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Cu and Fe Bioleaching in Low-grade Chalcopyrite
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Abstract: Bioleaching of Cu and Fe in low-grade chalcopyrite using Penicillium janthinellum strian GXCR was studied. As a result,
shaking bioleaching was more efficient than submerged bioleaching; Cu bioleaching was much better than Fe bioleaching; under
conditions of optimum carbon source (10% sucrose, W/V), optimum nitrogen source (1.5% NaNOs;, W/V), shaking bioleaching and
the optimum combination of conditions (initial pH 6.0 in leaching media, 5% (W/V) 200-mesh ore and initial inocula of 3.0x10°
conidia/mL), Cu bioleaching efficiency reached 87.31% (W/W). One of the most important factors affecting Cu bioleaching in
shaking bioleaching was the initial pH in leaching media (F> Fqgs). The major organic acids for Cu and Fe bioleaching were citric
and oxalic acids, respectively. Low bioleaching efficiency by submerged bioleaching was due to low production of citric and oxalic
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acids. The mechanisms employed by the GXCR in Cu bioleaching included biochemical functions of citric and oxalic acids as well
as ore crack caused by mechanical power generated from mycelial growth.
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Table 1 Design of levels and factors in the orthogonal experiment

i 0,
Factor Initial pH in Slurry densllaty (%, WIV)

Particle size (mesh) Initial inoculum

medium (x10°conidia /mL)
Level A . . . . . . D
Shaking leaching ~ Submerged leaching  Shaking leaching ~ Submerged leaching
1 2 9 10 200 400 3.6
2 4 7 15 400 200 324
3 6 5 20 150 150 18
4 8 3 25 50 50
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Fig. 1 Effects of carbon sources on Cu bioleaching efficiency and yield of total protons of the fungal strain GXCR
Bioleaching was conducted for 20 d in leaching medium no. 1 with an initial pH 6.0, 5% (W/V) of the 200-mesh ore and initial inocula of
3x10° conidia/mL. The error bar indicates the standard deviation (SD) from three independent tests
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Fig. 2 Effects of carbon source concentrations on Cu bioleaching
efficiency and yield of total protons of the fungal strain GXCR
Bioleaching was conducted in shaking for 20 d in leaching medium no.
1 with appropriate amounts of carbon sources, initial pH 6.0, 5 % (W/V)
of the 200-mesh ore and initial inocula of 3 x 10° conidia/mL. The error
bar indicates the SD from three independent tests
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Fig. 3 Effects of nitrogen sources on Cu leaching efficiency
and yield of total protons of the fungal strain GXCR
Bioleaching was conducted for 20 d in leaching medium no. 2 with
initial pH 6.0, 1.5% (W/V) of nitrogen sources, 5% (W/V) of
200-mesh ore and initial inocula of 3X 10° conidia/mL. The error
bar indicates the SD from three independent tests
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Fig. 4 Effects of initial pH in the medium on Cu
bioleaching efficiency and yield of total protons of the fungal
strain GXCR
Bioleaching was conducted for 20 d in leaching medium no. 3 with

5% (W/V) of the 200-mesh ore and initial inocula of 3 x 10° conidia/mL.
The error bar indicates the SD from three independent tests
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Fig. 5 Effects of slurry density on Cu bioleaching efficiency
and yield of total protons of the fungal strain GXCR
Bioleaching was conducted in shaking (A) and submerged (B)
methods for 20 d in leaching medium no. 3 with the 200-mesh ore,
initial pH 6.0 and initial inocula of 3 x 10° conidia/mL. The error
bar indicates the SD from three independent tests

25 FABRIA/NX GXCR HIFEEHN Cu &4
IR HENEMm

WS R B A1 KN 5 43 J A= WDk i i IR R
Zz 04 B AR RN T 200 HIEEK, R4
R, GXCR M BRI Cu HY2 R 1 725
JNTITSE N, i B bk i UL 2 (11 6), X AT fig 2 1A
R AR RN, BEAGEASR, SR AL
KZIR ., E5 APk 200 HE, #EI2EH9 GXCR 1)
JPER A Cu (iR 13 s, 4398 5.5 mmol/L Fi

8.4% (/& 6), 24t 200 HeE4FiRAH (B0, 150
Fl 200 H, ##% 1:1:1 {RE)8F, GXCR BY7~FR & 1 Cu
¥ 0 B TE R I B I T o, 7 I DR e ) S
T (E 6). X BB FE TCIeH 12 0 2§ B R B g,
G YRR m T A S RGN, 0 AR E &/
AR TT LIS AR g R AR, A B TR e Ak
B, ARE AR R /IS T SO 8 R b AR

W S
101 97
0 ——— Shaking leaching
90 —=a8— Submerged leaching
- - -A--- Protonunder shaking leaching | 6
80
70 13
< @ {4 2
[y £
5 50 =
o =]
5 {3 2
5 0 =
g 30 1>
20
11
10
0 0

50 150 200 Mix 400

Ore size (meshes)

E6 # AFR K/ EREH GXCR H Cu BYEYiIE

eI A

Fig. 6 Effects of ore particle size on Cu leaching efficiency

and yield of total protons of the fungal strain GXCR

Bioleaching was conducted for 20 d in leaching medium no. 3 with an
initial pH 6.0, 5% (W/V) of the ore and initial inocula of 3 x 10°

conidia/mL. The error bar indicates the SD from three independent tests.

Mixed: ore mix with 50-, 150- and 200-mesh ore in the ratio of 1:1:1
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ERHER G
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[N, GXCR HY 7= B2 1 Al Cu il H I 12 H S5 i 25 42 o
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TR B (] 7)o Beal W iR e R iR 3%10° 43
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Fig. 7

MBR=EMFE
Effects of the amount of inocula on Cu leaching

efficiency and yield of total protons of the fungal strain GXCR
Bioleaching was conducted for 20 d in leaching medium no. 3 with
an initial pH 6.0 and 5% (W/V) of the 200-mesh ore. The error bar

indicates the SD from three independent tests

F2 EXXHAHA GXCR HHkBIE MM IESE(20 d)
Table 2 Bioleaching efficiency of the strain GXCR in orthogonal experiments (20 d)

Factors A B C D e Leaching efficiency (%)°
Shaking Submerged Shaking Submerged Shaking Submerged Shaking Submerged Shaking Submerged  Shaking  Submerged
No. leaching  leaching  leaching  leaching  leaching  leaching  leaching  leaching  leaching  leaching leaching leaching
1 1 1 1 1 1 1 1 1 1 1 10.87+0.67 9.41+0.42
2 1 1 2 2 2 2 2 2 2 2 721349  5.36£0.33
3 1 1 3 3 3 3 3 3 3 3 9724085 8.16+027
4 1 1 4 4 4 4 4 4 4 4 14.63+355 10.74+0.20
5 2 2 1 1 2 2 3 3 4 4 15744347 12.82+0.09
6 2 2 2 2 1 1 4 4 3 3 15.90+1.96 13.08+0.16
7 2 2 3 3 4 4 1 1 2 2 36.53£2.37 10.71+0.04
8 2 2 4 4 3 3 2 2 1 1 30.90£2.87 10.32+0.82
9 3 3 1 1 3 3 4 4 2 2 1956+6.34 14.08+0.96
10 3 3 2 2 4 4 3 3 1 1 48174529 20.63+0.03
11 3 3 3 3 1 1 2 2 4 4 87.314258 27.76+0.03
12 3 3 4 4 2 2 1 1 3 3 64.84+1.44 1636004
13 4 4 1 1 4 4 2 2 3 3 256+115  4.95:0.10
14 4 4 2 2 3 3 1 1 4 4 10.99+2.48  8.7820.66
15 4 4 3 3 2 2 4 4 1 1 16.73t548  8.2020.03
16 4 4 4 4 1 1 3 3 2 2 544131 357067
A"elrage 10607 8418 12183 10315 29835 13455 30812 11315 26668 12140
A"ezrage 24767 11732 20567 11963 26135 10685 31950  12.008 17.185 8430
A"egage 54930 19707 37527 13707 17792 10335 19767  11.295 23260  10.638
A"‘Zrage 8930 6375 28957 10248 25473 11758 16705 11525 32123 15025
Range 46000 13332 25344 3450  12.043 3120 15245 0803 14938 6595

Bioleaching was conducted for 20 d in the leaching medium no.3; ? error; ® values are the means + SD from three experiments
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B B APk GXCR WAL B4 P Y Cu A Fe BOAEWIRIE S -

1999
®3 EXTHRHHREAZNESHESFT
Table 3 Significant aanlysis of individual factors in orthogonal experiments
SS df F
Source of = F
variation Shaking Submerged Shaking Submerged Shaking Submerged 0.05 0.01
leaching leaching leaching leaching leaching leaching
A 5444.406 412.684 3 3 11.587* 4.488 9.280 29.500
B 1425.556 32.186 3 3 3.034 0.350 9.280 29.500
Cc 306.762 23.585 3 3 0.653 0.256 9.280 29.500
D 712.510 1.681 3 3 1.516 0.0018 9.280 29.500
e 469.86 91.96 3 3
* F>0.05

5 (& 8) . FEMI A H Pl BT /N T+ 3.0x10° 434 4 F/mL
TR P, e 2 B AR A 4 o I 0 B o T 348 o o
BN, 7E 3.0 x10° 3 AR f T ImL 40F T, IR W
K. RN R 3.0 x10° AR AR A ImL B, A
AP R, X — 4 S T IR S8 SE R R T R B
T FERE R BRI IS A 150 B A 0 BRI R A T
SRR R R A R IR 2

25r
O Shaking bioleaching
[l Submerged bioleaching
20+
2
@ 1.5+
Rt
g
E 1ot
g
a
05+
0 1 1 L
1.8 2.4 3.0 3.6
Initial inocula (< 10° conidia/mL)
B8 EEBHEMBEKERHETHERNEYE

Fig. 8 Biaomass change of the fungal strain GXCR in
shaking bioleaching
Mycelial biomass is presented by weight of dry mycelia cultured
with initial inocula of 3 x 10° conidia/mL in leaching medium no.
2 with an initial pH 6.0, 5% (W/V) of 200-mesh ore and 1.5% (W/V)
NaNOj;. The error bar indicates the SD from three independent tests

2.9 HIERTEX GXCR BIESF=2 . Cu F0 Fe B14
YIHIEIR YR B2

TR EE A Fe iR, E—2 KT
AR SRS T AR I R BB B 5] X R 77 1t L Cu I Fe
(¥R H RIS . 25 58] GXCR B = = (B R

FPBEBR TN RR) . Cu I Fe [T HH 24 it bk i BsF ] 384
W, = 2 mAa 8 E AARCE (E 9). fE kA
IFE] FE R P, M E 20 d J, Cu ik gETR H R & Fe (112
WY 32.38 %, R AR ER 1Y R R R (1Y)
70.17%, LA FEE R R R R R 2.1 5. B
X 2 PG LR AT BETE 1% B 14 A i ke R B

% —8— Cu 6
—— Fe il
-a - Proton by shaking s

80 —»— Citric acid 7 §
—6— Oxalic acid A 35

Leaching efficiency (%)

Orezanic acids (mmol/L)

5 10 15 20
t(d)

9 ERMKEFHTEEEN GXCR A Cu fl Fe H%

YRR R B 8/ T
Fig. 9 Changes of Cu and Fe bioleaching efficiencies as
well as acid yield of the fungal strain GXCR over leaching
time in shaking bioleaching
Bioleaching was conducted for 20 d under the combination of
optimum conditions in leaching medium no. 2 with initial pH 6.0,
5% (W/V) of 200-mesh ore and initial inocula of 3X 10° conidia/mL.
The error bar indicates the SD from three independent tests
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Fig. 10 Chemical leaching of Cu and Fe
The error bar indicates the SD from four independent tests
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11 EEFRET AFARSR R ENE
Fig. 11 Observation of mycelia and ore particles in
submerged leaching by scanning electron microscopy
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