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ABSTRACT The presence of a large amount of fine particles and muddy ore during the heap leaching process leads the occurrence of
low leaching rate. Herein, agglomeration experiments using low-grade secondary copper sulfide ore were conducted to enhance the poor
heap permeability and low leaching rate caused by the presence of a large amount of fine particles during the heap leaching process.
The optimum binder, agglomeration technology, and agglomeration method were selected after investigating the bonding effects of differ-
ent binders on mineral particles. The effect of single factor, including the binder mass fraction, acid quality, and bulk of water spra-
ying on agglomeration experiments were conducted before the orthogonal experiment. The key factors that have a considerable effect on
agglomeration were identified through the orthogonal experiment. According to the experimental results, the order of bonding effect of
different granulation binders is as follows: SFS-2 > SFS-3 > cement > hemihydrate gypsum > SFS—1 > SFS-0 > sodium silicate > cation-
ic polyacrylamide. The effect of agglomeration is the best when SFS—2 is selected as a binder, the acid quality is measured as 25 kg-

t™', and the mass fraction of spraying water is 309% during the agglomeration process. The wet strength and compressive strength rea-
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ches up to 94.62% and 417. 44 N, respectively, after drying. The acid leaching time of agglomerations is maintained for more than 25

d, during which the shape of agglomerations remains unchanged and is without obvious fracture. According to the orthogonal experi-

ment, the factors affecting the agglomeration in the descending order are as follows: binder mass fraction, acid quality, and bulk of wa-

ter spraying. The bacterial inoculation experiment in the presence of binder was conducted, but it shows no considerable effect of bind-

er on the bacterial community. The bacterial number of experiment in the presence of binder reaches 8. 79 x 10’ mL ™", while that in

the absence of binder is 8. 86 x 10’ mL.™". The leaching experiments results show that the copper leaching rate increases by 12. 74%

after agglomeration because agglomeration increases the porosity between the minerals and improves the contact between leaching solu-

tion and minerals.
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Table 1 Mass fraction of major elements in mineral samples

%
Cu Fe S Ca0 MgO Al O, Si0,
0.70 1. 67 1. 10 0. 30 0. 04 5.29 91. 00

R2 PR HAER (BRI

Table 2 Cu phase analysis results of mineral samples %

S BAEGARH UERALS S5 B Cu
0.04 0.05 0. 60 0.01 0.70

AR TR A S A R R K,
A VIR B AL WA T 1 (Acidithiobacillus ferrooxi-
dans). i OK B Fe B Xt 4l i A7 s e = E 46 4l
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3.00 g-L™" ‘MgSO, -7H,0 0.50 g-L~' [KC10.10 g~
L' K,HPO,0.50 g-L™" Ca(NO,), 0.01 g-L""f0l
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Fig.1 Variation of bacterial concentration in different culture bases
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Fig.2 Variation of wet strength and compressive strength under dif-

ferent binders’ mass fractions
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Fig.3 Variation of wet strength and compressive strength under dif-

ferent acid qualities
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Table 5 Orthogonal experiment schemes and results
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2 2(1) 25(2) 25(2) 91.08 105.96 <13

3 2(1)  30(3) 30(3) 90.24 98.92 <12

4 2(1)  35(4) 35(4) 89.96 100.81 <8
5 4(2)  20(1) 25(2) 91.02 121.07 <9
6  4(2) 25(2) 20(1) 90.83 123.81 <l4
7 4(2)  30(3) 35(4) 92.78 114.77 <12
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16  8(4)  35(4) 20(1) 90.98 392.83  <l4
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Table 6 Analysis of the acid leaching time
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’ j=1 j=2 j=3
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K, 45 70 58
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K, 90 45 66
Ky, 11.00 16. 00 13.25
Ky, 11.25 17.50 14.50
Ky 15.25 15.25 15.75
Ky 22.50 11.25 16. 50
R, 11.50 6.25 3.25
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Table 7 Leaching experiment schemes
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Fig.5 Experimental devices: (a) group A; (b) group B
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Fig.6 Variation of copper leaching rate
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