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Recovery of ultrafine manganese carbonate from electrolytic manganese
slag leachate and its morphological control

WANG Ke JIN Shengming
( School of Minerals Processing and Bioengineering Central South University Changsha 410083 Hunan China)

Abstract: As a typical solid waste in the electrolytic manganese industry electrolytic manganese slag produces leachate
containing manganese ions during the storage process among which manganese has high recycling value. In this paper the
preparation method and morphological control of ultrafine manganese carbonate recovery in electrolytic manganese slag
leachate are studied and the effects of reaction temperature reaction time MnSO, concentration Mn>* /Na* ion molar ratio
and other influencing factors on the morphology and particle size of manganese carbonate are characterized by laser particle
size¢ SEM XRD and other physical characterization methods. The results show that with the increase of temperature the
laser particle size of manganese carbonate particles decreases and the calcium and magnesium ion content is relatively
stable with mass fractions of 0. 07% and 0. 06% respectively. When the reaction temperature is 25 °C the reaction time is
20 min the rotation speed is 600 r/min and the molar ratio of Mn’* /Na*is 1:2 the micron-scale MnCO, powder with
higher purity can be directly obtained in the experiment and the ion fraction of Ca’* and Mg’ * impurities is 0. 04% and
the separation of Ca”* Mg’ " impurities and Mn”* is realized in the experiment. The grain size change law calculated by
Scherrer formula is basically the same as that of the laser particle size test and the primary particle morphology of SEM is

a cube of 50 nm. The high concentration of Na® ions inhibits the secondary growth of manganese carbonate and the
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concentration of MnSO, and the reaction temperature cause the morphology of manganese carbonate particles to change from

well-dispersed cubes to spherical powders grown in multi-cube stacks. The research results can provide a low-cost and

environmentally friendly technical path for the recovery of manganese carbonate powder from electrolytic manganese slag

leachate.
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Table 1 Main chemical composition of the electrolytic
manganese residue %
SO, MnO Sio, ALLO;  Fe,O4 Ca0
26.92 3.26 35.12 10.3 5.045  9.676
MgO NiO H,0 SrO K,0 Na, O

.54  0.005 252 0.025 2.74  0.87
Rb,0  P,0, Ba0 Zn0 Cu0  NH/
0.0092 0.669 0.091 0.017 0.015 0.013

1 XRD
Fig.1 The XRD pattern of electrolytic manganese residue

from decomissioned storage in Hunan

1.2
500 g ( )
1:5
4 h o
2 o
100 mL
NaHCO,
0.2 mol/L o

MnCO; .
2
Table 2 Mass concentrations of various ions in leachate

of electrolytic manganese residue g/L

S0,%" Mn®* Ca’” Mg™* Na*
1. 64 0. 528 0.08 0.18 0. 0051
K* In** Cu** NH, *

0.001 3 0. 002 0. 004

TESCNA MIRA 4
BT-9300 ST
TD3500

( SEM)

SPECTRO BLUE
( ICP-OES) ,
Scherrer o

p = KA
Bcosh

D nm, K
0.9; » X nm,
B (°); 6 (°)
2

(1)

Scherrer

2.1
100 mL
0. 02 mol /L.
600 r/min-

100 mL
20 min

2 XRD
3 o
3
Table 3 Laser particle size analysis results of manganese

carbonate at different reaction temperatures

/C Dy/pm Dy /pm Dy / pm
50 1.647 2.330 3.610
35 1.627 2.530 3.398
25 1.983 3.367 6. 080
15 2.520 5.002 7.752

“Dyo~ Dy~ Dy 10% 50% 90%

o



2025 6

147

/C: (a) 15; (b) 25; (c¢) 35; (d) 50
2 SEM
Fig.2 SEM results of manganese carbonate at different

reaction temperatures

(a) XRD ; (b) (104)
3 XRD

Fig. 3 XRD patterns and grain size changes of

manganese carbonate at different reaction temperatures

Mn®*  HCO’"
o 3(a)
XRD Ca’*. Mg""
Mg** Mg( HCO,) , .
EDS
Ca. Mg 4 o 4
Mg** . Ca’*
0.07% 0.06%
Mg** Ca’"
Ca’"
CaS0, Mg
Mg( HCO,) ,
Mg”* /Mn**
0.34 Mg o
(104)
4 ( )
Table 4 Contents of impurity ions in manganese
carbonate at different reaction temperature %0
/°C Mg Ca
50 0.19 0. 06
35 0.25 0. 04
25 0.07 0.05
15 0.18 0.03
2.2
100 mL
0.02 mol/L. 100 mL
600 r/min. 25 C
4 5
XRD 5 o
5
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: 60 min SEM
4( d)

/min: (a) 10; (b) 20; (c¢) 30; (d) 60
4 SEM
Fig. 4 SEM results of manganese carbonate at different
reaction times
5
Table 5 Laser particle size distribution of manganese

carbonate at different reaction times

(a) XRD ; (b) (104)
5 XRD

Fig. 5 XRD patterns and grain size changes of
manganese carbonate obtained at different reaction times

6 ( )

Table 6 Contents of impurity ions in manganese

/min Dy /pum Dsy / pum Dyy / pum

60 1.979 3.362 6.018
30 1. 843 3. 086 5.595
20 1. 627 2.530 3.398
10 1. 650 2.367 3.567
5( a) XRD
Caz + . Mg2 +
0 6 EDS
Ca’*. Mg™" o 5(b)
(104)

carbonate at different reaction times %
/min Mg Ca
60 0. 06 0.05
30 0.04 0.04
20 0.07 0.05
10 0.07 0.04
2.3 Mn /Na
100 mL N
600 r/min. 50°C . 20 min
Mn/Na
SEM 7 6
XRD 7 0
( 7 Mn/Na
1:4 1:1 Dy,
Na*
; SEM
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XRD Mn/Na

Na*

7 Mn/Na
Table 7 Laser particle size distribution of manganese

carbonate obtained at different Mn/Na molar ratios

Mn/Na Dy /pm Dyy/pm Dyy / pm

1:4 1. 475 2.322 3. 151

1:3 1. 605 2.483 3.355

1:2 1. 627 2.530 3.398

1:1 2.423 4.596 7.287 (a) XRD 5 (b) (104

7 Mn/Na XRD
Fig.7 XRD patterns and grain size changes of
manganese carbonate obtained at different
Mn/Na molar ratios
50 C+ 20 min
SEM 8
XRD 9 o
SEM 0. 01 mol/L
0 SEM
0.5 pm
2.0 pm;
(104)
Mn/Na c(a) It1; (b) 1:2; (¢) 1:3; (d) 1:4 MnSO,
6 Mn/Na SEM
Fig. 6 SEM results of manganese carbonate under 0. 07 mol /1,
different Mn/Na molar ratios 9(b) - Mn30,
24 NaHCO,
100 mL
Mn** 100 mL °

600 r/min-~



150

50 6

/(mol*L.""): (a) 0.01; (b) 0.04;
(c¢) 0.07; (d) 0.1
8 SEM
Fig. 8 SEM results of manganese carbonate at different

different manganese sulfate concentrations

(a) XRD ; (b) (104)
9 XRD

Fig. 9 XRD patterns and grain size changes of
manganese carbonate obtained at different

manganese sulfate concentrations
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Mg** 25 C Mg**
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