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Preparation of nickel-manganese composite oxide by room
temperature solid state reaction-calcining decomposition

YANG Bo, WANG Zhi-xing, GUO Hua-jun, LI Xin-hai, ZHOU You-yuan

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Using NiCly:6H,0 and MnCl,-4H,0 as major reactants, nickel-manganese composites were synthesized by the
solid state reaction at room temperatures with three difference reactants (NH,4),C,0,-H,0, NaOH, NaCOs-10H,0). The
nickel-manganese oxides were synthesized by calcining three precursors at 400, 300, 500 ‘C for 3 h. ArGg and
AH 2 for three solid state reactions at room-temperature were estimated by the thermodynamic data. The effects of
difference reaction on the oxides were studied. The processes, particle size and crystallography characters were studied
by means of DSC-TGA, XRD and TEM. The results show that spinel NiMn,O, and MnNi,O, are obtained by
decomposing nickel-manganese oxalic acid; Ilmenite-type MnNiO; is obtained by decomposing nickel-manganese
hydroxide; Ilmenite-type MnNiQOj, spinel NiMn,O, and MnNi,O, are obtained by decomposing nickel-manganese
carbonate. The particle size of nickel-manganese oxide products increases by turn of nickel-manganese hydroxide, oxalic
acid, carbonate.
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NiCl,6H,0+(NH,),C,0,—NiC,0,+2NH,Cl+6 H,0
A,G®=-13.82 kJ/mol <0

A, H®=-29.37 kJ/mol<0
MnCl,-4H,0+(NH,),C,04—~MnC,0,+2NH,Cl+4 H,0
A,G®=-34.59 kJ/mol <0

A, H®=-34.14 kJ/mol <0
NiCl,:6H,0+2NaOH—~Ni(OH),+2NaCl+6H,0
A,G®=-165.44 kJ/mol <0

A H®=—-112.55 kJ/mol <0
MnCl,-4H,0+2NaOH—>Mn(OH),+2NaCl+4H,0
A,G®=-148.98 kJ/mol<<0

A, H® =-206.02 kJ/mol <0
NiCl,:6H,0+Na,CO5-10H,0—>NiCO5+2NaCl+16 H,0
A,G®=-33.35 kJ/mol<0

A, H® =150.92 kJ/mol >0
MnCl,-4H,0+Na,CO;5:10H,0—~MnCO5+2NaCl+14H,0
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Table 1 Thermodynamic data of reactants and products at

298.15K
Component AHS [(kImol™)  AG® /(kI'mol™")
NH,CI —314.43 -202.97
(NH,),C,0, -1090.35 —820.90
H,0 -285.83 -237.18
MnCO; —882.82 —811.70
MnC,0, -1039.72 —924.66
MnCl,-4H,0 -1 687.41 —1423.82
Mn(OH), —779.06 -615.05
Component AHE (K] ‘mol ™) AGO /(K] ‘mol ™)
NiCO; —679.91" —612.54
NiCl,-6H,0 -2103.17 -1713.93
Ni(OH), —529.69 —447.27
NiC,0, -879.06 ~719.65
Na,CO5 10H,0 —4081.32 —3428.20
NaCl —411.12 —384.05
NaOH —425.60 -379.53

A.G®=-48.27 kJ/mol<0

A, H® =62.05 kJ/mol>0
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Fig.1 DSC-TGA curves of nickel-manganese composites: (a)

Oxalic acid; (b) Hydroxide; (c) Carbonate
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Fig.2 SEM images of Ni-Mn composite oxides obtained by

decomposition of nickel-manganese oxalic acid (a), hydroxide

(b) and carbonate (c)

F2 AR B TR 2 BN R EE
Table 2 Nickel and manganese percentage of different Ni-Mn

composite oxides and molar ratio

Component w(Ni)/% w(Mn)/% n(Ni):n(Mn)

Nickel-manganese 36.57 3451 0.989 8
oxalic acid

Nickel-manganese 3523 33.05 0.997 5
hydroxide

Nickel-manganese 35.76 33.52 0.998 3

carbonate




ERVEE BE ]

W W S FILE A RS- RBbE S i A R 1709

(a) )
— NiMn204anNi304

LIl

M U VUL AR
15 30 45 60 75 90
20/(°)

15 30 45 60 75 90
20/(°)

3 '—NiM11204!MnN1204
L ] -— NiMH03

15 30 45 60 75 90
20/(°)
3 AFEESAYI XRD i
Fig.3 XRD patterns of Ni-Mn composite oxides obtained by
decomposition of nickel-manganese oxalic acid (a), hydroxide

(b) and carbonate (c)
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Fig.4 XRD pattern of nickel-manganese hydroxide precursor
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