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Abstract—In order to investigate the effect of Al addition on the electrochemical performance and
structural stability of porous Ni anode for molten carbonate fuel cell, porous Ni anodes containing Al
up to 10 wt% were fabricated by the tape casting technique. In this study half-cell performance of the
anodes was evaluated by anodic polarization in the simulated MCFC anode condition(650C , 80% H,+ 20%
COy,). At the anodic current of 150 mA/cm?, the polarizations for H; oxidation of the anode was about
100 mV. The sintering and creep resistance of Ni-Al anodes was higher than those of the pure Ni anode.
It was considered that the increase of sintering and creep resistance was due to the formation of Al,O;
on the surface of Ni particles.

1. M 2 MCFC9] o}=o- darhas Hajde] whge] &3}

Aoz dojn g Ayt r1Feet whsHe] 2F

S48 A8HAMCFO: 482 Hy 7k2% e, dubge 2 Ni base & 800T ~1000T &
37 CO7F2e] Abgo] 73t 2o AHEEHER Zoll A 2 oA PRaAAst AHE QoA
WSl we) A A4stel s 2T Ak 23t MCFCe] 2hg2-%.9 650T ol A A7 2H5-4
BAA ) wd arie] vyt e, ohEke] A% FhaAR e el AgEI, )AL stackA]ell
37t s sich =3, AA Hell A Aedzkze) AL A7) stack Gl & 33 creepl® 27] AT
A= a& glofa] gto s Adris, LAl HERE, 71FEst whHA o] gaste], AAAE @ FHE
Mgt 7)3has) Abgsh 2 AR oEsE ERY wEshs F8<l0) 93 gl olHd EAE s

|

g9l ¥ 23 Hol ol . 12} 31-2(650C) 9ls] Marianowski® 52 Nio] Cr& #7}8le] ok=e
X AEsz Zergeld AAALiCO+KLO)0l Aol creepE-AlE 817 stgl ot 7hAe] Ao
AR E R AR AL S Hade F2F 2 ) Aol o2 A 2?, lacovangelo®= cera-

A7 PAAde] 3 A g9 sfube] Hg 3] mic powder(SrTiOs, ALO,, LiAlOy)o) Nielu} CuZ =

293



294 8 - AR - AT

A =38t Ni-CrgFo dlAdzoR 71s4L A
Alstdel. =3, Nikura®® S8 Crich A#3d Al
Nioll H7}sle] Al o2 #-24] 650C o] 4 non-sin-
tered Ni-Al%5-% in-cell ¥WpH o2 st MCFC
ARARE deg she wie AlEsigdou, creep
x| g o] Holz] o}z A ofo} 3 FAl £ o} 917,
1100T o} 4} out-of-cell W or AAdS 4273 Y
creep ©AE #AY £ dddckw B3 sglont A
A A 2A2E7 VR E& Aol dlelnt EE,
"Hal7kA] Ni k39 2o} creep A §Aol nx=
Al 371e) Ao gt A7l AAAH R ol foix 1L
UA o

wzbA, 2 AFeAE Ni-Al $=2 1100T  ©] 519
x4 out-of-cell WYl 213 Az3}ed, MCFC2
FITEHN7E BAD half-cell e FEFTENE 5
3 A3A45S Yrhsla, MCFC 589718 213
out-of-cellol| 4 Ni-Al¥52] 447} ¢+& creep A1 ¥ &
T3t 24 Y creep AFE FHsLA sl

2. Ay

2-1. Ni-Al 22 HI=

£ g4+ filamentary type?) INCO type 255
Ni 2H(HFYE 2~3 um)# flaky type Al B4 F
UE 10~20 um)E- AH-4-3}o] Ni-Al 9=+-% tape casting
Higlo g A z3slgdcl. Fig 1o} tape casting(doctor
blade) ¥yl g oFA Ni-Al 59 AxHS
Yeligich Ni 23 3~10 wt.%2) Al 22-E 34 o)
binder® methylcellulose(4000 cp)E AH7}sle] 24|17k
ball milling &+ %, &3 alcohol#] anti-foamer& -}
3l t}A] 12217k o] A} ball millingdte] %= slurry &
A z 5} ok Ball milling% slurry ] £3H4] 471 7128
AFHELE o]gslod A 78}3, polyethylene film $)ef
slurry& coating ¥ ¥, Ao A 7 Z3}e] green sheet
F5& A28t 600C 7)ol 4] binderE A AgH
¥ HEA R 59 A3 o} AANE BB
$l8l Ni oF3-2 800T, Ni-Al o2 1000C ¢] 48
A7 A Axeisle] obEA Ni-Al 32 Al =8t
£, 2 A9 Ni-Al 5351 v)23br] Y8 d&
W o 2 debinding IA7tA #21® Ni-10wt% Cr
FFE 800C A HE Axzste] Azslsict ¥4,
934 FTEY 27 7] F= mercury porosimeter
(PoroSizer 9320, Micrometrics#| £)& o] &-3}e] =3

shoich.
2-2. HIMSAY

CliLiX|SE 23 MI3S 19934 128

< Water + antifoamer
+ binder

L Mixing
[
Ball Mlling

[

Exing under reduced pressure
1

! Coating with a blade
i

[:Drying at room temperature
]

L Debinding at 600°C
i

’ Sintering in H; at high

< Ni powder + Al powder
+ AlO; balt

temperature
i

Porous electrode

Fig. 1. Fabrication process of the porous Ni-Al anode
by tape casting.
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Fig. 2. An experimental set-up for anode performance
test.
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Fig. 3. Pore distributions of porous anodes.

Table 1. Median pore diameter and porosity of porous anodes.

Ni Ni-3 wt.%Al Ni-5 wt.%Al Wi-10 wt.%Al Ni-310wt.%Cr
Median pore 2.88 2.85 3.07 313 2.72
diameter(um)
Porosity(%) 46.76 51.7 51.98 55.98 59.34
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Fig. 4. Polarization behavior of porous anodes in
MCFC anode condition.

Fig. 5. SEM of porous anodes before sintering.
(a) Ni (b) Ni-3 wt.%Al
(¢) Ni-5 wt.%Al (d) Ni-10 wt.%Al
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Table 2. Density of sintered porous anodes (g/cc).

Sintering
time(hrs) 0 150 450 750
Anode

Ni 1616 1629 1903 1904

Ni-3 wt.%Al 0929 0961 1000 1.054
Ni-5 wt.%Al 0961 0954 0933 1.023
Ni-10 wt.%Al 0941 0948 0969  0.989
Ni-10wt.%Cr 1934 1939 1929 2126

Fig. 6. SEM of porous anodes after sintering for 750 h.
(a) Ni (b) Ni-3 wt.%Al
() Ni-5 wt.%Al (d) Ni-10 wt.%Al

3-2. o439 BIEH

Fig. 4= 650C, MCFC 3E8-97)d4 G355
23] Z AN A FAEE 1 mV/secE FETFA|A AL
E33402, AFUE 150 mA/cmi M) BTk
Ni o2} 72 99mV o] 3, Ni-3wt.%Al=} Ni-5wt.%Al
FFe] 79 zhzh 107.1mV, 107.7 mV 2 v]538}4d 1,
Ni-10wt.%Al =3} Ni-10wt.%Cr ¥=2] 79 <k 114
mVZ o2k Egheh Nig S-Fatgdol e a4kst
uhgol] tigk Fuf2 A Aud Pt Bl $53 AER
dHAEedY, 4% Ni G5 Ale] Hrlake) 37}
HAY Cr A7z ds) 25l A5 AL T4
Arslub-goll i3k Nig) oA 2ba dgo 2 Q7=
t}h. ghell4] dFFo] MCFC }5e] 44371 =7
sl ME HFVE 150 mA/cmiol 4] 100 mV o]EtE
B2 go]o} 3l=d], Ni-3wt.%Al7} Ni-5wt.%Al F=¢]
Asdde A73EA As SdeA Aes 59 A
ol A HZshe AosE Ao

3-3. ¢=9 AA Y creep B4
Fig. 5o & A&elA MzZF Ni ¥=3 Ni-Al %5



ofp
oo
ol
r)'
o2,
2

_——

Ni
Al
Area A
2 4 6 8
Ni
Area B
Al
2 4 6 8

Fig. 7. SEM and EDS of Ni-10 wt.%Al anode before
sintering.
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Fig. 8. X-ray pattern of porous anedes before sintering.
(a) pure Ni anode (b) Ni-10 wt.%Al anode

Fig. 9. SEM of porous anodes after 750 h sintering
at 650C

(a) Ni (b) Ni-3 wt.%Al

(¢) Ni-5 wt.%Al (d) Ni-10 wt.%Al
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Fig. 10. SEM and EDS of Ni-10 wt.%Al anode after
750 h sintering at 650C .
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Fig. 11. X-ray pattern of porous Ni-10 wt.%Al anode
after 750 h sintering at 750T .
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Fig. 12. Creep-time curves of porous anodes.
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