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Selection of fiber reinforcement for
NiFe,Os-based inert anode materials in aluminum electrolysis
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Abstract: NiFe,0, spinel was synthesized via solid-state sintering technology using NiO and Fe,O; as the raw materials,
and fiber/NiFe,0, inert anode materials were prepared by adding short fiber into NiFe,O,4. The high temperature stability
of some fibers in NiFe,0, matrix was investigated to select the appropriate fiber reinforcement for NiFe,O4-based inert
anode materials. The results indicate that carbon fiber, glass fiber, alumina fiber and silicon carbide fiber are
thermodynamically incompatible with the NiFe,O, matrix, also the nickel-coated carbon fiber and nickel fiber cannot
stably exist in the matrix at 1 200 ‘C, while ZrO, has favorable physical and chemical compatibility with the NiFe,0,
matrix at 1 400 ‘C. The mechanical properties of the anodes samples are improved significantly by adding 3% ZrOxs
(mass fraction). Therefore, ZrOy, can be used as the fiber reinforcement for NiFe,O,-based inert anode.
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Fig. 1 SEM images of nickel coated-fibers (a) and their cross-

sections (b)
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Table 1 Reactions between C and NiO, Fe,O; and their Gibbs
free energies variation at 600—1 600 K

AG4/(kJ-mol ™)

Reaction
600 K 800 K 1 000 K
C+2NiO=2Ni+CO, —25.35 —60.79 —95.54
3C+2Fe,05=4Fe+3CO, 140.03 36.41 —63.54

_ AG4/(kJ-mol ")

Reaction
1200 K 1400 K 1 600 K
C+2NiO=2Ni+CO, -129.74 —163.50 -196.92
3C+2Fe,03=4Fe+3C0O, —163.12 —262.24 —360.16
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SEVERERIIR Ok BRAR,  TCIRAE A 5 R PR BE AR A o
SEIOUE B, E LA A N R AT EAN R A R A TR R A A
DRI, 0 208 T V2 e £ 4 ke SO B R R B0 2, 6
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SEM 14
Fig. 2 SEM image of cross-section of carbon fiber/NiFe,0,4

anode sample after calcined at 1 100 C
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Table 2 Relative reactions of glass fiber and their Gibbs free energies variation at 600—1 600 K

AG4/(kJ-mol ")

Reaction

600 K 800 K 1 000 K 1200K 1400 K 1 600 K
Si0,+2NiO=2NiO-SiO, —8.67 —6.78 —4.92 3.4 -2.3 —-1.69
NiO+Al,0;=NiO-Al,0; —11.45 —13.28 —15.08 —16.86 —18.64 —20.43
%3 600~1600 K SiC 54k ) Fe,05 A1 NiO [ 52 I % 4 it [ th g2k
Table 3 Reactions between SiC and Fe,O; and NiO and their Gibbs free energies variation at 600—1 600 K
_ AG4/(kJ-mol ")
Reaction
600 K 800 K 1 000 K 1200K 1400 K 1 600 K
SiC+20,=Si0,+CO, —1128.22 —1094.33 -1 060.99 —1027.90 —994.99 —962.26
4Fe,051SiC=Si0,+CO,+8FecO —330.86 —402.53 —469.33 —533.04 —596.57 —660.26
Si0,+2NiO=2NiO-SiO, —8.67 —6.78 —4.92 -3.40 -2.30 —-1.69
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Fig. 3 SEM images of nickel-coated fibers/NiFe,O4 composites:
(a) Lower magnification; (b) Higher magnification
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Fig. 4  Nickel fibers (a) and their micro-morphologies (b)
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Table 4 Properties of samples with and without Nig

Mass fraction

Nig% Density/(grem ) Bending strength/MPa
0 3.97 36.1
5 4.18 29.7

Co?; :;il,\l];ty/ Strength retention/% toughn:::;:(tltl/lr]?’aml S
0.46 46.8 3.32
15.32 41.3 3.16
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Fig. 5 Microstructure of NigNiFe,O4 composites
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Fig. 6 DSC-TG curves of Nig
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Fig. 7 EDX analysis result of Ni¢ Fig. 8 XRD pattern of ZrOxy
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Table 5 Basic properties of ZrOys 104 '
1.0
Parameter Value . 102 ~
Density/( g-cm ) 4.45 S 08 ;"
g '
Diameter/pm 3-8 2 100 =
= 06 5
Strength/GPa 2.1 w 98 R~
S 5]
Modulus/GPa 340 2 o6 04 2
Melting point/‘C 2677
. e 5 94 0.2
Thermal expansion coefficient/C 1.3X10
1 1 1 1 1 1 O
0 200 400 600 800 1000 1200 1400
RN Zr. Y WO, L Y,05 (BR300 6.66%. W) 1°C
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F7TT B Y,05 4 s Fig. 9 DSC-TG curves of ZrOys/NiFe,O4 composites
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Fig. 11 SEM image of fracture of ZrO,/NiFe,O, composites
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Table 6 Properties of samples with and without ZrO,

Mass . Bending Strength Fracture
. Density/ )
fraction of (@om™) strength/  retention/  toughness/
Z00/% ° MPa % (MPa'm'?)
0 4.66 67.06 48.9 2.56
3 4.60 88.92 75.9 4.62
3 #hig
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