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Leaching of a Mixture of Palladium and Zinc Metal Using
Hydrochloric and Sulfuric Acid Solutions
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Abstract: Spent electroplating solutions contain small amounts of Pd(II). Cementation of Pd(II) with zinc
metal powder is practiced to concentrate the Pd. Dissolution of the cemented Pd metal is necessary to recover
pure Pd metal or compounds. In this work, the leaching behavior of Pd metal in inorganic acid solutions
(hydrochloric and sulfuric acid) in the presence of an oxidizing agent such as H,O,, NaClOs, or NaClO was
investigated. To determine the optimum conditions for Pd leaching, experiments were conducted by adjusting
the concentration of the acids and oxidizing agents, reaction temperature and time, and pulp density.
Complete leaching of Pd was possible using a hydrochloric acid solution with 3 kinds of oxidizing agents,
whereas only NaClO was effective in the leaching with sulfuric acid solution. The chloride ions of HCI and
NaClOs/NaClO play an important role in enhancing the leaching of Pd, due to the formation of Pd chloro-
complexes and by decreasing the reduction potential of PA(II). Compared to Hy;O, NaClO3; and NaClO showed
some merits as oxidizing agents in terms of reaction time, temperature and low acid concentration. Based on
the optimum leaching conditions of single Pd metal, the conditions for the complete leaching of Pd and Zn

from the metallic mixtures were obtained.
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Fig. 1. Effect of acid concentration and the nature of oxidizing
agents on the leaching of Pd metal. (60 °C; 1 h; Pulp density =1 g/
L Pd).
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Table 1. Standard reduction potentials of palladium and oxidant
agents at 25 °C [13].

Reaction E° (V)
Zn*"+2e=27n -0.7618
Pd** +2¢ =Pd 0.951
PdCl* + 2e =Pd + 4CI 0.591
PdCls> + 2e = PdCL,* + 2CI 1.288
Clagag + 26 = 2Cly) 1.396
ClOy + 6H" + 6e = CI' + 3H,0 1.451
ClO5 + 6H" + 5e = 1/2Cl, + 3H,0 1.47
HCIO + H* + 2e =CI' + H,O 1.482
HCIO + H* +e=1/2 Cl, + H,O 1.611
H,0, + 2H" + 2¢ = 2H,0 1.776
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Fig. 2. Effect of the concentration of the oxidizing agents on the
leaching of Pd metal. (60 °C; 1 h; Pulp density = 1 g/L. Pd).

Table 2. Effect of NaClO concentration on the leaching of Pd from
HCI and H,SO, solutions at 25 °C.

NaClO (%) 01 05 10 15 20 25 30

0.5 M HCI 1542 73.14 100 100 100 100 100
0.5M H,SO, 1041 58.54 9739 100 100 100 100
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Fig. 3. Effect of temperature on the leaching of Pd metal. (25-
100 °C; 1 h; Pulp density = 1 g/L Pd).

Pd+ H202 +4CI'+ 2H+ = PdC142' + 2H20, AG0348K = -583
(10)

kcal/mol

NaClO +2HCl = NaCl + Cl, + H,O, AG°s= -69.6 kcal/
1)

mol
Pd + 2CI'+ Cl,=PdCl*, AG®0sx = -38.1 kecal/mol (12)
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mol (13)
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Fig. 4. Effect of reaction time on the leaching of Pd metal. (10-60
min; Pulp density = 1 g/L Pd).
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Fig. 6. Effect of acids concentration on the leaching of Pd and Zn
from the metallic mixture by HCI solution containing 0.5% H,0,
solution. (Pulp density = 2 g/L. mixture of Pd and Zn).
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Fig. 7. Effect of acids concentration on the leaching of Pd and Zn
from the metallic mixture by HCI solution containing 1 g/L. NaClO3
solution. (Pulp density =2 g/L mixture of Pd and Zn).
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Fig. 8. Effect of acids concentration on the leaching of Pd and Zn
from the metallic mixture by HCI solution containing 1% NaClO
solution. (Pulp density =2 g/L. mixture of Pd and Zn).
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Fig. 9. Effect of acids concentration on the leaching of Pd and Zn
from the metallic mixture by H,SO, solution containing 1.5%
NaClO solution. (Pulp density = 2 g/L. mixture of Pd and Zn).
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