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Abstract

The advantage of porous metallic supported fuel cell produced by
APS process is to have a SOFC cell applied in the harsh environment
with large cell area and effective production cost. However, through the
spraying process, residual stresses are unavoidably developed in
coatings due to the differences in thermal expansion coefficients, and
different cooling conditions between the coating and the substrate. In
this project, we investigated the residual strain of each component in
SOFC, which under the cyclic redox treatments. The results show that
all of the components of MSC (LSCM buffer, NiO/LDC, LDC bulffer,
LSGM, LSCF) reveal compressive residual strain after plasma spraying.
However, the strain states of these components become complicated and
irregular after the redox treatments. For example, the strain state of
LSCM buffer layer was changed from compressive to tensile. Therefore,
the redox treatments indeed affect the strain state of the MSC
components and the influence of the cell durability should be

investigated further.
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Specimens Materials
SB : substrate + LSCM buffer LSCM
LDC
SBA : SB + NiO/LDC anode
NiO
LDC
SBAB : SBA + LDC buffer
NiO
SBABE : SBAB + LSGM electrolyte LSGM

SBABEC : SBABE + LSGM/LSCF cathode

LSCF
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# 2 SOFC &'k ipks PRBRFLETORTREE

Residual strain (%) *

Specimens
as-sprayed Ist reduced | re-oxidized 2nd reduced
SB LSCM -0.48 -0.78 -0.47 -0.95
surface side -— surface side -—
NiO -0.27 -0.15
buffer side — buffer side —
SBA -0.79 -0.50
— anode side — anode side
LSCM -3.34 0.41
from SB -~ matrix side —— matrix side
10.65 14.98
surface side surface side | surface side —
LDC -0.32 0.40 -0.37
anode side anode side anode side -—
SBAB -1.48 0.12 -2.65
NiO
from -0.46 - -0.68 ——
SBA
SBABE LSGM -0.72 -— - -
SBABEC | LSCF -0.59 - - -

* “-“ 1t means the compressive state
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# 3 SOFC &k iiplhs PERFETORTRERE

Residual strain (%) *
Specimens
as-sprayed Istreduced | re-oxidized 2nd reduced
SB -1.16 -1.22 -0.91 -0.88
SBA -0.61 -0.60 -0.56 -0.59
SBAB -0.72 -0.80 -0.58 -0.78
SBABE -0.55 -0.82 -0.49 -0.64

* €. it means the compressive state

Ruobot System

lgnitar
L Mass Flow

Svsiem

Thertated Tungsten] Regulator
Cathade Syvelem

Power
Supply

Gas Bottle
System

Copper Anode

vl g

' Svslem

Powder Feeder Svstem |
{Internal Powder Injector)

. =
- . L

-
g

=l

Fowder Feeder System 1
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Et - CCD Camern Head
Substrate
E Heater

OB S ESI RN

19




B2 Ay dorie » 2 AHEF R B4 ()5 RBEAF > ()
LDC - (¢) LDC/NIiO/C » (c) LSCF/C + (¢) LSGM and (f) LSCM -

20



SB (S: substrate B: LSCM buffer)
10~12 um

SBA (A: NIO/LDC anode

W
-_—

SBAB (B: LDC buffer)

13~14 um

6~7um

SBABE (E: LSGM electrolyte)

50~55 um

SBABEC (C: LSGM/LSCF cathode)
30~35 um

Bl 3 &k s 7 472 0 L]
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Silver Paste

LSGM/LSCF-LSCF
LSGM

Porous Ni Substrate

Scan Direction

and Position Silver Paste

LSGM/LSCF-LSCF

LSGM
| | LDC (white)
LSCM-LDC/Ni

Porous Ni Substrate

B4 SBABEC 2 % # #f # & S8 o e s
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as-sprayed SB
(A-1-1) (LSCM)

—tilt=2

—tilt=2 -
ilt=5.7 NSRRC 13A1 beam line t!lt=5,?
:I::=?116 1st reduced SB —:::t;?;ls

—tilt=11. i — it
tilt=13 (A-2-1)(LSCM) g

——tit=14.8 S
tilt=15.9 tilt=15.9

ey —— tilt=17

37!.6 37! 8 3
2 Theta (degree)

NSRRC 17A1 beam line

Re-oxidized SB
(A-3-1) (LSCM)

T
5.0 B2 354 372 374 376 378 380 382 384
2 Theata (degree)
—tilt=2
—tit=3.7 NSRRC 13A1 beam line —tilt=2
tilt=9.1 —tilt=5.7
tilt=11.6 2nd reduced SB —tilt=9.1
tilt=13 {A-4-1) (LSCM) —tilt=11.6
tilt=14.8 tilt=13
tilt=15.9 ot t?lt=14.8
tit=17 tilt=15.9

—tilt=17

T ) T L3 T L T L] T ] T ) T % T ) T T T T T T T
30.6 30.8 40.0 40.2 404 408 408 41.0 372 7.4 37.6 37.8 38.0 38.2 38.4
2 Theta (degree) 2 Theta (degree)

B5 SBHAEEH FadlBiil i@t &dh> w2 AT K+ XRD ~ 47
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NSRRC 13A1 beam line

as-sprayed SBA
(A-1-2c) (NiO)

‘ —tilt=2
P—5 ——filt=5.7
574 ——tit=9.1

b ——tilt=11.6

—tilt=13 &

_ —— tilt=13
tilt=14.8 4

: —— tit=14.8
fit=16.4 ol

, {ilt=15.9
gl —— tit=17

——1ilt=18.5

1st reduced SBA

NSRRC 13A1 beam line

(A-2-2b) (LSCM buffer)

4(‘:‘.0 40.2 46.4 ) 40I.6 ) AOI.B -ﬁl.D 412 3?I_2 3?I4 3;.6 ) 3?‘3 ‘ SBI.D . 38I.2 I
2 Theta (degree) 2 Theata (degree)
R :::Eg ’ “‘4 ' NSRRC 17A1 beam line — tit=2 NSRRC 13A1 beam line

g M | —tilt=5.7
tlt=9.1 _l'i r,l Re-oxidized SBA — tilt=9.1 2nd reduced SBA

—tit=11.6 ‘f i | (A-3-2c) (NiO) —tilt=116 (A-4-2b) (LSCM buffer)
tilt=13 [|1 I | - tilt=13
t!lt=14.8 fl.‘ | _'.}J —tilt=14.8
tit=15.9 fi tilt=15.9
tilt=17 My

T ¥ T Y T ' T " r
3r.2 a4

2 Theta (degree)

Bl7 SBA%KS7 FAILEMASLFETEMN T w2 AT B+ XRD 4 147
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25 | 1st Reduced SBA
20 + (A-2-2b) LSCM

"y =-334.18x + 3.8775

Ad/d (x1074)
o

o O
T

y = 1064.9x - 53.319

5 F
-10
0.00 0.02 0.04 0.06 0.08
Sin2\|/
65 .
55  2nd reduced SBA
—~45 | (A-4-2b) LSCM
|
S35 |
525 |
©
<15 | ~
s | y = 41.973x - 1.7351 y =1497.5x - 61.84
e ——o—
-5 L
0.00 0.02 0.04 0.06 0.08

. 2
sin‘y

Bl 8 7 SBA z % ¢ 7 LSCM buffer 4645 & 22 #5 4L & (siny)2 B 2 H) o
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0
¢ As-sprayed SBA

10 (A-1-2¢) NiO
-2 | y=-26.668x-0.0627 e
=
X3 |
©
S 4|
< y = -79.325x + 3.6075

5 F

-6 L

0.00 0.02 0.04 0.06 0.08 0.10 0.12
Sin2\|1
0
o y = -49.684x + 1.5526

1T '\6\. °
S .2 | y=-15.254x - 0.5574 °
X
© |
E -3 [ J

.4 | Re-oxidized SBA
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