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Abstract. The recycling of used diamond tools, which contain a large amount of unused diamond 
particles and precious metals, can not only realize the reuse of resources, but also reduce the pressure 
of environmental protection. In this paper, diamond particles were recovered by acid dissolution of aqua 
regia, and the current density, complexing agent concentration and pH value of the acid dissolution system 
were adjusted to recover Cu and Co by electrodeposition. Scanning electron microscope and energy 
spectrometer were used to study the changes of the composition and morphology of the plated layers, 
and the effects of the parameters such as current density, complexing agent concentration and pH on the 
organization and composition of the alloy plated layers were analyzed. The results showed that at the 
current density of 40 mA/cm², pH 4.5 and complexing agent concentration of 10 g/L, uniformly distributed, 
dense and moderately thick Cu-Co alloy plating was obtained, and the weight percentages of Cu and Co 
reached the peak respectively. The Cu and Co in the waste diamond tools can be recovered under this 
condition with good recovery effect. 
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1. Introduction 

Diamond tools are high-performance cutting tools consisting of synthetic diamond, tungsten carbide 

matrix and metal binder[1]. During the use of diamond tools, about 15% of diamond tools must be replaced 

after a period of time in order to protect the saw body from damage. However, used diamond tools contain 

a large amount of unused diamonds and precious metals. Directly discarding used diamond tools not only 

causes waste of resources, but also brings pressure to the environment[2]. 

According to the survey, used diamond tools contain a large amount of Cu and Co. These two metals 

have a wide range of applications and demands in the fields of catalysts, electronic information, energy, 

and environmental protection[3,4]. For example, as raw materials for electronic devices, wires, pipes and 

magnetic materials, superalloys, batteries, coatings, and many other products. Meanwhile the reserves of 

both are lower than the global production and the rapid generation of end-of-life products has become an 

important resource for both[5]. 

According to the International Energy Agency (IEA)[6] and the U.S. Energy Information Administration 

(EIA)[7], the global consumption of Cu in 2022 is 24.5 Mt and the global consumption of Co is 146,000 

tons, while the global consumption of Cu in 2023 is expected to be 25.1 Mt, an increase of 2.4% from 2022, 

and the global consumption of Co is expected to be 152,000 tons, an increase of 2022, an increase of 4.1%. 

With the recovery of the global economy and the promotion of low-carbon transition and the development 

of new energy industry Cu and Co demand will maintain high growth[7]. Most of the existing Cu and Co 

comes from mineral smelting, tailings recovery and other recycling of Cu and Co containing waste 

materials. If effective recycling of waste diamond tools can be realized, it will not only make Cu and Co 

recycling, reduce the waste of resources and promote the economic development, but also optimize the 

production capacity structure, reduce the pressure on the environment, reduce the environmental pollution 

and improve the living environment of people. Therefore, the development of effective recycling 

technology is of great significance to alleviate Cu and Co resource tension and environmental pressure[8,9]. 

At present, the acid dissolution method[10] is commonly used for the recovery of used diamond tools, 

which takes advantage of the difference in solubility of metal and diamond in acid to separate them. 

However, this method has low recovery efficiency and complicated operation. Compared with other 

conventional recovery methods, the accuracy and efficiency of electrochemical metal recovery has the 
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advantages of being environmentally friendly, free of secondary pollution, requiring no further redox 

agents, easy to use in combination with other methods or substances, simple process, high product purity 

and showing flexibility at various temperatures or electrolytes[11]. However, some problems and challenges 

are faced, such as the selection and optimization of electrolyte, the study of reaction mechanism and kinetic 

model, scale up production and cost-benefit analysis. Therefore, the aim of this paper is to explore a simple, 

low-cost, high-efficiency and environment-friendly recycling technology to provide new ideas for the 

resourceization of used diamond tools. 

2. Processes and experimental methods 

The basic principle of electrochemical method to recover metals from scrap diamond tools is to dissolve 

the metals in scrap diamond tools in a suitable electrolyte using electric current or potential as a driving 

force[12], and then separate the dissolved metals from the electrolyte by electrodeposition. In this paper, 

used diamond tools were used as raw materials. The acid-dissolution-electrochemical method was used to 

recover the diamond and precious metals from the waste diamond tools. Firstly, the used diamond tools 

were acid-dissolved with aqua regia to filter out the diamond particles, and then the types and contents of 

precious metal ions in the solution were analyzed by ICP spectrometer. Finally, the metals were deposited 

on graphite electrodes by electrodeposition method. SEM and EDS were used to study the morphology 

and composition of the plated layers, and the effects of parameters such as current density, complexing 

agent concentration and pH on the plating properties were investigated. The process flow diagram used for 

the experiments is shown in Figure 1 below. 

 

Fig. 1 Process flow diagram 
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2.1. Acid dissolution of used diamond tools 

Since the hot pressing process used in the processing of diamond tools makes the metal binder more 

dense, this experiment intends to use the aqua regia system for the decomposition of diamond tools. A 

certain amount of crushed used diamond tools were put into the aqua regia system at 96°C for 2h and 

subsequently filtered, and the chemical composition of the obtained solution is shown in Table 1: 

Table 1. Composition of aqua regia leachate of used diamond tools after filtration (wt%) 

Co Cr Cu Hg Mn Ni Pb Tl V Fe 

41.395% 0.004% 26.645% 0.012% 0.023% 0.066% 0.011% 0.347% 0.006% 31.492% 

 

From the above table, it can be seen that the main components in the leachate of this system are Co, Fe 

and Cu. The filtrate was filtered and washed to recover diamond particles and tungsten carbide. 

2.2. Electrochemical reduction of leachate 

Since the standard potential difference between Cu and Co is large, i.e., 0.337 VSCE for Cu2+/Cu and -

0.277 VSE for Co2+/Co[13], an appropriate amount of complexing agent should be added and used to bring 

the deposition potentials of Cu and Co closer. Therefore, trisodium citrate was used as the complexing 

agent and the leaching aqua regia system was used as the plating solution to complete the co-deposition of 

Cu-Co plating on the graphite rod surface. 

3. Results and Discussion 

3.1. Effect of current density on the microscopic morphology and composition of Cu-Co alloy 

plating 

The current density greatly affects the precipitation efficiency and precipitation composition of the 

plated layer. At pH=4.5, t=20min, and complexing agent concentration of 10g/L, changing the current 

density from 20 to 120mA/cm² affects the microscopic morphology and precipitation composition of the 

plated layer. 

 

Fig. 2 Weight ratio of plating elements at different current densities 

Figure 2 shows that the weight share of Cu and Co peaks at a current density of i=40mA/cm², so the 

analysis may be that a current density of i=40mA/cm² is the optimal precipitation current density for Cu 

and Co. At the current density of i=60-120mA/cm², the weight percentage of Cu and Co, with the increase 

of current density, once again showed a rapid and consistent increase. Therefore, it is assumed that the 
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optimal precipitation current density of Cu and Co is i=40 mA/cm² and the current density i>120 mA/cm² 

will have a larger current density of Cu and Co by weight. 

 

Fig. 3 Microscopic morphology and EDS analysis of the plated surface at i=40 mA/cm² current 

density 

 

Fig. 4 Microscopic morphology and EDS analysis of the plated surface at i=120 mA/cm² current 

density 

It can be seen from Figure 3 that at a current density of 40mA/cm², the surface of the plating appears 

fine cracks, the plating is thin and dense, but relatively uniform, the substrate is partially exposed, the 

plating is black and white, and the weight of Cu and Co accounts for a higher percentage at this time. 

It can be seen from Fig. 4 that at the current density of 120mA/cm², the plating layer is thicker, laying 

flat on the surface of the substrate, the surface of the plating layer is relatively uniform and dense, the 

substrate is partially exposed, and the plating layer is black. 

At low current densities, the deposition rates of Cu and Co are slower and are more affected by diffusive 

polarization[14,15,16], resulting in thinner, non-uniform layers with defects such as cracks and exposed 

substrate. As the current density increases, the deposition rate of Cu and Co accelerates, diffusive 

polarization decreases, and the layer becomes thicker, denser, and flatter. At the critical current density 

(40mA/cm²), the deposition rates of Cu and Co reach equilibrium, and the weight ratio of Cu and Co in the 

plating layer reaches the maximum. At this time, fine cracks appear on the surface of the plated layer, 

which may be caused by the stress generated during the deposition process. When the current density 

increases, the equilibrium of deposition rate of Cu and Co is broken, and the weight ratio of Cu and Co in 

the layer decreases sharply. However, as the current density increases further, the deposition rate of Cu and 

Co approaches another deposition equilibrium point, so the weight ratio of Cu and Co in the layer increases 

again with the increase of current density when it exceeds the critical current density (40mA/cm²). 

3.2. Effect of pH on the microscopic morphology and composition of Cu-Co alloy plating 

Fixed current density i=20mA/cm², t=40min, complexing agent concentration 10g/L, varying different 

pH values, EDS tests were performed and plotted as curves for the weight percentage of Cu and Co in the 

plated layer, as shown in Figure 5: 
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Fig. 5 Weight percentage of plated elements at different pH values for a complexing agent 

concentration of 10 g/L 

And the surface micromorphology and EDS analysis of the plated layer obtained at the current density 

i=20mA/cm², t=40min, complexing agent concentration 10g/L, pH=4.5, were obtained as shown in Figure 

6: 

 

Fig. 6 Microscopic morphology and EDS analysis of the plated surface at a complexing agent 

concentration of 10 g/L and pH=4.5 

From Fig. 5 and Fig. 6, it can be seen that under the conditions of i=20mA/cm², t=40min, and 

complexing agent concentration of 10g/L, with the increase of pH, the Cu and Co weight ratio increased 

slightly and reached the first smaller peak at 3.5, then with the increase of pH the Cu and Co weight ratio 

decreased slightly, when pH=4.5, the Cu and Co weight ratio reached the peak, at this time The plating is 

uniformly distributed and dense, with thicker plating, less cracks, and a small part of the substrate exposed. 

Within a certain pH range, the stability of the plating solution and the crystallinity of the plating layer 

are better, which is conducive to the formation of high quality plating layer. If the pH value is too high or 

too low, it will lead to the decomposition or precipitation of the plating solution, which will affect the 

uniformity and denseness of the plating layer. At the same time, the crystallinity of the plating layer will 

also be affected by the pH value, which will affect the grain size and crack formation of the plating layer. 

Cu2+ is almost completely complexed with citrate in the plating solution at pH 4~6[17], while Co2+ is 

present as a simple ion, drawing the deposition potential of Cu2+ and Co2+ closer to achieve Cu-Co alloy 
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co-deposition. At a certain current density, the deposition rate of Cu2+ and Co2+ is influenced by the pH 

value. With the increase of pH, the complexation of Cu2+ increases and its deposition rate decreases, while 

the deposition rate of Co2+ is relatively stable or slightly increases. Therefore, the content of Cu and Co in 

the plated layer changes at different pH values. The deposition rates of Cu2+ and Co2+ are best matched 

when the pH reaches an optimum value of 4.5, resulting in the highest content of both elements in the 

plating. 

Because of the large potential difference between Cu and Co, a certain degree of polarization effect 

occurs during electrodeposition[18], i.e., the accumulated metal atoms on the electrode surface inhibit the 

reduction of subsequent metal ions as the deposition time increases. As the pH increases, the complexation 

of Cu2+ increases and its deposition rate decreases, thus partially suppressing the polarization effect making 

a small peak in the percentage of Cu at pH 3.5. As the pH increased, the balance between the slowing down 

of deposition rate and the suppression of polarization effect was broken, resulting in a slight decrease in 

the Cu percentage. However, the balance between the two reached a more stable equilibrium with further 

increase of pH, and the deposition rates of Cu2+ and Co2+ also reached an equilibrium value at the same 

time when pH reached 4.5, so that the weight ratios of both Cu and Co reached a peak. 

3.3. Effect of complexing agent concentration on the microscopic morphology and 

composition of Cu-Co alloy plating 

At a fixed current density i=20mA/cm², t=40min, pH=4.5, the EDS test was performed and plotted as a 

curve by varying the concentration of different complexing agents and thus the weight percentage of Cu 

and Co in the plated layer, as shown in Figure 7: 

 

Fig. 7 Weight percentage of plated elements for different complexing agent concentrations at pH 

4.5 

And the surface micromorphology and EDS analysis of the plated layer obtained at the current density 

i=20mA/cm², t=40min, pH 4.5, and complexing agent concentration 10g/L were obtained as shown in 

Figure 8: 
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Fig. 8 Surface microscopic morphology and EDS analysis of the plated layer at pH 4.5 and 

complexing agent concentration of 10 g/L 

From Fig. 7 and Fig. 8, it can be seen that the weight ratio of Cu and Co increases significantly with the 

increase of complexant concentration at the current density i=20mA/cm², t=40min, and pH 4.5, and the 

weight ratio of Cu reaches the peak at the complexant concentration of 10g/L, and the weight ratio of Co 

will be higher when the complexant concentration is above 10g/L. Meanwhile, at the complexing agent 

concentration of 10 g/L, the plating is uniformly distributed and dense, with thicker plating, less cracks, 

and a small part of the substrate exposed. 

The complexing agent can increase the solubility and reducing activity of Cu2+ and Co2+[19,20] and close 

the potential difference between them, thus promoting their co-deposition. When the complexing agent 

concentration is low, the degree of Cu2+ complexation is low, so the deposition rate of Cu2+ is higher than 

that of Co2+, resulting in a higher weight percentage of Cu. However, when the deposition rate of Cu2+ is 

too fast, it will produce polarization effect and thus inhibit the further deposition of Cu2+. Therefore, as the 

concentration of complexing agent increases, the weight percentage of Cu continues to increase under the 

combined effect of complexation degree and polarization effect. When the concentration of complexing 

agent is high, Cu2+ is almost completely complexed, which makes the deposition rate of Cu2+ greatly 

reduced, and the deposition rate of Co2+ is higher than that of Cu2+ at this time, resulting in the increase of 

the weight proportion of Co. When the concentration of complexing agent was 10g/L, the deposition rate 

of Cu2+ and the polarization effect reached a balance so that the weight ratio of Cu reached a peak, and the 

deposition rate of Co2+ was also higher at this time, and the deposition rates of both were similar, so that 

the weight ratios of Cu and Co both reached a high value. 

During the electrodeposition process, grains of different sizes and shapes appear on the surface of the 

plating, and stresses and cracks are generated as the grains grow[21]. When the complexing agent 

concentration is low, large and inhomogeneous grains appear on the surface of the coating due to the high 

number of Cu atoms in the coating, which leads to increased stress and cracks in the coating, uneven 

distribution of the coating, reduced denseness and thickness, and increased exposure of the substrate. When 

the concentration of the complexing agent is higher, smaller and uniform grains appear on the surface of 

the plating due to the high content of Co atoms in the plating, resulting in reduced stress and cracks in the 

plating, uniform distribution of the plating, increased densities and thicknesses, and reduced exposure of 

the substrate. When the complexing agent concentration is 10 g/L, moderate and homogeneous grains 

appear on the surface of the plated layer due to the considerable amount of Cu and Co atoms in the plated 

layer, which leads to the least stress and cracks in the plated layer, the most uniform distribution of the 

plated layer, the most moderate densities and thicknesses, and the least exposure of the substrate[21,22]. 
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4. Conclusion 

(1) In this paper, the effects of current density, pH and complexant concentration on the microscopic 

morphology and composition of Cu-Co alloy plating were investigated, and the plating was characterized 

by scanning electron microscopy and energy spectrometry. 

(2) At a current density of 40 mA/cm², a pH of 4.5 and a complexing agent concentration of 10 g/L, a 

uniformly distributed, dense and moderately thick Cu-Co alloy layer was obtained, and the weight ratios 

of both Cu and Co reached high values. The Cu and Co in the used diamond tools can be recovered under 

this condition with good recovery effect. 

(3) The formation mechanism of Cu-Co alloy coating may be related to the complex stability of Cu2+ 

and Co2+ in the electrolyte, potential difference, polarization effect, deposition rate, and grain growth and 

crack formation on the surface of the coating. 

(4) This paper provides an effective electrochemical method for efficient recovery of Cu and Co, but 

further studies are needed to investigate the effects of different parameters on the plating properties, as well 

as the feasibility of optimizing the process conditions and large-scale production. 

References 

[1] Denkena, B., Krödel, A., & Lang, R. (2021). Fabrication and use of Cu-Cr-diamond composites for the 

application in deep feed grinding of tungsten carbide. Diamond and Related Materials, 120, 108668. 

https://doi.org/10.1016/j.diamond.2021.108668 

[2] Gao, B., Yu, A., & Li, Z. (2010). Recycling and reuse of diamond tools. Tool Technology (01), 11-14. 

https://doi.org/10.16567/j.cnki.1000-7008.2010.01.002 

[3] Wang, L., Zhang, G., & Ma, F. (2012). A study on comprehensive recycling of waste diamond tools. Rare 

Metals, 31(1), 88-91. https://doi.org/10.1007/s12598-012-0468-9 

[4] Xue, P., Liang, Y., & Liu, J. (2017). Recovery of valuable metals from waste diamond cutters by ammonia-

ammonium sulfate leaching and air oxidation system. International Journal of Minerals, Metallurgy and 

Materials, 24(12), 1420-1428. https://doi.org/10.1007/s12613-017-1527-x 

[5] Ding, Y., Zhang, S., Liu, B., Zheng, H., Chang, C., & Ekberg, C. (2019). Recovery of precious metals from 

electronic waste and spent catalysts: A review. Resources, Conservation and Recycling, 141, 284-298. 

https://doi.org/10.1016/j.resconrec.2018.10.041 

[6] International Energy Agency. (2022). Coal market update - July 2022. Retrieved from 

https://www.iea.org/reports/coal-market-update-july-2022/demand 

[7] U.S. Energy Information Administration. (2022). Short-term energy outlook - Global oil. Retrieved from 

https://www.eia.gov/outlooks/steo/report/global_oil.php 

[8] Wang, J., Li, X., & Gao, F. (2011). Comprehensive recycling of waste diamond tools. Superhard Material 

Engineering, 25(5), 1-4. https://doi.org/10.16567/j.cnki.1000-7008.2010.01.002 

[9] Zhang, P. (2018). Wet separation theory and technology of valuable metals from waste diamond tools (Master’s 

thesis). Henan Polytechnic University. Retrieved from https://cdmd.cnki.com.cn/Article/CDMD-10488-

1018021939.htm 

[10] He, X., Guo, X., Li, P., Huang, K., & Xu, K. (2005). Recovery of nickel, cobalt and manganese from acid 

leaching waste liquid of synthetic diamond catalyst. Hydrometallurgy (03), 150-154. 

https://doi.org/10.13355/j.cnki.sfyj.2005.03.009 

[11] Siwal, S. S., Kaur, H., Deng, R., & Zhang, Q. (2023). A review on electrochemical techniques for metal 

recovery from waste resources. Current Opinion in Green and Sustainable Chemistry, 39, 100722. 

https://doi.org/10.1016/j.cogsc.2022.100722 

[12] Xue, P. (2017). Wet separation theory and technology of valuable metals from waste diamond tools (Doctoral 

dissertation). Wuhan University of Science and Technology. Retrieved from 

https://cdmd.cnki.com.cn/Article/CDMD-10488-1018021939.htm 

[13] Wang, L., Zhang, G., & Ma, F. (2010). Theoretical and experimental study on acid decomposition and recovery 

of valuable metals from waste diamond tools. Rare Metals 2010, (6), 919-923. 

https://doi.org/10.16567/j.cnki.xjzj.2010.06.001 



Highlights in Science, Engineering and Technology GRET 2023 

Volume 67 (2023)  

 

67 

[14] Xu, S., Liu, C., Shen, Q., Zhang, T., Ni, Y., & Yu, X. (2016). Electrodeposition mechanism of Zn (Ⅱ) on zinc 

electrode. Journal of Inorganic Chemistry, 32(3), 386-392. doi:10.11862/CJIC.2016.061.  

[15] Yang, L. (2016). Electrocrystallization mechanism. Retrieved from 

http://course.sdu.edu.cn/G2S/eWebEditor/uploadfile/20161208220409287.pdf.  

[16] Wang, X. (2020). Research and application progress of electro-deposition technology for heavy metal 

wastewater treatment. Retrieved from https://zhuanlan.zhihu.com/p/147516574.  

[17] Zhang, X., & Zeng, C. (2018). Study on Cu-Co alloy electroplating process and its subsequent spinel coating 

preparation exploration [J]. Corrosion Science and Protection Technology, 30(1), 1-7. Zhang, X., & Zeng, C. 

Preparation of Cu-Co Spinel Coatings on 430 Stainless Steel by Electro-deposition and Post-oxidation. 

Corrosion Science and Protection Technology, 2018, 30(1), 1-7.  

[18] Wang, C., Liu, Z., Li, Z., & Guo, C. (2021). Progress on electrocatalytic reduction of nitrate on copper-based 

catalysts. Chinese Science Bulletin, 66(34), 4411-4424.  

[19] Zhang, X., Wang, Y., Liu, C., & Zhang, B. (2020). Recent advances in non-noble metal electrocatalysts for 

nitrate reduction. Chemical Engineering Journal, 397, 125419.  

[20] Liu, Z., Wang, C., Li, Z., & Guo, C. (2021). Progress on electrocatalytic reduction of nitrate on copper-based 

catalysts. Science Bulletin, 66(34), 4411-4424.  

[21] Shi, J., Yang, F., Tian, Z., & Zhou, S. (2013). Electrocrystallization of Cu-Sn alloy on copper electrode surface. 

Acta Physico-Chimica Sinica, 29(12), 2579-2584.  

[22] Li, X., Zhang, Y., & Zhang, J. (2010). Pulse electrodeposition of Cu-Co alloy coating and its properties. 

Rare Metal Materials and Engineering, 39(11), 1972-1975.  

 

http://course.sdu.edu.cn/G2S/eWebEditor/uploadfile/20161208220409287.pdf
https://zhuanlan.zhihu.com/p/147516574

