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Abstract: Extraction of copper and ammonia from Cu2+-NH3-Cl−-H2O solution using laboratorialy synthesized sterically hindered 
β-diketone (4,4-dimethyl-1-(4-dodecylphenyl)-1,3-pentanedione) was studied. The effects of the copper concentration, the total 
ammonia concentration, the initial pH in the aqueous phase, the phase ratio, and the temperature on copper extraction ratio and 
ammonia extraction in loaded organic phase were investigated using this sterically hindered β-diketone. Under the conditions of 
temperature 25 °C, contact time of two phases 30 min, phase ratio 11׃, concentration of copper 3 g/L, concentration of total ammonia 
3 mol/L, aqueous pH 8.43, and the concentration of β-diketone in organic phase 20% (volume fraction), ammonia in aqueous phase is 
much lower to be extracted by organic phase (just 14.5 mg/L), while the extraction rate of copper is 95.09%. 
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1 Introduction 
 

Tangdan copper mine, located near Dongchuan 
City in Yunnan Province, China, having 1.16×106 t 
copper reserve, is a refractory oxidized ore with 
high-alkaline gangues. Its average copper content is 
0.46% (mass fraction, the same below if not mentioned). 
This oxidized copper mineral has high alkaline gangue 
content (w(CaO+MgO)>40%) with above 50% of 
malachite and chrysocolla, and the rest of it is raw 
vulcanized copper, such as digenite, chalocite and 
bornite. Ammonia leaching method is applied to deal 
with this oxidized copper mineral, which has some 
advantages, e.g., high copper leaching ratio and low 
production cost. If acid-leaching method is adopted, it 
has high production cost because of huge acid 
consumption for the existence of alkaline gangue. In 
1990s, to deal with Tangdan oxidized copper mineral, 
Beijing General Research Institute of Mining and 
Metallurgy cooperated with Dongchuan Copper Mines 
Administration used the “ammonia leaching−solvent 
extraction−electrowinning” process. A pilot plant with 
500 t cathode copper production per year was built in 
1995[1−3]. In the “ammonia leaching−solvent 

extraction−electrowinning” process, the commonly used 
extractants are P204, LIX54 and LIX84. P204 
(di-2-ethylhexyl phosphate) is an acidic 
organophosphorous extractant. It is reported that under 
the conditions of temperature 25 °C, the contact time of 
two phases 10 min, phase ratio 1:1, ammoniacal solution 
(pH 10) and the concentration of P204 20% (volume 
fraction), the extraction rate of copper was 93.9%[4]. 
However, P204 is so soluble in alkaline solution that it is 
impossible to be commercially used in ammoniacal 
solution (pH >9). LIX54, a β-diketone extractant, has the 
virtue of higher saturation capacity of copper and lower 
ammonia extraction during the solvent extraction in 
ammoniacal solution[5]. But in 1995, Escondida of Chile 
applied LIX54 to extract copper from ammoniacal 
solution in a pilot scale. As a result of LIX54 
deterioration, which might be led by the reaction 
between a keto group of LIX54 and ammonia to generate 
ketimine, the copper in loaded organic phase was 
difficult to back extract, and finally this pilot plant was 
forced to be closed[6]. Therefore, it is inappropriate to 
choose LIX54 to extract copper in ammoniacal system. 
LIX84, a hydroxyoxime extractant, has been proved to 
be the main extractant for the extraction of copper from 
ammoniacal solution[7−11]. However, hydroxyoxime 
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such as LIX84 has a problem of serious ammonia 
extraction in ammoniacal solution[12−13]. The ammonia 
present in the loaded organic phase should be removed 
before attempting copper stripping with the spent 
electrolyte. Otherwise, ammonia in the loaded organic 
phase is transferred to the pregnant electrolyte after 
copper stripping, which may result in the accumulation 
and the precipitation of (NH4)2SO4 in the pregnant 
electrolyte[14]. In our research, TBP was added to 
LIX84, which just partially decreased ammonia 
extraction in the loaded organic phase[15]. 

In this work, a laboratory synthesized sterically 
hindered β-diketone was applied to reduce the ammonia 
extraction in the loaded organic phase. The effects of the 
concentration of copper ion, the total ammonia 
concentration, the initial pH in the aqueous phase, and 
the phase ratio on copper extraction ratio and ammonia 
extraction in loaded organic phase were also studied. 
 
2 Experimental 
 
2.1 Reagents 

Sterically hindered β-diketone (4, 4-dimethyl-1-(4- 
dodecylphenyl)-1, 3-pentanedione) used as extractant for 
the extraction of copper ions was laboratorialy 
synthesized according to Ref.[16]. The diluent (260# 
kerosene) was supplied by Shanghai Rare-earth 
Chemical Co, Ltd, China. Aqueous phase was prepared 
with proper molar ratio of CuCl2·2H2O, NH3·H2O and 
NH4Cl. All the other reagents used were in AR grade. 
 
2.2 Apparatus 

Extraction studies were carried out in conical flask 
with a thermostatic water bath shaker to equilibrate the 
samples for 30 min to study the copper extraction or the 
ammonia stripping. The pH of aqueous solutions was 
measured with a digital Rex pH meter Model pHS-3C 
provided with combined glass electrode. The Pgeneral 
Model TAS-990 atomic absorption spectrophotometer 
(AAS) was used for analyzing copper content after 
proper dilutions with 0.3 mol/L HNO3. The ammonia 
content was determined with Nessler's Reagent 
spectrophotometry method using Model 722 visible 
spectrophotometer. 
 
2.3 General extraction experiments 

Desired volumes of the aqueous phase and organic 
phase were equilibrated in a thermostatic water bath 
shaker for 30 min and after phase disengagement, the 
aqueous phase was separated followed by the 
determination of copper concentrations in the raffinate 
by atomic absorption spectrophotometer[17]. The 
concentration of copper ions in the organic phase was 
calculated from the difference between the concentration 

in the aqueous phase before and after extraction. The 
loaded organic phases were centrifuged to remove all 
possible content of aqueous entrainment, stripped with 
distilled water at a phase ratio (O/A) of 15׃. Then, the 
two phases were separated with separatory funnel. The 
ammonia content of the aqueous phase was determined 
by the Nessler's Reagent Spectrophotometry[18]. 
 
3 Results and discussion 
 

The extraction equilibrium for a divalent metal Cu2+ 
and a chelating extractant, such as sterically hindered 
β-diketone, is generally given by[19] 
 

org)(2HR)aq(Cu2 ++ )aq(2H)org(CuR 2
++       (1) 

 
If the aqueous solution contains copper ions and 

ammonium ions, at sufficiently high pH value where free 
ammonia is produced, copper ammine complexes in 
aqueous phase will be formed, which subjects to the 
following equilibrium[19]: 
 

)aq(NH)aq(Cu 3
2 m++ )aq(])Cu(NH[ 2

3
+

m      (2) 
 

When the two phases contact, ammonia in aqueous 
phase may be extracted into the organic phase as 
[Cu(NH3)m]R2(org) which is extracted into the organic 
phase by β-diketone, which subjects to the following 
equilibrium[20]: 
 

2HR(org))aq(])Cu(NH[ 2
3 ++
m  

)aq(2H)org(]R)Cu(NH[ 23
++m                  (3) 

 
where HR(org) refers to sterically hindered β-diketone in 
organic phase; CuR2(org) refers to complexing 
compound of copper and sterically hindered β-diketone 
in organic phase; [Cu(NH3)m2+](aq) refers to the 
complexing species between ammine and copper ion in 
aqueous phase; and Cu(NH3)m2+]R2(org) refers to the 
extraction compound between Cu(NH3)m2+ and sterically 
hindered β-diketone in organic phase. 
 
3.1 Rate of copper extraction 

The extraction experiments were carried out for 
3−20 min. The operating conditions of extraction were: 
[Cu2+]=3 g/L, [NH3]=1 mol/L, [NH4Cl]=2 mol/L, the 
concentration of β-diketone in organic phase 20% 
(volume fraction) and phase ratio (O/A)=1 at room 
temperature. The results are represented in Fig.1. 

In Fig.1, the extraction rate of copper increases with 
the increase of the contact time. The extraction 
equilibrium is established after 10 min. In all the 
extraction experiments, a contact time of 30 min was 
chosen to ensure that the equilibrium could be reached. 
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Fig. 1 Effect of contact time on copper extraction rate 
 
3.2 Effect of copper concentration on copper 

extraction rate and ammonia extraction 
The effects of the initial copper concentration in the 

aqueous phase on the extraction of copper and ammonia 
in the loaded organic phase were studied (See Fig.2 and 
Fig.3). The operating conditions used were [NH3]=1 
mol/L, [NH4Cl]=2 mol/L, the concentration of β- 
diketone in organic phase 20% (volume fraction), O/A 
phase ratio 1 and contact time 30 min at room 
temperature. 
 

 
Fig.2 Effect of copper concentration of aqueous phase on 
copper extraction rate 
 

In Fig.2, the extraction rate of copper decreases 
with the increase of the initial copper concentration in 
the aqueous phase. The variation of the initial copper 
concentration from 2.8 to 7.1 g/L leads to a decrease of 
copper extraction rate from 80.4% to 53.4%. The 
possible reason may be that the concentration of 
β-diketone in the initial organic phase is constant, while 
the concentration of β-diketone is declined with the 
increasing initial copper concentration in the aqueous 
phase, which results in the decrease of copper extraction 
rate. 

 

 
Fig.3 Effect of copper concentration of aqueous phase on 
ammonia concentration in loaded organic phase 
 

In Fig.3, the variation of the initial copper 
concentration from 2.8 to 7.1 g/L leads to an increase of 
extracted ammonia in loaded organic phase from 20.8 to 
35.8 mg/L. Ammonia in aqueous phase is probably 
extracted to the organic phase by β-diketone as the 
species [Cu(NH3)m]R2(org). With the increase of the 
initial copper concentration in aqueous phase, the content 
of [Cu(NH3)m](aq) increases. And it is beneficial to the 
formation of [Cu(NH3)x]R2(org) when the two phases are 
contacted. Hence, there is a significant increase of the 
extracted ammonia content in the loaded organic phase. 
 

3.3 Effect of total ammonia concentration on copper 
extraction rate and ammonia extraction 
The effects of total ammonia concentration in the 

initial aqueous phase on the extraction of copper and 
ammonia are shown in Fig. 4 and Fig.5. The operating 
conditions used were [Cu2+]=3 g/L, the molar ratio of 
NH3 to NH4Cl =1:2, the concentration of β-diketone in 
organic phase 20% (volume fraction), phase ratio 
(O/A)=1 and contact time 30 min at room temperature. 

In Fig.4, it can be observed that the extraction rate 
of copper decreases with the increase of the total 
ammonia concentration in the initial aqueous phase. The 
variation of the total ammonia concentration from 1.5 to 
6 mol/L leads to an decrease of the extraction rate of 
copper from 98.7% to 17.2%. The decrease of extracted 
copper percentage can be explained that the ammine 
copper species formation of [Cu(NH3)m]2+ occurs in the 
aqueous solution and this formation affects the metal 
extraction by virtue of the resulting decrease in the 
concentration of free copper ions. 

In Fig.5, the extracted ammonia concentration 
increases with the increase of the total ammonia 
concentration in the aqueous phase. The variation of the 
total ammonia concentration from 1.5 to 6 mol/L leads to  
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Fig.4 Effect of total ammonia concentration of aqueous phase 
on copper extraction rate 
 

 
Fig.5 Effect of total ammonia concentration of aqueous phase 
on ammonia concentration in loaded organic phase 
 
an increase of extracted ammonia concentration from 5.6 
to 16.2 mg/L. These phenomena can be explained by the 
above equilibriums (2) and (3). The concentration of 
[Cu(NH3)m]2+(aq) increases with the increase of total 
ammonia concentration, which results in the increase of 
extracted ammonia in loaded organic phase. 
 
3.4 Effect of initial pH on copper extraction rate and 

ammonia extraction 
The extraction of copper and ammonia from 

ammoniacal medium was studied using β-diketone 
within the initial pH range from 7.77 to 10.03 (see Table 
1). The operating conditions of extraction were: [Cu2+]=3 
g/L, [NH3]+[NH4Cl]=3 mol/L, the concentration of 
β-diketone in organic phase 20% (volume fraction), 
phase ratio (O/A) =1 and contact time 30 min at room 
temperature. 

In Table 1, when the pH value of the aqueous phase 
ranges from 7.77 to 10.03, pH has little effect on the 
extraction rate of copper. While the extracted ammonia 
concentration in loaded organic phase increases with  

Table 1 Effect of pH on copper extraction rate and ammonia 
extraction 

PH 
Copper extraction 

rate/% 
Ammonia 

concentration/(mg·L−1) 

7.77 98.76 9.5 

8.43 95.09 14.5 

10.03 95.89 16.7 

 
increasing pH value of the aqueous phase. As the initial 
pH value increases from 7.77 to 10.03, the highest 
extracted ammonia concentration in loaded organic phase 
is just 16.7 mg/L. These phenomena can be explained 
that the concentration of [Cu(NH3)m]2+(aq) increases with 
the increase of the pH value, which results in the increase 
of extracted ammonia content in loaded organic phase. 
 
3.5 Effect of O/A phase ratio on copper extraction 

rate and ammonia extraction 
The effect of O/A phase ratio on copper extraction 

ratio and ammonia extraction is shown in Fig.8 and Table 
2. The operating conditions used were [Cu2+]=3 g/L, 
[NH3]=1 mol/L, [NH4Cl]=2 mol/L, the concentration of 
β-diketone in organic phase 20% (volume fraction) and 
contact time 30 min at room temperature. The O/A phase 
ratio is from 15׃ to 101׃. 

In Fig.6, the extraction rate of copper increases with 
the increase of the phase ratio (O/A). The variation of the 
phase ratio from 110׃ to 21׃ leads to an increase in the 
rate of extracted copper from 28.0% to 94.2%. When the 
phase ratio is more than 2, the phase ratio has almost no 
effect on the extraction rate of copper. These phenomena 
can be explained by the equilibrium (1). The 
concentration of HR(org) in organic phase increases with 
the increase of the phase ratio (O/A), which results in the 
increase of copper extraction ratio. 
 

 

Fig.6 Effect of phase ratio on copper extraction rate 
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Table 2 shows that the extracted ammonia content 
in the loaded organic phase decreases from 29.0 to 7.8 
mg/L as the phase ratio (O/A) descends from 51׃ to 12׃. 
However, the extracted ammonia concentration in loaded 
organic phase increases from 7.8 mg/L to 33.6 mg/L as 
the phase ratio (O/A) descends from 12׃ to 110׃. The 
lowest extracted ammonia concentration in loaded 
organic phase was achieved at O/A ratio of 12׃. 

 
Table 2 Effect of phase ratio on ammonia extraction 

Phase ratio (O/A) Ammonia content/(mg·L−1)

 29.0 1׃5

 26.2 1׃2

 18.1 1׃1

 7.8 2׃1

 17.9 5׃1

 22.0 7׃1

 33.6 10׃1

 
3.6 Effect of temperature on copper extraction rate 

and ammonia extraction 
The effects of temperature on copper extraction 

ratio and ammonia extraction are shown in Table 3. The 
operating conditions used were [Cu2+]=3 g/L, [NH3]=1 
mol/L, [NH4Cl]=2 mol/L, the concentration of 
β-diketone in organic phase 20% (volume fraction), 
phase ratio (O/A) =1 and contact time 30 min. The 
temperature was 25−50 °C. 
 
Table 3 Effect of temperature on copper extraction rate 

Temperature/°C Copper extraction rate/%

25 94.29 

30 94.27 

50 94.95 

 
Table 3 shows that the extraction rate of copper 

basically unchanged in the temperature range of 25−50 
°C. The extracted ammonia concentrations in loaded 
organic phases are very low (less than 12 mg/L) at 25, 30 
and 50 °C. 
 
4 Conclusions 
 

1) The laboratorialy synthesized sterically hindered 
β-diketone has been proved to be an effective extractant 
for the extraction of copper with much lower ammonia 
concentration extracted in loaded organic phase. With the 
increase of copper concentration and total ammonia 
concentration in the aqueous phase, the copper extraction 

rate decreases. With the increase of initial pH value and 
phase ratio, the copper extraction rate increases. 
Temperature has almost no effect on the copper 
extraction rate. The extracted ammonia concentration in 
loaded organic phase increases with the increase of 
copper concentration, total ammonia concentration and 
initial pH value in the aqueous phase. 

2) Under the conditions of temperature 25 °C, 
contact time of two phases 30 min, phase ratio 11׃, 
concentration of copper 3 g/L, concentration of total 
ammonia 3 mol/L, aqueous pH 8.43, and concentration 
of β-diketone in organic phase 20% (volume fraction), 
ammonia in aqueous phase is much lower to be extracted 
by the organic phase (just 14.5 mg/L), while the 
extraction rate of copper is 95.09%. Though the extracted 
copper rate of β-diketone is a little lower than that of 
LIX84, the extracted ammonia concentration of 
β-diketone is much lower than that of LIX84. 
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