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Figure 2: Schematic overview of the types of CIS wastes  

 

2  WINNING OF METALS 

There are two principal paths for winning of metals from mixtures: Pyrometallurgy and 

hydrometallurgy. These can also be combined in various ways. After a study of the existing literature 

we decided that for the purpose of winning of the precious metals out of the CIS-wastes the 

hydrometallurgical processes are more suitable. They are characterised by wet-chemical process 

steps like dissolution, precipitation, separation, electroplating, cementation etc.  

Figure 3 outlines a process flow which was developed in the project and which suited for the extraction 

of the elements indium, gallium and selenium from the metal-rich manufacturing wastes and from 

metal-containing fractions from module recycling. A solid waste as it can be gathered for instance in 

an evaporation plant or a sputtering machine is first homogenized and brought to a suitable grain size 

by milling and screening. Then the material is dissolved in an oxidizing acid. The solution is filtered 

and insoluble fractions are removed. In a first liquid-liquid extraction step the indium from the solution 

is transferred into an organic solution while the other metals remain in the inorganic solution, which 

can be treated further to win the gallium and the selenium. In the stripping step (re-extraction) the 

indium is transferred again into an inorganic, acid solution. From this it can either be precipitated as a 

fairly pure indium hydroxide or it can directly be deposited as metal by electroplating. Both materials 

can be purified further in-house or be sold to a metal refining company.  


