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Table 1 Main elements composition of ore %

Cu 2 Fe S

0. 24 3.63 4.23

x2 TEUTMAHARKRSLH

Table 2 Composition and proportion of main minerals

Y wg/ % R wg/ % LR} ws/ %

i g 0.06 [N R 0.01 WA 5.29
FRMAH 0,04 T 7.27 406 0.19
B 0.01 [ZE N 0.44 Bt 0.02

BEHEME 0,21
HEHE  <<0.01 gLl 0.10 L= 0.04

EAA 0.07

BEAAT  <<0.01 A 80. 92 Lrpal 0.06
VKN 0.01 oI £ 2.62
1.1.2 AKXKA

A A fEE bR A KA s
—5 mm,—10 mm+5 mm.,—20 mm-+10 mm Fl
+20 mm 4 ARG, Hod CaCO, (5 HK 97,87 %,

LR
1.3 A EMH S #HE

TR I TR P 58 4 LR Tk, SR 9K H5 R A
YAk s 7% AT SER SO0 E 5 PCR K , %5 5 T FE
20N, FE N B TR A AT T R L ) i MR E T R R R
TR TR I 45 2 A B S AL RE 7 1Y 4 T T R R R DL 3R
3. WbV B R 37 1 AT BT By 32
Bl Cu*t0.6~1.57 g/L, 2 Fe 1.45~11.92 g/L;
H, SO, i W BN 0. 22~12. 38 g/L,

F3 MuAMBEFREHXEEMNN PCREEER
Table 3 PCR identification results of pit water

and cultured strains A~ /mL

WIE  PERRGRAT R R R B AT R B AR R R

i 475 7K 6.15X10% 1.73X10% 1.25X10?

56 T b

7.30X107

4.78X10%  3.67X107 0 4.79X 10"

1.2 KIEFRE
TERALA B A W32 o R v, A W B
F ul [a] 24 B AL AL BB, i Cu® " 9 AR R

s BB A T AR AR AR B Fet T L Fet T AR A R
A RE IR ot , AT Bl SR A B Fe® L T Fe' ' Al LU
BRI L — A AL S5 P R & Bt 2 1
Fe'' A fig 23 8 SRR FeCOHD , UL HE » A FI T4
WYL s TR R AR R b2 A R B R L P I id
AN AT WA pH . TR A K A 45 B A A B
Az Wi ik A v 32 B A O OB AR CR 4 LA
el B R )
Cu, S+2H" +0. 5(')Z%Cu5+(:u27 +H,0;
@b
Cu,S+1. 6Fe* " =—=1. 6Fe’" +0. 8Cu*" +
Cu,»S; (2)

‘ , a :
Fe* 40,250, + H' —>Fe' +0.5H,05 (3)

CuS+2Fe* " =—=Cu*" +2Fe*" +8°; 4)
Cuy »,S+2. 4Fe’ " ==2, 4Fe*" 4+ 1. 2Cu*" +95°;
(5
, e
S +1.50, +H,0 "5 H,S0, ; 6)

FeS,+3.50,+H,0 BB pert 42807 +2H";
)
FeS, +14Fe’” +8H,0 ——=15F¢’" +

280! +16H"; (8)
Fe'" +3H,0==Fe(OH); ¥ +3H" ; (9)

3Fe* +K' +280! +6H,0—
KFe, (SO, (OH), v +6H" ; (10)

CaCO; + H, SO, ==CaS0, ¥ +

H,O0+CO, 4 ; an
CaMg(CO;), +2H,S0, CaSO, ¥ +
MgSO, +2H,0+2C0, A . 12

1.3 RERSHAHE

AR AR A kR R R A s o kL
AR TEEMERE . ZZARARNE S A
TR AR BE R A B A A R s
RHEHEBZERN S0 cm, KT &N 1.4 t, 50 &
JER 4 m R AR 4, b a k A &R
2% 3V CHXT TR @ o A i, TR, A
KA R )Z AT L B3Ry 100 kg, 1l —
FEARA . BOREE A LA LRk T R
[E) (%) 23 300 3 . 3 2o % 30 5 (WT600-2) /KZ25, &7
D) BT FE R 4 L/ b e K AR TS
0.34 L/(m’ » min), & MR A G5 NI 4
It SRR
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Table 4 Experimental conditions of limestone m, = (o1 —p2) Vi, (14)

mixed biological column leaching

Km0 KPR g5 0, — M KR W]
M i 2 HBLIR T i W L g/ Ls o, — 2 R IR IR P BRI It
W g/ LV — B RO i L

B AORAVREE /mm A7 AT R Y

1% —

¥

2% —5 2
o B 3 bR A SR F
0 : ~36 d., % 52w

4% —10+5 2 37372 d’%:fi m=0n,—m, )+ Gn, ., —m, )t .

5% —10+5 3 o (15
N B 73~130 d. W{—{f = . = s S 4 ) =
; 20+10 o a e B 4 U BB A 3 AT MLA g, B
7% —20+10 3 : R e e sy N . .
Ly ; 3R R R, K B R LK 3 B
9% —30420 3 MR RE S & 5~8 B, ki 80~150 mm, &

IR N N Y 2 i 6 B
AU A W) R e AR 5 48R ZRE ah TR R BE
%, f KOBL A2 1K 30 mm, £ 5 & 3 8 0 N

A RN 5 W% 90K Y RN 3 H 9 pHLL Eh (ST3100, I
PITT A8 P S B B, BURE # B 5 ok L ICP-OES

GCAPT7400, 3 [FFEEK O M EE W P Cu* | 2Fe, it
BRI v WRAAXMA A, RIBEHEH

& HE  HE T 3R MLA #:31 (MLA650, % [E FED,
7=ﬂ><1o*6x1oo% (13)

P B R RE, g w =R A 5
D7 s Y0 50— 132 WV H AR 0T B VR mg /L n— i B
580 VIR, mL,

—0.1 mm,—0.25 mm+0.1 mm,+0.25 mm
RIS SV I 7 oW W 3 £ s s T R R 7/ N A
il NG 0

2 RBEER5ITE

2.1 HRiA®
WET IHERRE . ZBE 741 kg1
GRIH W 5,

x5 HRRARER(KIT)

Table 5 Test results of column leaching (hydrometer)

S AKRARE/mm  ARANE/% % 3k B 1]/ 1y 9t /T MR A/ % BPRmE/ 0 hHRRE /g
1% — 0 2 434. 50 11 443, 27 46, 62 2.02 —2877.22
2% —5 2 2 084. 00 10 103. 30 64.79 0. 26 15 941. 55
3% —5 3 2 321,00 11 618. 00 50. 14 —0. 85 24 105. 56
4% —10+5 2 2 343. 66 12 370. 00 71. 25 11.9 17 832. 14
5% —10+5 3 2 360. 00 11 280. 58 60. 80 3.68 6 916. 57
6% —20+10 2 2 428. 00 10 631. 00 56. 30 2.92 7598.73
7% —20+10 3 2 400. 00 11 489. 00 50. 40 2.50 6 154, 48
8+ —30+20 2 2 428. 00 11 500. 00 42,29 2.34 2 735.07
9% —30+20 3 2 421. 00 10 141. 00 51. 20 1.27 5 011. 50
HIZE 5 AL S INAT KA ) L 4% 3= AL By GFs27 047067 5 87 A 09 F ¥ b B R = K

BRL R i 249 TEAEL . 5 AU I KA 17 FEX e 1]
s A0 IR AT R TINORE B A L o R R /D 5 ] SR
JETT A R AT B2 T TR A R X v AR B

11 026. 87 g, A KA ¥ 2% iF&E AL, A KA
il 28 kg T A KA R R, 48 40%;
473 W P ERE R e L1k T1L 25 %0 W HH R &
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2.2 BHBMERLSH
2.2.1 W& HHEK

JEHT 5 17 (47 F 87 4RI i By AR 4
BT LS R 6, R MR iE T
DLE WE A A 4 0 S B R oy L AT /D i AR
W MR R B s Il Ak 4 X DL kT
F s RERRER W P A B 4 K 2 8 LR T
A VB R DA o 3, D8O E
A BRI BB NIRRT,

1P M AR A7 IR A7, FOR i v R
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RV R I 38 s s e oA A 38 B R L HLR A
TR RE T S B R . U A A B A
A AR B G A ] s 40 0 R LA b 2 A L
GEO VR A BT R 47 BETR AN T A K A IR
WIS AT 2 B 8 o3t L DR e b e i R
JE B L T B R U A A G D 87 A p kT
550 Yy B AR X B i R X 5 LR R R
HARAHAT

WA A7 2 2 2 0 koA 0 9, L = A 40 R
PR R, Mk 6 B3 MEMIE B F
HF AP A A X o 2 BL DR T 4R R T 4 I
B AL 4 Bl A 5 47 FE IR M0 o BB AR R
AL 2 SRR W AR R R T
AR L R N AR R E K 5
1) SOT KA PRk 45 db s A2 BT 38 2 19 i R 46
A7 (87 KRB i v R Bk A X A TR
XSE T AR R S A AR R R
g S, AR R R L A A KA R pH
Je e A B R ULVE L (2 pH R B AL R B A RSk
VoS e T B A1 L SRR R K A L 3 A Bk o
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xo Ry 5RHEMEXTWHEK

Table 6 Relative mineral composition of raw ore and

leaching residue %
FEGT Y SR 174 4% 87
il 0.06 0.11 0.034 0.14
REE TR 0. 04 0.02 0. 091 0.12
T B 0.01 <0.01 0. 007 0.08
WA 0.21 0.01 0.019 0.09
A 4 <0.01 <0.01 <0.01 <0.01
BT <0.01 <<0. 01 <<0.01 0.02
R 7.27 6.95 9.14 8.54
Pag: 80. 92 83.38 67.21 80.15
(RN 0.44 0.51 1.18 0.34
Cikive) 5.29 7.79 19.57 8.37
¥ A 2.62 0.04 1.13 0.56
e 0.10 0.17 0.17 0.10
Hobk 2.65 0. 64 0. 65 0.29
T 0.07 0.17 0.03
pIE RN — <0.01 — —
2.2.2 BRUBRETHHREAE

12 XHE OB R (80~ 150 mm) Fl 40
HEC0~30 mm) 43 J AT 9 A RL BE 5 i o B e A
ZER R 7.8,

x7 RUEBRHANRAATWHRAHE G
Table 7 Particle size distribution of copper minerals in

coarse fractions of leaching residue

Rz / pm — — 5 /% — ”
5 17 4 474 87 #
0~10 0.25 0.87 2.29 2.28
10~20 1.11 3.14 17. 86 10. 81
20~38 11. 54 16. 68 18. 38 24. 80
38~75 24,25 25.51 5.03 32.84
75~150 30. 48 8. 60 56. 44 29. 27

150~250 7.52 45. 20 — —

250~600 24. 85 — — —
&it 100. 00 100. 00 100. 00 100. 00

I3 7 ] s A AT R BE AR AL A T
T W e K i A R B 38 250 ~ 600 pm, F Al
3 AR IR i A KO EE I AE 75~250 pm JEHEIY .

M2 8 WA . A iR ) dlVRE ™ R v 47
I s V) L ) LA ik 125 185 e 59 FEL Ry 100) B
15 23K 83. 75 %0  He b oK B i 5 AR ) 3 S Ik
AR O 17 R i PR 5 5 M 59. 83 %45
87 FEIR H TS PRI fiff B3 32 e 1K, 43, 9900, Hih R
A B T B ) 3 DA koA o A A A S
BRE A i AR R P AR T A R S
S AT, TS A 42 R
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Table 8 Particle size distribution and association-disassociation of copper minerals in fine fraction ore samples

1% 4k A% RE 8%
fifk B 9 HEAE S /% A /% HEAE L/ %
il B 1/ % iR 1L/ % BB/ %
HEifd Sk SHEifey Sk S 5 kA
100 59. 83 83.75 43.99
80~100 20.09 9. 82 10.27 3.29 1.00 2.29 8.76 2.54 6. 22
50~80 5.22 1.38 3.84 2.76 0.78 1.98 14. 06 111 12.95
<50 14. 86 7.56 7.30 10. 20 1.28 8.92 33.19 7.19 26.00
#it 100. 00 18.76 21. 41 100. 00 3.06 13.19 100. 00 10. 84 45.17

SEA AR5 TR AR R T A T A B AR
fife B B 5 4 R R OE A OC, 47 KRR R i
s U B L T Y A A T A R e, R
R YK L LLHARIE AR B 87 R AR
Foa7 Ak, Ul B R ) e AR . TR
A A KA LR B G, A KA pH X 4R
W A 72 3 G B VR T, A8 o B v, A K A A
Wil TR I R, S BRI R
LI

2.3 HRARERNETLD T
2.3.1 pH.Eh %4k

X HE AR AR INAT B AT B 17 FE IR R 1
A7 FE SR R B A 87 A, A b AR R L i p
pH 5 Eh 28 {0 R 4k 12 7 1 A8 Ak, T i — 20 38
WA KAERT S BRPERSEm, 200
LGB S 17 47 87 IR K pH.Eh 1Y
WAE 5 ¥, 25 R W& 9. %W pH.Eh 925 1L
M Eh-pH SCRWNAE 1~3 FiR,

R9 BIMKSENHK pH.Eh WRES FHE

Table 9 Extreme and average values of pH and Eh of spray solution and leaching solution

\ pH Eh/mV
pEaR(d
fi/IME R fH 4 {E e /IME ISP FHME
LARYINT: 1.19 2.87 .87 425. 30 664. 20 539. 68
17 MR 1.22 2. 80 .82 431.70 670. 00 552.19
47 R 1.25 2.75 .87 409. 10 693. 90 493.75
87 M il 1.26 2.82 .84 471.00 653. 10 560. 96
3.0 —n— W —.—1“&@%?& 700
: ! 650
3 H:ll‘
600
>
E 550
<=
[sa]

0 50 100 150 200
i 1A/d

B 1 WK% SR MK pH T # &
Fig.1 Variation curves of pH of spray solution

and leaching solution

500
450
400

i 181/

B2 WiMikSRHE Eh L
Fig.2 Variation curves of Eh of spray solution

and leaching solution
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02
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M _02 [ SZOS
CuS
—0.6 F = w5
Cu,S ~e
_10 1 1 1
-2 2 6 10 14

pH

B 3 Cu-Fe-S-H,0 %K Eh-pH X &
Fig.3 Eh-pH diagram of Cu-Fe-S-H, O system

M 9 1~3 & . BEIR R A o W 1 T 9
ANFasE , pH W F M 1.19~2. 87, & pH
AL SR pH 2L, B B AR IR AR
t, 47 AR W pH A R ER e B A K A R R
IR Z s N pH PR E, 17 <87 HE <
AAE, UL KA A, s 5 R R A RN,
pH & 75, FE pH T8 5 T8 Bk i & A ey
UUVE , pH =, B IR BR AR R B

I 2 F B Eh A8 4k [l R 425, 30~
664. 20 mV, 224 539. 68 mV, 7 Bl Ry #5801 A AL
PE 3= I Eh SZWEHIR 258152 0, % sl 2, o
A7 FEEAR Eh IR AR 3 5 B AL LA R TR SR 1Y
VAR B AHAT , T 47 FEHR R d 587 AR S 17
FERY Eh A2 S ARRL, 2 A8 i s » AS ] TR 50 4
AR R B R R IR
2.3.2 $ARHE EHBBREMDIMBENTL

17 47 F 8% HEAEIR W i AR i 1 38 kv fi
RN PRI R i B o ] ) AR A 2 n ] 4~6 T

HE 4 F W 7R AW AN, # 0~
30 )R G I L 25 A B 1~ 3 AL AR i
BRI A, pH £E 1. 3~2. 0 Z 4], B A7 Eh 7E
450~600 mVZ[H], JL I K iy Cu® , 4 /Y
RS VS 7 i B TP 30T (30 ~ 60 ) 4 IR AR 8 I A
9% 5 J W1 (60~200 d) i H S N8 78 60~
85 d Ml ty A A AR X2 TR S %
i SRR UL (6) B ) B R AR IR
(] IRF B 37 44 77 vt 9 B pHL Rge AVAdE A45 40] 4 1 At fn

Poo TR ETI AL RN 2 Fe' ' ) K20
PREAAE ][RI 52 240 B R AL ™ A Fe' i
il AR TR A ) A A 32 R 7 AR A (D) ~
(3), PHIGIS it Fe'" Btk 5 Fe ™, R 40T 1
AR R B A RE IR, 40 R SR TR BT
AACR Fe' ' B AL R AT A S A AR R 0 AR R B A
T RAEEER 5 A A e YR AR
N 2 e AU 2R 1T T R B AL R I /N T Fe? T /Y
SAAL TR [RI 455 P 3 R RN SRR 2 22 0T B 7 AR A
BT, 7 AR AR SRAE G AL SR T P R T IR UK L i
TSR BE B A BRI L AT SR AR R
LR BE A A 1 RO () L (5)
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Fig. 4 Variation curves of copper leaching rate over time
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Fig.5 Variation curves of total iron solubility over time
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Fig. 6 Variation curves of sulfuric acid yield over time
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W £, FERAEW RN (7))~ 10); mA
ARARE R E PR RS E IR, 454 & 3 W]
A pH FHE A — & UTERAE FH 5 48R4 K A3 s
REEFE IR pH 5 Eh e SEAR I A= 3R

3 #Hig

DEAKAIRT EYHERS W 14«0 A
RN 2 %R — 10 mm-+5 mm B9 A KA, fE
BEWERBW pH M Eh B 7 AERERE
A IR 71.25 %, A LR B8 0 A K A B 46. 62 %
PE52.83%, —10 mm—+5 mm 40K A K AR
WAT IR R W R IR . A KA PRI R Ry 40%
KB INA KA AEYHR RS 2 A G a4
T .

A KARY HR SR AT (0~30 b &
SR A mRALSR BT A A AR T (30~ 60 dD 4
BRVS i TR R R 7 i E IR BG4 Bk R R T
= I (60~200 &) ARG 8 325 m A A K
AR R R G A BRI . A — 2 W UTER A
FH 0800 T A2 0 AR i A KA TR I 2 R
FE R 32 O pH GE 512 IO 48 H 7

D TEA W EALAE T S HURL G0 i 4 B
Wy e AT RLEE AR 20 5 I A K A IR A B R
AR B A DU B R B R )2 5 R
T R AT A A R R AR R AE DG, A
R E &R ALY R E A N7/ DNE A RN

O AR AT A HER T 2] R SRR
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Regulation and Mechanism of Biological Column Leaching of
High-Sulfur and Low-Copper Ore by Limestone
LIU Jinyan'?,HUANG Lan'*,LI Hongxu’,SUN Yihao'*,ZUQO Weiran'"

(1. Zijin School o f Mining and Geology s Fuzhou University , Fuzhou 350108,China;
2. Fujian Key Laboratory of Green Extraction and High Value Utilization of
New Energy Metals . Fuzhou 350108,China;

3. Zijin Mining Group Co. ,Ltd. ,Shanghang 364200,China)

Abstract: To address the problem of excessive accumulation of iron acid in bio-heap leaching of high-
sulfur and low-copper ore, the regulation and mechanism of leaching of high sulfur and low copper ores
by limestone were studied by bio-column leaching method and MLA detection and analysis method.
The results show that the pH and Eh of the leaching solution can be significantly regulated by adding
limestone with mass fraction of 2% and particle size of —10 mm-+5 mm to 1.4 t ore. After 7 months
of biological column leaching,the copper leaching rate can reach 71. 25% , which is 52. 83% higher than
that of the control group without adding limestone. The distribution size of pyrite in the leaching slag
of limestone addition group increases, and no xanax passivation layer is found, and the dissociation
degree of fine copper minerals is positively correlated with the leaching rate. The addition of limestone
can effectively enhance the copper leaching efficiency in high-sulfur and low-copper ore and reduce the
burden of acid-iron wastewater treatment, which is of great significance for the sustainable
development of sulfide ore mining operations.

Key words: high-sulfur and low-copper ore;limestone;bio-column leaching; pH;Eh





