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Table 1 Diagnostic analysis of copper-containing

minerals for different batches of ROM copper ores

%o

FEEmARE KT BRI G ILAR ait
5 A <0.001 0. 044 0.30 0.344
J54 B <0. 001 0.054 0.19 0.244
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Table 2 Diagnostic analysis of iron-containing
minerals for different batches of ROM copper ores
%
A PR REVERR  BRERER  BRBUER BBk aERRER A9t
JE A 0.205 0. 56 0.35 2.16 0.037 3.312

JFH B 0.14 0.25 0.17 3.91 0.057  4.527
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Table 3 Diagnostic analysis of sulfur-containing

2.1 1 RESHIBS5500 minerals for different batches of ROM copper ores
5" A T R — 40 mn , T 43 1 i
5B ( —40 +30 mm, - 30 +20 mm, —20 + 10 FEMAAFR PR GRERET ke BIOUR At
mm, —10 +1 mm £ -1 mm) ,%*ﬁ?ﬁﬁfﬁ»%%ﬂﬁﬁ JEH A 0. 022 0. 62 2.49 1.94  5.072
. v s \ JRW" B 0.014 1.45 3.88 1.36 6.704
PREANGG 3, AF BN ke TR FERA A . b
x4 AFRHKRIET R MLA 7347

Table 4 MLA results for different batches of ROM copper ores Y%

AR TR W i E¥: X W G A KA

JEH A 0. 08 0.13 0.25 5.43 0. 04 0. 05 2.78

JRW B 0.07 0.19 0.13 9.19 0.05 0.05 1.45

GRS {135 IR HIT A1 LN ot At —

JEH A 76.03 5. 66 7.84 0.14 1.57 100. 00 —

JRW B 75.29 6.12 5. 80 0.12 1.28 100. 00 —
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Fig.1 Schematic installation of experimental

apparatus
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Table 5 Experimental variables and operation

parameters of the column leaching tests
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Table 6 Particle size distribution of each batch of

ore sample
RIS/ SR A By B

mm it/ kg 5 H/ % Jii/ kg it/ %
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ait 152212 100.00  1428.04  100.00
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Fig.2 Effect of Blended Limestone on the Leaching Process of Copper Ore A
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Fig.3 Effect of Blended Limestone on the Leaching Process of Copper Ore B
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Table 7 Summary of the MLA analysis results of

different column leaching residues

A B #”

45
AL B A" A3TRZI BIT R B2"ii B3R

A S 0.03 0.02 0. 04 0.10 0.03 0.08

RS <0.01  <0.01 <0.01 <0.01 0.02 0.02
i 0.18 0.18 0.12 0.07 0.14 0.08

T 4.63 4.85 4.90 7.92 8.71 8.92

MWW 003 0.02  0.03 004 0.11  0.07
HURE  <0.01 — 0.02 — 0.04 —

Jifga — 0.03  0.10 — 0.03  0.01
Hafi — 0.10  0.18 — 0.04  0.01

gPeH 005 0.07  0.05 0.07 0.12  0.03
KA 1.81 2.46 1.52 1.19 .32 0.99
A 77.24  74.88  76.74 7202 71.17  74.67
HILA  9.74  8.98  9.47 12,16 12.78 10.91
WA 477 6.73 5.67 4.75 4.13 2.95
A4 0.10 0.04  0.05  0.13  0.03 0.0l
=B 119 131 0.87 1.19  0.91  0.86

A7 100.00 100.00 100.00 100.00 100.00 100.00

JinsB2% ~ B3 G g A bR A B BT i T
BUAEAE . A 9715 B o™ (AR a0 e 4 R A
— 2, TCIR W R/ A1 IR A7 BCH™ 1 ] — € A B
AR BRI DA R R IR AR S
R BRTIR Hh A T4 o ) WA BR AR 25 SR AN B, 45
FE| SR A DR A BEAT 400 1) B BR3P AR ST S22
W8

)Wk e . 5 BT A R A
FE, B2 B3 IR AL R 4B B i e, SR A
ATRE R B R B AR 4 Fe' " B K AR ULTE , i
BRI AR B, T8 1A R b gk, 3
Wl ¥ RO SE I, A N BB ) 9 SR A fp 2 it
1, 8% pH (HZ WAL, W5t A R5K5 TR,
HE R ICIE A BRI, DRI S A 2% ke
PN R R R B A R 22

3) MR SR A AT A RS A
IR L NP R B R 7, 5 00y T R 5K g
R RT3 396 d, A A i M R B FE AR 4 A
S S MR S . S B I R AR
FE, B27 1 B3 ™ J 50y A 92 it v £ A A A 0 i W A

0, T, 132 d 3R U, 47 KA BEAT 3 A
BHENAT DR TR 7 R 58 O, X 5 AR IRy
AR L AR I o A7 S A TR Y 0T, A PN ) A
A B R — AR O A o B 2

4) FEE S AR T A R B B
i T B R A RSN AR R 1R i
Tl A W 75 A (0. 12% ~ 0. 18% ) i TIRE™ B &
FIIRE A B AR (0.07% ~0.14% ) o A BF T4
H B BT A JEORRERTA P ) B B L i
AR, 2456 A0 S I 35 R T
SRR IR AT, FOXE R B AR R B i
B ATURT B IRI0 A S AN 7] S 40 28 1) A9 3 11
2 AS I E AT KIR AR ) 396 d IR 3
A 53.00% , @ AR T BURKSAEAE 132 d B 42
Hi % 63.63% , ik T Fik&is .

5 &g

BEXHI B2 B LR A Py HE i e A i R
BRI ), ABFFAERCH S R T KA, IR
FCA™ i AR o AR 1A ) 2800, 25 58 Hox
R pH (B BUR 3 i SR AR R ALY 2
AT 458

1) [t 4 AT HE R 1) A R AT BCAT A1) T g, X
A1 AT ECH FE R W TR AE L S IR i v Bk A Ry
MRUCI I, TS IO PR B 35 11 48 25 0 ik, BRI A I A1
(LRGN T - DO W [ 78

2) MRS S, A B Tk pH (BRI ZUAE 1L,
PRI AT LAS 4 | Bk B 7 A K i T 0E , A1E R 2k r)
=i

3) i E AR, A KA AR R AR SR LA
TR IR 5] P9 4 35 7R B2 AR IX ] (450 ~ 550 mV vs.
Ag/AgCl) , TR ) v 2 AT Bl T4 ) 3 gk 4AL 1k
PO XN R Bk

[ 275 3CHK ]

(L] FJHe, T8, REFE, 55 RIEWRE HEEYR B AR

FERLT]. TREBI 24, 2019, 41(2) : 143 - 158.

YIN Shenghua, WANG Leiming, WU Aixiang, et al. Progress of

research in copper bioleaching technology in China[ J]. Chinese

Journal of Engineering, 2019, 41(2) . 143 —158.
[2] FHJHE, RErE, THIL, % BUEYR MR AL A HOR B

REREGHELT]. FEPRE 5%, 2010, 30(1) : 46 -49.

YIN Shenghua, WU Aixiang, WANG Hongjiang, et al. Current

status and present situation and developing trend of low-grade ore
bioleaching technology [ J ]. Mining R&D, 2010, 30 (1):



. 64 - v EH A & L& A BHRIE

46 -49. LU Diankun, JIANG Kaixi, WANG Chun. Study on the leaching
(3] IREERE, Bofow, 4Rk, 2. L4108 4R o B R mechanism of chalcocite and covellite [ J ]. Nonferrous Metals,
BrorrigE (], Wi 4|, 2008, 32(3) : 338 -343. 2002, 54(3); 31 -35.
WEN Jiankang, RUAN Renman, ZHOU Laichang, et al. Analysis [8] (HWE¥. i m =3 ¥Rk, kR4,
of acid balance in the bioleaching process of Zijinshan Copper Mine 2018, 37(5) : 349 -355.
[J]. Chinese Journal of Rare Metals, 2008, 32(3) ; 338 —343. WU Zengling. Research situation on leaching kinetics of enargite
(4] AR, Boiw, Mk, S WY i A AR B FA [J]. Hydrometallurgy of China, 2018, 37(5) : 349 -355.
[J]. MA4)E, 2007, 31(6) :818 —823. [9] F. Pagnanelli, C. Cruz Viggi, L. Toro. Acid mine drainage at-
WEN Jiankang, RUAN Renman, ZHOU E, et al. Study on bacte- tenuation by inhibition of pyrite bioleaching using limestone and ol-
rial oxidation leaching of digenite [ J]. Chinese Journal of Rare ive pomace[ J]. Chemistry and Ecology, 2012, 28 (3): 293 -
Metals, 2007, 31(6) ; 818 —823. 303.
[5] 4:Bkdk, #¥1o5, ka3, %, ISR AR B L4 FAR T & 4 [10] Elsa Nystrom, Hanna Kaasalainen, Lena Alakangas. Prevention
MUK LT] . AEiRaekit 55, 2011, 32(2) ; 45 -47. of sulfide oxidation in waste rock by the addition of lime kiln dust
ZHU Qiuhua, CHU Renxue, ZHANG Rong, et al. , Treatment of [J]. Environmental Science and Pollution Research, 2019
copper-bearing acid mine drainage from a certain copper mine in (26) : 25945 —25957.
Zijin with membrane separation technology [ J]. Nonferrous Metals [11] g, =, £F, & RSO RARAHET anHER
Engineering & Research, 2011, 32(2) . 45 —-47. WtsE[)]. Aeas)E QR , 2002(5): 2 -5.
[6] KRB, ok, K330, . KA ISR EE KR Tk LU Diankun, JIANG Kaixi, WANG Chun, et al. The research of
SEEET]. BRI, 2014(3) : 92 -95. bioleaching low grade secondary copper sulphide ore[ J]. Nonfer-
7ZHU Qiuhua, FANG Rongmao, ZHANG Lingwen, et al. Com- rous Metals ( Extractive Metallurgy) , 2002(5) ; 2 -5.
mercial application of treatment for copper contained acid drainage [12]  Yu Shichao, Yang Baojun, Fang Chaojun, et al. Dissolution
from Zijinshan[ J]. Modern Mining, 2014(3) : 92 -95. mechanism of the oxidation process of covellite by ferric and fer-
(7] BB, I3, £&. VS R KR SRR T]. rous ions[ J]. Hydrometallurgy, 2021, 201(3 —4) ; 105585.

F a4 )8, 2002, 54(3) ; 31 -35.

Inhibitory effect of limestone on pyrite during bio-heap leaching of low-grade copper ore
WU Zhenghui' , WANG Qiankun', XIE Hongzhen', WU Zengling' , QIU Xiaobin®, DENG Lili*,
WANG Meijun', ZHANG Jiahao', ZHAN Jian®
(1. Xiamen Zijin Mining & Metallurgy Technology Co. Ltd. , Xiamen 361101, China;

2. Hydrometallurgy Plant of Zijinshan Gold & Copper Mine, Shanghang 364200, China)

Abstract; A low-grade copper sulfide ore was treated by bio-heap leaching-extraction-electrowinning method to
produce cathode copper in a Fujian enterprise. The heap leaching process applies a permanent heap operation
mode, generating a problem of excess acid and iron. The common practice is to neutralize the low copper raffinate
after secondary extraction to a pH 7 —8, however, this method reduces the current efficiency due to the high carry-
over iron ions in the electrowinning solution, and also generates problems of high neutralization cost and
neutralization residue storage. In order to solve the problem of excess acid and iron in bio-heap leaching at source,
this paper puts forward the idea of mixing limestone particles into heap leaching ores to increase the content of acid-
consuming gangue, and carries out test work with different batches of ores. The effects of limestone content ratio
and spray intensity on the extractions of copper and iron, and other parameters were investigated, and the following
conclusions were drawn. With the increase of the proportion of limestone ore blending, the acid consumption and
the pyrite content in the leaching residue increase, indicating that the limestone can inhibit the leaching of pyrite
and reduce the system’s external acid production and iron production; increasing the spray intensity is helpful to
avoid the drastic change of pH value, thus reducing the hydrolysis precipitation of copper and iron ions and
promoting the leaching of copper and iron; limestone blending can maintain the low potential (450 ~550 mV vs.
Ag/AgCl) of the leaching system for a long time, and the lower potential helps to inhibit the oxidation of pyrite and
reduce the production of external acid and iron.

Key words: bio-heap leaching; excess acid and iron; limestone blending; pyrite; reduce acid at source; spray

intensity ; copper and iron leaching; system potential



