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Table 1 Chemical analysis of several copper sulfide ores

Mass fraction/%
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Cu FeT S SIOZ

Low-grade chalcopyrite ore 0.2 34 5.1 25.7
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Fig. 1 Infrared spectra of low-grade chalcopyrite ore before

and after being contaminated



528 455 4 )

R, & RGNS YL 4) At. thiooxidans T¥ 825

22 YREEERZISRE AFRERWRMITA

Bl 2 s A AEAR A AT R 5275 JL i G A,
thiooxidans 20 L (P W Bt 4F4E . BHIE 2 WL, A4e
thiooxidans FANMIAEIA] 5 min P PRI 204
i, IR TR BT AERE ARG ML G
AT, AT SR B R B R, P B R AR e Y
19%, {HI P& S48 € (1IN [RIZEIR 2 7 min. SEM W
HORW], 0 B B AT 2 T A ML TS BT IS A,
thiooxidans 41 WIS HITES (30 WK 3(a)F11E] 3(b)),
RINAESZ GL i At R MW At. thiooxidans I3 %
HE#E,

70

60f
50t
40t
30t
20}

Adsorption ratio/%

10F = — Uncontaminated
e — Contaminated

0_

(I) é 1I0 1I5 2I() 2I5 3I0
Time/min
B 2 At thiooxidans M MITEAR S AL SR B 15 BL 0T 5 AL
(IS
Fig. 2 Adsorption ratio of At. thiooxidans on uncontaminated/

contaminated low-grade chalcopyrite ores
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Fig. 3 SEM images of At thiooxidans on low-grade

chalcopyrite ores: (a) Uncontaminated; (b) Contaminated

WA 8y S 2%, B R A ik [
T A G AL O THAEAE G AN B LR A AN
B G AU A S AR WL R A T -
& N P Y S X VY &7 R4 d = i LN
gl RAEWMHER . A PR v U A48 .
Bl S(aynT %, BEA&EAHUAHT LIX984N WREEM Ty, 3%
BT T PR R A S B (1) 35° B8 K B 6394 47 s
LRGSR TR, 5 —J7H, T HZAR
WRE LIX984N AN QST , ¢ HAr AR/,
FPEFEAROLE 5(b)). 1X FZIE T LIX984N HiZE/K
FRIR AP FE R i R AR PERE AL R I S 20 F o IXFH
SR T e RSB BHAE T R P, A B K I 5
HHUAH I LAY AR SR R T, S S A
Ko T L T A R BRI N R (—OH) .
(CN—OM)?Y, AFILZ1H Aok, Pk, AR
MU W B 5 S0 4 S T i K Pk 3, A P,
PEHE T AN AE PR T IR B o SR, R4 A
thiooxidans VA 4N HLESZ Sl A0 3 T P WL A3k AR



826 oh A G 2R 2018 4F 4 A
8.0 35
(a) (b)
75}
7.0} 3.0t
N e —e— Uncontaminated
0657 = —e— Contaminated
—s— Uncontaminated 251
6.0 —e— Contaminated
55F
2.0
5'0 1 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30
Time/d Time/d
650
(©) (d)
16 +
600 [

—e— Uncontaminated
—o— Contaminated

Potential/mV
W
S
S

350

0 5 10 15 20 25 30
Time/d

—s— Uncontaminated

12} —e— Contaminated

Copper leaching rate/%

0 5 10 15 20 25 30
Time/d

& 4 At thiooxidans B1Z AR A T I A2 A5G 2 B0 B TR) 1) A8 4k

Fig. 4 Changes of some parameters with time during bioleaching of low-grade chalcopyrite by At. thiooxidans: (a) Cell number; (b)

pH; (c) Redox potential; (d) Copper leaching rate
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Fig. 5 Effects of extraction organics on surface properties of low-grade chalcopyrite ore: (a) Contact angle; (b) {-potentials values
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Fig. 6 Morphologies of At. thiooxidans cells visualized by CLSM (Con A and Syto 9 staining): (a) Uncontaminated; (b) Contaminated
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Fig. 7 SEM images of EPS of At. thiooxidans attaching on chalcopyrite ore: (a) Contaminated; (b) Uncontaminated



828 hEA SR R 2018 4 4 H
Impact of entrained and dissolved organic chemicals associated
3 4 :él: i /I:\' with copper solvent extraction on Acidithiobacillus

1) ASIBCAT B AR B PR 5 6 U i (7 SRR SR 1

K S H M, fF At thiooxidans TR B B 218
n 19%.

2) At. thiooxidans W& H 52 A WA NG F AR

ST SRR A A 9%, BT R
{66 29%. AN I A6 R KA T

Eiy

il

3) AEAAT I, g b SR S afE A
EALIEER7)) AINp apee

4) BRI PAT YU o a0 MOBT PR A G 5240
EPS J3Ak/D s 33 BT HLTS ek,

P SRR A AR 25U

REFERENCES

(1

(2]

[3]

(4]

(3]

(6]

(7]

(8]

WATLING H R. The bioleaching of sulphide minerals with
emphasis on copper sulphides—A review[J]. Hydrometallurgy,
2006, 84: 81-108.

DOPSON M., SUNDKVIST J, BORJE LINDSTROM E.
Toxicity of metal extraction and flotation chemicals to
Sulfolobus
Hydrometallurgy, 2006, 81: 205-213.

TORMA A E, ITZKOVITCH 1 J. Influence of organic solvents

metallicus  and  chalcopyrite  bioleaching[J].

on chalcopyrite oxidation ability of Thiobacillus ferrooxidans[J].
Appl Environ Microbiol, 1976, 32: 102—-107.

BRGRJA, xESR, WG, ARG MU 40 5 A e ]
R PRS2 AR (A SRR AR, 2001, 32(3): 243-246.

QIU Guan-zhou, LIU Xiao-rong, HU Yue-hua. The effects of
organic phases in solvent extraction on bioleaching bacteria[J].
Journal of Central South University Technology (Science and
Technology), 2001, 32(3): 243-246.

WATLING H R, PERROT F A, SHIERS D W, GROSHEVA A,
RICHARDS T N. Impact of the copper solvent extraction
reagent LIX 984N on the growth and activity of selected
acidophiles[J]. Hydrometallurgy, 2009, 95: 302—307.

CHEN Bo-wei, LI Wen-juan, LIU Xing-yu, ZHOU Gui-ying,
WEN Jian-kang. Influence of copper solvent extractant on
microbial community structure of acidophilic microorganisms[J].
Journal of Central South University Technology, 2010, 17(6):
1196-1200.

DAVIS-BELMAR C S, GALLARDO I, DEMERGASSO C,
RAUTENBATH G. Effect of organic extractant LIX84IC, pH
and temperature changes on bioleaching microorganisms during
SX treatment[J]. Hydrometallurgy, 2012, 129/130: 135—-139.

LIU Xiao-rong, LI Hui, LIU Yan-jun, SU Chang, SAND W.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

ferrooxidans[J]. Hydrometallurgy, 2015, 157: 207-213.

YU Zhao-jing, YU Run-lan, LIU A-juan, LIU Jing, ZENG
Wei-min, LIU Xue-duan, QIU Guan-zhou. Effect of pH values
on extracellular protein and polysaccharide secretions of
Acidithiobacillus ferrooxidans during chalcopyrite
bioleaching[J]. Transactions of Nonferrous Metals Society of
China, 2017, 27(2): 406—412.

B WK, DEREE, HmAE, RO, X% =M
PRI TG S T CEUR[]. SRR 4, 2015, 34Q2):
83-87.

SUN Hui, GU Ya-bing, MA Li-yuan, XIAO Yun-hua, LIANG
Yi-li, LIU Xue-duan. Progress on the formation and regulation of
biofilm of bioleaching microbial[J]. Hydrometallurgy of China,
2015, 34(2): 83-87.

MACKINTOSH M E. Nitrogen fixation by Thiobacillus
ferrooxidans[J]. ] Gen Microbiol, 1978, 105: 215-218.

XIWEsE, G5, B, Lix984N XA B/ MR S I FLAL )
ST, BYE LR, 2003, 23(4): 60—63.

LIU Xiao-rong, QIU Guan-zhou, HU Yue-hua. Effect of
Lix984N on phase disengagement and interface emulsification in
copper solvent
Engineering, 2003, 23(4): 60—63.

MR, R, XIBEE, RIET, KM R IR
LIXO84N I fift M 22 B o3 AR BE[I]. 7P E AT €0 < sl 2 4
2017, 27(4): 818—824.

LIU Xiao-rong, SHEN Jun-hui, LIU Yan-jun, ZHU Yan-hao,
ZHANG Hao. Degradation of oxime extractants LIX984N under

extraction[J]. Mining and Metallurgical

impact of acid solution and phase disengagement of copper
solvent extraction[J]. The Chinese Journal of Nonferrous Metals,
2017, 27(4): 818—824.

YU Run-lan, LIU Jing, CHEN An. Interaction mechanism of
Cu®’, Fe' ions and extracellular polymeric substances during
bioleaching chalcopyrite by Acidithiobacillus ferrooxidans
ATCC2370[J]. Transactions of Nonferrous Metals Society of
China, 2013, 23(1): 231-236.

£ OF, FRER, £ W, B A&, BHIOK, DA,
TR AEE VAR R R R D). T E A
G JB AR, 2016, 26(5): 1120—1128.

WANG Jun, LI Yi-ni, ZHUANG Tian, ZHAO Hong-bo, ZHU
Shan, QIN Wen-qing, QIU Guan-zhou. Bioleaching of
chalcopyrite concentrate with moderate thermophilic bacteria
and its optimization[J]. The Chinese Journal of Nonferrous
Metals, 2016, 26(5): 1120—1128.

AF, SRR, B BT R T A0 ST
LT HERE, 2008, 27(8): 1272-1276.

ZHU Li, ZHANG De-cheng, LUO Xue-gang. Adsorption of
bacterial on chalcopyrite mineral surface[J]. Chemical Industry

and Engineering Progress, 2008, 27(8): 1272—1276.



§28 3 4 ) R, & RGNS YL 4) At. thiooxidans T¥ 829

[17] LU J, DREISINGER D. Solvent extraction of copper from [22] &%, XA, B FE, RN, xS, BEe, 5,
chloride solution I: Extraction isotherms[J]. Hydrometallurgy, AT B AR TR I IR R A T A JEHLER R Sk
2013, 137: 13-17. JE[I]. T EA 4 8 AR, 2015, 25(6): 1687-1693.

[18] MOZES N, ROUXHET P. Surface properties of microbial cells YU Run-lan, LIU Ya-nan, ZHOU Dan, PENG Tang-jian, LIU
and their role in adhesion and flocculation[J]. Colloids and Xuan-duan, GU Guo-hua, QIU Guan-zhou, ZENG Wei-min.
Surfaces, 1989, 42: 313—329. Research progress of alginate effects and mechanism during

[19] ZHANG Rui-yong, SOREN B, LAURA C, THOMAS R. N, bioleaching[J]. The Chinese Journal of Nonferrous Metals, 2015,
WOLFGANG S, MARIO V. Colonization and biofilm formation 25(6): 1687—1693.
of the extremely acidophilic archaeon Ferroplasma [23] YANG Hai-lin, FENG Shou-shuai, XIN Yu. Community
acidiphilum[J]. Hydrometallurg, 2014, 150: 245-252. dynamics of attached and free cells and the effects of attached

[20] SRR, ARAX, SR §HRImIER SR ERD]. Sk cells on chalcopyrite bioleaching by Acidithiobacillus sp[J].
o3, 2000, 6(4): 225-231. Bioresource Technology, 2014, 154: 185-191.

WU Da-qing, DIAO Gui-yi, WEI Jun-feng, YUAN Peng. [24] PENG Tang-jian, SHI Li-juan, YU Run-lan, GU Guo-hua,
Surface function groups and surface reactions of minerals[J]. ZHOU Dan, CHEN Miao, QIU Guan-zhou, ZENG Wei-min.
Geological Journal of China Universities, 2000, 6(4): 225-231. Effects of processing pH stimulation on cooperative bioleaching

[21] PANDA S, PARHI P K, PRADHAN N, MOHAPATRA U B, of chalcopyrite concentrate by free and attached cells[J].
SUKLA L B, PARK K H. Extraction of copper from bacterial Transactions of Nonferrous Metals Society of China, 2016,
leach liquor of a low grade chalcopyrite test heap using LIX 26(10): 2220-2229.

984N-C[J]. Hydrometallurgy, 2012, 121/124: 116—119.

Bioleaching of copper solvent extraction organics
contaminated-chalcopyrite ores by Acidithiobacillus thiooxidans

YU Hua-long', LIU Xiao-rong', SHEN Jun-hui', CHI Dao-jic®

(1. School of Materials Science and Engineering, Shanghai Institute of Technology, Shanghai 201418, China;
2. School of Environmental Science and Engineering, Donghua University, Shanghai 201620, China)

Abstract: The impacts of copper solvent extraction (SX) organics on bioleaching microorganism are attracting more and
more attentions. The attachment of the cells of Acidithiobacillus thiooxidans (At.thiooxidans) on the low grade
chalcopyrite ore, contaminated by SX organics, and the subsequent bioleaching process were investigated. The results
show that the attachment of the cells to the SX organics contaminated-ores increases by 19% since the surface
hydrophobicity and electronegativity of the ores are enhanced by SX organics. However, a higher level of attachment of
the cells does not mean the better bioleaching efficiency indeed. For bioleaching of the contaminated low-grade
chalcopyrite ores, the metabolic rate of At.thiooxidans and the copper extraction efficiency decreases by 9% and 29%,
respectively. Impacted by SX organics, the EPS secretion of At.thiooxidans seems to be inhibited, which retards the
construction of the biofilm. Conclusively, being covered surface of the ores, inhibited metabolism and EPS secretion for
the cells might be the primary reasons for the low bioleaching efficiency of the SX organics contaminated-ores.

Key words: Acidithiobacillus thiooxidans; copper solvent extraction; bacterial adsorption; extracellular polymeric

substances; chalcopyrite
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