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Solvent extraction of copper and zinc from 
bioleaching solutions with LIX984 and D2EHPA ® 
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Abstract: The solvent extraction of copper and zinc from the bioleaehing solutions of low-grade sulfide ores with 

LIX984 and D2EHPA was investigated. The influences of extractant content ,  aqueous pH value, phase ratio and 
equilibration time on metals extraction were studied. The results show that  LIX984 has a higher selectivity for cop- 

per than for iron, zinc and other metals,  and has the copper extraction rate above 97°//00, while the zinc and iron ex- 
traction rate is less than 1.6 ~ respectively. Zinc extraction is carried out following the copper extraction from the 
raffinate. The zinc extraction with d i (2-e thylhexyl)  phosphoric a c i d ( D 2 E H P A )  is low due to its poor cation ex- 
change. A sodium salt of D2EHPA is used and the zinc extraction rate is enhanced to above 9 8 ~ .  Though iron ( 1I ) 
is strongly extracted before the extraction of zinc by D2EHPA,  it is difficult to strip iron from the organic phase by 
sulfuric acid. The zinc stripping rate is above 9 9 ~  with 100 g/ I .  sulfuric acid, while that  of iron is 0.16°//00. Hence,  

the separation of zinc from iron can be achieved by the selective stripping. 
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1 INTRODUCTION 

Copper extract ion has been successfully com- 
mercialized for decades due to the availability of 
copper-selective extractants  E1'27. Most  of the com- 
mercially available copper-specific extractants  are 
oxime types. Among  them the LIX series from 
Henkel  Corporat ion have been extensively used. 
LIX984,  a mixture  of LIX860 and LIX84 with a 
volume ratio of 1 : 1, shows a high selectivity for 
copper over other metals. However ,  the commer-  
cialization of zinc extraction is hardly available in 
literature. The  reasons are the lower price of zinc 
than that  of copper,  and the most  important  of all, 
the absence of efficient extractant  for zinc. There  
are many  reports  on zinc extract ion,  discussing the 
removal  trace of zinc impuri ty  from the solu- 
tions E>7~. However ,  the extractants  used for the 
zinc extract ion show a weaker selectivity on zinc 
than on the other  metals such as iron, copper,  cal- 
cium and manganese etc. Al though the phosphate-  
type ext rac tants  are believed as the most  common 
one for zinc extract ion,  the major disadvantage of 
these reagents  is that  the s t rong extraction of 
i ron(HI) .  D2EHPA (di (2-ethylhexyl) phosphoric 
acid) has been usually used for the separation of the 
cobalt from nickel or impurities removal  from solu- 
tions E4~ , and is considered to be a competent  candi- 

date for zinc extractant  ~>91. The  solvent extract ion 
and separation of copper and zinc from different 

mediums with various ext rac tants  have been repor-  
ted El°-t3~. In China,  LIX984 has been used in sever- 
al plants to produce copper f rom sulfide ores by bi- 
oleaching. In the present  work ,  a bioleaching solu- 
tion of complex sulfide ores was obtained, which con- 
tained copper, zinc and iron etc. The extraction and 
separation of copper and zinc from the solution were 
investigated by using LIX984 and D2EHPA as the ex- 
tractant for copper and zinc, respectively. 

2 EXPERIMENTAL 

2 .1  Materials and reagents 
LIX984 was obtained f rom Dexing Copper 

Mine. The  active components of LIX984 are 2- 
hydroxy-5 nonyl-acetonphenoneoxime and 2-hydroxy- 
5-dodecylsalicylaldoxime. D2EHPA was obtained from 
Shanghai. No. 260 kerosene, obtained from Suzhou 
Refinery, was used as diluent. Other reagents were 
analytically pure. 

The  bioleaching solution was obtained from an 
experimental  plant of heap leaching, which con- 
tained 0.54 g / L  copper,  3 .70  g / L  zinc, 3 .26  g / L  
iron and 0 .40 g / L  calcium. The  solution pH value 
was 2. 27. For the oxidizing activities of bacteria 
( T h i o b a c i l l u s  f e r r o o x i d a n s ) ,  most  of the iron in 
the solution existed as ferric ions. 

2. 2 Methods 
Copper extraction was carried out in a separa- 
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tory funnel with a mechanical shaking,  followed by 
zinc extract ion from the raffinate. The  aqueous 
phase and the organic phase were mixed in a prede- 
termined ratio and shaken for a predetermined 
time. Af ter  phase disengagement ,  the aqueous 
phase was separated,  in which the metal  concen- 
t rat ions were analyzed by a atomic absorpt ion spec- 
t rophotometer .  The  metal  concentrations in the or- 
ganic phase were calculated according to mass  bal- 
ance. The  pH value of the aqueous phase was ad- 
justed to the desired value by adding diluent sulfu- 
tic acid or sodium hydroxide solution. All experi-  
ments  were conducted at ( 2 5 ± 1 )  °C. 

3 RESULTS A N D  DISCUSSION 

3 . 1  Copper extraction 

Firs t ly  copper was extracted from the solution 
by LIX984. The  influences of extractant  content  
and equilibration time on the copper extraction 
were investigated. 
3 .1 .1  Influence of extractant  content  

The  influence of extractant  6ontent on the 
copper extract ion was studied in the range of 1 % -  
5 % ( v o l u m e  f rac t ion) ,  using a phase ratio of 1 : 1 
and an equilibration time of 5 rain. The  experimen-  
tal resul ts  are shown in Fig. 1. It  can" be seen that  
at the ext rac tant  content  of 1 °f00, the copper extrac- 
tion rate is 9 6 . 9 4 ~ .  When the ext rac tant  content 
is increased to 2 ~ ,  the copper extract ion rate is 
9 8 . 6 8 % ,  while the extract ion rate of zinc and iron 
is 1.60O//oo and 1.41°/00 respectively. The  separation 
factor ( f l=  DMel/DMe2, where D means the distribu- 
tion coefficient) of Cu to Zn,  and that  of Cu to Fe 
is more than 4 500 and 5 200, respectively. In the 
given extractant content range, the copper extraction 
keeps in a high level, and the extraction of zinc and i- 
ron keeps in a very low level. It indicates that LIX984 
shows a remarkable selectivity for copper over zinc and 
iron. 
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Fig. 1 Influence of LIX 984 content on 
copper extract ion 

3 . 1 . 2  Influence of equilibration time 
The  influence of t ime on the copper extract ion 

was studied by using LIX984 with a volume frac- 
tion of 2°/0 and a phase ratio of 1 : 1. The  results 
are shown in Fig. 2. It can be seen that  when the 
t ime is increased f rom 1 min to 2 rain, the copper 
extraction rate increases f rom 69. 620//oo to 96. 260//00. 
The  equilibrium of copper extract ion is reached af- 
ter 2 rain. Howeve r ,  the extract ion of zinc and iron 
is independent of the equilibration t ime and keeps 
in a very low level. It fur ther  demonst ra tes  the 
high selectivity of LIX984 on copper over zinc and 
iron. 
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3 . 2  Zinc extraction 
From the above resul ts  it follows that  copper 

is easily extracted and separated from the solut ion,  
while zinc and iron remains in the raffinate. In or- 
der to efficiently recover zinc, D 2 E H P A  was used 
as the extractant  for zinc. Zinc extract ion experi-  
ments  were carried out with varying ext ractant  
content ,  equilibration t ime,  phase ratio and aque- 
ous p H  value. If not the variable,  the ext rac tant  
content ,  the equilibration time and the phase ratio 
( O / A )  was 30°/oo (vo lume  f rac t ion ) ,  5 rain and 
1 " 1 ,  respectively. The  raffinate obtained from 
the previous copper extract ion contained 0 . 0 1 g / L  
copper ,  3 . 6 4 g / L  zinc, 3.21 g / L  iron and 0 . 4 0 g / L  
calcium. The  p H  value of the raffinate was 2.04. 
3 . 2 .1  Influence of ext rac tant  content  

Fig. 3 shows the influence of D 2 E H P A  con- 
tent  on the zinc extraction. I t  can be seen that at 
the ext rac tant  content of 5 ~ ,  the iron extraction 
rate is above 43 ~ ,  while the extract ion of zinc and 
calcium is both in a low level less than 5 %. When 
the ext rae tant  content is increased to 3 0 ~ ,  the 
zinc extraction rate increases to 4 3 . 2 0 % ,  and the 
extract ion rate of iron and calcium increases to 
61 .38% and 16.85°/00, respectively. I t  demon- 
s t rates  that  with the increase of D 2 E H P A  content ,  
a l though the zinc extract ion is increased,  the ex- 
tract ion of iron and calcium is also increased. 
I ron( l ] ] )  is s t rongly extracted by D 2 E H P A  before 
zinc, and portion of calcium is co-extracted. 

The  zinc extraction rate is low due to the poor 
cation exchange of the extractant .  The  phosphate  
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type extractant  exists as dimers or polymers in the 
nonpolar organic solvent,  which affects the extrac- 
tion of metals E93. It has been reported E9'14~ that the 
extracted species of phosphate type extractant  in 
the organic phase is ZnRz • 2HR or ZnRz • HR. 
Hence ,  the equilibrium equations of zinc extraction 
in this work are suggested as follows. 

Z n  z+ (aq) + 2 ( H R ) 2  (org) .  
ZnRz • 2HR(org )  + 2 H  + (aq) ( l )  

(aq) + 2 ( H R ) 2  (org) .  Zn z+ 

ZnRz • H R ( o r g ) + 2 H  + (aq) (2) 
Where HR represents the extractant  molecule. 

The  released hydrogen ion from cation ex- 
change enhances the acidity of solution, which also 
affects the equilibrium of metal extraction. 
3 . 2 . 2  Influence of equilibration time 

The influence of equilibration time on the zinc ex- 
traction is shown in Fig. 4. When the time is increased 
from 1 rain to 7 min, the zinc extraction rate increases 
from 37.13% to 43 .20%,  while that of iron increases 
from 40.46% to 70. 92%. The equilibrium of zinc ex- 
traction is reached in a short time, while that of iron is 
reached in a longer time. Therefore, according to the 
difference between the equilibrium time of zinc and iron 
extraction, it is helpful to run the extraction in a shor- 
ter time to reduce the extraction of iron, which is 
called "nonequilibrium extraction", although the selec- 
tivity is still not evident in this condition. 
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Influence of equilibration time 
on zinc extraction 

It is interesting that the calcium extraction de- 
creases with the increase of time. The  calcium ex- 
traction rate is 20 .56% after  1 min, however it de- 
creases to 11 .15% after 10 min. This maybe 
caused by the extraction competition of zinc and 
iron over calcium with increasing time. When the 
equilibration time is increased, more zinc and iron 
are extracted and displaced the already extracted 
calcium in the organic phase,  which causes the de- 
crease of the calcium extraction. 
3 . 2 . 3  Influence of phase ratio 

The  influence of phase ratio ( O / A )  on the 
zinc extraction is shown in Fig. 5. With the in- 
crease of O / A  ratio, the zinc extraction is in- 
creased. When the O / A  ratio is increased from 0.5 
to 1. 5, the zinc extraction rate increases from 
21 .10% to 53 .57% due to more extractants  in- 
volved in the extraction of metals. However ,  the 
iron extraction increases slightly and nearly reaches 
equilibrium even in the low O / A  ratio. The calcium 
extraction is moderately increased with the increase of 
phase ratio. 
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3 . 2 . 4  Influence of aqueous pH value 
The  extraction of zinc, iron and calcium is in- 

creased when the aqueous pH value is increased 
(Fig. 6). It can be seen from Eqns. 1 and 2, that 
increasing the pH value of aqueous can move the e- 
quilibrium towards the r ight ,  which accelerates the 
metal extraction. At the aqueous pH value of 1 .5 ,  
the extraction rate of zinc, iron and calcium is 
2 7 . 7 6 % ,  53 .67% a n d l .  80%,  respectively. When 
the aqueous pH value is increased to 3 . 0 ,  the ex- 
traction rate of zinc, iron and calcium increases to 
61 .80%,  83.26%/00 and 15. 41%/00, respectively. At a 
low pH value, the co-extracted calcium is negligible. 
3 . 2 . 5  Extract ion of zinc with the sodium salt of 

D 2 E H P A  
From the above results it can be seen that the 

increase of the D2EHPA content ,  the phase ratio 
( O / A )  and the aqueous pH value can elevate the 
zinc extraction. However ,  due to the poor cation 
exchange of D 2 E H P A ,  the increase of zinc extrac- 
tion is limited. To enhance the extraction of zinc, a 
sodium salt of D 2 EH P A  is used. The extractant  is 
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neutralized by adding a stoichiometric quanti ty of 
6.25 m o l / L  NaOH solution into the organic phase 
and stirring quickly to form a single phase. 

The  influence of percentage neutralization of 
D 2 E H P A  on the zinc extraction is shown in Fig. 7. 
It can he seen that using the sodium salt of 
D 2 E H P A  can enhance the metal extraction remark- 
ably. The  metal extraction is increased with the in- 
crease of the percentage neutralization. When 70 
of the extractant  was neutralized, the extraction 
rate of zinc, iron and calcium is 9 8 . 0 9 % ,  95.25O//oo 
and 30. 080/0, respectively. With the increase of 
the percentage neutralization, the zinc extraction is 
increased to the same level as that of iron. Accord- 
ing to Ref. [13~, it is assumed that the sodium salt 
of extractant  exists as monomers in the kerosene,  
and the extractant  that is not neutralized still ex- 
ists as dimers. So, the extraction equation of zinc 
with the neutralized organic phase may be sugges- 
ted as: 

Zn 2+ (aq) + 2 R -  ( o r g ) ~ Z n R 2  (3) 
Zn z+ (aq) 4 -R-  (org)  + ( t-IR)2 (org) .  

ZnR2 • H R ( o r g )  + H + (aq) (4) 
Obviously,  in the course of zinc extraction 

with the sodium salt of D 2 E H P A ,  the released H + 
from the cation exchange is decreased steeply due 
to the neutralization effect of NaOH. Hence,  the 
equilibrium pH value is kept in a high level and the 
zinc extraction is accelerated. 
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Fig .  7 Influence of neutralization rate 
on zinc extraction 

3 . 3  S e l e c t i v e  s t r i p p i n g  

Though using the sodium salt of D 2 E H P A  can 
increase the zinc extract ion,  the problem is that 
iron is more strongly extracted before zinc. Iron is 
a very sensitive impuri ty and has detrimental  effect 
on the zinc eleetrowinning. There fore ,  iron is usu- 
ally required to remove from the zinc solution be- 
fore entrance into electrowinning by cementation in 
the conventional hydrometallurgical  process. In 
this case, the separation of zinc from iron in the 
organic by selective stripping was investigated. 
The stripping experiments were carried out with 
varying the concentration of sulfuric acid and equil- 
ibration time. The  loaded organic phase came from 
the solvent extraction of zinc contained 3.58 g / L  
zinc, 3.01 g / L  iron and 0 .10 g / L  calcium. 

The results of stripping experiment  are shown 
in Fig. 8. In the tested range of sulfuric acid con- 
centrat ion,  zinc is easily stripped by sulfuric acid 
and iron is hardly stripped even in the high concen- 
tration of sulfuric acid. Zinc stripping rate is above 
99 %,  while iron stripping rate is 0 . 1 6 G  with re- 
spect to sulfuric acid concentrat ion of 100 g/L.  
The  influence of equilibration time on the zinc 
stripping rate is shown in Fig. 9. After  4 min, the 
zinc stripping rate is above 990//00, while the iron 
stripping rate is 0.14°//00. The  iron stripping increa- 
ses slightly with the increase of equilibration time 
but the total amount is negligible. 
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Therefore ,  though iron is s trongly extracted 
into the organic phase and made it difficult to sepa- 
rate zinc from iron, it is feasible to separate zinc 
from iron in the following process by selective 
stripping with sulfuric acid. The extracted iron is 
hardly stripped by sulfuric acid and remained in the 
organic phase. The  build-up of iron in the organic 
phase will depress the extraction ability of 
D 2 E H P A  in the next recycle extraction. Hence,  it 
is necessary to strip iron from the organic phase 
following the zinc stripping. The iron in the organ- 
ic phase can be stripped by concentrated hydrochlo- 
ric acid or by galvanic stripping E15] , but the latter 
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Fig. 9 Influence of equil ibrat ion t ime 
on zinc s t r ipping 

0.1 

is more  complex  in operation.  T he  influence of the 
concent ra t ion  of hydrochlor ic  acid on the iron s tr ip-  
ping is shown in Fig. 10. T he  exper iments  are car- 
ried out  by using an O / A  ratio of 1 " 1 and an 
equil ibrat ion t ime of 5 min. T he  iron s t r ipping is 
increased with the increase of the concent ra t ion  of 
hydrochlor ic  acid. With  6 m o l / L  HC1, the iron 
s t r ipping rate is above 90 %. 
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4 C O N C L U S I O N S  

1) Copper  and zinc in the bioleaching solut ions  
of low-grade  sulfide ores can be separa ted  and re- 
covered by solvent  extract ion.  Copper  ext rac t ion  is 
carried out  with LIX984 ,  fo l lowed by zinc extrac-  
t ion with D 2 E H P A .  

2) LIX984 shows  a higher  selectivity for cop- 

per than  for zinc and other  meta l s ,  which gives the 

copper  ext rac t ion  rate above 9 7 % ,  while the ex- 

t ract ion rate of zinc and iron is less than  1 .6  % ,  re- 

spectively.  T h e  zinc ext rac t ion is increased with 

the increase of the D 2 E H P A  con ten t ,  the phase ra- 
tio ( O / A )  and the aqueous p H  value. 

3) The  increase of zinc ext rac t ion  is l imited 
due to the poor  cation exchange of D 2 E H P A .  
Us ing  a sodium salt of D 2 E H P A  enhances  the zinc 
ex t rac t ion  rate above 9 8 ~ .  T h o u g h  iron ( ] ] I )  is 

s t rong ly  ext rac ted  before zinc by D 2 E H P A .  
4) It  is difficult to strip iron f rom the organic  

phase by sulfuric acid. T h e  zinc s t r ipping is above 
99% with  100 g / L  sulfuric  acid,  while tha t  of iron 

is 0 . 1 6 % .  Hence ,  the separa t ion of zinc f rom iron 
can be achieved by selective str ipping.  I ron can be 
s t r ipped by concen t ra ted  hydrochlor ic  acid to avoid 

its bui ldup in the organic  phase. 
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