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Bioleaching of low grade copper sulfide ore

LAI Shao-shi, QIN Wen-qing, YANG Cong-ren, WANG Jun, ZHANG Yan-sheng, ZHANG Bo,
CHANG Zi-yong, KUANG Hao-hua

(School of Resource Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: A mixed culture consisting of Acidithiobacillus ferrooxidans and Acidithiobacillus thiooxidans was used to
study technical feasibility of bioleaching of some copper sulfide ore from Ningxia. The bioleaching test was carried out in
flask, small-scale column and large-scale column. The residues were analyzed by chemical analysis and X-ray
diffractometry. The residues surface and element content were analyzed by scanning electron microscopy and energy
spectrum. The results show that 94.38% copper is extracted after 55 d in flask with a pulp density of 5%. 62.50% copper
is extracted after 226 d in small-scale column with 2.10 kg ore, and the ore particle size is lower than 15 mm. 43.03%
copper is extracted after 285 d in large-scale column with 77.85 kg ore, and the ore particle size is less than 25 mm. The
copper leaching rate decreases gradually in later process, which is related with calcium sulphate and iron precipitation. In
the residues calcium content is essentially the same, but the sulfur content evidently increases and gypsum is found,
calcium and iron on the surface evidently increase, calcium sulphate crystallizes and iron precipitates on the ore surface,
which worsen the penetrability of the ore and result in gradually dropping of copper leaching rate.
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Fig.1 XRD pattern of raw ore
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Table 1 Results of element analysis of ore sample (mass

fraction, %)

Cu Mo CaO MgO Fe S AgY  AuY

0.32 0.001 455 129 0.85 048 39 <o0.1

1) gh.

&2 WY ER

Table 2 Mineralogical analysis results of copper

Phase Mass Distribution
fraction/% rate/%
Primary copper sulfide 0.120 37.50
Secondary copper sulfide 0.190 59.38
Free copper oxide 0.003 0.94
Conjunction oxidized copper 0.007 2.19
Total 0.32 100.00

OK FEAili ER i AL B R : (NH,),SO04 3.0 g/Ls
KC10.1 g/lL. K,HPO, 0.5 g/L. MgSO,-7H,0 0.5 g/L.
Ca(NOs), 0.01 g/L.

FERCLF 1) B3R OK FER R A HI R 60 °C, KigE
WE TR A A R B AT B A )N 447 g 1
FeSO,7TH,0; F5FRME TR EMBRBLAT B (A. O B I ARy
5g.

I 9K K55 95 mL ¥ T 250 mL [WHEE i, H
iR pH {4 1.8, A SmL B, HHEEIR
HHRRZ T, BRI 30 °C, A 160
r/min. & [FFE 7B IR DR AT H R
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Fig.2 Changing curves of copper extraction in shake flasks
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Fig.3 Concentration curves of copper and total iron content
(Fey) in shake flasks
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Fig.4 Changing curves of solution pH (a) and potential (b) in
shake flasks
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Table 3 Results of chemical analysis of residues from

small-scale 1, 2 and large-scale column

Mass fraction/%

Sample
Cu Fe CaO MgO S

Raw ore 0.32 0.85 4.55 1.29 0.48
Column 1 0.14 0.43 4.28 0.29 1.42
Column 2 0.12 0.52 3.94 0.29 1.49

Large-scale
column

0.158 0.5 43 0.44 1.4

F4 Y HER

Table 4 Mineralogical analysis results of calcium

CaO"
Calcium phase Mass Distribution
fraction/% rate/%
Calcium carbonate 3.73 81.98
Ca1c1u.m in 1r01.1 and 0.5 10.99
aluminum oxides
Calcium silicate 0.32 7.03
Total 4.55 100.00
1) Calcium content is expressed by calcium oxide.
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Fig.7 XRD patterns of residues from low-scale column 1(a),
2(b) and large-scale column(c)
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Fig.8 SEM images of ore surface: (a) Before leaching; (b) After leaching; (c) Microstructure of zone 1; (d) Microstructure of zone 2
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Table 5 EDS results of zones 1, 2 and raw ore
Sample Mass fraction/% Molar fraction/%
S O Ca Fe Si Al K S (0] Ca Fe Si Al K
Rawore 2.65 299 728 228 71.87 648 3.77 237 537 522 117 7347 689 277
Zonel 3228 551 4357 12775 436 081 0.73 35.08 11.99 37.88 796 541 1.04  0.65
Zone2 18.14 237 055 3649 37.62 222 261 19.72 5.15 048 2277 46.69 286 233
HJH R R BRI B R A, chalcopyrite  bioleaching[J]. Hydrometallurgy, 2000, 57:
225-233.
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