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Abstract: The copper oxide ore is high oxidation ratio and the high combination ratio with a low grade
of Cu 0.71%. Copper concentrate of Cu 15.02% with a recovery of 38.55% was obtained by flotation.
The optimum acid leaching conditions were investigated. Effects of lixiviant concentration,
solid-to-liquid ratio, leaching time were investigated. The acid leaching efficiency was 78.75% relative
to flotation tailings.
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1. Introduction
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As the copper ores are mining continually, more and more refractory copper minerals are
being exploited. So the oxide copper minerals are becoming an important copper resource [1].
Copper oxide ores have the characters, such as, lower grade of Cu, high oxidation ratio and the
high combination ratio, the pulp has a lot of mud, and at the same time the copper may co-exist
with other metals. It is difficult to obtain the ideal result by traditional method for enriching the Cu.
The sulfuration flotation is the most frequently used way for the copper oxide ores flotation [2-3],
ammonia leaching, H2SO4 leaching [4], bacteria leaching and segregation-flotation processes are
also common ways to enrich the Cu [5].
In this paper a copper oxide ore from yangla, Yunnan province, it has a complex association
and dissemination with many gangue minerals in the form of fine grain. Many experimental
results show that it was not as good as expected only by flotation to recovery Cu. So the leaching
experiment was taken to extract the Cu as much as possible.

2 Experimental methods
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2.1 Materials.
The copper oxide ore is from yangla, Yunnan province of China. The compositions and phase
of copper analysis were shown in Table 1 and Table 2 respectively.

Item
Grade/%
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Tab. 1 Chemical analysis of the copper ore, %
Cu
Pb
Zn Fe Al2O3
SiO2 CaO MgO
0.71 <0.04 0.05 20.6 5.38
40.3
7.4 0.54

S
As
2.17 <0.10

Tab. 2 Copper phase analysis of the copper ore
Item
sulphate
Grade/%
<0.01
Occupancy/% -

Free copper oxide
0.16
22.86

Combined copper oxide
0.2
28.75

Copper sulphide
0.34
48.57

Total copper
0.7
100%

The lab-used single flotation cell of XFD type was used for the flotation experiment.
Leaching experiment device was magnetic stirrer typed DF-101S possessing constant heating
temperature.
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2.2 Methods
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Firstly, the flotation was conducted for recovering the Cu mainly in the copper sulphide
phase. The optimal result was obtained with the concentrate of Cu 15.02% and a recovery of
38.55%, when the grinding fineness was -0.074mm occupying 95%, sodium silicate 1.2 kg/t, CaO
100g/t, butyl xanthate 200g/t and 40g/t 2# pine oil for 3 min.
From Table 2, about 51.61% of the Cu is existed in the form of copper oxide which can’t be
floated easily. And the major gangue mineral was silicate, the content of SiO2 was reached about
40%, the total content of CaO and MgO was 7.94%. It is adaptive to take the experiment of acid
leaching tailings. So the flotation experiments and acid leaching tailings were made for recovery
the Cu as much as possible in the bench scale.
The leaching efficiency was used to evaluate the leaching performance and calculated using
the following equation:


M  
y  1 
 100
Q  


Where Q replace the weight of tailing before leaching, M was the weight of the residue, α was the
copper grade of ore before leaching and β was the copper grade of the residue.

3 Results and discussion
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3.1 Effect of sulfuric acid dosage on the leaching tailing experiment
Whether the oxide copper minerals could be dissolved thoroughly, economically and
environmentally should be considered. So an appropriate sulfuric acid dosage plays a key role to
obtain an expected leaching efficiency, the amount of sulfuric acid was first explored. The
leaching experiment was performed as follows: tailing 50 g, liquid/solid mass ratio of 3:1,

60

leaching time of 60 minutes, stiring speed was 500rpm and at 20℃ in a 250 mL beaker. The
effect of sulfuric acid dosage on leaching efficiency was shown in Fig.1.

Fig. 1 The effect of sulfuric acid dosage on leaching efficiency
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From the Fig. 1, as the increase of sulfuric acid dosage, the leaching efficiency of copper was
increased. After the sulfuric acid dosage reached 120 kg/t, the leaching efficiency didn’t increase
with the increase of sulfuric acid dosage. So the optimum sulfuric acid dosage was 120 kg/t and
the leaching efficiency reached 67.32%.
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3.2 Effect of the mass ration of liquid/solid on the leaching efficiency
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The mass ration of liquid/solid was investigated to find the suitable ration on the leaching
efficiency. The mass ration of liquid/solid experiment was performed at sulfuric acid dosage was
120 kg/t, leaching time of 60 minutes, stiring speed was 500rpm and at 20℃.The effect of
liquid/solid mass ratio on leaching efficiency was shown in Fig. 2.

Fig. 2 Effect of liquid/solid mass ratio on leaching efficiency
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The liquid/solid mass ratio on leaching experiment had an obvious effect on the leaching
efficiency. From the Fig. 2, the leaching efficiency of copper increased with the increasing mass
ration of liquid/solid during stirring leaching process. When liquid/solid mass ratio was 4:1, the
leaching efficiency reached 71.58%, and it didn’t increase obviously when increase the mass ratio
of liquid/solid. So the mass ration of liquid/solid was fixed to 4:1 during the follow experiments.
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3.3 Effect of the leaching time on the leaching efficiency
The different leaching time was investigated to find out the best leaching time on leaching
efficiency. The leaching time experiments were performed at sulfuric acid dosage was 120 kg/t,
liquid/solid mass ratio was 4:1, stiring speed was 500rpm and at 20℃. The effect of leaching time
on leaching efficiency was shown in Fig. 3.
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Fig. 3 Effect the leaching time on leaching efficiency
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Leaching time was an important factor during leaching process. Enough leaching time is
essential to achieve the high leaching efficiency. From the Fig. 3, we can see that the leaching
efficiency is increased with the longer leaching time, when the leaching time reached 120 minutes,
the leaching efficiency come to 78.75%. Longer time wouldn’t benefit the leaching efficiency. So
the optimum leaching conditions were that when the sulfuric acid dosage 120kg/t, liquid/solid was
4:1, leaching time 120 minutes, and the stiring speed was 500 rpm at 20℃. The best leaching
efficiency was 78.75%. The leaching efficiency is not quite high, it may because of the combined
copper oxide was difficulty to leached by H2SO4.
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4 Conclusions
1) The copper oxide ore had a low grade of Cu 0.71%, contains about 51% oxide copper
which can’t be enriched by flotation effectively.
2) Flotation tailing contains much oxide copper minerals and the gangues was silicate which
is beneficial to acid leaching by H2SO4, the leaching efficiency reached 78.75% under the
optimum conditions
3) By combining flotation and acid leaching, most of the copper was collected for the copper
oxide ore. The total recovery of the copper was 86.85%.

Acknowledgements
105

This research project was supported by the Specialized Research Fund for the Doctoral
Program of Higher Education (20105314110010).
References

110

115

[1] Bisweswar Das, Barada Kanta Mishra, Shivakumar Angadi, Siddharth Kumar Pradhan, Sandur Prakash and
Jayakrushna Mohanty. Characterization and recovery of copper values from discarded slag[J]. Waste Management
& Research, 2010, 28: 561-567
[2] Feng Q C, Wen S M, XIONG K, Liu J and Bai S J. Recovery of copper from a high content of slime and
refractory copper oxide ore by flotation[J]. Advanced Materials Research, 2013, Vols. 622: 170-174.
[3] Cao Z F, Zhong H, Liu G Y, Zhao S J. Techniques of copper recovery from Mexican copper oxide ore[J].
MINING SCIENCE AND TECHNOLOGY, 2009, Vols.19: 0045-0048.
[4] G. Senanayake. A review of chloride assisted copper sulfide leaching by oxygenated sulfuric acid and
mechanistic considerations[J]. Hydrometallurgy, 2009, Vol.19: 21-32.
[5] Liu Y C, Yang W, Fu J G, Li L F and Qian D. Leaching kinetics of copper flotation tailings in aqueous
ammonia/ammonium carbonate[J]. THE CANADIAN JOURAL OF CHEMICAL ENGINEERING, 2013, Vols.
91: 770-775.

-4-

