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Abstarct: For commercialization 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 kggem?). Recently, Ni-Al alloy anode has been proposed to replace the conventional Ni-Cr anode
as an alternative material to resist a creep and inhibit the sintering. The objective of this research is to sinter the
green sheet of Ni-Al alloy anode during single cell pre-treatment process, which has several advantages like cost
down and simplification of manufacturing process. However, the Ni-Al alloy anode prepared with a conventional
pre-treatment process showed the phase separation of Ni-Al alloy and formation of micropore(£0.4 pm), resulting
in low creep resistance and high electrolyte 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 alloy into nickel and alumina was minimized and increased creep resistance. However, there was some
micropore formation on the surface of Ni-Al alloy anode during the cell operation due to creation of lithium alu-
minate. Addition of more amount of electrolyte into a cell, especially at cathode, made the cell performance stable
for 2,000 hrs. Consequently, it was possible to make the Ni-Al alloy anode with good creep resistance by the mod-
ified in-situ sintering technique.
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Fig. 1. Conventional pre-treatment condition for single cell
operation.
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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.

o] Al AdaA]l Lz Wh8-8ted LIAlO, S A%
& A
219l A2 HE Ni-Al &+ green sheetg— AgFoz sl

7N1E HAE 2208 ol8F AS Ni-Al ) 5AHA &
3}aL AHRE] @Afo] oy 3 18}%10*11 ol#]st Adrd &
42 Ni-Al 35 A7 7HAE creep A3AE 311 7]7)9)
FAZ s stk T8 Ni-Al 29 AlZ #8149 Li
ghg-5te] AJAE LIAIO, 9 $402 matrix 7| ZHr} 2he
o] tlgk AAE T ojAo = olSje] Ay z 712 A
A8 23 7129 Ni-Cr 249-FET we A
Aoz At waby o]2d Ni-Al §

o} LiAlO,9] FA4E A4 staa AXT =4, & 7}&_
15 w7 ©1& sdstaal sk

I
o g

+

&

B o> off B N 0o
N

do o to it ol
s
9,

3.2, AZHAE

Ni-Al $& green sheetd] RS AN 71~ B
718 7] Y5l MRS o)gd 2FEAEE ST}
ARAAQ] BATE Fig. 59 2t} A5 £5E I9HA
SHLE 650°CTHA 3°C/mm4 Eo g AP thogt
7hs 9712 A4E Ni-Al 32 green sheet®] AHE|E
Q1&k7] Y5t XRD #4431} SEMOlDle 248 sl
A" A3 Fig. 634 Fig. 7 Vet

71E HAE #9712 AEEANE 243 Ni-Al §F

JN Jﬁ

green sheetE A28 529 9o Ni-Al 24 A5
Ao} 7k N HES SEM 2% A3 SIR97E AA4E A

ot Magn oW S i<
10000« S€ EERISTIMTE

A 94d, A 33F, 2006 127

[ Ni-5 wt% Al green sheet I

I

l 105 kgg/em? for 30 min l

Ox, 10 650 T A
1 Red. to 650 T B
N, to 650 C C

- matrix carbon coking problem

N, to 250 T > Ox. from 250 C t0 450 TC |
> N, from 450 T to 650 T

~> Best condition

] Red. to 450 T =2 Ox. from 450 T to 650 C| D

|| Ox. to 300 T > N, from 300 T to 650 C

0Ox. to 300 T > Red. from 300 C to 650 ¢C| ¥

Fig. 5. Schematic diagram of various conditions for sintering test.

o
® pure Ni e
@ Ni-At alioy (
.. - At
50 51 52 53 54 55
2 theta (degree)
- g ’
El % e
3 /] L3 ()
z / A ()
2 - {C)
£ A ()
= (e)
i
A
AN T X '
20 40 60 80 100
2 theta (degree)

Fig. 6. XRD patterns of (a) Ni powder, (b) Ni-Al alloy powder and
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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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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% 22.8vol%  97.3vol%
Pore size! 2.5 mm 8.5 mm

a: apparent porosity, b: the Archimedes' method, c: AAS/ICP, d: Hg
porosimeter

3
L
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— > J (<}
3 1 0 5 2 8 %%
~ 2theta (degred)
> .
= 9 *
2 1.
[
H / (a)
- (b)
2 JJ{EL Lk @
20 40 60 80 100

2 theta (degree)

Fig. 11. XRD patterns of (a) Ni powder, (b) Ni-Al alloy powder and
(¢) Ni-Al alloy anode prepared by new pre-treatment process after a
single cell test.
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3.5. I.jsug st #3)

MCFCE &4 5ol Halds ng8 4 glv] wiel 2 +
Aoid Ad HA NS dEste] ddR FatE
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AAA Zz A ZAGEHE FREY AxE HPE ¢
of z} pAd & FHA "ot 712 MCFCE @9dx]9]
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AL A8Z9] 20 vol%, 27132 40 vol%, matrix®] 100 vol%
of slFshe Hald THUES wolm o3t vg ol H
g Fo] AaE A9 FrIFore] w3k A HA AN, F
flooding @] WAsl el F43] "Holxle ZAxrt et
Yob 0 web z e sl A Asd g3 es dopd
= AL s F8sit

Ni-Al ¥ green sheet®] 739~ 2] ZH 7 A4S A
AHA matrix 71FHL; 22 7o) o @A gl A
H AR Ao Fr|Fe] Asfd FEPFS it o
#st A4 MCFCY Ni-Cr 2A4AFHT o 2 AL B
ol ele] Hug olF sdsly] sty HaldL F7MIA
71 Age skt Ni-Al ¥ green sheet®] 73-% 24
AA g3ngo] geix] YA for=Z J|IE Ni-Cr &FHF
o] AA v &S VEeE O ¥E ITTHIAVM AEs Y
BtRen F71293 matixe] As|A TFHE)E-L 40 vol%,
100 vol%2 IAHAZTE °]8d Frt H]&g& ®AE A5
Table 20 YeRl o Z7t Ao Wt A~G7HX] BH A
o}, Zzte] SRR 7 Al HEA BErF $d8] Yo
W & A Aol TESIT AZEEE 24007 B9
9o 7k 799 M3 RAYH 271852 £ Table
30l e

Ashd Fe SN wE), F7159) dsiE RERYE
Azt aRx e Feo] FdE A= JdERot A
o} e dojubx gkgltl. ol 3 fele Yol vR) A
R #A & BHE B ZF 7AgYe el 3 vas)
gem 7 AFHE Fig 1291 JeERAATE

s kS A w2t Ni-Al 5 dEFH 37159
A o] 7tk 3RS BHo; MCFCY] vH-& 2
ke F7l=re A AaA EFRA 40 vol%st ¥aste &
o o whe-S slEITh 3 71E9 Ni-Cr 244452 9
B9 DA AARdE vEA AAX A Sdo] I
ZF AstE AE " ey B~GE S BT 93
3 H]&o] AHald o] HATE AT & UL ol L
Agele) Maido] Al A Fo] $Fslo] 24 pAH T
A7) #ol olu] @] As|de] AA A wom ERS-E
ouahy A2 z}zhe] B HA] A HA] BA ez A
3jdo] B2 EFL {<tog AT = QIUTh

o] AAZHE Ni-Al T2 green sheetZ o] &3l TA

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%
Cathode 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 cells with Ni-Al alloy anode as a function of
electrolyte filling contents

B C D E F G

OCV (V) 1.067 1.070 0.167 1.072 1.069 1.067
Max. voltage (V)
@150 mA/cm? 0.785 0.794 0.787 0.789 0.787 0.795

40 pr -—¢—anode
35} ~&=—cathode
—a&—electrolyte loss

30F
25t
20F A

15}
i0f

electrolyte filling (%)

5 3
o L 3 L ' ] J

B C D E F G

Fig. 12. Amounts of electrolyte filling with various conditions.
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A2 Pyt A ZAEE Fig. 133 7o)

Zzkel A FgH AL AR Ni-Al = d5=9
Asid I 71530, 2 7FES I st
Archimedes® (ASTM, C373-88), & AFHS =] @9Ax
six) & B8 FYsigion] 2 Z7E Table 49 VERNSITH

Table 40 vEbd Az} o] FL~650°C7A] & AFNS
Azl TW375¢F TW3762] 739 matrix 7]5H}t 22 7]3¢]
P A dojupA] gen] ukgrkArt FHEHI A
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Azt AA Ak oF 25 vol%el ALE ), Wi
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Fglem o) o = 9ste Ni-Al TE AEFY) #ad =

Electrolyte meiting

Temp. CC)
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v TW 377: pre-treatment + N, for 1 day

v TW 378: pre-treatment + operation for 1 day

Fig. 13. Schematic diagram of pre-treatment experiment for
formation of pore size with less than 0.4 pm.
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Table 4. Post-test analysis of the cells subjected to different pre-
treatment processes (See Fig. 13)

TW375 TW376 TW377 TW378
pore( =< 0.4 um) 0 0 0 0
" formation (%) 2% 3% 19% 17%
d pore size (um) 33um  31pm  29pum 2.8 um --
anode
porosity (%) 53.5% 46.2% 46.8% 46.5%
clectrolyte filling g 600 25204 35.0%  36.2%
(vol%)
o] 2 35vol% /A F7ehe st et ol s
4 $4% 27k Segel dohke o] ohst 24417
BRE 650°CE frAske 270N dojvke Ao zA T
A2 0|2 v gL dZsiel MAAL ARG + Yok

EAFo] gt Wk Ni-Al &2 dg=e] A4 Agd o3
‘_‘*8 matrix 7] ZEG 2 7]Feo] EAEY] AeA A Bl
H 25 vol%l Aoz AzZtdT

ztzte] Ni-Al 32 d839 AFTRE 15| H3k
XRD 24¢ 433 A3 TW375¢ TW3762 7% matrix 7]
TR 72 71Fe] 49090 LIAIOS] F peaks ERIHA
2o 650°CelA 24*17L ANZ F ALl e 2T
LiAlO,9] peak7t 1=t ol2idt Avhe 73 EER] 4
o AR AoBA LIAIO,Y FA 2AL 650°CY &%
o FAIA ) ABEL ERIBIH.
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w ozl Zh A A A gasigs] d5=e
25 vol%, 57152 40 vol%, matrix 100 vol%, U3}z W
e Asl|de] AHEAA] 17%S elshd W s A
2bside). ol#fdt 2o E FARE W94 343 Fig. 14
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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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