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Materials Fabrication and Corrosion Behavior of
NiFe, O, Cermet Inert Anodes

LAI Yarr ging, QIN Qing-wei, DUAN Huanan, Li Jie, LIU Ye xiang
(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The cermet inert anodes with the compositions of Cu-NiFe,O4 and NiNiFeyO4 were developed by
classical powder metallurgical technique respectively. The corrosion behaviors of NiFe;O4 based inert anodes in
NazAlFg Al,03 melts were investigated. The results show that the corrosion behavior of cermet materials is con
sistent with thermodynamic calculations. To improve densification and electrical conductivity are difficult be-
cause copper has poor wetting characteristics to NiFe;O4 phase. The relative high porosity can lead to the oxi
dation of metals in Cu-NiFe;O4 cermets and electrolyte penetration into the anodes. The anode was badly
swollen at the end of testing. The materials do not degrade during electrolysis via anodic dissolution of copper
phase. Preliminary testing of 5% NrNiFe;O4 cermet materials show that the anodes have excellent performance
in cryolite-based melts. Nickel has the tendency to anodic dissolve and ferrite has the tendency of incongruent
dissolution.

Key words: aluminum electrolysis; inert anode; corrosion; cermet; NiFeyOq4

RS RAEO MO RN TR R R IR RS R, L)L N A
M1k b MR R, AR s UK AU - S A AR S R BRAT T3 10 &,

%5 B #A: 2004- 03— 11

BEWA: [HEK ARF Y5 S % I I H (50204014) ; [F 5 T 4 5L il BF 50 & 1 MR 550 H (G1999064903) ;[ 5% i 52 A WF 5% & Jié v 1 35 H
(2001AA335013)

EB T v BT (1974- ), B IEFE AR, BIBUR, WL )5, AFR 4810 & K 2 e AR AR 7T

WXERRA: M, B, A5, Bl 0731-8830474( 0) ; E-mail: gingweiqin@ yahoo. com. cn



. 886 * IR 2R H B RR)

#5354

FiT LA, I B Ak s e R LE AT L H
A, AATIXE 5 R A P 16 e FH AR B I RV A T
R RIS AR BeAT 1R B T R A sk . A
AR A EEE, H ORTAEAE 0 B ) AR S
MEE AR, JF Ay AN & T Tk N ) K
FELAR P 71 26 45 AR A 7R AR ) e it v S SRR B
(L= ei

SR AT G5 R RIS ) B AT S R T SR

VETETEFA AR B — R m a4 RE . fEBE, 1538 X R ik
LR NiFe O K <5 8 i 2 4 8E I 1 4 BoR SO
fiPE B8 Pt R AR EAT IE A

1 i

= A

1.1 #El&E

NiFe,04 5 4 J& M % (1 il 5 R FH V8 - e 4 Bk,
B2 r ] 5 AU5VE A AT . NiFe 04 ¥ K H il
] AH A B 0 KB 145, PR R 1.5 Um, 3B 5
16 Cu M1 Ni By B2 R4 04 1~ 3 Um . NiFe;O4, Cu
55 Ni SRR R R BE VR A) Ja M s BB, OB R 1A
200 MPa, #4511 2 LM BN A 0. 5% (it
SEY) TS SV SR s, OE Hs 014 250 MPa, 4% —
SE (1) Uk BE o) FE e 4 . W AR ) AH 43 B AR 1 AR B A
Rigaku D/ max 2550 VB* 4 X i Zefi7 5 4 L HEAT, BT
IS4 CuKa; A i A2 AR 85 5 S AL B 26 4% ASTM
Archimedes VA 52 .
1.2 ERREMHEE

SES: i F B T B A RS 24 20 mm x40 mm(
oo K E), BT FH B LR 502 B 49 T 21 NasAlFe A
CaFy PLK Tk 4 AIF; Fll ALOs 41 % . 76 T 77 5256
1, CalF, 76 FLMR I (95 AR 5N 5% , S0 il FE 45
LR IS A9 SR LA 10 C, #5515 P/ Pt+ 10% Rh
PR R VKK IR & W) AT ¥ s % . S0 Ho AR A
W 1 TR, HORR R T A W S R A A A SR
PN . A TRE Gt A0 A 0 AR, A DI S R JES 0
BHAAN 25 mm FIFL . fESEIR I FE . 4% 85% M HL
BRE, A 15 min I 1 UORFDURS 78 HLAE BT Y R Y LA
JT . ABIEST ) BT AR S SR A 2 R IR AR
(Model 273A, Perkin-Elmer Inc) {5518 B 1E, JE0
SR LR AL . LAk 2 R = AR R e, X
HL R R AR P HE IR, 2 L A oy mr s 4n i, A e R

LA el A il 2%

Xof R i B HELARCAE JSM —5600LV 7Y 1 3R AT JE 5
MG E & & 7 M & AH 2 1 7F Reichert —POLYVAR
MET Jt2% BAdes b3t AT .

3R, 2 —RIREE, 3—NIEH R, 4—f 83 1,
5—EVERI M, 6 —HUMRI; 7B, 8 —fisEd 9k
1 SZIE Al

Fig. 1 Experimental cell for corrosion tests
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Table 1 Relative densities and electrical
conductivities of NiFe;O4 based

cermets at high temperatures

RISy AR % BesiiE/ C o HBHE/ (Q® am)
5% Car NiFey0,4 82 1100 0.76
10% Cir NiFex04 76 1050 0.41
5% Nt NiFe;04 9% 1200 0. 04

% (e FH B 70~ 75 1200 0. 005~ 0.006
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Fig. 2 XRD pattern of 17% Cu-NiFe;04
cermet at 960 C for 8 h
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Fig. 3 SEM image of 5% NiNiFe,O4
cermet at 960 C for 8 h
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Table 2 EDS results of area A in Fig. 3

JLER x/ % w! %
Fe 6.58 6.28
Ni 93.33 93. 66
Ca 0.07 0.05
Na 0.00 0.00
Al 0.02 0.01
F 0.00 0.00

Total 100. 00 100. 00

T HUR ) A RTEY Fe T R T B 2 5 P AT A

2.2 NiFeO, & EMRENBRERIEMITA

HY 5% CurNiFe 04 ( AH X %25 FE 24 82% ) #EAT HLfi#
S, LA 8 L AR UK A - SR A0 B 0 A 1 kAT

SEOG St R4 F LN 2. 22, ALOs JiE 4
B 1%, CaF, s 70500 5% , 4 960 C. 1
S AL FE R, BHAR HLR B 1.0 A/ em®, PHAR IR A
R R 1.0 em, HZBE A 3.8 em, AR RS r A W s
WE 4 frow .

10— , -

gL

. &
B i
2 T
. -3
ﬁ.—
5_
.ﬂ_ i 1 —4 { |
0 20 (] 100 144} 180
{/min

4 I=6.0 A I 5% Cur NiFe 04 1 BH AR Hi fif
REFE R R AR Al
Fig. 4 Cell voltage of 5% CurNiFe Oy inert
anode during electrolysis when 7= 6.0 A

MK 4 8] PLE H, 5% CurNiFe,04 8 B [ BL AR
Farg, 5T R BH AR AR LL, 48 o A B Tt v, (H AT
b B B — 0 FRACAE B s . X LR S AR R
AT 4 AH A SEM/ EDS 73 #r, 45 R anf&l 5 J& 6 Tk 3 &
AP7s o Hod, w A IRF 05, w O R E . W
FREE R RN, AR 20 h J5&, 5% CurNiFe,04 HLHR T AK,
HAR IR B M5, TR . F R R T 32 2 2 W
JEURA AR, AR R AR I R 5 %, 4 s 7 2R 4k



- 888 * PR R 2E (B AREER)

35 %%

MG, AL L), B RIEB R . XKW, A
TN AR HLRE T AEIREE, A0 S = NiFe,04 2 HL AR
PIBEE . W — PRI E SR EY, EAR
Mrib 2 A, & 08 Cu AN K A= BH AR ¥ AR, e e A 1 95
RS LA TTRI o MR iR AR OC, TS Rk 5
TR (AR SCHR[ 12~ 14], B aar, = 1. 5% 1077

M 3 AT LA H, FIEH ITH FeyO3( 5L FeO) &
ARSI BRARK, 5 W g5 FA ) SEM/ EDS
ISR —E .

X} 5% N+ NiF e O4( FHX 25 B2 4 96% ) AR IEAT T
TR AT, 5 22 FLTm S i MR RE . SRR 41 A T Lk
h 2.8, CaFy [ 00 5% , ALOs MR, A
960 C, LB EN 1 A/ em®, I ) Ky 8 h . &5 K,
5%NrNiFe;04 45 J8 M %28 8 h FH MK AL 5, TEAR I
$ R B ik B AT, 4 Ni ARG v R, KRB R
R o B EAAE W RIS, NG F Fe 4000 I A
DI S s AR, Sae 25 &l 7 B 8 Rk 5 3R
6 T . fEIXFh L AE 451 T, S50 2 (Y 5% Ni
NiFey04 PFHHRIT 2% A7 A 1. 88 V, LW 48 Ni 7l fEK
A0 O

3Ni(s) + 2AIF;(s)  3NiFa(s) + 2A1(D) .
HAHN B R E N 1.911 4V, 2 Fr A ZEA K,
Fz 3 HURRJETH 4 (1 EDS 2 B 45 R
Table 3 EDS results of anode bottom

TLE x/ % w! %
Al 55.48 37.63
Ca 4.16 4.19
Fe 19.29 27.07
Ni 21.08 31.11

B 100. 00 100. 00
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Table 4 EDS results of anode interior

composition
TLE %/ % wl %
Al 4.29 2.09
Ca 0.72 0.52
Fe 66. 01 66. 64
Ni 28.98 30.75
PS8 100. 00 100. 00
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Fig. 5 Microstructures of 5% CuNiFe;O4 inert anode after electrolysis
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Table 5 Relevant reactions of 5% CuNiFe,O4 cermet anode during electrolysis

R R L/ K ALOs WK JE oy AN VA

241,05 (s) ~ 4AL (1) + 30, 1233 okl - 2.2187

3Cu(s) + 2AlFs (s) ~ 3CuF, (s)+ 2A1(1) 1233 LAl - 2.4782

6Cu (s) + ALOs (s) ~ 3Cu0 (s)+ 2AlL (1) 1233 apil - 1.807 4
Cuz0 (s) + ALO; (s) ~ 2CuO (s) + Op+ 2Al (1) 1233 LR - 2.1894
6Cu20 () + 8AIFs (s) ~ 12CuF, (s) + 30,+ 8Al (1) 1233 okl - 2.6839
6Cu0 (s)+ 4AIF; (s) ~ 6CuF; (s)+ 30,+ 4A1 (1) 1233 Lokl - 2.7280
6Fe;05 (s) + 8AIF; (5)  12FeF2 (s) + 90+ 8Al (1) 1233 Lokl - 1.8371
6Fe0 () + 4AIF; (s)  6FeFs () + 30+ 4A1(1) 1233 okl - 2.5546
6NiO (s) + 4AIF5 (s) ~ 6NiF, () + 30,+ 4A1(1) 1233 LA - 2.5885
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Fig. 6 SEM micrographs of 5% Cu-NiFe;O4 inert anode after electrolysis
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Fig. 7 Microstructures of 5% NiNiFe;O4 inert anode after electrolysis
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Fig. 8 SEM micrographs of 5% NirNiFe;O4 inert anode after electrolysis

Table 6 EDS results of anode side of area

A in Fig. 8(b)

RT OHEMMILE 8(D) B AL K EDS 45 H

Table 7 EDS results of anode side of area

JLE x/ % w/! %
Al 42.33 25.71
Ca 1.67 1.50
Fe 19. 00 23.89
Ni 37.00 48. 89

s§ 4 100. 00 100. 00

B in Fig. 8(b)

JLE x/ % wl %
Al 46.48 29.22
Si 1.85 1.21
Fe 16. 34 21.26
Ni 35.33 48.32

MR 100. 00 100. 00
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