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BaE, % Z&BREZSRMRLES ILRIUD Acidithiobacillus ferrooxidans Y8#AE 2581
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Table 1 Chemical compositions of polymetallic nodule and

low-grade nickel sulfide ore

Mass fraction/%

Component Polymetallic Low-grade nickel
nodule sulfide ore

Ni 1.57 0.82
Cu 1.33 0.54
Co 0.20 0.01
Mn 20.75 0.26
Tre 10.46 9.67
S 0.42 7.18
SiO, 21.43 39.23
Na,O 0.18 32.43
K,0 3.20 0.42
ALO; 6.42 6.12
CaO 3.20 4.34
TiO, 1.05 0.42

® — Magnetite

= — Corderite

N * o — Andadite

* — Pyrrhotite

A — Pyromangite

o — Iron nickel sulfide

(a) * — Quartz/siolicon oxide
= — Wollastonite
® — Manganese(IV) oxide
* 4 — Manganaxinite
* * v — Anorthite, ordered
¢ — Geothite
W PRI AT D A T
1 1 1 1
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20/(°)

El1 ZRESZSIHAEAHRT 1) XRD i
Fig. 1 XRD patterns of polymetallic nodule(a) and low-grade
nickel sulfide ore(b)
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Fig. 2 Effect of initial leaching system on major elements leaching: (a) Mn; (b) Co; (c) Ni; (d) Cu (Conditions: 30 ‘C; pH value of 1.8;

2.0 in mass ratio of S/Mn; 15% in inoculation volume of bacteria; 1.5 g/L in concentration of Fe(IIl); shaking speed of 140 r/min)
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Fig. 3 Effect of initial leaching system on Ni and Mn leaching: (a) Mass ratio of S/Mn ore; (b) Pulp density; (¢) Shaking speed;

(d) Temperature; (e) Inoculation volume of bacteria; (f) pH value
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Fig. 4 Cyclic voltammetry curves of ores at different leaching solutions: (a) Low-grade nickel sulfide ore-without Fe(IIl); (b)
Polymetallic nodule-without Fe(IIl); (¢) Low-grade nickel sulfide ore-with Fe(IIl); (d) Polymetallic nodule-with Fe(III) (Conditions:
30 °C; pH value of 1.8; 1.5 g/L in concentration of Fe(IIl); 5.0 X 107 /mL in amount concentration of Az. f)
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Fig. 6 Chronoamperometric plots of ores at different leaching
solutions: (a) Low-grade nickel sulfide ore; (b) Polymetallic
nodule (Conditions: 30 C; pH value of 1.8; scanning speed of
1 mV/s; 1.5 g/L in concentration of Fe(Il); 5.0X 107 /mL in
amount concentration of A¢. f')
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Fig. 7 XRD patterns of residue at different leaching solutions
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Fig. 8 SEM images of residue at different leaching solutions:

(a) 4t. f+Fe; (b) Fe
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Fig. 9 ¢—pH diagrams for Me(Mn, Ni, Cu, Co, Fe)-S-H,0
systems at 25 ‘C and unit activity of 0.01
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Fig. 10 Bioleaching model of MnO,/Me(Ni, Cu, Co, Fe)S using Az. /: (a) Control; (b) Fe(Ill); (c) 4. f+Fe
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Enhancement of Acidithiobacillus ferrooxidans on polymetallic
nodule and low-grade nickel sulfide ore simultaneous bioleaching

KANG Jin-xing', FENG Ya-li', LI Hao-ran?, DU Zhu-wei’, DENG Xiang-yi', WANG Hong-jun'

(1. School of Civil and Resource Engineering, University of Science and Technology, Beijing 100083, China;
2. Key State Laboratory of Biochemical Engineering, Institute of Process Engineering,

Chinese Academy of Sciences, Beijing 100190, China)

Abstract: For the extraction of Ni, Cu, Co, and Mn from polymetallic nodule and low-grade nickel sulfide ore, a
simultaneous bioleaching was investigated by using Acidithiobacillus ferrooxidans(At. f). The extraction regularity was
measured by effect of mass ratio of S/Mn, pulp density, agitation speed, temperature, inoculation amount of bacteria and
pH on the leaching of major metal elements. The feature and mechanism of the acceleration of At. f'was determined by
cyclic voltammetry, electrochemical polarization-curve, chronoamperometry, XRD and SEM analysis. The results show
that the leaching rate and recovery of major metal elements increase with admixing At. f. Acidithiobacillus ferrooxidans
prospers the corrosion, by accelerating the mutual transformation of Fe*'/Fe’* and S%S? electron couples and by
increasing the potential difference between the anode of low-grade nickel sulfide ore and the cathode of polymetallic
nodule. Acidithiobacillus ferrooxidans can also improve the electron transfer and substance exchange in the dissolution of
polymetallic nodules, cause a negative movement of the corrosion potential of nickel ore, and increase in the electron
release of the adherent S°. With the presence of Az. £, the extraction ratios of Ni, Mn, Cu and Co during bioleaching are
95.34%, 97.34%, 92.24% and 97.75%, respectively, and more than those during inorganic leaching by 8.78%, 4.78%,
10.34% and 5.46%.

Key words: simultancous bioleaching; potential difference; electrochemical polarization-curve; electron transfer;

oxidation-reduction
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