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GOALS 
 Selective recovery of metals from residual powder obtained by end-of-life 

treatment of 1st generation photovoltaic panels (crystalline silicon) 

[XRF & ICP characterisations] 

 Targeted metals 
‒ Copper: inter-cell 

connectors 
 

‒ Silver: screen printing 
as front electrode 

PROTOCOL 
 Assessment of the leaching behaviour 

of the powder in 3 solutions(*): 
1) H2SO4 20% 
2) H2SO4 20% + H2O2 (10%) 
3) HNO3 20% 

24 h 

200 ml 

10 g 

…
 10 samples 

ICP 

XRF 

ICP 

 Proposal of successive leaching 
treatments allowing a selective 
recovery of Cu and Ag 

RESULTS 

PRELIMINARY STAGE : INDEPENDENT LEACHING TREATMENTS  

SUCCESSIVE LEACHING TREATMENTS 

leaching kinetics 
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Solution 2: H2SO4 20% + H202 
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Solution 1: H2SO4 20% 
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Solution 3: HNO3 20% 
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Solution 3: HNO3 20% | 24h 

Ag Al Cu

 Leaching behaviours 

0
50

100
150
200
250
300
350
400
450
500

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72

M
as

s 
d

is
so

lu
ti

o
n

 (
m

g)
 

Time 
(h) 

CUMULATIVE EXTRACTED MASS 

Al

Cu

Ag

SOLUTION 1 SOLUTION 2 SOLUTION 3 

 Proposal for successive leaching treatment:   

Solution 1 
Leaching of Al to allow Cu leaching in step 2 

STEP 1 

Solution 2 
Leaching of Cu 

STEP 2 

Solution 3 
Leaching of Ag 

STEP 3 

0
50

100
150
200
250
300
350
400
450
500

0 2 4 6 8 10 12 14 16 18

M
as

s 
d

is
so

lu
ti

o
n

 (
m

g)
 

Time 
(h) 

CUMULATIVE EXTRACTED MASS 

Al

Cu

Ag

SOLUTION 1 SOLUTION 2 SOLUTION 3 

 Potential improvement : reducing leaching time from 24h to 6h 

 Reproducibility hindered by the non-
homogeneity of the powder  

 First attempt : 24h for each step 

 Recast Waste Electrical & Electronic Equipment (WEEE) Directive (2012/19/EU) 

‒ New waste to be treated (i.e. photovoltaic panels) 
 Main challenge of metals recovery related to WEEE 

‒ Selective recovery 

 Promising results in terms of selective recovery of Cu and Ag from waste 1st 
generation photovoltaic panels  
 

 An environmental assessment (such as life cycle assessment - LCA) should be part of 
the development of a recovery process to highlight the benefits and impacts of each 
leaching step 

 XRF characterisations highlight some Cu (0.6 % of total Cu) in residual solid 
 ICP characterisations 

Cu Ag 

main leaching in step 2  
(10% loss in step 1) 

main leaching in step 2  
(8% loss in steps 1 and 3) 

(*): chosen in accordance with Pourbaix Diagrams and literature (i.e. [1] & [2]) 

Cu main leaching in step 2  
(11% loss in step 1) 

Ag main leaching in step 2  
(8% loss in steps 1 and 3) 

‒ Precipitation of AgCl by adding NaCl 
 Satisfying results but increasing complexity 

of the treatment 
 

‒ Modification of leaching time 

Cu main leaching in step 2  
(0.2% loss in step 3) 

Ag main leaching in step 3  
(2% loss in step 2) 

 XRF characterisations highlight some Cu (0.5 % of total Cu) in residual solid 
 ICP characterisations 

Leaching of Ag in step 2 avoided due to 
the presence of Al 

Cu and Ag should leach in distinct steps to improve 
their selective recovery : 

Solution 1 Solution 2 Solution 3 

Al YES YES YES 

Cu NO 
YES (short time) 

PARTIAL (long time) 
YES 

Ag NO NO YES 

PROSPECTIVE WORK 
 Future improvements 

 
 
 

 Expected results 
‒ Selective leaching of Cu and Ag in distinct steps 
‒ Simplification and acceleration of the leaching treatment 

Solution 2 
Leaching of Cu 

STEP 1 STEP 2 

Solution 3 
Leaching of Ag 

1h or 2h 2h 

CONCLUSIONS AND PERSPECTIVES 
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