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Fig.1 Flow chart of preparing manganese trioxide from acid leaching solution of rhodochrosite
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Fig.2 The relationship between AG and AH with temperature of leaching reaction
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Fig.3 Reactions that may occur during the sedimentation process

1.4.3  Z&BTE kR
Tolk b, A AR AL P T VE 5 RN SR AL P DT TE T
XoF 2% oL 5 F AT R BR A S P A I R Vs i
W pH {HZ 5.0, 885 IMAGRAL DU BRI b i 43 )R
BT RO A (10) . BB, FInA AL
BRI BRI A, R RO AN (11) o
MeSO, +BaS ——MeS | +BaSO0, |

(Me =Pb, Zn, N, Cd, Cu) (10)
MeSO, + MnF, —MeF, | +MnSO, |
(Me =Mg, Ca) (11)

2 ) BAL 25 T, A5 B0 5 & B AL 5
AR 1 s - 5, DT AR A 45 4 SR T A BT 1
iy, 5 5 an el 4 Fros

HE 4 (a) ITLUE 1, & BB, B Ca Mg
LISk, Pb . Zn Ni Cd . Cu 84k 9055 fife B2 &R A% F
AR , 3 T EE M AR AL B i B Ph Zn (Ni |

Cd.Cu SEEEFEHE T MMM S 46, NFH b=
MBEAL BB T S 4 ) B I s & R BR (C <
107 mol/L) , H1Z 48 5 75 B4 il B3t Ak 00 1) o A
SR S i 5 Mn?* 4544 MnS TTEE , 1
B Mn (IR 2% ; [RIES, i Pz ik RN R, —
AR Ba®* 2337 Z0 IR B BR AU X 5
SEARL IO SR IR . & 4 (b) AT LUE Y,
FEA R ALY T bR 85 B LLAM , Mg Ca Pb (Y5
AW A B #T /N T MnF, | 7EWUF N, MnF, 23 5
Mg.Ca Fll Pb & A5 5 40 fff SN, A6 UV fif B BRI Y
ALY AR Bk =R AR B T e A R, SR
AAPYF e BE R, 35 ™ b v SRR % B DR A 5
PRIEVEIERE | B 12 BRI SRR B A
1.4.4  HLIBEZR DU R AL =4 1 il %

DI SCE b e TR R Rkl R A T v ik
il 25 L b DU SR A =4, B LR (12) (13) , IR



- 108 -

—4+—Mn

—+—Mg

—a—Ca
——Pb
—&—7n

—a—Ni
—a—(Cd

——Cu

R &

7 —I6 _|5 _I4 —|3 —I2 -1
lgfs*]
(a) S B ALY RTE F-F-fiTih 2%

4

~10 L 1 1 L L )
7 6 -5 -4 -3 -2 -1
lg[¥]
(b) -4 B F ALY V7 fir 2R

BB ITER AT

Fig.4 The sequence of metal element precipitation

H Mn®* $4EAE) Mn, O, TTVERT S B H Y, R iy
JN R SRR IR S 5] IR TR RS A
AR BEACAY H A7 oA,
6Mn’* +0, +6H,0 —2Mn,0, +12H" (12)
6Mn’" +H,0, +6H,0 —2Mn,0, + 14H"*
(13)
fifi ] HSC Chemistry 3K {4F 18 A AR E T Mn-
H,0 R HEYM o> i, 45 R WE 5 B, nTUE
H, Mn®* Rl i SRR AR EUAR S Mn, O, , 78 0 “C Y,
2 pH > 7.772 B, Mo 0] B 8 9E 25 AL R
Mn,0, ,7E pH > 8. 164 B, Mn®* J¢ & A= 7K fif A B
Mn( OH), JLE , Bl 5 # % AL Mn, O, XJ 0 °C
F1 100 °CF By FAAH 434 O F AT 0, 38 e R A
FIFAERE Mn, 0, F9FE AL, 100 °CF Mn, O, AL X i1

FUE R, 7E pH > 4. 913 B BRI AT A Mn, 0,, {HJ2,
P X A S 78 72 2 77 Mn, O, 3 A8 rh | 23 [] i 7=
AR MnO - OH , il &Il 7= 9 i A B, T 4
PRI T A AT
1.5 S¥FE

BEXF DU AL = i, SR XS AT 5 DU [
PR AR AL AR, 14 5 0 e X L SR 2R A T
FAE IO CRLEEAL PR 5225 BEAY | R A FA
T2 BRBRASOGT DU AL =4 7 i AR iR S 2
JE R SRR S R T e . SR
[ Z AR ( GB8253—87 ) Xif MU 4tk =4 1) 20 iL it 17
G3HIT , LA S AR e o000 o L P ) 5 s X
Hoh 4 JEm TR MM, B 5ext = S i g, BRb
T PRI 0. 350 0 g (55 0. 000 1 ) 7= T 100 mL
PR, 3 Bm A 20 mL 25 B 77K . 10 mL HCI

151 15
)’InO;
Fo~ - MnOh‘ MﬂO;
1.0 - - : 1.0
05F 0.5
z z
= Or + = 0
2o s W M0, =
-0.51 T --- -05
Mn(OH),
-1.0f -1.0
L Mﬂ L ] 1 I 1
15, 4 6 8 10 13, 4 6 8 10
pH{E pHIE
(a)0C (b) 100 °C
B 5 ANEEET Mo-H,0 £ Eh-pH [

Fig. 5

The Eh-pH plots of the Mn-H,O system at different temperatures
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Study on the direct preparation of battery-grade manganese tetroxide
from the acid leaching solution of rhodochrosite
MA Xiaolei' , KE Pingchao®”, WAN Lingyun', ZHOU Yipeng’®, WAN Tingyong’"
(1. Aketao Kebang Manganese Manufacturing Co. , Ltd. , Aketao 845550, China;
2. Key Laboratory of Groundwater Pollution and Causes of Jiangxi Province, East China University of Technology,
Nanchang 330013, China;

3. School of Water Resources and Environmental Engineering, East China University of Technology, Nanchang 330013, China)
Abstract : As a key precursor for preparing lithium manganate, a cathode material for lithium-ion batteries, battery-
grade manganese dioxide holds an important position in the new energy battery industry due to its unique crystal
structure and electrochemical performance. However, traditional preparation methods have the drawback of high
production costs. In this study, using the acid leaching solution of rhodochrosite from Kebang Manganese Industry
as the raw material, battery-grade manganese dioxide was prepared through a process of preliminary impurity
removal-deep impurity removal-oxidation precipitation. The purification process of the rhodochrosite acid leaching
solution was deeply studied, and the effects of various factors in the oxidation precipitation process of the manganese
purification solution on the preparation of battery-grade manganese dioxide were investigated in detail. The results
showed that during the preliminary impurity removal, the addition of ammonium bicarbonate-sulfuric acid solution
for the precipitation and redissolution of Mn and Mg enriched the Mn concentration to 122. 5 g/L. and reduced the
Mg concentration to 91. 5 mg/L. The concentrations of Cl, Na, K, and Si were significantly reduced to 6. 2 mg/L,
16. 8 mg/L, 2.3 mg/L, and 9.8 mg/L, respectively. In the deep impurity removal process, the addition of
1.0 g/L BaS and 4.2 g/L MnF, to remove heavy metals and Ca, Mg reduced the concentrations of Mg and Ca to
21.3 mg/L and 11.6 mg/L, respectively. The concentration of Pb was reduced to 1.3 mg/L, and the
concentrations of Zn, Ni, Cd, and Cu were all reduced to less than 1 mg/L. The process conditions for preparing
battery-grade manganese dioxide by direct oxidation were as follows; at a Mn concentration of 1 mol/L, with oxygen
as the oxidant, 2% ammonia water as the neutralizer, and a reaction temperature of 70 °C , the reaction time was
12 hours. After washing the product with 2% ammonia water and drying, spherical battery-grade manganese
dioxide with a Mn content of 71% , a specific surface area of 0. 813 m’/g, a tap density of 2.53 g/cm’, and a
median particle size of 12. 5 pm, and with impurity content lower than the national standard was obtained.

Key words: battery-grade manganese dioxide; acid leaching solution of rhodochrosite; preliminary impurity

removal ; deep impurity removal ; high-purity manganese sulfate



