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Enhanced sintering and molten salt corrosion behavior of
nickel ferrite based cermets

ZHOU Ke-chao, TAO Yu-qiang, LIU Bao-gang, L1 Zhi-you

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: NiFe,O,4 based cermets were prepared by sintering method under controlled atmosphere, and their electrolysis
corrosion in aluminum electrolysis at 960 ‘C was examined. Based on the studies of the microstructure and phase
composition after sintering, surface morphology and composition after electrolysis, impurity content in electrolyte and
cathode aluminum, the effects of BaO, Yb,O; and CoO additive and metal composition on the sintering properties of
NiFe,O,4 based cermets were analyzed. The electrolysis corrosion property of highly sintered cermets as inert anode was
characterized. The enhanced sintering mechanism and molten salt corrosion behavior were also discussed. The results
show that the doped BaO, Yb,0O; and CoO react with the ceramic matrix, and then accelerate the process of sintering
densification. The substituting of pure Cu and pure Ni by Cu-Ni as metal phase of cermets can increase the relative
density of NiFe,O, based cermets. The high relative density of NiFe,O, based cermets is benefit to inhibit metal loss and
ceramic-phase corrosion, and the anode surface will change to NiFe,O,4 dense layer.
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Table 1 Relative density of Cu/(NiFe,O,-10NiO) based

cermets sintered at 1 200 'C

Sample Poroosity/ Rele'ltive

% density/%
5Cu/(NiFe,04-10NiO) 8.55 91.45
10Cu/(NiFe,04-10NiO) 9.48 90.52
17Cu/(NiFe,04-10NiO) 10.38 89.62
1BaO-5Cu/(NiFe,04-10NiO) 2.58 97.42
1BaO-10Cu/(NiFe,04-10NiO) 2.50 97.50
1Ba0O-17Cu/(NiFe,04-10NiO) 3.94 96.06

K1 BT A E B B 7% R W B3R . R
B R B AR R AN 10 pm,  FLIFIE SR
AHE; 1% BaO IR MAE SR KR 20 um A
A7, TR B OFLIR S B DI 1 P L 2 T B AR 1)
pn Ik o X R PAFE N 1% BaO 1] B 248 S k)
(Reai PERE o

BEl1 1200 CEELiEImMEIH 0 SEM 4

Fig.1 SEM images on fracture surface of cermets samples
sintered at 1 200 ‘C: (a) 17Cu/(NiFe,0,-10NiO); (b) 1BaO-
17Cu/(NiFe,O4-10NiO)
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Fig.2 XRD pattern of interface of BaO and NiFe,0,-10NiO

composite ceramics
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Fig.3 SEM backscattered images of cermets after electrolyzed
at 960 'C for 10 h: (a) 10Cw/(NiFe,04-10NiO); (b) 1BaO-
10Cu/(NiFe,0,-10NiO)

B4 &JEFEEE 960 CHUF 10 h 5 2 SAH A
Fig.4 OM images of cermets after electrolyzed at 960 C for 10
h: (a) 17Cw/(NiFe;0,-10NiO); (b) 1BaO-17Cw/(NiFe;0,-10NiO)
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Table 2 Net increments of elements of anode distributed in electrolyte and aluminum cathode after electrolyzed at 960 ‘C for 10 h

Increment in electrolyte/g

Increment in cathode/g

Sample
Ba Cu Fe Ni Ba Cu Fe Ni
10Cu/(NiFe,O4-10NiO) - 0.180 0.102 0.125 - 0.181 0.060 0.005
1Ba0-10Cu/(NiFe,04-10NiO) 0.136 0.140 0.046 0.055 <<0.006 0.147 0.063 0.028
17Cu/(NiFe,04-10NiO) - 0.291 0.135 0.104 - 0.290 0.144 0.056
1Ba0-17Cu/(NiFe,04-10NiO) 0.143 0.240 0.042 0.062 <<0.006 0.300 0.106 0.030
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Fig.5 SEM images of 17Cw/(NiFe,O,-10NiO) samples
sintered at 1 300 ‘C: (a) Without Yb,03; (b) With 2.0% Yb,0;
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Fig.6 EDX analysis of product in Fig.5(b): (a) Point I;
(b) Point 2
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Fig.7 XRD patterns of 10Cu/(NiFe,04-10NiO) samples
sintered at 1 300 C: (a) Without Yb,Os3; (b) With 3.0%Yb,05
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Fig.8 XRD patterns of 10Cu/(NiFe,0,-10NiO) samples: (a)
Without Yb,0s; (b) With 10%Yb,05
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Fig.9 SEM images of 10Cu/(NiFe,O4-10NiO) samples after
electrolyzed for 10 h: (a) Without Yb,0s; (b) With 0.5%Yb,0;

T3 21300 Cheds e BPaEAE 960 CHLfE 10 h J5 H AR5 AN B AR ob BH AR5 il oG 25 A 35 n

Table 3 Net increments of elements from anode distributed in electrolyte and aluminum cathode after electrolyzed at 960 ‘C for

10 h of ceramic sintered at 1 300 'C

Increment in electrolyte/g

Increment in cathode/g

Sample
Cu Fe

Yb Cu Fe Ni Yb

10Cu/(NiFe,04-10NiO) 0.026 0.052 0.034
0.5Yb,05-10Cu/(NiFe,04-10NiO)  0.065 0.024 0.035

- 0.158 0.470 0.053 -

<<0.000 6 0.068 0.087 0.006  <<0.0007
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Fig.10 XRD patterns of samples sintered at 1 300 C:
(a) 15(20Ni-Cu)/(10NiO-NiFe,0,); (b) 15(20Ni-Cu)/(10Co0O-
NiFe,Oy)
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Fig.11  Effect of CoO content on relative densities of

15(20Ni-Cu)/(NiO-NiFe,Og4)cermets
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Fig.12 Relationship between electric conductivity of CoO
doped 15(20Ni-Cu)/(NiO-NiFe,0,) and temperature
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Fig.13 SEM images of electrolyzed samples: (a) Without CoO; (b) With 1.0% CoO; (c) With 5.0% CoO; (d) With 10.0% CoO

T4 1300 CHeL 4 EFIZ 960 ‘CHLMR 10 h J5 AR A AR R = FH RS oo 2203 n &

Table 4 Net increments of elements from anode distributed in electrolyte and aluminum cathode after electrolysis at 960 'C for 10 h

Increment in electrolyte/g

Increment in cathode/g

Sample
Cu Fe Ni Co Cu Fe Ni Co
15(20Ni-Cu)/(10NiO-NiFe,O,4) 0.0212 0.0768 0.099 6 - 0.0414 03450 0.0690 -
15(20Ni-Cu)/[10(5C00-NiO)-NiFe,O,] 0.0152 0.0279 0.0616 <<0.004 0.0069 0.0897 0.0207 <<0.002
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Fig.14 OM photographs of 10NiO-NiFe,O,4 cermets with 17% metal phase added by Ni(a), Cu(b), Cu-10Ni mixture(c) and 10Ni

coated Cu(d)
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FEA A S i, 53 2 R0 3 IBEANNT b, 44
JEAH K Cu-Ni &4y, HiffdfE Cu #E g 5 R B

E 15 17(10Ni-Cu)/(NiFe,O4-10Ni0)4x & K & 960 °C T Hifi#
40 h J5 11 SEM 1§

Fig.15 SEM images of 17(10Ni-Cu)/(NiFe,04-10NiO)
cermets after electrolyzed at 960 ‘C for 40 h: (a) Bottom;
(b) Side face



%21 55 6 JARKR, A% BRIRBE IR P R nn A e 45 5 M I AT 1357
5 Cu-Ni BJEATFESHEZE 960 CHLE 10 h 5 AL BT BRR A o BHAR i G 3% ) 84 n
Table 5 Net increments of elements in electrolyte and aluminum cathode after electrolyzed at 960 ‘C for 10 h
Increment in electrolyte/g Increment in cathode/g
Sample
Cu Fe Ni Cu Fe Ni
12.5(20Ni-Cu)(10NiO-NiFe,0y) 0.021 0.052 0.057 <<0.001 0.041 0.002
12.5(20Ni-Cu) (10NiO-NiFe,04)+1Yb,0; 0.071 0.060 0.088 <<0.001 0.051 0.002
12.5(20Ni-Cu) (10NiO-NiFe,04)+1Cu,0 0.085 0.040 0.031 <<0.001 0.125 0.004
18.75(20Ni-Cu)(10NiO-NiFe,0,) 0.038 <<0.001 0.018 0.003 0.058 0.004

PR, JUECHE N AR (0 Gl 3 PR TR, R
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VAT ) g Eebe A MERE A B o

3 Zig
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VIAH IR A i v 1 B AR IRGe g s v, e 1 4 )& Mg
B e 4 3 AE AL E R

2) NiFe, 0, J45 J8 i B A4 R VS N id & 1) CoO, ] 5
Wi BB AA T B B v A, s < Jeg Bl e AR I e 45 3085
ACHERE, A7 R0 A BH 3 F Pk BRI 3 e 7
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