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Abstract—The effect of Ni;Al on Ni grain growth inhibition were investigated by sintering experiment of MCFC
porous Ni-base anode made of 4-10wt% Ni;Al intermetallic compound. Ni grain growth is retarded and Ni grain main-
tains small uniform size for Ni;Al particle's pinning effect on Ni grain boundary movement and surface area reduction by
surface diffusion between Ni particles. It is found that the Ni grain growth rate of porous anode included Ni,Al follows the
following kinetic law, G — G,=Kt" with m=0.22 which is lower value compared with that of pure Ni anode and. the pore

size is 3 to 6 um compatible with the electrochemical reaction of the MCFC.
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Fig. 1. Interaction of a grain boundary with an immoble included par-
ticle.
(2) Approach of the boundary toward an included particle
(b) Interaction between the grain boundary and an included par-
ticle
(c) Detailed geometry of particle-grain boundary interaction
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Fig. 2. Effect of Ni,Al inclusion amount in the anode for MCFC on
its porosity(sintering condition : Rate=100 °C/hr, RT=1 hr).
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Fig. 3. Pore size distributions of MCFC porous Ni anode including
Ni;Al powder(sintering condition : T,,,=900 °C, Rate=100 °C/hr,
RT=1hr).
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Fig. 4. Effect of sintering temperature on porosity of MCFC porous
Ni anode(sintering condition : Rate 100 °C/hr, RT=1 hr).
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Fig. 5. Effect of sintering rate on relative density of MCFC porous
Ni anode including Ni,Al(sintering condition : T,,.,=900 °C and
RT=1hr).
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Fig. 6. Material transport paths during sintering of two spheres.
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Fig. 7. Effect of applied pressure on axial shrinkage after sintering
of pressed specimen(sintering condition : T,,,=900 °C, Rate=150
°C/hr, RT=1hr).
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Fig. 8. SEM photographs of the fracture surface(sintering condition :
Rate=150 °C/hr, RT=1 hr).
(a) Ni/Awt% Ni; anode(sintering at 800 °C). (b) Ni sintered
anode(sintering at 800 °C). (c) Ni/7 wt% Ni,Al anode(sintering at
900 °C). (d) Ni sintered anodesintering at 900 °C). (¢) Ni/4 wt%
Ni;Al anode(sintering at 1,000 °C). (f) Ni sintered anode(sinter-
ing at 1,000 °C). (g) Ni/4 wt% Ni,Al pressed specimen(sintering
at 800 °C and pressed 1,000 psi). (h) Ni pressed specimen(sinter-
ing at 800 °C and pressed 1,000 psi)
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Fig. 9. Grain growth kinetics of MCFC porous Ni anodes and Ni press-
ed specimen(sintering condition : T,,..=900 °C).
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Fig. 10. Activation energies for MCFC porous Ni anode and Ni press-
ed specimen.

Table 1. Diffusion coefficient of Ni and Ni-Al intermetallic com-

pounds[9]
Ni NijAl NiAl
Grain boundary diffusion activation energy, kJ/mole 108 290 152
Surface diffusion activation energy, kJ/mol 164 325 306
Volume diffusion activation energy, kJ/mol 276 335 306
24
----- estimated by Zener equation
0l | e MCFC porous anode with Ni,Al inclusion
e Pressed specimen with Ni,Al inclusion

(=]

1 2 3 4 5 6 7 8 9 10
Ni,Al Volume Fraction (vol%)

Fig. 11. Maximum grain size vs. volume fraction of Ni,Al inclusion.
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(3) NLAIS 7k MCFC t}24 Ni o439 28490 298]
247 Ni 92 249 Z71E Zoner A& o] 83k 23 Ni 317}

o Hv) 2AY F7]el viste] Pds) L ghe et

AIBI1%
E, : activation energy of mass transport [J/mol]
F, : driving force per unit area of the grain boundary [N/m’]
F, : retarding force exerted by the inclusion per unit area of the

grain boundary [N/m’]

]

Fimee :maximum retarding force exerted by the inclusion per unit
area of the grain boundary [N/m’]

F, : net driving force per unit area of the grain boundary [N/m’

f : volume fraction of the included particle [-]

G : grain size [pum]

G,.. :maximum grain size [Um]

G, : initial grain size [um]

K : grain growth rate constant [pm"/hr]

K, : proportional constant [pm”/hr)

N, : number of inclusion per unit area of the grain boundary
[number/um’]

Ny : number of the inclusion per unit volume [number/um’]

r : radjus of the included particle [um}

R : gas constant [J/mol - K]

R;, R, :radius of curvature of the grain boundary position [um)]

T : temperature [K]

t : time [sec]

Ja|0lAa 2K

o : geometrical shape factor -]

Yer : grain boundary energy [J/m’]
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