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Table 1  Composition of ore particle elements (mass
fraction, %)

Cu Fe S CaO MgO AlLO; SiO,

3 0.1 0.5 0.5 0.01 0 81

R2 W AHARI T

Table 2 Phase analysis results of copper

B 1 SRR R LI P o Ak
Fig. 1 Experimental ores and its distribution characteristics of
minerals: (a) Microscope image of minerals distributions; (b)

Experimental secondary copper sulfide

R3O IRIER)
Table 3 Components of 9K liquid medium (g/L)

(NH,),S0, KCl K;HPO,  MgSO,7H,0
3 0.1 0.5 0.5
Ca(NO;), FeSO,-7H,0 H,0
0.01 0 1000

Capper phase Cu quality/g  Mass fraction/%
Free copper oxide 0.04 5.71
Primary copper sulfide 0.06 8.57
Secondary copper sulfide 0.59 84.29
Bound copper oxide 0.01 1.43
Total 0.7 100
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Table 4 Stacking and leaching plan of ores

) Coarse ores Fine ores Location of
Experimental
(4 mm<<r<< Cmm<r< fine ones
groups
6 mm) 4 mm) layer
Column A 150 g 50g L1
Column B 150 g 50g L2
Column C 150 g 50g L3
Column D 200 g - -
Column E - 200 g -
(a) [ ]
Glass balls
L1 —f— Ores layers
L2
L3
Cotton cushion
k= = = =< Porous glass screening
L J

L

o 3 ) o o " Sy N ~ 5
oA ? ~f " JIES

. b R 7l z T
Column A Column B Column C Column D Column E
B2 SEA RS (a) M=4, (b) BAFENIUEHE
4K
Fig. 2

Layered structure; (b) Ore heap structure inside single column:

Layered structures of experimental columns: (a)

1—Fine ores layers; 2—Coarse ores column; 3—Fine ores column
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Fig. 3 Binarized images of pore structure under different heap
structures: 1—Fine ores layers; 2—Coarse ores column; 3—

Fine ores column
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Fig. 4 Distribution of section porosity under different heap

structures
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Table 5 Fractal box dimension of each experimental group

before leaching

Column A ColumnB Column C ColumnD ColumnE

1.4921 1.4828 1.4603 1.5405 1.5308
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Changing curves of bacteria concentration with
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Fig. 6 Changing curves of pH value inside solution with

leaching time
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Fig. 7 Changing curves of copper leaching rate with leaching

time
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Cu,S+Fe,(SO,); + H,S0, ——>
2CuSO0, +2FeSO, +H,0 (8)
Cu,S+2Fe, (SO, ); —>2CuSO, +4FeSO, +S  (9)
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Cu,S+Fe,(SO,); —> CuSO, +2FeSO, + CuS  (10)
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Table 6 Fitting parameters of experimental curves
Experimental group Yo A, 4 A, t
Column A ~0.65185 10.4215 0.42967 64.14367 14.56963
Column B 4.04184 ~2.80728 7.854E7 63.68022 14.16645
Column C ~1.17982 9.87662 0.79484 53.11101 15.32308
Column D ~0.80823 66.96747 14.90516 11.98593 0.45433
Column E 2.94751 18.61633 12.92727 42.94717 12.92581
Fz7 HHHREERYUE R
Table 7 Fitting equations of copper leaching rate
Experimental group Fitting equation Goodness of fit (R?)
Column A 1 =—0.65185+10.4215(1—¢ 042967 ) 1 64.14367(1—e 1436963 ) 0.99652
Column B )= 4.04184 - 2.80728E6(1 —¢ 754ET) 4 63.68022(1—¢ 1416645 ) 0.98652
Column C y=—1.17982+9.87662(1 —e 079484) 1 53 11101(1—e 1532308) 0.99625
Column D 1= -0.80823 +66.96747(1—¢ 1490516) 1 1.98593(1 —¢ 0-23811) 0.99527
Column E 5 ; 0.98933

y=2.94751+18.61633(1—¢ 129277 )+ 42.94717(1—¢ 1292581
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Fig. 8 Relationship fitting curves of leaching time and copper

leaching rate with different heap structures
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Effect of heap structure on column leaching of
secondary copper sulfide

YIN Sheng-hua'?, WANG Lei-ming"?, XIE Fang-fang?, CHEN Xun' %, PAN Chen-yang’, Al Chun-ming’

(1. Key Laboratory of Ministry of Education for High-Efficient Mining and Safety of Metal,
University of Science and Technology Beijing, Beijing 100083, China;
2. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China;
3. College of Safety Science and Engineering, Liaoning Technical University, Huludao 125105, China)

Abstract: Heap structure is the key effect of solution distribution inside heaps and copper leaching effect. To research
the bioleaching law of secondary copper sulfide under different conditions of heap structure, this study selects coarse
and fine particles and carry out indoor column leaching experiments with couple of dumping modes continued for 60
days, effectively simulating the couples structure in real heaps, analyzing the pore structure under different heap
structures based on CT technology, researching the changing law of bacteria concentration, pH value, copper leaching
rate with leaching time, and obtaining the relationship equation between leaching time and copper leaching rate. The
results show that the effect of different heap structure on ore leaching is different, and it tends to be the best by using the
uniform particle size ores, the copper leaching rate reaches 75.9% after being leached for 60 days, the solution is hard to
infiltration vertically and leaching effect is poor when fine interlayers located in the lower portion of heaps, the copper
leaching rate reaches 59.5%. On the contrary, the upper layer of fine particles plays a good diversion effect and leaching
rate tends to be higher. In the later part of ore leaching, copper leaching rate reaches the peak under the effect of the
physical deposition of muddy, quartz and other non-reactants, the chemical agglomeration of sulfur, jarosite and other
reaction production layer, and the biological factors like extracellular polymeric substances (EPS) and so on.

Key words: secondary copper sulfide; heap structure; column leaching; particle segregation; computed tomography
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