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Table 1 Chemical compositions of pyrolusite(mass

fraction, %)

Mn Fe, SiO, CaO Cu Zn Pb

47.31 5.46 7.01 0.31 - 0.03  0.01

Ba NaZO Kzo A1203 Sb S T102

0.25 0.18 0.96 4.39 001 013 021

Fe,: Total Fe.
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Fig. 1 XRD pattern of pyrolusite
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Table 2 Phase analysis of manganese in manganese ore

Mass Distribution
Phase
fraction/% rate/%
Mn in manganous carbonate 0.71 1.50
Mn in manganese oxide 46.48 98.25
Mn in hematite/limonite 0.08 0.17
Mn in manganous silicate <0.04 <0.08
Total Mn 47.31 100

TCEIEA L SN E S AT, &) F 2N e
W, B LAk

TR G0 BT R A IR K BB 3T B SRR A B <) IR
K, FEARAOK TN 3 Frdl. kK COD,, &
4 2.14X 10 mg/L, BODs#J¥ 4 8.5X10° mg/L, 7
MU A R BRIy 2 o ARG BT 48 F 1 HAth 2577038
VIR TEa

F3 ERAKKE

Table 3 Quality of coking-plant wastewater (concentration,

mg/L)

Water quality index Concentration/(mg-L ")

SS 1100
COD,, 21409+ 645
BOD 8506+345

TN 3800£123
VFA 7200
tar 670
phenols 10900
sulfide 980
pH 7.40~7.60

1.2 iR AN EE
R E R 2 fios.

:LL

2 WA E R

Fig. 2 Schematic diagram of experimental apparatus: 1—Air

bottle; 2—Control cabinet; 3—Autoclave; 4—Absorption flask;

5—Piezometer
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S RE AR /N o 2% LR REFE, PEPEEFE Y 200 t/min & E



27 S W

TR, S FEALR KGR JSR KR 5)) )2 1053

90

[
S
T

~
S
T

Mn leaching rate/%

60

0 200 400 600 800
Stirring speed/(r*min’")

3 N[ REEE ER H SE

Fig. 3 Effect of stirring speed on Mn leading rate
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Fig. 4 Change of Mn leaching rate with time at different

stirring temperatures
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Fig. 5 1-2x/3—(1-x)** (a) and 1-(1—x)"” (b) curves vs time at

different temperatures
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Table 4 Manganese mass content of different particle size

range of pyrolusite

Manganese mass

Size range/um  Mass fraction/%
content/%
>148 2.53 57.21
93—-148 13.20 49.78
74-93 14.45 47.42
38-74 25.78 46.67
<38 44.04 46.34
100
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Fig. 7 Change of Mn leaching rate with time at different

particle sizes
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Fig. 8 Relationship between 1-2x/3—(1-x)"" and time at

different particle sizes
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Fig. 10 Effect initial H,SO,4 concentrations on Mn leaching
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Fig. 11 3

Relationship between 1-2x/3—(1—x)"" and time at

different initial H,SO,4 concentrations
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Fig. 12 Relationship between Inky and Incy
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Fig. 13  Effect of COD,, concentrations on Mn leaching rate
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Fig. 14 Relationship between 1-2x/3—(1-x)**

and time at

different concentrations of COD,
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experimental data (xeyp)
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Fig. 17 FIRT patterns of lixivium after leaching at different

temperatures
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Fig. 18 FIRT patterns of coking wastewater and lixivium

under different conditions

20

[
(=]
T

151
11.32

—
(=)
T

589 59

%]
T

3.11

Concentration of COD,/(g'L™")

1.89

1 2 3 4 5 6
19 AFIZAF T ERKFIR 1K) COD,, W

Fig. 19 Concentrations of coking wastewater and lixivium

COD,, at different conditions
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Fig. 20 XRD patterns of pyrolusite and its residue after

leaching: (a) Blank-control; (b) Residue after treated for 1 h; (c)

Residue after treated for 4 h
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Fig. 21 SEM images of pyrolusite after coking wastewater
reducing leaching: (a) Blank-control; (b) Residue after treated
for1h
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Table 5 Chemical composition of leaching residue tested by

EDS

Mass fraction/%
Area
Mn (0] K Fe Si Sb Al
A 62.58 37.02 - - 0.40 - -
B 75.66 19.58 1.66 - 2.02 - 1.08
C 47.64 48.65 - 226 094 0.51 -
D 46.34 4846 - 354 162 002 0.02
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Leaching Kinetics of pyrolusite ores using
coking wastewater as reductant

FENG Ya-li', KANG Jin-xing', LI Hao-ran’, DENG Xiang-yi', SUN Ming'

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

Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Using the coking wastewater as reducing agent to pressure leaching the pyolusite, the shrinking core model
was used to investigate the kinetics of the manganese reductive leaching process in the sulfuric acid solution. The effects
of stirring speed, reaction temperature, the particle size of the pyrolusite and the concentrations of H,SO,4 and coking
wastewater on the leaching rate were investigated. The results show that the leaching of manganese increases with the
increase of the temperature, the concentrations of H,SO4and coking wastewater, whereas decreases with the increase of
particle size. The kinetic equation for the manganese pressure reduction is presented at the temperature ranging from 393
K to 423 K, with the apparent activation energy of the leaching process is obtained to be 15.2 kJ/mol and the reaction
orders for the concentration of H,SO4 and coking wastewater are 1.21 and 0.98, respectively. It suggests that the reduction
of manganese from pyrolusite is controlled by the diffusion through the ash-inert layer. The mechanism analysis shows
that pyrolusite is reduced by the multikey macromolecules of coking wastewater through providing the oxygen atom for
the macromolecular organic compounds decomposition, or is reduced directly by small organic molecules. The
thin-walled with holes superficial layer constituted by residual of Fe, Si, Al affects the Mn leaching.

Key words: coking wastewater; pyrolusite ore; reductive leaching; kinetics
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