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OPERATIONAL STRATEGIES OF MINIMIZING IRON (III) EFFECTS ON COPPER ION EXCHANGE AND SOLVENT 
EXTRACTION OPERATIONS 
Todor Angelov, Irena Grigorova  
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; irena_mt@abv.bg 
 
ABSTRACT. The combined process using leaching, ion exchange, solvent extraction and electrowinning are highly flexible dealing with a broad range of pregnant 
leach solutions. No matter if those solutions are produced from primary or secondary raw materials via dump leaching, heap leaching or agitation leaching, the result 
is always high-purity copper cathode product. The ion exchange processes- sorption and solvent extraction - not only upgrading  the pregnant leach solution, 
converting it into a loaded electrolyte  sufficiently rich and pure for electrowining, but also act as a very effective barrier for impurities. Improved Iron (III) management 
in plant design allows hydrometallurgical plants using the combined process with leaching, ion exchange, solvent extraction and electrowinning to operate stably with 
relatively high iron content in the pregnant leach solutions. This paper outlines the base mechanisms for the treatment of symptoms and reduction of primary effects 
as well as the iron (III) minimizing strategies for the main process operations. 
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 80 Cu2S + Fe3+ = Cu2+ + Fe2+ + 
CuS 

CuS + Fe3+ = Cu2+ + Fe2+ + So 
 66,5 CuS + Fe3+ = Cu2+ + Fe2+ + So 
 78,1 Cu9S5 + 4Fe3+ = 4Cu2+ + 8Fe2+ 

+ 5CuS 
(CuS  

) 
 34,6 CuFeS2 + 4Fe3+ = Cu2+ +5 Fe2+ 

+ 2So 

CuFeS2 + 4Fe3+ + 2H2O+O2= 
Cu2+ +5 Fe2+ + H2SO4 

 0 FeS2 + 14Fe3+ + 8H2O= 15 Fe2+ 

+ 2SO4- + 16H+ 

.  0 So + Fe3+ + 4H2O=  Fe2+ + SO4- 
+ 8H 
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2R3Fe + 3Cu2+   3R2Cu + 2Fe3+                                         (5) 
 

: R2Fe+  R3Fe -  
              R2Cu -  
 
   ,  

 
: 

1.  -  
; 

2.  - - 
  

. 
 

 
    

,  
,  

.  
 (  

)   Fe3+. 
,  

 
 “ ” Fe.  : 

 
R2Fe+ + RH  R3Fe + H+                                                      (6) 
 

: R2Fe+   R3Fe  - . 
 

 
 

-  
,  Cl-,  
. 

-  
, ,  

. 
 

 
 

-  
, 

. 
 
 



156 

 
   

  
 

 
 

    
 Fe3+  

, ,  
. :  

 
-  

,  Fe3+  
.  

 
 Fe3+   g/l 

. 
 
-  Fe3+  Fe2+  

.  Na2SO3,  
 Fe3+  Cu2+ o Cu+.  

 
. 

 
-  Fe3+  Fe2+  

,  
. 

 
-  Fe3+.  

 
. 

 
    

,  
     ,  

 Fe3+ ,  
 
 

  . 
 
    

  ,  
 L/IX/SX/EW ,  

 
,  

 -  
. 

 
  

 
 

   
-  

 (Iontix ) 
 
 
 

. 
 
-  

 (16-20 BV/h)  

,  
. 

 
-  

 (Iontix ),( Tsekov 
et al., 2011) , 

 „ ” 
. 

 
-  

 
 (Fe(OH)3), 

. 
 
-  

 
)  

. 
 

   
   

    
 

, : 
 
-  -  

 
 - 18-20%  

. 
-  -  

 1-2  
 18-20%,  

   
 

  
 

 
   

    
, 

- . 
: 

-  
 - LIX-84 - I, LIX 984N, LIX 973N  

. 
- , 

 (5-15 g. /l. 
). 

-  
 (250 – 300 m/min)  

 (3,5-4,5 m3/m2/h). 
-  

 (200-250 mm),  
 4-5 cm/s. 

-  Picket fence  
,  

. 
-  „ ” -

. 
 

  
-  

: 92-95%. 



157 

-  
:  

. 
- , 

,  -  
1,8. 
- O  (  

) , 
  .  

 
 

   
    

,  
. 
 

: 
-  

:  
 Fe  Cl.  

 
,  

  , 
 

 Fe, . 
 

,  
. 
 

: Cu = 1,0 - 3,5 g/l   H2SO4 = 5 - 10 g/l. 
- :  

 
, 
 

 220-230 g/l.  
 

. 
 
 
 
 

  
 
    

,  
 
 

 LME Grade A  
. 

 
    

 
, . 

 
 

.  
 
   ,  

, , 
 
 
, 
 

 Fe3+ ,  
 

. 
 

 
 
Jergensen, V. G. 1999. Copper Leaching, Solvent Extraction 

and Electrowinning Technology, SME, 296. 
Harland, C. E. 1994. Ion Exchange: Theory and Practice,  2nd 

Edition, 289. 
Cupertino, D. C., Charlton, M. H., Buttar, D., Swart, R. M., 

Maes, C. J. 1999. A study of copper/iron separation in 
modern solvent extraction plants, In Proceeding of Cobre 
99 Conference, 9. 

Tsekov, V., Savov, G., Angelov, T., Nishkov, I. 2011. 
Development and applications of Iontech ion exchange 
(Iontix) process, In: Proceeding of WMC, 5.  

 

 


	Пирит

