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Technique of pressure leaching low grade manganese ore
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Abstract: The pressure leaching process of low grade manganese ore in a sulfuric acid medium was studied by
orthogonal experiments and single-factor experiments. First, the better prescription of primary factors which affect the
manganese leaching rate were determined through orthogonal experiments, namely initial acidity of 160 g/L, pyrite
amount of 50 g, liquid-to-solid ratio of 5:1(5 mL/g), air pressure of IMPa,leaching temperature of 180 “C, leaching time
of 80min. In order to analyze the leaching behavior of Mn, Fe and Al in the low grade manganese ore and realize highly
effective separation of these three metallic elements, the technological parameters were adjusted refering to orthogonal
experimental results. The effects of initial acidity, reaction temperature, pyrite amount, liquid-to-solid ratio, leaching time
and leaching pressure on leaching rates of Mn, Fe and Al were examined through single-factor experiments. And the
optimum leaching conditions were determined to be low grade manganese powdered ore of 100 g, initial acidity of 120
g/L, leaching temperature of 120 °C, pyrite amount of 50 g, liquid-to-solid ratio of 5:1(5 mL/g), leaching time of 100 min,
leaching pressure of 0.7 MPa, the agitation speed of 500 r/min. The experiments results indicate that this technology has
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good stability. Under the optimized leaching condition, the leaching rate of manganese is 96%, and the leaching rates of

Al and Fe are 38.7% and 7.12%, respectively. The selectivity and highly effective dissolution of Mn are realized, the

separation effect of Mn with impurities of Fe, Al, and so on, is good. These would lay a good foundation for realizing

clean and highly effective recycling of each kind of valuable elements in the low grade manganese ore.

Key words: low grade manganese ore; pressure leaching; manganese; iron; aluminum
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Table 1 Chemical composition of low grade manganese ore

(mass fraction, %)

Mn Fe AlLO; MgO CaO
17.64 4.06 3.15 1.40 27.21
Pb Si0, Cu Co Sn
0.034 8.14 0.007 0.019 0.054
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Table 2 Chemical composition of pyrite (mass fraction, %)
Fe S Si Zn As Al
32.82 40.78 10.0 3.00 3.00 1.00

Sb Pb Mn Cu Ag
0.10 0.50 0.10 0.03 0.003

F3 ARSI TR YIAH
Table 3  Phase analysis of manganese in low grade

manganese ore

Pha Mass Distribution/
5 fraction/% %
Mn in manganous carbonate 0.61 3.79
Mn in high Valefnce manganese 15.47 96.2
oxide
Mn in manganous silicate <<0.01 <<0.062
Total Mn 16.08 100
. =— CaCO;,
*— SiO,
A— Mn;0,
o— MnO, g

°— Mn,Si,0,,(OH)g

10 20 30 40 50
20/(%)

B 1 GRS XRD i
Fig. 1 XRD pattern of low grade manganese ore
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Fig. 2 SEM image of low grade manganese ore
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Fig. 3 Schematic diagram of experimental apparatus: 1—

Oxygen cylinder; 2—Control cabinet; 3— Autoclave; 4—
Circulating water; 5S—Conical bottle
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Table 4 Factors and levels of orthogonal experiments

Factor

Level Sulfuric acid concentration, Pyrite mass, Ratio of liquid to solid, Pressure, Temperature, Time,
AlgL™ Blg C/(mL-g ") D/MPa E/'C F/min

1 100 30 3:1 0.7 100 40

2 120 40 4:1 0.8 120 60

3 140 50 5:1 0.9 140 80

4 160 60 6:1 1.0 160 100

5 180 70 7:1 1.1 180 120

RS EATRLR
Table S Results of orthogonal experiments

sulfuric acid concentration,  Pyrite mass, Ratio of liquid to solid, Pressure, Temperature, Time, Leaching

No. AlgL™) Blg C/(mL-g ") D/MPa E/'C F/min  rate/%
1 100 30 3:1 0.7 100 40 43.2
2 100 40 4:1 0.8 120 60 51.2
3 100 50 5:1 0.9 140 80 90.3
4 100 60 6:1 1.0 160 100 93.7
5 100 70 7:1 1.1 180 120 95.9
6 120 30 4:1 0.9 160 120 57.2
7 120 40 5:1 1.0 180 40 90.8
8 120 50 6:1 1.1 100 60 86.2
9 120 60 7:1 0.7 120 80 83.5
10 120 70 3:1 0.8 140 100 57.9
11 140 30 5:1 1.1 120 100 93
12 140 40 6:1 0.7 140 120 81.2
13 140 50 7:1 0.8 160 40 98.3
14 140 60 3:1 0.9 180 60 81.5
15 140 70 4:1 1.0 100 80 93
16 160 30 6:1 0.8 180 80 95.6
17 160 40 7:1 0.9 100 100 95.2
18 160 50 3:1 1.0 120 120 89.4
19 160 60 4:1 1.1 140 40 93.8
20 160 70 5:1 0.7 160 60 95.8
21 180 30 7:1 1.0 140 60 79.2
22 180 40 3:1 1.1 160 80 75.5
23 180 50 4:1 0.7 180 100 95.5
24 180 60 5:1 0.8 100 120 94.8
25 180 70 6:1 0.9 120 40 98.97
I 74.860 73.640 69.500 79.840 82.480 85.014
I 75.120 78.780 78.140 79.560 83.214 59.620
11 89.400 91.940 92.940 84.634 80.480 160.74
\Y 93.960 89.460 91.134 89.220 84.100 87.060 T=2110.7
% 88.794 88.314 90.420 88.880 91.860 83.700
R 19.100 18.300 23.440 9.660 11.380 47.120
S 1564.136 1 225.665 2078.56 437.866 380.987 560531
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Fig. 5 Effect of leaching temperature on leaching rate of

metals
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Fig. 6 Effect of pyrite mass on leaching rate of metals
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Fig. 7 Effect of liquid-to-solid ratio on leaching rate of metals
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Fig. 8 Effect of leaching time on leaching rate of metals
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Fig. 9 XRD pattern of leaching residue at leaching time of
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Fig. 11 Effect of pressure on leaching rate of metals
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MPa J&, BRI TEE, Qeafhnie sy, iRt
KA o 3K S TR 2SR ST A I, 5B
NP HOEEA I, FRAER IR R AR, Sk
FIHERE) 2, EAEARIA R TR SR &,
358y NGO W S N I 2 B i (AT VA X S I k7 RT3
PR FEIPR, SRR AR e 4y, R
WA IR R B . ARSI AR S, B B
SRR AR B ARAS o I AR T bR iR e
(i PR 2 AR 3

Ry mant i s SR B skt iy, I
IS AR, WO AR R AT T, EIE R
R AT 7, B8 0.7 MPa B HE 7.

23 UBRHIZREERR

I bR TEAT S 56 A0 P IR 28 S0 25 T A, AR
F A0 T N 38 s A S R AR 2 4%
PEQUR s ARSALERR R 100 g, PIAGBRERIRE 120 g/L,
Bt SOV 120 °C, TR & 50 g, W EE 5 mL/g,
B IFE] 100 min, %1 F7 0.7 MPa,  $iidlid 500
r/mine 4 T SRR AT T L 2AE v, FRidE
T T EESER, ARSI NE 6. WK 6 vE, AL
SRR A P EE MR, T2HE. WKk
SERATH, ERINR R 96%, ARV IR HE 5
A 38. 7% 7.12%, SEIL T B S B AR S

F6 MR FEELEER
Table 6  Repeated experiments results under optimum

leaching conditions

Leaching rate/%
Test time
Mn Fe Al
1 95.3 6.86 38.4
2 96.8 7.37 39.2
3 95.9 7.12 38.6
Average 96 7.12 38.7
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3 Zig

p=}

1) FHAR S A7 Bf T 1 N s ¥ 1 T 2 R A S 56
FEAPR 3 S0 RS A A B AR th L2400 R
AL AL K 100 g, VILABRRRIRE 120 g/L, &
S VAR JE 120 °C, BRERAT & 50 g, YA EE 5 mL/g,
A IS IE] 100 min, ¥2HEJ) 0.7 MPa, $iidEHE 500
r/min. A T 2HA RUFEGENE, bR HA&NT,
BRI N 96%, AR FIER IR H 2505 38.7%
M 7.12%, SEBLT Mn @RISR, Mn Fil AL
Fe %528 0T IR 73 B BUR AT

2) AL E UMK S AR FIRR A E Ky Rk
SRR, A ARRE, ZEr= ARG, A R A
94T ztxszE%ﬁ% AR R, RE SRR
IFIE], RIS A 5 SR A PR AR PR T HERE, AN T2
T ARHE B e T Al
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