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0.31% .Fe 2.38% .S 3.84% ; J&#" B & A Cu
0.25% Fe 4.05% .S 5.20% ; Ho JE#" A 1 CHR
TR, JF B RSk Ot R R, Eak
F 1 ~3 WA, A A SV A A
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Table 1 Diagnostic analysis of copper-containing

minerals for different batches of ROM copper ores

%

SRR KA FRBRAR PIVA LA At
JRE A <0.001 0. 044 0. 30 0. 344
JRT B <0.001 0. 054 0.19 0.244

&2 AR RERYIAR
Table 2 Diagnostic analysis of iron-containing
minerals for different batches of ROM copper ores
%
FEMARR REMERR GRRRER  BRELEK BOBRER mERRER it
JFH A 0.205 0.56 0.35 2.16 0.037 3.312

B0 B 0.14 0.25 0.17 3.91  0.057 4.527

&3 AFEHCKRIEE A BPIAR T

Table 3 Diagnostic analysis of sulfur-containing

2.1.1 RESVEI 55050 minerals for different batches of ROM copper ores
JEW 2B TS B RE R — 40 mm, T35 49 H P
5K ( -—40 +30 mm, —30 +20 mm. - 20 + 10 FERARR SRR GRRRERER  mRALeR WIBUER At
mm. — 10 + 1 mm F1 = 1 mm) ; &80 25 RESN 9 E AT JEH A 0. 022 0.62 2.49 .94 5.072
P v o4 s S JEY B 0.014 1.45 3.88 1.36 6.704
G G e S S T o B e VT
&4 AFHKIED K MLA 7357

Table 4 MLA resulis for different batches of ROM copper ores %

Rl 44 A R i C3 R CER SRA KA

JFE A 0.08 0.13 0.25 5.43 0.04 0.05 2.78

JFH" B 0.07 0.19 0.13 9.19 0. 05 0. 05 1.45

TN A1 BIELA I B AT =hk Gt —

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

J5" 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

JRW A JiW B
A" A2% A3* BI* B2* B3*

ARATH /% 0 1 2 0 2 2
SRR/ L/m? +h 7 7 7 125 12.5 35
1~30d: BELEHK;30 ~60 d; BE 1421,

I 3k o1 3 - o
SRS 60 ~120d; W1 §23,120d DL I-: BE1 425

HELUEST A RS, 5 BIEEA 0% 1%
H129% (A AR (IR B AESR5oh ATY  A2F T A3Y) |
WU B Y R 7 L/m® - h iR ], ALY ~ A3
PR FH DA A PG 5 202 I Cu®* > 2 o/L B, 3
1 AR R R Cu® T R, TR IR N i
P54 pH > 1. 8 B, FNIR 2L pH{E N 1.5 ~ 1.6,

Je 27 B E 78 R A 50 L/m’ -h BBk oR
JE, AR @ R 8 m, AW IR AR N 2 m,
AL IH W R 5 B2 A L B A 12,5 L/m” by RIS, B
IS A5 R, e R itk B HBESN 35 L/m’ +h,
PRt , ASBIFGE I 1R 5 S8 Tk o B X Bk kiR
Mt AR, LR B RS R4, 4 A
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L/m’-h 12.5 L/m’ -h 135 L/m” - h (i % % 5 K
B1* B2*F1 B3*) ., A4 HLEH 7 2 M E ALK B ),
VSR R ORI 1 = Mk B IR B TR Ry T
B R R FHLAE oV W 25 R B G KT 2 1 94 %
I, 8 B1* ~ B3* g0 A1 2R FH A B 6 246 3, I %y
W mEmkor X, YRR AR Bk RS R N BOE
{H, R0 Cu®* >2 ¢/L,8 Fe’* <4 g/L 8 Fey >12 ¢/1.,
8¢ H,S0, > 14 ¢/L B, T B& 7 1, 6 FH BT W 9K
4 pH>1.8 i, MR IR X pH HHN1.5~1.6,
2.4 KBETR

R R R O 4 S SRR (- 40 + 30 mm
-30+20mm, -20+10 mm, - 10 +1 mm, — 1 mm)
JEFREL 5 B4R L oA, HA R SR A4
SR (3R 6) o ARHE R AE T i AHEAE b B
(29250 kg) LA KORr 2 LU H 3 A1, 1153 I FREUAS b g
YRR, MRPEER 5 g it BEAAS[R] LAY £
AR 35 B 89 A K A KL FE R — 5 mm, A &K
CaO 1N 55.25% ) K25 RL L BCA A K A kE
RA S E A3 206 BRI A FERE S

3 AR SIhE

3.1 By A RIERLE
JEH A RIVFERIR I 2RI 0 396 d,A1Y ~
40
35 o AlY = AP - A3
3.0
- 2.5
= 2.0p ‘“ A a4
s L St
1.0 " oas
0.5 °
1 L 1 ]
0 100 200 300 400
T2
(a) pH{E
20 - Al" = A2 A3
15 W%%MMD
N T e
F10 Ca
n
R T
2000 A dgg
= o st
0
_5 I 1 | 1
) 100 200 300 400
T R
(c) FelZ il

R 6 SRR A

Table 6 Particle size distribution of each batch of

ore sample
i FESY A/ JEW A JW B

mm Fitt/kg i /% Fiit/ kg it/ %
-40 +30 727.52 47. 80 367. 38 25.73
-30+20 265. 28 17.43 281. 80 19.73
-20+10 246. 41 16. 19 259.96 18. 20
-10+1 161.79 10. 63 402. 32 28.17

-1 121. 00 7.95 116. 58 8. 16
A1 1522.12 100. 00 1 428. 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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(d) PR, Zead 1 d Wik, BUHRI0 AR i 0 2 A ik
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BT KMRUTTE . £ MKl B0 RN U E A
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HELA 4 5 78 IR X Ta], 43 51 R 450 ~ 500 mV Fl
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] A AEK |, BT 36 A 38 VT I v R R
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Table 7 Summary of the MLA analysis results of

different column leaching residues

AW B "

WMoy
AR A" R A3YIRHE BIMIRE B2 B3R

BREHEIT 0.03 0.02 0. 04 0.10 0.03 0.08

MRS <0.01  <0.01 <0.01 <0.01 0.02  0.02
W 0.18  0.18  0.12  0.07 0.14  0.08
WE 463 4.85 490  7.92 871 892
WEH  0.03  0.02 0.03 0.04 0.11  0.07

B <0.01 — 0.02 — 0.04 —
IfRa — 0.03 0.10 — 0.03 0.01
Hzaf — 0.10 0.18 — 0.04 0.01

4R 0.05 0.07  0.05 0.07 0.12 0.03
KA 181 246  1.52  1.19 .32 0.99
L% 77.24 7488 76.74  72.02  71.17  74.67

PG 9.74 8.98  9.47 12,16 12.78  10.91

WA 477 673  5.67 475 413 2.95

44 0.10 0.04  0.05  0.13  0.03 0.0l
= 119 131 0.87  1.19  0.91  0.86

A1 100.00 100.00 100.00 100.00 100.00 100.00

i B2* ~ B3I I A P IR A RS S s T
BIYigett, A B 5 B 0 kIR A g0 M8 45 R A
— 5, TCIRWERERBE KN A KA T Hy ] — e R
AR IR R R PR R R A RS
PRI R Y S5 RN A g 1) I 7 R AR 445 SR AT 1, 5
R AR A B 0 i S A AE DG 9 45
W —8 ",

)WY EH R, 5 B AR A
F, B2 B3M R B iR i TP AR kT S A, IR
AR IR M B P AR AR BB 2 Fe' B FOK AR UL TE , 1
RCHASIR R A A, DR s T M R X Ah 4k, A
B I R A S A R AR ) i SR AL RSt
17 R FR pH BB W RS, i) A R R,
K DTIE AR R IR ¥, BRI A #4550 4
N AR R A BH 2500,

3) W S AR L, AT A RN
TR A R BLEE AR A, A5 D0 T &R 8 A
3 A R 396 d, A P 9 ARG R - SR AR R G4 AL
R FE R N ST Y, 5 B SR A
Fb, B2* A1 B3 156 A4 15 7 v 2 R A A /0 1 R

W, 5,132 d = AR A KA L 1 B
EHEW A DR R 58 e RO, X 5 HAIR Y
IS SRAR I, A AR T A P ) R
WA B8 R B A R AR

4) HEE Fr s p A Ak, TR A HR R AR
wE TR B, I EEA A R IR IR i
TS E SR (0.12% ~0.18% ) Wi TJRA™ B &
HIRIGAT R BRI (0.07% ~0.14% ) . A W58
W BEE SR TR JEREAR T R AR AT LU
1, MEE AL ARSI 32 SRR AR ) X T A
R R IR AT, G R A R R ARG, ik
K ATFRD BRI A AN [F]JE T 2 8RR =R 50 1
2SI AT AR T 396 d B4R H %R
H153.00% , @ EMT BRI AETE 132 d B4R
%K 63.63% ,I0IE T ibZie

5 45

BEXHI S AL B LR A W R R A e B R A
BRAY [, A AR RO i BRI T 4 KA, IR
FCA™ AR AR T A ) 00, 25 58 H X
RALWE pH (B BT 5 i SR AR R AL RS2
R LU 48

1) it A3 HE v A A0 KA BCAT BB T s, X
A RA T R R FRFE DL SR h B k™ & 11
MRUCIBIEG | TS IO B AR H 3 S 25 Dk, Ul A A7
BCH™ AT LABS AR XA B K

2) BRI KE | A7 B Tk 58 pH {ELIRIZUAR 1L,
PRI AT LA/ | 8K 88 1 1 K A DL UE , f R 5 ki
i

3) IR WA R, A1 AT BECH TR A R LA
TEHE A I 8] A 4 357 7 B X [H] (450 ~ 550 mV vs.
Ag/AgCl) , TR Y L A A7 Bl 740 ) B Bk 41k,
WD X A R Bk

=30

(1] FFfe, ERY, REF, & REFT AR LEARG

FUE[T]. TREREEM, 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] FFHE, REH, TUNL, % BUEWE LR AL A HOR B

RERRE-HI]. TLTT SR, 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 - T EHKRE & S 4 BIETE

46 -49. LU Diankun, JIANG Kaixi, WANG Chun. Study on the leaching
[3] REERE, Ui, 40k E, & LM YR B fE R mechanism of chalcocite and covellite [ J ]. Nonferrous Metals,
BRATAE[)]. WA 4R, 2008, 32(3) ; 338 —343. 2002, 54(3): 31 -35.
WEN Jiankang, RUAN Renman, ZHOU Laichang, et al. Analysis [8] {1 ¥4 B A B 9 Y B AT 2R A 9T R [J]. B B4 s
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] SR, Briowh, Fuk, 5. R 60 4 R AR TS [J]. Hydrometallurgy of China, 2018, 37(5) : 349 -355.
[J]. #if 4 )&, 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] ZREkfE, #1038, ok38, . B R AR B L 4 TR 5 [10] Elsa Nystrtom, Hanna Kaasalainen, Lena Alakangas. Prevention
RYEEK[T] . AEiReit 5, 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] BB, HIFE, L&, . (RO R AR AL &5 /40 7 =
Engineering & Research, 2011, 32(2) ; 45 —47. IR [)]. A aEEGRHRRT) , 2002(5) : 2 -5.
[6] REKfE, TFoRi, sk, 5. H4 ISR E KRBT LU Diankun, JIANG Kaixi, WANG Chun, et al. The research of
SRR T]. BURE L, 2014(3) : 92 -95. bioleaching low grade secondary copper sulphide ore[ J]. Nonfer-
ZHU 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] MR, HIFE, TA. FEEH FH TR B PLEF R[], rous ions[ J]. Hydrometallurgy, 2021, 201(3 —4) . 105585.

H4:)E, 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



