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Study on the Bioleaching Mechanism of Manganse ( I ) from Manganese-
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Abstract: The manganse bioleaching mechanism by a manganese-resistant strain Fusarium sp. was investigated, through analyzing the
bioleaching rate and manganese-electrolytic residue characterizations with the presence of Fusarium sp. and with the addition of organic
acids. Special attention was paid to explore the relationship among the manganese’s leaching rate, pH, and organic acid concentration
during Fusarium sp. bioleaching process. The research results showed that, with the addition of Fusarium sp. , some looser and more
porous manganese-electrolytic residues could be obtained. And after 47 hours, the leaching rate reached to 84% which was 2. 30 times
higher than that leached by individual organic acid even after 130 hours; the leaching rate of manganese and the concentrations of
organic acids increased at the initial stage and then decreased, while pH was the reversed. Additionally, the concentration of Succinic
acid and L-Malic acid reached their crest value(11. 12 g/L and 10.23 g/L) at 57 and 62 hours respectively. Yet the pH reached the
lowest(4.09) at 29 h, which implied that, Fusartum sp. and organic acid produced played an important role in the leaching of
manganese, leading to a high-efficiency and time-saving process. However, due to the high density of manganese-electrolytic residue
and the concurrence of the produce and consumption of organic acid together with the adsorption and complexation, the relationship
among the extraction rate for manganese ion, pH, and the concentration of organic acid produced could not be described by simple
linear correlation and the leaching rate decreased significantly in the later stage.
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W 2 mL 1 29°C Z fF U R v B R (r = 120
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BT BRI I I v (84% ) % I () I 18] 45 (47 h) o 2
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Fig.1 Variation of pH with bioleaching time
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Fig.2  Variation of manganese leaching rate with leaching time
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Table 1  Organic acid produced by Fusarium sp.

tg/min - AGHLER AN B BRACWAINS 207 B O N A LR

PR, pKo (25C)  LEFTINA HLER i L/ %

8.24 C,H,,0, 130. 18 TN & ( Propanoic acid) 4. 88 11.05
10. 78 CgH (0, 144.22 1E T & (n-butyric acid) 4.82 0.95
12.07 CgH 40, 144.22 5+ TR (i-butyric acid) 4. 88 9.71
12.38 C,H,0, 146. 18 1% ( Lactic acid) 3.08 0.65
13. 86 CpH 0, 202. 12 % ( Oxalic acid) 1.23,4.19 0.72
19. 67 CgH,,0, 172.18 I3k il ( Maleic acid) 1.83,6.07 0.92
22.75 CeHg O 174.11 78 W (Tsocitric acid) 3.29,4.71 0. 88
27.71 C,Hy 0, 228.28 BE 11 ( Succinic acid) 4.16,5.61 35.17
28.20 Cy,H,, 04 246. 31 L-3 51 ( L-Malic acid) 3.40,5.11 25.04
36.35 CsH,0, 278.34 AR % = 1 % ( o-Phthalic acid) 2.89,5.51 14.91
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Fig.4  Variation of Succinic acid and L-Malic acid
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RMR < B, 5 AE 45 08 1) A LR AE 2 L 130 h
Ja B R ALK 36.29% .
A TR A1 S R Ay o U0 45 AT LT v 1 17 e 35 A1 g



9 RS WAL Fusarium sp. %2 WA 50 7 P46 0O HL I IE X 2707

(a) Fusarium sp. SCEEH0R UG B E
7 XU

(c) L-%ERURGELIN G B

(d) FERRIRIUE i

B5 B3R HOHE A S R AIE (% 6 .000)

Fig.5 Surface characteristics of manganese-electrolytic residue in different leaching filtrate ( x 6 000 )
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A7 K ARLEAH A 2 A1 B ) 4 v A FH oz B 1) R 1R
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3 e
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Fusarium sp. FLHGR 5 HR MBS VR AT 45 21
3.1 HEMEM

TEE T H A X, pH AR T B 21 5 % s I, B 125
TR LRI RIS S B 545G B 2 W5, A B
D5, pH AH A TF, T BB 7R R A B K, HOB
DGR R G KO AR L A KPR, H Uk T
LA DX R B DR B 1 e St T R AR A A

A XEERIN Fusarium sp. f) H 82 AF . R
I 3l A 0 A R P 9 T 22 A R A Kl e 2
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Bk LR AN HAE V2 MALE . 54, S22 =4
9T g5 2 B O A K R e
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3 Wb — TR Bk 1 85 4 40 Jo B S R TR AR DT W R,
T 3 v T S AR A R A ) R AE A AR AL 3
FEZALHI ) E ZEARHE A2 T R %2 & R IS 1)
Tl VW AR A3 AL 2 AL, AN TR R IO B R
T AH O S0 S, B ARAE A X 3 R B A N
LR T S A R T R AR S
3.2 [HEEAEH
3.2.1 HHRMAFEERE WL

25 & 1K 1 Fusarium sp. fEHIE T pHOE 2 &0 5
TR AR AL B 4 G HLR I 77 A AR A
PRI R R S N By N (E N PN e SR
AN 5 A TP A G C R A RN B FE
A8 LR VA S FE) ARG I AH O R ik ) K, H. pH E 7E
U DX ) 5B T

Rt 2. 4 15 (1 SE 560 25 B4 M, Fusarium sp. A5
FEA 10 B LR YRR R L B HT, 5 L
Tt VA P A B AL S AR R 99 AN TR AR A AE R
Ao 1] 25 B A 5 0 R TR B A A D VS R A T L IR
N AT R IR N

MnX(MnX,) +2H" —— Mn’" + H,X(HX)

(X 4 CO;” .OH™ S*" %)
UE AR mT ) MnX 1) 525 i 2218 Ok fif# B% , MnX 75 K
Hh I S A A
MnX (MnX,) == Mn*" + X*"(2X")

APRRE - AW HOWREE R, H
X7 (2X7) AT 2k 45 A, ik MnX (MnX,) 1) 55 fi#.
[l pH < 6.5 () BR 5T B 40041 25 4 2 ¥ b Mn®* JE B
MnS. N1 0] %1, Fusarium sp. 7= 12 0] 4§ J¢ NV A& &
pH &b 4 ~7 (150 Fl, 58 50 A R0Hb BH 1 [ 25 5 45 &
VIR PR O . e B AR RF A SCHR (23 ] ) A

TIAN AR S AE T, VAN S A G W e SR AL A AL
W) CO, R H,0, [ & ¥ 46 4wl ¥ YE 9 Mn®" il
M’ 57K 9 T 45 & 5 FE S €416 Mn (H,0); "
FWFFTR I A W A T 3E U R R
AR B F, s T B B R L TR 7R 47
AR T WA A Mn® " 5 2818 4k 2 <P A A
A WAL B - MnOy (MnO (OH), MnO,; 45,55
i 28 11 Bl 48 3 38 T 1 A7 LR I X8 B o — i g
TR LR, B A S A AR R DL
18 R 9, 08 e ) S N AT

Fusarium sp.

MnO, + H,C,0, +2H"
Mn®* +2CO, +2H,0
Mn®* + 6H,0 —— Mn(H,0) > (¥4 f)
Mn®>* + 0, + H,0 —— MnO(OH), (£ (%)
MnO(OH), + O, —— MnO; (4t {4) + H,0

Fusarium sp.

MnO(OH), + H,C,0, + 2H"

Mn** +2CO, +3H,0

Fusarium sp.

2MnO, + 5H,C,0, + 6H" ————
2Mn** +10CO, + 8H,0

Fusarium sp.

3MnO,; +4H" ——— > MnO; (Z4:) +
Mn, O, (#£€%) + 2H,0

M, Mn(H,0):" .MnO(OH), .MnO, % MnO,
) B A R R DR R B AR A B Js DL T A
3.2.2 Mo’ B I

FE it il 3R THT S PR A Fusarium sp. [ 5 % 8% 18
JRUH IR Min® " A B R TR 6 T I A,
PR FARAE S Mn® " B . 10 Fusarium sp. 1
W AR DR 038 T SO AR R ) R Mk A 8 AT
Mn® " 75 [ 0 S 1 A3 LR B il 6B 2 b, A B X
AT pH <5 I ES R IEW T H AR R Z #E I\ HT
PR 9 T e TR A T A B Y Min® T 3 D8
HRARE BB H T BRI Min® 37 B R B3R
.

{H 5 A [ (%, 75 C IR D X i, 47 WL B
MG IR R SRS & B T RAER G2, kY
WP AR B T A, AR AR T R A LR
AR SRR H TR RN A TR AR I AR
IEAH SR AN AAR G O¢ & W B, I 1 (1) D X3 8
pH K B 4 G HLIR 7= 28 2 N 75 BE & H I [A] 1) 42 K
A KW By, I3 T AR B R AR E AR AR K
BT RTHEA, ROV AR R AR AR I T3 h S
TR, A LR IR 7 AR 5N B DR R R R 2R T
F1R) TR BFF 1) TR B A FH B R IF 1) 2% 5 A/ L A 2 D v v
A TR MR RN G

4 e

(1) i} i W J) 8 Fusarium sp. [0 2E K554 4
T JE s MR T AT R A A AL R
TR B R4 6T T AR R YT, i
A 400 JE A ) P R TR TR A R U TSI ) 4 B
R o, S e T AR T IR R
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(2) Fusarium sp. A 7 75 147 HLIER X 4 2 1
T 25 0 25038 A T A A D HG T P O Ji 4 R e
SR R A A AR, (8 A ] AR 1 i i A
A, 3 B AR R AR AR TR Bl M P 5% o il 8 1 A
] - 48 1) 27 23 I 1 A5 LUORE T

(3) H1 T~ VAR LK S A7 A B0 RS ) B
o, BLRGE AR R A HLIR 7t CH 9 FE B
526 S AE TS5 10 A I A7 7, Bl 88 73R i BOR S i 1Y
I Z19FAF pH A B 2 AR 10 I 20, 0 0F 3R A7 HLIR A6
DN AR 5 vy 1) IR 2. 9 i 00, T R 9 A B A A
AT HLIR FR) 7= 5 N B Bl 0 19 L SRR B S b
PR R AR R S AT LR 1K 7 A5 I P 2 B 1 A
LeCHHPS S
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