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Reductive leaching and leaching Kkinetics of low-grade pyrolusite
ores using oat straw as reductant

MAN Rui-lin, CHANG Wei, WU Qi, XUE Jian-rong

(School of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China)

Abstract: The extraction of manganese from low-grade pyrolusite ore was investigated using oat straw as a reducing
agent in dilute sulfuric acid medium. The optimal conditions and the kinetics from manganese dioxide ores by reductive
leaching were discussed. The results show that the leaching rate of manganese reaches 96.1% while the iron dissolved is
46.8% and chemical oxygen demand (COD) is 6.2 g/L under the optimal condition as follows, H,SO,4 concentration of
150 g/L, liquid-to-solid ratio of 9 mL/g, mass ratio of oat straw to pyrolusite ore of 0.3, leaching time of 60 min at 90 C.
The kinetics studies indicate that the leaching process follows the shrinking-core model in the temperature ranging from
333 K to 363 K, the leaching rate of manganese is controlled by the interface chemical reaction during the leaching
process, and the apparent activation energy is 69.4 kJ/mol.
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Table 1 Chemical compositions of pyrolusite (mass fraction,
o)

Mn Fe Si0, Al O; K,0 Na,O

20.34 10.46 37.22 8.38 1.09 0.10

CaO MgO TiO, BaO S C

0.73 0.78 0.19 0.12 0.13 0.18

HERFEFFI A LIk X, &5, s
FiAE/NT 150 pm, LB 0T ank 2 Pyl it
R CE T EED, PR ER 0.0012%(0 5
), BREEN 0.032%, EFEE. YA R, ]
BWEATE . SEI0 T BRI A 20 A4k, BT A 281K
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Table 2 Main compositions of oat straw (mass fraction, %)

Cellulose Hemicellulose Lignin  Moisture Ash

36.5 30.2 14.5 9.4 33

1.2 XRIESPE
121 AR R AR5

W= DR E TERAAE T, = E— 0
R E VAR, o3 — M L e — AN A EERE,
() FF 1 J8CE MU FE G o 458 bl 6 ] 2 ) 400
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Fig. 1 Effect of sulfuric acid concentration on leaching rates
of Mn, Fe and COD in lixivium

HHIE 1 AT, BRI BEXTER . ki R A
COD MK Al BRI Lk 50g/L I, il th &
H42.7%, B HE 19.1%, CODE N 3.4 /L. KA
TR IR L & FAVER IR R, SO ZEFF KAl 2B St B ok
BRI ], PTLL, BEAE BRIRIR B (IO, fR BRI
BZHEFEL L COD HBRET . UmRIKENR 150
g/L, fili. BRI HE5 008 96.1%H1 46.8%, COD 1
6.2 g/L. Wa, HERBRIRIKSE, iz R T = gene,
MR HZF COD {EASRIGINEA o Fas il
FFNE TN T BRI AT, SRR 4G
WREAE L 150 g/Lo

2.2 RE LIRS IR

MERIRIKIE A 150 g/L. FEAFSEN FiEth
0.3+ WHIREZ R 90 °C = T h I, B3R R VI
W L, 5 Lol Bk R DL I COD
IR, &5 R 2 frs.

HHIE 2 %, 4y be i S mL/g 35 K% 9 mL/g,
R R 85 1% 2 96.1%, BE— U1 Xl Le,
B2 R IEARPRFEAAS . A R R B L )
HE i 2 e o A LE e 5 mL/g #5 K4 12 mL/g,
R COD {H H 9.6 g/L 2RIk S 4.9 g/L, Tl COD
REHIER T 22.3%. XEZZEHTRBIKRE En
THOLT, SERME LG, HOKT Z A SR r b i,
T AR KA. I8 RE 1 g FEFPR R B
KER 4.1 g, FRFEILERDN, 0 KRB, VAR

Fe and COD in lixivium
RARMERCPEIA), GG TR LE A 7~9 mL/g.

2.3 EETE A EXMERERZISIEEN

PRI IR L}y 150 g/L. WIE LN 9 mL/g. &%
HHRJEA 90 'C LR 1 h I, 554N R 22T F 0
BRI R LR W COD (E I, 251k 3
7No

100 7
16
S 5 _
2 5
<
= a
S 13
3 S
—
12
11

. : . : . . 0
0" 005 010 0.15 020 025 030
Mass fraction of oat straw

B3 AATHIEEL . BRR A LLLGR YR COD 8 52
Fig. 3 Effect of mass fraction of manganese dioxide ore to oat

straw on leaching rates of Mn, Fe and COD in lixivium
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Fig. 4 Change of leaching rate of manganese with time at

different temperatures
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Fig. 5 Relationship between 1—(1—-X)"”* and reaction time at

different temperatures
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Fig. 7 Effect of time on leaching rates of Mn, Fe and COD in

lixivium
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Fig. 8 Effect of time on hydrolysis rates of cellulose and

hemicellulose
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