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Development of mineral processing and resource recycling technology   

IRCSEM 

Placement of impurities 

treatment process 

Development of treatment process for copper ore bearing impurities 

To investigate feasibility of impurities (arsenic and antimony) separation from copper ore by roasting or high 

pressure leaching, mineral processing technique. 

Objective 

Typical Cu production flow 

Mining 

MESCO HP  

http://www.mesco.co.jp/ 

Mineral Processing Smelting Copper 

SMM HP  

http://www.smm.co.jp/ 

Treatment flow of As by high pressure leaching Treatment flow of As / Sb by roasting 
HPL As bearing Cu ore 

Fe-As residue 
 

 

 

 

（As residual >95%） 

Evaluation of stability  

Possibility of stabilization 

Cu leachate 
Cu: 20～50 g/L 

 
 

（Cu leaching >90%） 

To electro winning 

process of copper 

Solution 

Residue  

Enargite 

Cu3AsS4  

As grade was controlled 0.5 

to 3.0 % by mixing with 

chalcopyrite （CuFeS2） 

Removing of 

environmental pollutant 

Recovery of minor 

metal 

New resource for copper smelting 

As: Reduce environment loading 

Sb: New minor metal resource 

Cu: Effective utilization of copper 

Roasting 

As 
Impurities and minor 

metal bearing Cu ore 
（Tennantiite/tetrahedrite 

(Cu12(As,Sb)4S13 ) etc） 

Clean Cu ore 
（Cu2S, CuS / CuO etc..） 

Sb 

Cu was dissolved 

selectively by HPL  

Cu leaching rate was 

improved by NaCl addition 

(Max. leaching rate 82%) 

As was precipitated with 

ferric oxide.  

N2 gas condition 

Atmospheric condition 
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Cu As Sb
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Cu As Sb

Results 

H2SO4 Fe2(SO4)3 
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As Cu

26% 26% 

82% 

4% 

65% 

2% 

Fe2(SO4)3 ＋NaCl 

Condition Leachate Time Temperature Particle size Concentration Stirring speed Pressure 

Value 
Fe2(SO4)3 

0.1 M 
60 min 160 ℃ -45 μm 100 g/L 750 rpm 

1 MPa 

(O2 gas + vapor) 

Fe-As residue Cu leachate 

Cu As Fe 

5.93 11.9 19.8 

Cu As Fe 

>20 0.22 0.42 

Concentration （g/L） Grade （mass%） 

XRD of residue 

Weight ratio of  

residue from feed 

89.3% 

Cu leaching rate 
was increased by 

NaCl addition 

Results 

1mm 

Coarsening of residue 

25 μm 

Enargite 

(Cu3AsS4) 

Green 

Sulfur(S) 

Yellow 

Scorodite 

(FeAsO4) 

Red 

Cross-section （SEM-EDS） 

ヒ酸鉄の生成反応 Energite were covered by 

elemental sulfur and scorodite. 

Therefore, part of residue was 

coarsen and leaching reaction 

was inhibited. 

0

2

4

6

8

0

10

20

30

40

Feed 500 600 700 800 900 1000

A
s,

 S
b

 g
ra

d
e 

in
 r

es
id

u
e 

[m
a

ss
%

] 

C
u

 g
ra

d
e 

in
 r

es
id

u
e 

[m
a

ss
%

] 

Temperature [℃] 

Cu As Sb

0

20

40

60

80

100

Feed 500 600 700 800 900 1000

M
et

a
l 

v
o

la
ti

li
za

ti
o

n
 r

a
te

 [
%

] 

Temperture [℃] 

Cu As Sb

As 

Sb 

Cu 

As and Sb were selectively separated by controlling the roasting temperature. Copper 

content of the final residue (clean copper concentrate) was increased to more than 34 % 

As 

Sb 

Cu 

As 

Sb Cu 

As 
Sb 

Cu 

Volatilization ratio Grade in residue 
XRD patterns 

Sample 

 Sample Cu As Sb Fe 

Tennantite/ 

Tetrahedrite 
24.06 6.67 6.94 2.71 

 Sample Cu As Fe 

Enargite 

(Cu3AsS4) 
24.06 6.67 2.71 

Sample 
Tennantite (Cu12As4S13) 

Tetrahedrite (Cu12Sb4S13) Enargite (Cu3AsS4) 

Chemical composition of sample (mass%) 

XRD pattern 

Treatment of copper concentrates containing high amounts of As and Sb 

impurities by a smelting process is difficult due to environmental restriction. 

Chemical composition of sample (mass%) 

XRD pattern 

Volatilization ratio Grade in residue 
XRD patterns 


