
  

  

Abstract—The hydrometallurgy process of copper anode 

slime were studied in this study. Copper anode slime is a 

byproduct in electrorefining. PGMs in autocatalyst were 

concentrated by pyrometallurgy and were transformed into 

copper anode slime by electrorefining. In this work, sulfuric 

acid pressure leaching was employed to pretreat copper anode 

slime and the residue concentrated PGMs was dissolving with 

the mixture of hydrochloric acid and hydrogen peroxide. The 

optimum conditions for sulfuric acid pressure leaching were 1.0 

M of the sulfuric acid concentration, 100 ml/g of liquid-solid 

ratio, 4 hr of reaction time, and 220 oC of leaching temperature; 

The optimum conditions for hydrochloric acid leaching with 

hydrogen peroxide were 6.0 M of hydrochloric acid 

concentration, 10 % of hydrogen peroxide concentration, 50 

ml/g of liquid-solid ratio, 60 min of reaction time, and 70 oC of 

leaching temperature. Under the optimal parameters in the 

process, the recovery of PGMs were 97.1 % for Pd, 95.1 % for 

Pt, 75.6 % for Rh respectively. 

 
Index Terms—Autocatalyst, copper anode slime, 

hydrometallurgy, platinum group metals, pretreatment.  

 

I. INTRODUCTION 

Nowadays, platinum group metals (PGMs) are applied in 

the field of various industries due to their distinct properties, 

such as autocatalysts, chemical process catalysts, specialty 

medical alloys, electronics, hydrogen fuel, and jewellery. 

PGM natural resource deposits are very limited, only 69,000 

tons all over the world [1], and the demand for PGMs is 

increasing [2], so it is desirable to develop an efficient 

process to recover PGMs with high purity from secondary 

resources such as spent autocatalysts [3]. 

Autocatalysts account for large portions of the world 

consumption of palladium (Pd), platinum (Pt) and rhodium 

(Rh). To recover PGMs from spent autocatalysts, 

pyrometallurgical and hydrometallurgical processes are 

employed for the effective extraction and separation of 

metals [4]-[7]. In hydrometallurgical process, PGMs are 

recovered by dissolving in aqua regia and acids, such as 

hydrochloric acid, nitric acid and sulfuric acid, in the 

presence of oxygen, iodine, bromine, chlorine, hydrogen 

peroxide, etc. [8]-[10], and separate subsequently by various 

methods, such as ion exchange [11], [12] and solvent 

extractions [13]-[15]. In pyrometallurgical process, PGMs 
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are concentrated in the metal phase or converted to easily- 

treated compounds by relevant pyrometallurgical treatment, 

then followed by refining technology to recover PGM 

[16]-[19]. 

Copper anode slime is a byproduct in electrorefining of 

blister. PGMs in autocatalyst were concentrated by 

pyrometallurgy and were transformed into copper anode 

slime by electrorefining process. General, pretreatment, 

concentration and refining are three conventional process for 

the treatment of copper anode slime [20]. Particularly, 

pretreatment is the most vital to dominate the whole process, 

which can remove base metals to enrich precious metals. 

Therefore, it is necessary to research the pretreatment for 

removing base metals efficiently. In this work, sulfuric acid 

pressure leaching was employed to pretreat copper anode 

slime and the residue concentrated PGMs was dissolving 

with the mixture of hydrochloric acid and hydrogen peroxide. 

The effect of acid concentration, oxidant concentration, 

liquid-solid (L/S) ratio, reaction time and leaching 

temperature were investgated in this study. The experiment 

flowsheet was illustrated in Fig. 1. 

 

II. MATERIALS AND METHODS 

A. Materials and Reagents 

The sample of copper anode slime used in the experiments 

was provided from a technology materials compapny. Before 

experiment, the original copper anode slime was washed and 

dried at 100 oC, and sieved with 200 mesh (0.074 mm) to 

eliminate large particle. The materials were analyzed by 

X-ray diffraction (XRD; Dandong DX-2700), and 

inductively coupled plasma optical emission spectrometry 

(ICP-OES; Varian, Vista-MPX). The XRD pattern of copper 

anode slime was given in Fig. 2. The chemical composition 

of copper anode slime was analyzed by ICP-OES and shown 

in Table I. All chemicals used were of analytical grade and 

were diluted with deionized water.  

B. Experiments 

Leaching procedures were carried out using standard 

laboratory leaching equipment. The leaching parameters, 

such as the acid concentration, liquid-solid ratio, reaction 

time and leaching temperature, were investigated. In the 

section of sulfuric acid pressure leaching, the acidity was set 

from 0.1 to 6 M, the L/S ratio was set from 10 to 500 ml/g, the 

reaction time was set from 1 to 8 hr and the leaching 

temperature was set from 140 to 220 oC. In the section of 

hydrochloric acid leaching with hydrogen peroxide, the 

acidity was set from 0.1 to 8 M, the oxidant concertration was 

set from 0 to 10 %, the L/S ratio was set from 20 to 500 ml/g, 

the reaction time was set from 30 to 120 min and the leaching 
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temperature was set from 25 to 85 oC. The leaching 

percentage was calculated according to Equation (1): 

 
TABLE I: THE CHEMICAL COMPOSITION OF COPPER ANODE SLIME 

Element Pd Pt Rh Cu Fe P Si 

Wt % 1.74 4.63 0.93 41.8 6.7 13.5 10.9 

 

 
Fig. 1. The experiment sheet. 

 

 
Fig. 2. The XRD pattern of the copper anode slime. 

 

1 2=( / ) 100%AX m m                                  (1) 

 

where XA is the leaching percentage, m1 is the measured 

quantity of metal ion leached, and m2 is the quantity of metal 

ion in the raw material. 

 

III. RESULTS AND DISCUSSION 

A. Sulfuric Acid Pressure Leaching 

For concentrating PGMs in the material, the leaching 

percentage of the inpurities, such as Cu, Fe and P, in the 

material were emphasized in this section. The parameters, 

such as the acid concentration, L/S ratio, reaction time and 

leaching temperature, were invesigated. 

1) Effect of sulfuric acid concentration 

Fig. 3 showed the leaching efficiency of Cu, Fe and P in 

the material by sulfuric acid. The effect of sulfuric acid 

concentration was investigated by varing the sulfuric acid 

concentration from 0.1 M to 6 M. The results indicated that 

leaching percentage of Cu increased sharply from 58.7 % to 

97.5 % as the sulfuric acid concentration increased up to 1.0 

M, while Fe and P increased to 97.1% and 87.0% respectively. 

However, there was no apparent influence when sulfuric acid 

concentration was more than 1.0 M. Therefore, the optimum 

condition of sulfuric acid concentration was chosen as 1.0 M. 

2) Effect of L/S ratio 

Fig. 4 showed the effect of the L/S ratio on leaching 

efficiency. The L/S ratio was investigated by varing the L/S 

ratio from 10 ml/g to 500 ml/g. The leaching percentages of 

Cu, Fe and P were generally increased, while the L/S ratio 

increased from 10 ml/g to 100 ml/g and percentages were 

increased to 97.5 % for Cu, 97.1 % for Fe, 87.0 % for P. The 

results indicated that when the L/S ratio was low, there was 

insufficient acid to react  in the process. In other words, there 

was more acid readily able to react and available to obtain a 

higher leaching percentage. Hence, the optimum condition of 

the L/S ratio was chosen as 100 ml/g. 

 

 
Fig. 3. Effect of the leaching percentage on H2SO4 concentration (reaction 

condition: 100 ml/g of L/S ratio, 3hr, and 220oC). 

 
Fig. 4. Effect of the leaching percentage on L/S ratio (reaction condition: 1.0 

M of H2SO4 concentration, 3 hr, and 220oC). 

 

3) Effect of reaction time 

The effect of the reaction time was shown in Fig. 5. The 

reaction time was investigated by varing the reaction time 

from 1 hr to 8 hr. The leaching percentages of Cu, Fe and P 

increased by about 87.3 %, 43.7 %, and 69.6 % when the 

reaction time was increased from 1 hr to 4 hr. The reason was 

that with the increase in the leaching time, a more andmore 

surface area of the unreacted particles cores could react with 

the sulfuric acid. For this reason, the optimum condition of 

the reaction time was chosen as 4 hr. 

4) Effect of leaching temperature 

Fig. 6 showed the effect of the leaching temperature on 

leaching efficiency. Leaching temperature was varied from 

140 oC to 220 oC. The leaching percentage increased with the 

increasing temperature because the temperature no only can 

control the pressure in the pressure leaching also has a great 

effect on the leaching process. Thus, 220 oC of the leaching 

temperature was chosen as the optimum condition of the 

leaching temperature. the leaching percentages under the 

optimum condition were Cu: 99.3 %, Fe: 99.7 %, P 87.0 %, 

Pd: 0.9 %, Pt: 0.9 %, Rh: 16 %. 
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B. Hydrochloric Acid Leaching with Hydrogen Peroxide 

After sulfuric acid pressure leaching, the chemical 

composition of the residue was shown in Table II. For 

dissolving PGMs in the residue, the leaching percentage of 

Pd, Pt and Rh, in the residue were emphasized in this section. 

The parameters, such as the acid concentration, hydrogen 

peroxide concentration, L/S ratio, reaction time and leaching 

temperature, were invesigated. The leaching percentage of Pd, 

Pt and Rh in the residue would be emphasized in this section. 

 
TABLE Ⅱ: THE CHEMICAL COMPOSITION OF THE RESIDUE 

Element Pd Pt Rh Cu Fe P Si 

Wt % 5.7 15.2 2.6 0.96 0.07 5.8 32.5 

 

 
Fig. 5. Effect of the leaching percentage on reaction time (reaction condition: 

1.0 M of H2SO4 concentration, 100 ml/g of L/S ratio, and 220oC). 

 
Fig. 6. Effect of the leaching percentage on leaching temperature (reaction 
condition: 1.0 M of H2SO4 concentration, 100 ml/g of L/S ratio,and 4hr). 

 

1) Effect of hydrochloric acid concentration 

Fig. 7 showed the leaching efficiency of Pd, Pt and Rh in 

the residue by hydrochloric acid. The effect of hydrochloric 

acid concentration was investigated by varing the 

hydrochloric acid concentration from 0.1 M to 8 M. The 

results indicated that leaching percentage of Pd increased 

from 0.2 % to 98.0 % as the hydrochloric acid concentration 

increased up to 6.0 M, while Pt and Rh increased to 96.0 % 

and 90.3 % respectively. However, there was no apparent 

influence when hydrochloric acid concentration was more 

than 6.0 M. Therefore, the optimum condition of 

hydrochloric acid concentration was chosen as 6.0 M. 

2) Effect of hydrogen peroxide concentration 

Fig. 8 showed the leaching efficiency of Pd, Pt and Rh in 

the residue by hydrochloric acid. The effect of hydrogen 

peroxide concentration was investigated by varing the 

hydrochloric acid concentration from 0 % to 10 %. The 

results indicated that leaching percentage of Pd increased 

from 37.5 % to 96 % as the hydrochloric acid concentration 

increased up to 10 %, while Pt and Rh increased to 96 % and 

90 % respectively. Therefore, the optimum condition of 

hydrogen peroxide concentration was chosen as 10 %. 
 

 
Fig. 7. Effect of the leaching percentage on HCl concentration (reaction 

condition: 10% of hydrogen peroxide, 200 ml/g of L/S ratio, 240 min, and 
85oC). 

 
Fig. 8. Effect of the leaching percentage on hydrogen peroxide (reaction 

condition: 6.0 M of HCl concentration, 200 ml/g of L/S ratio, 240 min, and 

85oC). 

 

3) Effect of L/S ratio 

Fig. 9 showed the effect of the L/S ratio on leaching 

efficiency. The L/S ratio was investigated by varing the L/S 

ratio from 20 ml/g to 500 ml/g. The leaching percentages of 

Pd, Pt and Rh were generally increased, while the L/S ratio 

increased from 20 ml/g to 50 ml/g and percentages were 

increased to 97.9 % for Pd, 95.8 % for Pt, 90 % for Rh. Hence, 

the optimum condition of the L/S ratio was chosen as 50 

ml/g. 

4) Effect of reaction time 

The effect of the reaction time was shown in Fig. 10. The 

reaction time was investigated by varing the reaction time 

from 15 min to 240 min. The leaching percentages of Pd, Pt 

and Rh increased by about 6.2 %, 6.0 % and 6.3 % when the 

reaction time was increased from 15 min to 60 min. The 

optimum condition of the reaction time was chosen as 60 

min. 

5) Effect of leaching temperature 

Fig. 11 showed the effect of the leaching temperature on 

leaching efficiency. Leaching temperature was varied from 
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25 oC to 85 oC. The leaching percentage increased with the 

increasing temperature because the temperature has a great 

effect on the leaching process. Thus, 70oC of the leaching 

temperature was chosen as the optimum condition of the 

leaching temperature. the leaching percentages under the 

optimum condition were Pd: 98.0 %, Pt: 96.0 %, Rh: 90.0 %. 

 
Fig. 9. Effect of the leaching percentage on L/S ratio (reaction condition: 6.0 

M of HCl concentration, 10% hydrogen peroxide, 240 min, and 85oC). 

 

 
Fig. 10. Effect of the leaching percentage on reaction time (reaction 

condition: 6.0 M of HCl concentration, 10% hydrogen peroxide, 50 ml/g of 

L/S ratio, and 85oC). 
 

 
Fig. 11. Effect of the leaching percentage on leaching temperature (reaction 
condition: 6.0 M of HCl concentration, 10% hydrogen peroxide, 50 ml/g of 

L/S ratio,and 60 min). 

 

IV. CONCLUSION 

In this work, a copper anode slime pretreatment for 

concentrating and dissolving PGMs in copper anode slime 

has been studied. In sulfuric acid pressure leaching section, 

Cu, Fe, and P were removed by 99.3 %, 99.7 %, and 87.0 % 

With the optimum condition of 1.0 M of the sulfuric acid 

concentration, 100 ml/g of liquid-solid ratio, 4 hr of reaction 

time, and 220 oC of leaching temperature. Then in 

hydrochloric acid leaching with hydrogen peroxide, Pd, Pt, 

and Rh were dissolve by 98.0 %, 96.0 %, and 90.0 % with the 

optimum condition of 6.0 M of hydrochloric acid 

concentration, 10 % of hydrogen peroxide concentration, 50 

ml/g of liquid-solid ratio, 60 min of reaction time, and 70 oC 

of leaching temperature. Finally, the recovery of PGMs in 

this process were 97.1 % for Pd, 95.1 % for Pt, 75.6 % for Rh 

respectively. 

ACKNOWLEDGMENT 

We wish to acknowledge the support of the Laboratory of 

Resource Circulation (LRC) at National Cheng Kung 

University. 

REFERENCES 

[1] U. S. Geological Survey, Mineral Commodity Summaries 2019, U. S. 

Geological Survey, Roston, VA, USA, 2019. 
[2] Johnson Matthey Plc. PGM Market Report February 2019. [Online]. 

Available: 

http://www.platinum.matthey.com/services/market.research/february-
2019-pgm-market-report 

[3] M. Saternus, A. Fornalczyk, and J. Cebulski, “Analysis of platinum 
content in used auto catalytic converter carriers and the possibility of 

its recovery,” Archives of Metallurgy and Materials, vol. 59, pp. 

557-564, Jun. 2014. 
[4] J. S. Yoo, “Metal recovery and rejuvenation of metal-loaded spent 

catalysts,” Catalysis Today, vol. 44, pp. 27-46, Sep. 1998. 
[5] D. J. de Aberasturi, R. Pinedo, I. R. de Larramendi, J. I. R. de 

Larramendi, and T. Rojo, “Recovery by hydrometallurgical extraction 

of the platinum-group metals from car catalytic converters,” Minerals 
Engineering, vol. 24, pp. 505-513, May 2011. 

[6] M. K. Jha, J.-C. Lee, M.-S. Kim, J. Jeong, B.-S. Kim, and V. Kumar, 
“Hydrometallurgical recovery/recycling of platinum by the leaching of 

spent catalysts: A review,” Hydrometallurgy, vol. 133, pp. 23-32, Feb. 

2013. 
[7] H. Dong, J. C. Zhao, J. L. Chen, Y. D. Wu, and B. J. Li, “Recovery of 

platinum group metals from spent catalysts: A review,” International 
Journal of Mineral Processing, vol. 145, pp. 108-113, Dec. 2015. 

[8] O. N. Kononova, A. M. Melnikov, T. V. Borisova, and A. S. Krylov, 

“Simultaneous ion exchange recovery of platinum and rhodium from 
chloride solutions,” Hydrometallurgy, vol. 105, pp. 341-349, Jan. 

2011. 
[9] P. P. Sun, J. Y. Lee, and M. S. Lee, “Separation of platinum(IV) and 

rhodium(III) from acidic chloride solution by ion exchange with anion 

resins,” Hydrometallurgy, vol. 113-114, pp. 200-204, Feb. 2012. 
[10] P. Charlesworth, “Separating the platinum group metals by 

liquid-liquid extraction,” Platinum Metals Review, vol. 25, pp. 106-112, 
Jul. 1981. 

[11] R. K. Jyothi, J.-Y. Lee, and J.-S. Kim, “Studies on the liquid-liquid 

extraction of tetravalent platinum from acidic chloride solutions using 
Alamine 336,” Solvent Extraction Research and Development, vol. 16, 

2009, pp. 23-36. 
[12] M. A. Kim, J. C. Lee, C. K. Kim, M. S. Kim, B. S. Kim, and K. K. Yoo, 

“Solvent extraction of platinum group metals from the leach liquor of 

spent automotive catalyst,” Journal of the Korean Institute of 
Resources Recycling, vol. 15, Oct. 2006, pp. 3-10. 

[13] S. J. Liu, Metallurgy of Platinum Group Metals, Central South 
University Press, Changsha, 2013 

[14] A. Fornalczyk and M. Saternus, “Removal of platinum group metals 

from the used auto catalytic converter,” Metalurgija, vol. 48, 2009, pp. 
133-136. 

[15] Ezawa, Process of Recovering Platinum Group Metal, US papent 
5252305,1993. 

[16] J. E. Hoffmann, “Recovery of platinum-group metals from gabbroic 

rocks metals from auto catalysts,” JOM, vol. 40, pp. 40-44, Jun. 1988. 
[17] G. B. Atkinson, D. P. Desmond, R. J. Kuczynski, and L. A. Walters, 

“Recovery of PGM from virgin automotive catalyst by cyanide 
leaching,” in Proc. Conf. Inst. Precious Met. Inst. Las Vegas, NV, Jan. 

1989, pp. 109-118. 

[18] X. Meng, K. N. Han, “The leaching behavior of platinum powder in 
iodide solutions with oxygen,” in Proc. EPD Congress, TMS, 1996, pp. 

253-268 

International Journal of Materials, Mechanics and Manufacturing, Vol. 7, No. 6, December 2019

248



  

       

 

 

    

  

 
 

   
    

 

 

  

 
 

 

  

 

 

 

 

 
 

International Journal of Materials, Mechanics and Manufacturing, Vol. 7, No. 6, December 2019

249

[19] R. H. Matjie, M. S. Scurrell, and J. Bunt, “The selective dissolution of 

alumina, cobalt and platinum from a calcined spent catalyst using 
different lixiviants,” Minerals Engineering, vol. 18, pp. 801-810, Jul. 

2005.

[20] B. M. Ludvigsson, and S. R. Larsson, “Anode slimes treatment: The 

boliden experience,” JOM, vol. 55, pp. 41-44, Apr. 2003.

Wei-Sheng Chen was born at Taiwan in 1960. His
doctor degree was earned in resource engineering from 

National Cheng Kung University, Tainan, Taiwan in 

2011.

He works as an associate professor in resource engineering, National 

Cheng Kung University, Tainan, Taiwan from 2014.

Jie-Yu Yang was born at Taiwan in 1995. His 

bachelor degree was earned in resource engineering 

from National Cheng Kung University, Tainan, 
Taiwan in 2017.

He is a postgraduate in resource engineering, 
National Cheng Kung University, Tainan, Taiwan 

from 2017.




