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Abstarct: For commercidization of molten carbonate fuel cell (MCFC), it has some problems to be overcome such
as decrease of porosity and thickness of the anode under the operating condition (at 650°C and working pressure
of more than 2 kg/cm?). Recently, Ni-Al aloy anode has been proposed to replace the conventional Ni-Cr anode
as an dternative material to resist a creep and inhibit the sintering. The objective of this research is to sinter the
green sheet of Ni-Al aloy anode during single cell pre-treatment process, which has severa advantages like cost
down and smplification of manufacturing process. However, the Ni-Al aloy anode prepared with a conventiona
pre-treatment process showed the phase separation of Ni-Al aloy and formation of micropore(<0.4 um), resulting
in low creep resistance and high eectrolyte re-distribution. In order to prevent the Ni-Al alloy anode from phase-
separating, nitrogen gas was used in the process of pre-treatment. Introducing the nitrogen, the phase separation
from Ni-Al aloy into nicke and alumina was minimized and increased creep resistance. However, there was some
micropore formation on the surface of Ni-Al aloy anode during the cell operation due to creation of lithium adu-
minate. Addition of more amount of eectrolyte into a cell, especidly at cathode, made the cell performance stable
for 2,000 hrs. Consequently, it was possible to make the Ni-Al aloy anode with good creep resistance by the mod-
ified in-situ sintering technique.
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Fig. 1. Conventional pretreatment condition for single cell
operation.

7F8 §718<] DBP (Dibutyl Phthalate)e] 23}x]xde] 170°C
Fzol7] wite] A4 (120~220°C)9) $24=E 2 &
AlA Fo2ZM DBP] WEks s on matrixe] EE =
0]7] $la] AgdA=EA A7 PVB (polyvinyl butyra)S A7
371 918l PvB7F A AEE 7RI 250~360°Ce] FEEE
AR AR g dede] 887711 480~520°C Al
olo] FE3 AThE: FomA Zh g Haldo] REEA
a3tk Matrixe] Az Al A7k kAl A 54 7]
| AA=E 771 450°C ofalollME 2718 FUste R
AR Hafde] &gEo] AgFde] Ws= T
450°C olellX= CO& 93t Hafide] Ags5Hs
A&zt ik
71% A7 HHe® Ni-Al §F green sheet ©]-8-3}o]
NAAE e 2 AAE Fig. 201 =48I0 Ni-
Al 355 green sheets: AEFORE o] &3 W9HA LHZH
MCFCollX 838k A5 (=07V @ 150 mA/en?) olide] Azt
& Hoomn o= Ni-Al & green sheet/} ARFHOE A&
2 5 ASS YEske dolrt. ey 71Ee] Ni-Cr 2494
ol Bl Adeo] thh ¥ EAIE-S Btk ol ¥l
ol wak A=) sA F Archimedes? (ASTM, C373-88),
T2 AW, AASICP 52 ol&3td slA & 248 Fast
At AASICP At F71=e] Hald §3lake] 71& Ni-Cr &
‘= (40 vol )0l Hlaf wlg- HE5EHE gRlaiict. olH g @
FE 71 AAE HHE AAYA Ni-Al e A5l
matrixe] 73R 4L 71(<04pm)e] thF Adslo] mA
ol oal] Fr1sel HHE Haldo] A=A Wi
oict. o]¥gt 7159 Hald FHF ¥ MCFCo| wh
S ARAE AP A4S AgsA a4 X3t Ni-Cr
2 AFo] Hls) S wolg Ao Hukdrt®
A & T Ni-Al = A5 AFTRE Fels)
9l3le] XRD 2412 F3silom 1 A4S Fig. 39 =A%
Aok @9RA e F Ni-Al &5 A5Fe] F pesk A7}
Ni-Al $HF91RIIM =58 Ni 9IX 2 o]5e Z210= Hof A
2] A4-g AXNHEA Ni-Al §7d0] SA=A] Falal e
7h dok-S ER1T F AT ¥k o2} Fig. 4°] SEM
oA & BIME oljgh e g AR AT F AN
o} S 20=45° F29] LiAIO,9] pekE B3] Ni-Al §

e
AN

o o

¢

1.2
114
1-1 h—0—o—o 0—0o—0o O—an o
1.0} . 112 R
< 0.9 - e . 110 zN
S o8p vy ——v—v v0.767 |5
@ 07> -
= £
S 06f —o-0CV 16 5
05| —e— 50mA/cm? =
. 100mA/cm’ 14 =
0.4k —v— 150mA/cm? E
—>— IR 42 o
0.3} —N, =
02 N 1 N 1 N 1 " 1 " 1 " L n L L 0
0 50 100 150 200 250 300 350 400
Time (hr)

Fig. 2. Performance of a single cell with Ni-Al alloy anodepre-
treated by a conventional method.
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Fig. 3. XRD patterns of (a) Ni powder, (b) Ni-Al alloypowder and
(c) Ni-Al alloy anode after cell tests pre-treated by a conventional
method.
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Fig. 5. Schematic diagram of various conditions for sintering test.
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Fig. 4. SEM images of (a) Ni-Al powder and (b) Ni-Al alloy anode after single cell test pretreated with conventional methode.
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alloy and (c) Ni-Al alloy anode.
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Fig. 10. Performance of a single cell with in-situ Ni-Al alloy anode
prepared by new pre-treatment process.

Table 1. Post-test analysis of a single cell with the in-situ anode
prepared by new pre-treatment process (after 300 hrs operation)

Anode Cathode Matrix
) Before? 62.0% 68.5% -
Porosity b
After 48.6% 69.7% 56%
Electrolyte Filling® 17.0vol% 22.8v0l% 97.3vol%
Pore size® 25mm 8.5mm

a agpparent porosity, b: the Archimedes method, c: AASY/ICP, d: Hg
porosimeter

@ pure Ni
= Ni-Alalloy

A a-LiAlO, (@
(b)
° ‘/ (c)
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Fig. 11. XRD patterns of (a) Ni powder, (b) Ni-Al alloy powder and

(c) Ni-Al alloy anode prepared by new pre-treatment process after a

single cell test.
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Table 2. Nomenclature of electrolyte filling conditions of single cell
components

A B C D E F G
Anode 20% 30% 40% 50% 60% 70% @ 80%
Cahode 40%  40%  40%  40%  40%  40%  40%
Matrix 100% 100% 100% 100% 100% 100% 100%

l

present condition of Ni-Cr anode

Table 3. Performance of cellswith Ni-Al alloy anode as a function of
dectrolytefilling contents

B C D E F G
OcCV (V) 1067 1070 0167 1072 1069 1.067

Max. voltage (V)
@150 mA/cm?

0785 0.794 0.787 0.789 0.787 0.795

40 =—e—anode
35} —&—cathode
—&—electrolyte loss
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25
20

15
10

electrolyte filling (%)

5 3

0 1 1 1 1 1 )
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Fig. 12. Amounts of electrolyte filling with various conditions.
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Fig. 13. Schematic diagram of pretreatment experiment for
formation of pore size with lessthan 0.4 um.
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Table 4. Post-test analysis of the cells subjected to different pre-
treatment processes (See Fig. 13)

TW375 TWwW376 TWwW377 Twa378
pore(=< 0.4 um) 0 0 0 0
formtion (%) 2% 3% 19% 17%
pore size (Lm) 33um  31pum  29um  2.8um
porosity (%) 535%  46.2%  468%  46.5%
dectiolytefilling  gae 25006 3500  36.29%
(vol%)
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Fig. 14. Long-term performance of a single cell with in-situ Ni-Al
alloy anode prepared by new pre-treatment process.
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