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Abstract

Using high-purity manganese sulfate solution as the raw material, manganese tetroxide (Mn304)
was synthesized via the air oxidation method. The effects of reaction temperature, reaction time,
Mn2+* concentration, alkali concentration (i.e., pH), and other parameters on the manganese content
and tap density of the Mn304 product were systematically investigated. Additionally, particle size
distribution and microstructure analysis of the product were conducted. The results indicate that
the optimal reaction conditions for producing battery-grade Mn304 are as follows: pH 9.4 in the sys-
tem, initial manganese sulfate concentration of 1.3 mol-L-1, reaction temperature of 70°C, and reac-
tion duration of 25 hours. Under these conditions, the prepared Mn304 exhibits a manganese con-
tent exceeding 71.40%, a tap density above 2.71 g-cm-3, and a normal particle size distribution with
amedian particle size (Dso) of approximately 10 pm. The product demonstrates a compact structure
and quasi-spherical morphology, meeting the requirements for raw materials in high-performance
lithium manganate production. This research achievement has been successfully scaled up for indus-
trial application at Guangxi Menghua Co., Ltd., achieving an annual production capacity of 10,000 tons
of battery-grade Mn304, establishing the company as a leading enterprise in Guangxi for battery-
grade Mn304+ manufacturing.
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Figure 1. Process flow diagram for high-purity spherical manganese tetroxide
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Table 1. Effect of Mn?* concentration on manganese content and tap density of the product
F L Mn?REN = min S 8 RIREZHE NN

F5  Mn2¥kE/mol- Lt NIRRT SN [E]/h pH S &% PR Eg-cm™3
1 1.0 70 25 9.4 71.04 2.62
2 1.3 70 25 9.4 71.38 2.68
3 1.6 70 25 9.4 71.33 2.65
4 2.0 70 25 9.4 71.30 2.50

3.1.2. WAARER] pH BYS/E
FEARGS L AR, G A SN AR 2R P IR AN [R] R P B BRI 1 pH BEAT XS Bk, 45 R0 2 For.
M2 2 ATA, FECE OSSR AR R B LS, pH W DU S = i BB & BRI AU, B R
£ 71.00%LL Lo BBR LRI pH I v 2 SRR SR B K, AR TP BB R ITE.
w2W LA, AR pH N 9.4,

Table 2. Effect of pH on manganese content and tap density of the product
= 2. pH W= RE A 8 KRB E NS

A pH JSNREEIC  MEE/N S M2k B /mol - L e 5% PRIL# FE/g-em3
1 9.0 70 25 1.3 71.00 2.53
2 9.2 70 25 1.3 71.17 2.62
3 9.4 70 25 1.3 71.38 2.68
4 9.7 70 25 1.3 71.27 2.55
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Table 3. Effect of reaction time on manganese content and tap density of the product

3. REAEX min S 8 RiREEE RN

B RBIEEl/h SRR EIC Mn2 i /mol - L1 pH BmEEY  PRTEE/g-em
1 15 70 1.3 9.4 70.05 2.45
2 20 70 1.3 9.4 70.97 2.57
3 25 70 1.3 9.4 71.38 2.68
4 30 70 13 9.4 7141 2.70
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Table 4. Effect of reaction temperature on manganese content and tap density of the product
F 4. REBREMNTRERERRIFEENZI

Fe RMIREIC SN [A)/h Mn2+# fiE/mol - Lt pH BEE% P S5 B lg-em ™3
1 60 25 1.3 9.4 70.35 2.50
2 65 25 1.3 9.4 70.68 2.62
3 70 25 1.3 9.4 71.38 2.68
4 75 25 1.3 9.4 71.40 2.69
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Figure 2. Particle size distribution analysis of the product
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Figure 3. SEM analysis of the product
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Table 5. Analysis of physical indicators of manganese tetroxide product
= 5. MEN =~ RYERER

L/
A R fum ERMA/M2.g?t  RSE%Eg-em® K%
D1o Dso Doo Dmax
T, T4 5.06 8.92 15.78 24.65 0.56 2.71 0.26

Table 6. Analysis of chemical composition of manganese tetroxide product
6. MENK=EmmILZERD T

Mn/% Fe/% Na/% Cal% Mg/% Zni% Cu/% SO¥ /% HiMES4ippb
71.41 00035  0.0026  0.0047 00076 00021  0.0002 0.045 136.0
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Figure 4. Production site photos of Guangxi Menghua Co., Ltd.
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