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Sintering Behavior and Properties of NiFe,O, Ceramic Inert Anode
Toughened by Adding NiFe,O, Nanopowder

ZHANG Zhi-Gang, YAO Guang-Chun, LUO Hong-Jie, ZHANG Xiao, MA Jun-Fei, XU Jian-Rong

(School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: NiFe,0, ceramic inert anode for aluminum electrolysis, strengthened by adding NiFe,O, nanopowder,
was prepared via powder metallurgy method. The effects of NiFe,O, nanopowder content on sintering behavior and
properties of NiFe,O, ceramic inert anode were studied. Linear shrinkage and scanning electron microscope (SEM)
were employed to characterize the sintering property and microstructure. The results show that the sintering
shrinkage degree increases gradually as increase of NiFe,O, nanopowder content, while the sintering temperature
and apparent activation energy of initial stage of sintering decrease. When nanopowder content is 40%, the sharp
sintering shrinkage begins from 900°C and the apparent activation energy of initial stage of sintering drops to
291.43 kJ/mol. Volume density, bending strength and fracture toughness are enhanced firstly and then decreased
with the increase of nanopowder content, while the porosity and static corrosion rate display opposite tendency. The
maximum value of fracture toughness is 3.12 MPasm'? with nanopowder content of 30%, which is 2.14 times that
of without adding nanopowder. The toughening effect is realized by the elevated fracture surface energy, which is
attributed to the enhanced grain boundary cohesive bond and the reduced porosity with addition of NiFe,O,

nanopowder.
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Table 1 Design of particle gradation

Main granule  Filler granule Fine granule Nanopowder

(500-355 um)  (105-74 pm) (<74 pm)  (30-65 nm)
40wt% 0
30wt% 10wt%

42wt% 18wt% 20wt% 20wt%
10wt% 30wt%
0 40wt%
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Fig. 1 XRD pattern (a) and TEM image (b) of NiFe,O,
nanopowders prepared by low temperature solid-state reaction
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Fig. 2 Effect of nanopowder content on linear shrinkage of
inert anodes as a function of temperature
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Table 2 Linear shrinkage of samples prepared by adding
different amount of nanopowders at 1300°C
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Fig. 3 Effect of nanopowder content on density and porosity
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Table 5 Values of exponent and apparent activation en-
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nanopowders at the early-stage sintering
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Fig. 7 SEM images of fracture surfaces of NiFe,O, ceramic inert anodes with various contents of nanopowder



%7 W

RS, A5 9K H) NiFe,0, M Rt VE FH I be 4547 15 PERE AT 5T 767

S AT PR IK o DI, e 3 4 I B A
RS W T R4 1T RE S SEIURE R 394 A2 mT AT

FEATETLH, W 2RI AE 12 252 it F 46 5 i L
ALK FEA SIS, B 7 SEM I 1]
DUA ), RECEZR YR, RN, B
WY S 5 A o AT S8 . XML, TR T
AE 2 i TR A R R E o ST 4 o R,
A LR RS AE T 2 IR, WK g
BN . BEAE GRB AN AT, BE 4G JA R IR £
SRR, IR PR R AR HE RUIR B e i 3
DA RLAN RS S R R, S g A R e
Tk, WAk ae W] WG K. BEA 4R8I0 Y 1
m, ANERECEIREZ, R B TR
(K312 b ROSE, B8R I L, 7 7 2l e v 2
SOy et AR Rt 3T, LTSRS I AEREA SR

Kb (R TR ARG 5 EUJR) 8 2 BE R TBCR (¥ SR,

[Fi] o 38 N2 20 R FR R TR, AN T 442 1 DT 284 3 1T it
A BB, Bl b A7 AR 1AL BE G S i 4
Kmge, PRI ILEANKT 20%~25% 11551+
F, IR B S AL RN T 2 H R R P,
B 4 KRS I (38 T, SRR IS FL R BT,
W7 24 TH R D K, AR B . Xl
BHBR A R 5 J5 A0 W 24 ) 1 15 S L 36 A 3 AH 11
FHHA
2.5 ZRMIRMEXS AR ERSEIMER

BHAR A L 5 22 L 2% 1 0 0 i s s UK A 475 6 0
PRYERE, BEWE Al RE PHAR 1 T AR FIAS R i
AL . B 8 A NiFe,O4 KK I F X NiFe,04
P BH AR A 0 A5 et 2 1) R 10 o

ME 8 R LLFE H, B % FE NiFe,O4 40
KAV I N Se B AR S BT, S AR RLER
AL FEAN B, ERIEN 30wt HAT /M
0.00085 g/(cm*h), FAFHEMEL N 1.5 cm. Mk
BH AR AA 1 (1) AL 23T BH AR 4 88 i R e A 22 DG TR 2211
S, NiFe,04 51 BH B AEAE 1R FLIBR A SO0 oA
)RR, A il H AR A Sk 9B B B3 T 401, TE IR
CHLRTIBIE” R CEIRE R 0 R BE B AL R 1
P, Nightingale PR 57 45 G4 WL AR
(1 65 e 5 S b B DA G, 384 o, 5t TS ok e
BEAT AP ARk A dil A TR TR e o R AL R K,
RIMAALEE, 2 M EEE S SAL, W
oA, bR JE Bk R [, RN AL R
T o S R A T ek R e 1
FEHEN BB IS AL — 2D il b AR
B BH B 0, 5 1R BH BRI e, 3 ol B B 1) 58 43 T 24

0.0025 -

y)

0.0020 -

g-em h

2 0.0015F

/o

0.0010

Corrosion rate

0.0005 -

0.0000

Mass fraction of nanopowder / wt%

P8 KO VAN T 8 X A TR 285 Tl o ) 5 )
Fig. 8 Effect of nanopowder content on the static corrosion
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