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Abstract: The effects of CaO content, in the range from 0% to 4%, and sintering temperature on the phase com-
position and electrical conductivity of CaO doped 10NiO-NiFe204 composite ceramics were studied. The results show
that the composites consist of NiO phase and NiFe204 phase. There is an apparent oxygen absorbing and releasing
behavior during the heating process in air for 10NiO-NiFe:04 composites. The electrical conductivity of composites
sintered at 1473 K markedly depends on the CaO content. As the CaO content is in the range from 0% to 1%, the
conductivity increases firstly with the temperature increasing from room temperature to 773 K, then abruptly decrea-
ses with one or two orders of magnitude at the temperature between 773 K and 923 K, and finally increases gently
with the temperature increasing from 923 K to 1233 K. As the CaO content is in the range from 2% to 4%, the
conductivity increases with the temperature increasing without a decreasing phenomenon. The maximum conductivi-
ty of 16.29 S/ cm at 1 233 K is obtained for composites doped with 2% Ca0O, compared to the 1. 03 S/ cm of the undo-
ped composites. As the sintered temperature increases from 1473 K to 1573 K, the electrical conductivity at 1233 K

increases about 15 times for the undoped composites, compared to a slight increase for the 2% CaO doped composites.
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Fig.1 Drawing of experimental furnace for

high-temperature electrical conductivity test

1 —Press sensor; 2 —Super cover; 3 —Sintered alumina plate;
4 —Super electrode for current conduction; 5 —Furnace;

6 —Pressing handle; 7 —Voltage measuring side electrode;
8 —Specimen; 9 —Bottom electrode for current conduction;
10 —Steel pedestal; 11 —Gas inlet;

12 —Steel tram road for the super cover to move;

13 —Steel crossbeam for the super cover to move;

14 —Pt/ Pt- 10% Rh thermocouple, with sintered alumina sheath;

15 —Insulating tram road for electrode to move
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Fig.2 XRD pattern of 10NiO-NiFe204

composite ceramic
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Fig. 3 XRD patterns of CaO doped

10NiO-NiFe204 composite ceramics
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Table 1 Electrical conductivities of CaO doped 10NiO-NiFe204 composite ceramics at

various temperatures in air

Electrical conductivity/ (S* cm™ )

1

Sample w(Ca0)/ Relative
No. % density/% 303K 373K 473K S73K 673K 773K 873K 923K 973K 1073K 1173K 1233K
1* 0 74. 81 0.14 0.24 0.56 0.97 1.50 1.54 0.03 0.04 0.43 0.77 0.84 1.03
2* 0.5 74.70 0.34 0.58 1.10 1.89 2.55 2.55 0.04 0.04 0.12 0.40 0.83 1.22
3* 1.0 77.42 0.31 0.54 1.14 1.96 2.74 3.71 0.48 0.07 0.14 0.63 1.03  1.36
4t 2.0 98.53 0.85 1.22 2.41 3.55 4.56 6.71 8.66 9.55 10.58 12.31 14.63 16.29
5t 4.0 96.43 0.93 1.21 2.21 3.21 4.32 575 7.54 833 8.8 10.11 11.74 13.57
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Table 2 Fitting results of Ino= 7~ ' linear

relations for CaO/ (10NiO-NiFe204) samples

Electrical

Sample w(CaO)/ D/ E/  Correlation conductivity

No. % (S*em™ 1) eV factor at 1233 K/

(S*em™ )
1* 0 8.54 0.22  0.9933 1.03
oF 0.5 11. 31 0.21 0.9938 1..21
3* 1 17.29 0.20 0.9957 1.35
4% 2 21.:93 0.16  0.9899 16. 29
5* 4 16. 81 0.18 0.9861 13.57
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MFPRAZE B om, B RENWIRME o FHE
WREAIC, BRI o AR B A RHE m il B st ml e
BREfRE SR,
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B 7 i 1473811573 K R4 ke 17



916 &5 9

WAL, 25 CaO 2% 10NiO-NiFe2 04 -5 E 1S W1k BE . 1613 *

4* [ MRS B . LR B 7(a) B b) 43I0 Y
TUFE 17 A1 4" [ SR BER AR i 2 . S R
I, ReedEE R AR R R SR, KL
R 1 SRR R K . 1 573 K T RS s
WAEAE1233 K T R F &L 2] 15. 30 S/em, K
1473 KRe &5 i3l FE i s T 15 %, & 1Uh
1.03 S/ em . MAKE 4" EFERBEL5IRIE G, 1233K
THHSEEIEIN T2.67 S/ em . X FRFE 17, H
181 573 K M43k A5 30 FEiA 2 90. 1%, X
B Z AR H 3 S PR v T Y B TR S0 B 1 3
hn. it aRAE 4, A1 573 KR B4 3R 18 I 3
BT A 97.33%, 1KT1473 K T3 K 98. 53%
W, (B2, R S B3 B SR R S
K, A BHIN, MR m AR R

28

I-(a) e — 473K

24 s+ — 573K

20F

o /(S-cm™1)
~

=1 - 1 P ¢ ol
200 400 600 800 1000 1200
T/K

201 (b e — 1473K

+— 151K

—
[=,}
T

o /(S+em™)

1 —l i -
200 400 600 800 1000 1200
TK

7 AFRHRE T HELHTE CaO 2% 10NiO-NiFe2 04
A R R L R R i
Fig.7 0 T plots for CaO doped 10NiO-NiFe204

composite ceramics sintered at various temperature
(a) —10NiO-NiFe204; (b) —2% CaO/ (10NiO-NiFe204)

1) 7 CaO &4 0~ 4% MG , CaO B¢

1) 10NiO-NiFe: 04 555 M B 1) X 5 2687 4 1A
NiO 1 NiFe: 04 HIATHIUE, H CaO HIUSINK A B
WU NiFe: 04 BE NiO B AALEH .

2) 10NiO-NiFe: 04 & A B %l FE 72 A,
MEiRZ1018 K HILW B & 38 In%, FiE
WINZEZ 0 0. 890% ; 1018 KA1 673 K HHILH] &
PIFTEURIL S, TR ZE L0 0. 809% ; A
il B B i 3 2R 2k 2] 0. 081%

3) 1473 K FEE451 CaO 2% 10NiO-NiFe> 04
HEPEN R S R BT S CaO &
FHXR.HCa0 FEN 0~ 1% I, HFREEIEEK
THET W, WS AE 773~ 923 K 3L 1~ 2 A4
B S e, AR T R IR R B T T 22 1 B
Tt &R PR IXFP IS L EE R FE NiFe, 04 765
W RAEREM KA K . CaO FiEH 2% Fl
4% I, HL SR 298~ 1233 K N Bl 18 1T
I . 0~ 4% CaO & &EILH N, 2% CaO B 24
10NiO-NiFe; 04 &AW EAEA R N H 4
A S %, 1233 K FEH] 16.29S/ em, TR
B4R 1.03 S/ em .

4) BEEIRE H 1473 K 12531 573 KN, KB
FARPEBUH FE 5 15. 3%, 1233 K PR S FRiE
i 15 %; 2% CaO B 24K 0% B RFK L. 2%,
1233 K B FRIEH RS .

REFERENCES

[1] Gray P T. Corrosion and passivation of cermet inert
anodes in cryolitetype electrolytes| A]. Miller R E.
Light Metals[ C]. Warrendale: TMS, 1986: 309 ~
320.

(2] XM FH. e r A 1 B B 5 mT ) 1 B A A T 5 5 0T
KHERE [1]. B4E, 2001(5): 26~ 29,

LIU Yexiang. Advance on the research and develop-
ment of inert anode and wettable cathode in the alumi-
num electrolysis[ J]. Light Metals, 2001(5): 26 ~29.

[3] Pawlek R P. Inert anodes: an update[ A].
W. Light Metals| C]. Warrendale: TMS, 2002: 449 ~
456.

[4] Ghosh A, Das S K, Biswas J R, et al. The effect of

Schneider

ZnO addition on the densification and properties of
magnesium aluminum spinel[ J]. Ceramics Internation-
al, 2000, 26(6): 605 ~ 608.

[5] Ritwik S, Kumar D S, Goutam B. Effect of addition of
Cr205 on the properties of reaction sintered MgO-
ALO; spinels[ J].
Society, 2002, 22(8):

Journal of the European Ceramic

1243 = 1250.



1614 - A SR R 2006 4 9 J1
[6] £EJWE, 5k 4, Bk, . NiFe:Os KA HN TiO2 [M]. Beijing: Tsinghua University Press, 2002. 212
(KR AT IR S RE[ J] . fE R #h 2% 3R, 2004, 32(9): - 213.
1150~ 1153. [11] Junzo T, Toyohiko I. Effect of additives on magneti-
JIAO Warrli, ZHANG Lei, YAO Guang chun, et al. zation of ferrites[ A]. Hiroshi W. Ferrite: Proceed-
Sintering process of NiFe204 spinel with and without ings of International conference[ C]. Tokyo: D Reidel
Ti02 adding[ J]. Journal of the Chinese Ceramic Socie- Publishing Company, 1980: 178 ~ 181.
ty, 2004, 32(9): 1150~ 1153. [12] 5 R, &= &), ML, 5. B4 % NiFe R
[7]1 FEHes, RE, B %, MnO XJ 88k i 1 YA A B R SO A A S LR BE AT S ). T REAL R
PEBH B AL R BE R R ] T, ShAEARE, 2005, 36(3): 2005, 36(11): 1709~ 1711.
374 ~ 376. ZHANG Gang, LI Jie, LAI Yan-qing, et al. Effect
XI Jin-hui, LIU Yrhan, YAO Guang chun. Effect of of sintering atmosphere on the relative density and
MnO2 on properties of inert anode of NiFe204 spinel conductive properties of NtFe spinel ceramics|[ J].
[J]. Journal of Functional Materials, 2005, 36(3): Journal of Functional Materials, 2005, 36(11): 1709
374 ~ 376. ~1711.
[8] #ixLis, sk Wi, xL#, %, &K & EX CorNr [13] Stephanie C, Philippe T, Isabele P, et al. Prepara-
NiFe:04 & JE V& FHMERERIZI[J] . H e K2R tion conditions of pure and stoichiometric Ni: Fes- . O4
( HARRL24RR) , 2004, 35(6): 880 ~ 884. bulk ceramics[J]. Solid State Sciences, 2004, 6(8):
LAT Yan-qing, ZHANG Gang, LIU Yexiang, et al. 791 ~ 798.
Effect of adding Cu-Ni on mechanical capacity and elec- [14] 2= %, 2BYLZE, Tk, % WmNFIX Zr0. # K
trical conductivity of NiFe;Os-based cermets [ J]. RS R ]]. R, 1997, 25(6):
Journal of Central South University ( Natural Science) , 705 ~ 710.
2004, 35(6): 880~ 884. LI Ying, GONG Jiang-hong, TANG Zrlong, et al.
[9]1 5k &, FEEH, %;u , G RN NiFe: 04 B & Effect of additive on the high-temperature conductivi-
e G SR [ T]. fhlﬁﬁfﬁ%%?&, 2004, 14 ty of ZrO2 materials[ J]. Journal of the Chinese Ce
(6): 1002~ 1006. ramic Society, 1997, 25(6): 705~ 710.
ZHANG Lei, ZHOU Kecao, LI Zhryou, et al [15] = b, ¥ e, ﬁﬂﬂﬁﬁ & RMA T LiMn2 04 P
Effect of atmosphere on densification in sintering nickel BRI M Ho SR J]. HYRECR, 2003, 27(S1):
ferrite ceramic for aluminum electrolysis[ J]. The Chi- 210~ 212.
nese Journal of Nonferrous Metals, 2004, 14(6): 1002 WU Zhen, ZENG Zhaoqiang, HU Xiao-qing, et al.
~ 1006. Preparation and conductivity of spinel LiMn»04 ce-
[10] <¥EE, sk R, ELE. THM BB R M. ramic[ J] . Chinese Journal of Power Source, 2003, 27
Jem: AR M MHE, 2002, 212 - 213. (S1): 210~ 212.
GUAN Zherrduo, ZHANG Zhongtai, JIAO Jir (éﬁiﬁ jﬁ'l‘Z{l:P)

sheng. Physical Capability of Inorganic Materials



