate reduction
efficiencies and limited selectivity enhancement.

Beyond the comparative screening of reducing agents, this study investigated the influence of key
operational parameters on PGM recovery using response surface methodology (RSM), with formic
acid selected as the reducing agent. The effects of reducing agent concentration, pH, reaction time,
and temperature were evaluated, and ANOVA-based statistical models were developed to describe
their interactions and combined effects on recovery efficiency and selectivity. Under the optimum
conditions (4.5 h reaction time, pH 2, and a 19.5-fold stoichiometric excess of formic acid), recoveries
exceeding 99% were achieved for both Pd and Pt, while significantly suppressing the co-reduction of
base metals. The predicted and experimental responses showed good agreement.

Overall, this work demonstrates that organic reducing agents, particularly formic acid, offer a
promising and selective route for PGM recovery. The findings highlight their potential for improving
efficiency and selectivity in circular hydrometallurgical processes for critical metal recycling.

Selectivity of PGMs over base metals
30

251 ®SPGMs/Cu
BSPGMs/Ni

20 1 ®SPGMs/Zn
BSPGMs/In

Selectivity coefficient

AN e A

Sodium  Formic acid Citricacid ~ Sodium  Acetic acid Oxalic acid
Formate Pyrosulfite




