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Preparation of manganese tetroxide with lime milk
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Abstract: Manganese tetroxide was prepared with manganese chloride and lime milk. The influences of manganese ion
concentration, reaction temperature and feeding speed were investigated through orthogonal experiments when the
concentration of lime milk is 1 mol/L. The results show that the manganese in manganese hydroxide is above 60% when
the feeding speed is 6 mL/min with manganese ion concentration of 0.5 mol/L and at 80 ‘C. The content of manganese in
the product is 70.42 %. The results of X-ray diffraction, chemical multi-element and infrared analysis show that calcium
oxide and basic manganese chloride are main impurities in the manganese tetroxide primary products. Basic manganese
chloride can be removed by the processing of sodium hydroxide solution. The thermodynamic calculations and
experimental results indicate that the hydrothermal method can eliminate the impurities of calcium oxide and basic
manganese chloride simultaneously, and the content of final products manganese is up to 71.27%.
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Table 1 Orthogonal experimental design

Factor
Concentration of Lime milk
Level ” Temperature .
Mn“" (4)/ (B)'C feeding speed (C)/
(mol-L ™) (mL-min ")
1 0.5 40 6
2 0.7 60 9
3 0.9 80 12
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Table 2 Orthogonal experimental results
Experiment ] : : 24;604
B C w(Mn)/%
No. .
1 A B C 54.66
2 A B, G 56.64 .
3 A B; G 60.46
4 45 B G 43.72 ro .
5 45 B G 45.86 JiT :
‘ Ao B G0 . wm,m Lot g
7 A B, G 49.34 10 20 30 40 50 60 70 80 90
8 A; B, o 55.67 20C)
9 4; Bs G, 51.78 B2 DU —REWIZ0™ fhi XRD 1
K; 57.25 49.24 52.54 Fig. 2 XRD pattern of manganese tetroxide primary products
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L, 14.31 12.31 13.14 Table 3 Chemical compositions of manganese tetroxide
L, 11.41 13.18 12.68 primary products (mass fraction, %)
Ly 13.07 13.30 12.97 Mn Cl Ca Mg Si0, SO;
R 14.31 12.31 13.14 70.42 0.93 1.21 0.18 0.02 0.02
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Fig. 3 IR spectrum of manganese tetroxide primary products
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Fig. 4 Relationship between solution pH value and reaction

time during oxidization process of manganese hydroxide with

air at 80 C
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Table 4 Chemical compositions of manganese tetroxide

Experimental Mass fraction/%

method Mn Cl Mg Ca SiO, SO;

Blank 7042 093 0.18 121 0.02 0.02

NaOH 71.15 0.07 023 128 0.02 0.02

Hydrothermal
71.27 0.09 0.13 0.21 0.02 0.01
method
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Fig. 5 XRD pattern of manganese tetroxide products



3258 A G A R

2013 4F 11 H

2Mn,(OH);Cl+Ca(OH),=4Mn(OH),+CaCl, (5)
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Table S Thermodynamic data of reaction related substances
at 298.15 K and 1.013 25X 10° Pa'"”

AG®,/ 5O/ AH®,/

Substance (status) 4 N 4

(kJmol ) (Jymol “K) (kJ'mol )

Mn(OH) —725.517 99.000 -696.000

MnClyag) —516.543 118.240 —481.290

Ca(OH)y -1010.766 83.400 —985.900

CaClyg) —827.705 108.386 —795.390
an(OH)3CI(S) - - -
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A RRFRAE A B xS (6) T AT 21
2AH®298A15 K(an(OH)j,Cl):
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AH®50515 <(Mny(OH);Cl)=—1 284.645 kJ/mol
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