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Fig. 1 XRD pattern of product synthesized by
calcining at 1 150 C in Ar atmosphere
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Table 1 Relevant reactions and free energies

of FerO3 and Ni,03

No. Reaction AG/ (J*mol™ l) TPmpfi;alum/
(1)  2NiO3= 4NiO+ O, 600
(2) NiO+ Fey03= NiFe, 04 - 19900- 3.77 T 582~ 1427
(3) 2NiO= 2Ni+ O, 464 900- 167.18 T 25~ 1453
(4) 6Fe)03= 4Fe304+ O, 587 350- 340.57 T 570~ 1452
(5)  2Fe304= 6FeO+ Oy 636 888- 255.9 T 570~ 1424
(6) 2Fe0= 2Fe+ O, 526 599- 133.55 T 570~ 1377
(7 Fe;04= 3Fe+ 20, 1103 120- 307.38 T 25~ 570
(8)  Fe+ NiO= Ni+ FeO - 30849.5- 16.815T 570~ 1377
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Table 2 Theoretical decomposed oxygen

pressure of related oxides calcined at 1 150 C

No. AG/ (J*mol™ 1) Decomposed oxygen pressure/ Pa
(3) 227 002 4.706 8x 10~ *

(4) 102 718 17.180 5

(5) 272742 9.8558x 107 ¢

(6) 336 557 4.478 4x 10" *
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Fig.2 XRD pattern of NiFe;O4 spinel

prepared by solid state reaction in air
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Fig. 3 XRD pattern of ZnFe;O4 spinel

prepared by solid state reaction in air
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Fig.4 XRD pattern of Nigy sZng sFe;O4 spinel

prepared by solid state reaction in air
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Table 3 Particle size distribution of
NiFeO4 and ZnFe;Oy4 spinels prepared

by solid state reaction in air

Diameter/ Hm Mean
Sample diameter/
Do D5 Dy Hm
NiFe,04 7.19 39.53 60. 66 38.26
ZnFe)04 0.99 34. 95 68. 28 34.31
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Fig. 5 SEM image of NiFe>Oy4 spinel powder

prepared by solid state reaction in air
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Fig. 6 SEM image of ZnFe;Oy4 spinel powder

prepared by solid state reaction in air
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Solid state reaction synthesis of Ni(i- x)Zn,Fe;O4 spinel
used as matrix of inert anodes in aluminium electrolysis

QIN Qingwei', LAI Yan-qing', ZHANG Gang', TIAN Zhongliang’,
ZHOU Xirlin', LI Jie', LIU Yexiang', HE Yue-hui®
(1. School of Metallurgical Science and Engineering,
Central South University, Changsha 410083, China;
2. State Key Laboratory for Powder Metallurgy,
Central South University, Changsha 410083, China)

Abstract: Spinel structure oxides seem to be the most promising gradient norr consumable anode matrix materials due to their high stabiliza-
tion energy. With the purpose of studying the preparation of Ni(i- +)Zn,Fe;O4 spinel, several (Ni, Zn)Fe;O4 spinels were synthesized by solid
state reaction in air and argon atmosphere. An inert cover gas is necessary during sintering, for the protecting calcined cermet compositions
containing free Ni or Cu from oxidation. In argon, NiFe,Oy spinel will be reduced to NizFe, Fe;04 and FeO during densification. The partial
pressure of oxygen is of interest for the preparation of inert anodes. When the spinels are synthesized in air and at 1 150 ‘C, no other minerals
or residual oxides were found by powder X-ray diffraction. Particle sizes of spinels are fine and consistent with normal distribution.

Key words: (Ni, Zn)Fe,)O,; solid state reaction; inert anode; aluminium electrolysis
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