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Abstract

The aim of this study is to investigate the mechanical strength of the
braze seal/metallic interconnect joint and the thermal stress distribution
at different stages in an SOFC stack using braze sealing technique.

Experimental results indicate that a bonding time of 30 min can
produce better tensile strength of the joint at room temperature, and it is
thus selected as the bonding time for each following test specimen. For
tensile loading mode, the joint strength at room temperature and 750°C
is 30.63 + 3.2 MPa and 13.43 + 0.99 MPa, respectively. During high
temperature bonding of the joint specimen, an oxide layer is formed.
According to XRD analysis, the oxide layer is mainly composed of
Cr,0; and a small amount of Fe;O,. Regardless of the testing
temperature, fracture of the joint occurs at the interface between the
brazing filler and oxide layer.

For shear loading mode, the joint strength at room temperature and
750°C is 40.02 £+ 2.88 MPa and 10.06 + 0.36 MPa, respectively. At room
temperature, the fracture does not entirely occur at the interface between
the brazing filler and oxide layer, and some occurs within the brazing
filler. At high temperature, fracture path is along the interface between

the braze filler and the oxide layer.



Simulation results indicate the maximum equivalent stress in PEN,
nickel mesh, and interconnect at each stage of the SOFC operation
condition is less than the critical value obtained in experiment. However,
the maximum equivalent stress in glass-ceramic sealant at the
after-assembly and shutdown stages is greater than the critical value,
which occurs at the corners of the interface. The maximum equivalent
stress in the silver-based brazing filler at all stages is greater than the

critical stress.
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% 12.53 ppm K™ [43] -

tREBRFE L REE LT Y Y HE K VDM
Metals = @ #74 & cpF * 4| Corfer 22 H " 48 & 7 4545 > H £ W 4
Hig MTS 810 # it iRk 8 F T T 2 1 “ il " R B B %
& 2 [44)47 o b BOBIE GRECEF R g L @ ¥ L VDM
Metals st #1284 2 ¢ > 4o w [45] %771 o

Pt Eannes o 20 E DG RS BB AR > B iE iy
£ R A R Ao S BT F 95% enat i g B AR Y
B ARSI A ER R AKESN D% L7 0 HiciEdod 7
[46,47]%77F o o *b » 44 & & 20°C 22 800°C er# Wik (A #ich %) &
133 ppm K* 2 16 ppm K™ » # ¢ B8 & chficie & 4012 5% 14 [48] - 5t
WL nIRA o R R P T TR B L GC-9 chpl3y
BEAZEH > FIFF7 UEBEHE KA 7T SOFC 7 31 A3

EEPREET RS KR T AP AHE T G GCO
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S HCHc £U538 1,000 ) P pE v ASR 8 e Shdlic e B Bicdp 4o [49)
ST 0 @ USRS BT 0 B @3 13,1 ppm KT [50] -

AOREA A > i I P AT TR L L & T
LAAZAEBERS HE R T AL T BHI B A
LA T R NPT B AL S £ 0 BT s i
ZUF R B Ak = [BL]9ror o @ AR B Rd P T T TR R

H i L 146 ppmK? o

% = ~ PEN  erdii {4 T2 8 [42,43]

Temperature Poisson’s ratio Elastic modulus
(°C) (GPa)
25 0.29 49.0
650 0.29 32.8
700 0.29 31.6
750 0.29 30.3
800 0.29 29.0

26



# = ~ Corfer 22 H chg= # |4 5 [44]

Temperature Yield Ultimate Young’s  Elongation
(°C) strength tensile modulus (in 12
(MPa) strength (GPa) mm)
(MPa) (%)
25 406 567 205 27
300 375 522 186 27
400 364 499 185 28
500 343 451 183 29
600 286 359 181 29
650 241 295 161 30
700 204 219 142 39
750 140 147 88 54

800 120 123 86 55
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% ~ Corfer 22 H eh# 9 4 3k [45]

Temperature Coefficient of thermal expansion
(°C) (10°/ K)
20 -
100 9.8
200 10.1
300 10.5
400 10.8
500 11.0
600 11.2
700 114
800 11.8
900 12.3
1000 12.8

+
~

J=4

v 534 e B i [46,47)

Temperature Poisson’s ratio Elastic modulus
(°C) (GPa)
25 0.3 9.9

800 0.3 7.1
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%2~ GC-9 ST % 5 1,000 /| P > AT 1 e 44 4l [49]

Temperature Poisson’s ratio Elastic modulus
(°C) (GPa)
25 0.3 16
650 0.3 21
700 0.3 22
750 0.3 15
800 0.3 6

= R R Gk [51]

Temperature Poisson’s Elastic modulus  Yield strength

(°C) ratio (GPa) (MPa)
20 0.37 76.0 63.0
400 0.37 64.0 49.0
600 0.38 55.0 22.0
800 0.39 45.0 17.0
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EERAFRERIRT

AFTE P THE N SOFC § % M- dokiw s 850°C T L7 R

2;8 850°C * 1 3238 25°C @ 4 4 i

(pu
“+

CERY IPE2DCHI L RARSNLTERE MERFAL

A
d Pl AR ARG AE 5 SOFC T ek > F @ E A BB b

=
q.i*g
i
=H
N
()
b
F_*.
‘_E'n“
R
_?
ey
fek
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Cooled down to room
temperature

Heated to operating
temperature

DRI

+8.019e+02 (°C)
+7.893e+02
+7.768e+02
+7.642e+02
+7.517e+02
+7.391e+02
+7.266e+02
+7.140e+02
+7.015e402

+6.889e+02
+6.764e+02
+6,639e+02
+6.513e+02

All components assembled Stress free state

(850°C)

¥

After assembly stage
(257C)

¥

Operating stage

(Start-up)

¥

Shutdown stage

(257C)

T x5 SOFC § i 4t ikt

Bl - ~ T4 8 SOFC ¢ % 31 (78 B 3 [26]
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(= )4 223 R

FEG R T4 N SOFC T H 2 B A i F AR G T

1

e BRPBAM A2 DRRE A4 532 B HE T 0 B BIE
Bingox B2nd Vo A2 R ~ G A E Aogikw o 2
Plde™ #r3dsm o PEN 304 » 2 sn R @ E T eng g ki et is
P SR R R T AR IE AR o b A SRR h R R
B A o FHE AR AP R PF-A 4 b epldp
& il dadr Corfer 22 H et » 2 35 B iR & MR R R 2 T 3Rt
MR Tt A H A 3R] P X SR A FE YRR o Tresca &

4 0% H BciE AL Corfer 22 H er'% (K3g B PR -4 2 ik eh4d ok,
AIBEEH GC-9 aiis > 2 RERTF FA ol Aix
B 25°C pEEA s R > @ B F 800°C pF R BT At (R Tt

BRI A TR R PE A FE A RS 0 BEFRK
L h Tresca £ a5 A B ER A FIHE 8L L 4 2%
BRSO T SR A R Bl B B A R end ook
B4 HFEYRET g Tresca E2o/? 0§ H BB AGBH R E AL " KR
2 B PE-A 4 kR end ok ARt e o a4 g g
P B Tresca Boufk 4 0 Ra o FlekedEan oo H ik
W EE o A ALY FI AR P R4 T UL

1 £ o
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gt PEN ehifs > g g R T BB Y Rk T o
B4 B L 187 MPa[55] 0 # @ » 4 28 T PEN P § 1L ki eh
B gt 800°CH % - BR kit H & ¥d R A4 187 MPa
T L 112 MPa[55] 5 & i 4k Corfer 22 H 3% 4 » H Hklugig
R RERTED PP FHRETT foiicok - [44]97 ;5
31 3% GC-9 et o > B354 1,000 -] PFPF s fdL (8 A iR T e
2LE IR 1F a0 B s & Y 25°C ¥7 800°C e iE 4 W) & 45 MPa

% 36 MPa [49] -
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A BEEHH
AP TR A G BN TG - A T8 HAAA

GEAEERRRE A FPFEPFFA SRR EREE T

4

R T O R FR T ELERL NS G R RN S

T

Al

TEOTVRAE S F NS A EH TS SOFC Rt B2 il
BFEp R B oAt cngok o4 o
- I RPREFEFTFHREEEZEER S AR SR

AL ARARAA RIS G EFE A PR EFEFR
ARz e 2R HEFFPFRF L5 5 2023040 ~ 48 - &
EEATRFREFR T TR R eRIES BR O AR Z A
TR o RBIE R TERE o THAIREAMREA T & &
PEEEEREE T c AXA N E I e RBAF FEFRF 20530
40 » daersk 4 58 B 0 2 B 5 5914 0.32 MPa ~ 30.63 + 3.2 MPa ~
11.09 + 1.81 MPa - B+ = %7 7 F P 20 &~ 485k 4 2 5 o &

(SEM) » =g ¢ 97 g A B R E B L 300 um > 518 20
AR PR R S B P ER L EIKE 220 um e & or B iF
B R GERRR 23 AR EBR -

Bl im0 FEER 30 A4%4 BT D TR TZD
SRl e ALETG S X2 PR EALR BT 5@ * SEM BE 1

BRE 22 %A A A AU A7 EDS X 2B A HE 1
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FR 26 LAk s B o) K EDSE R EAE Y Fhro B
1 B AR ZAT L5 4~ B- HHESHGFHRFTE
4251 ko w21 8d ARG Ea o TS A %R

RFA ARG T B B AR 2 A BEREF LR G o
d XRD 47> 23 R &1 & 5 CryOs2 > 384 e FesOy 0 4o B+
A o Bl A @ % SEM ArELRIF R 30 A 485k B 2 F
Ba o dBYREFHEF CEERAOL Lume Bl AN E R4 5 4
i€ * Linescan 4 7% EDS mapping ~ 17 - 877 ¥ ~ 45 ~ 48 ~ £ &5
FAZAFEFER 30 A4% 4 EF 2 EE G AT AR o Bl A~ (a)
#n Ef AR R A LR RE DR S e RRE A (D)
2t FIB R P A B EMRHE A2 RE § O2F
FoptARF P &4 2 Jir EDS At irRE s e F At o F O 4

FET NS Eh A T ARLERY §42 - § 1

ey

=

g
°

F}.

ey

R EAAENDN G P EFDEEERY LY K 6
# o

Bl- L A5 0 R PR 40 A4 4 YR (SEM) > d
MR B RR2ZF P LR R AN 1um (30 &) 3
e: 1.3um (40 &) B = - - 2@ - L - &~ 4l * Linescan 4 {7 %
EDS mapping ~ 47 » 877 % ~ &5~ 4~ 41 S5 5 AR AR 40

AABREA R 2 R G A FABE o Bl L - (bR A~ (b)pt o
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GO RTE LR E R S0 I I S P R R 1

APl i KB F AR o RAERT 30 4 &2 40 »

24

PR G RLE TR AREN T T R AP ETERE 2 S d ¥

40 AR RE A, S § it 0 TR RS 25 R

1S

63.7% (Bl-=)c BMa 7 " HREFF AT UAS G L @

FEEA BR o

w
]
I

Air

- N N w
[$)] o [$)] o

Tensile Strength (MPa)
S

Holding Time (min)

Bl A FRREFEIFFZIEIwRES %A
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S IEE PR 20 A 23 4

BlLtw ~ #2304
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(b)
5L

38

i

B (SEM) : (a) B+



22 WL e BB 12247 A (EDS)

Element at.%
O 52.62
Cr 37.44
Fe 8.43
Ag 0.92
Ge 0.22

- “BLrER 22 A%F A (EDS)

Element at.%
@) 6.00
Cr 0.24
Fe 4.85
Ag 88.00

Ge 0.91
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Fez0s4 ]

A ®
¢ Cn0s n
m Fe-Cr ®
v Fe
® Ag ?
= A % *
5
8
2
5 : I
= Aol [ ®lly .A slle @
. # A tA Mom J

IR S N N S S S S S N S S S SN N
0 10 20 30 40 50 60 70 80 90

2 Theta (Degree)
Bl ~FFEFRF 30 423%4 3558 XRD B

*

bl
-y

| C'rofer-'22H
Crofer 22%]

Bl- = ~HEpm 304254 3% 86 B (SEM)
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N —O
100 !

Fe

— A

Ge

0
80—
60—
40—

20

10
Distance / pm

(b)
B+~ ~#FEPFRF30~%4FF 2 KE s 1 (a) Linescan 4

Egw (D) ~RARS AT B
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Fe-KA

Fe-KA 0K
SE MAG: 10.0kxHV: 10kV WD: 5.3mm SE MAG: 10.0kxHV: 10kV WD: 5.3mm

Ge-L
SE MAG: 10.0kxHV: 10kV WD: 5.3mm SE MAG: 10.0kxHV: 10kV WD: 5.3mm

Bl 4 ~FEFFI0L2%4 EZYE522E0T R
(EDS mapping) : (@)# i % & ; (b) Cr » i @] ; (c) Fe
> B (d)Ag ~» @ (e)Ge s wHE ()OO & i

]
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Crofer 22H

Blo L 3R R 40 A2 564 % 85 B (SEM)

43



—
100 — ;;
Ge
—C)
80—
60—
40—
A
20— - I8 . .
RN AA /AN A Y, (e S0 AR
AN AL IR SR
0 pe— T T L - e N S S S S S S e — T
2 4 6 8 10 1z 14
Distance / pm

5] =

(b)
L S EEER 40 45k 4 EP 2 F £ e ¢ (a) Linescan # #5

FEE 2w (b)i: A EARE A F R
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=

Map data 1282 e
\G: 10.0kx HV: 10kV_WD:5.0mm

Ag-LA

Fe-KA
s Ag-LA
SE_MAG: 10.0kx HV: 10KV WD: 5.0mm

Fe-KA
SE MAG: 10.0kx HV: 10kV. WD: 5.0mm

Ge-L . 0-K
SE _MAG: 10.0kxHV: 10kV WD: 5.0mm SE MAG: 10.0kxHV: 10kV WD: 5.0mm

E G2 AR AT R

-\

Bl L= ~FEPFFA04 2%
(EDS mapping) : (a)# i#] % % ; (b) Cr 4 1 B ; (c) Fe

At (d)Ag A 15 5 () Ge 4 i |5 () O A4 i

)

45



RiptdtFeSr REFF 0T AL RETREFTE

[

AR KBRS FREEFFELVEFTELY 20 BRI
“TRZF HMS-SOFC 1 e R X THF%E R 5 750°C- Bl= + =
B0 F R 750°C eng F ¢RI BV d BB A d
BEYME T RARFEFAFREE REHuP 2 A&
&t eatfd o g 750°C ehg F ¢ RIR iR 4 35 BV R Ao

St e e A A BN L IR P AR E T % A S 30.63

-+

3.2 MPa» A& 750°C ™ &3 B 5 13.43 £ 0.99 MPa - % 388 B
FEAF T T50°C PF o AR pEMRG R4 TR L R L
56.15% - B]= - 7 At 7 B R4 5E 4 3R H Rk BrE o ST 2 A
ER G AETE A L B R Fl- L2 5% SEMBERE 1

BHP22E5FNELL AL EDSE 2 E AT RE 18

_—

T 2o P E AR RN AR EE R TR
PR FT AR AR A LSRRG DS AT Far
BB E A AR BEHEF LR DA G o LR AT RS E
PO FABEE TEBRET WRAPRR YT I OB
Blo L= 2@ SEM#TRRFEF VRS B2 80 4 B¢ R

RYFRFFRTEFFELVFHRF > BRARASH AT IITERZ



BRI AFLGlum Brpl@apddy 2 RuR4 § vk o Bl-
L ~prRl- L4 44w * Linescan 4 17 2 EDS mapping 4 5 » &
TF BB R HELARERELVRSFTIEEG 4 F AR

o HBLGARR T FIRPRFLKRAFESAR

Bl= L 870 ez ifde 750°C chz 5 ¢ RIS 4 v ehd -

A M RFEE T50°C 3§ ¢ ORIGET 4 R DR R Rl

IR

F_k

S e AR AN AT RS 2 ETORA L 40021288

MPa s % 750°C T 3 & 5 10.06 £0.36 MPa - § Bl:#E & K 3§ =

PI750°C P> 9 4 %4 TR LRI 7486% - Bl=

?Ia\

SBR[ ET

bk
Rd
g G
<l
Rd
i
.
-,
-E
i
=1
=
Ju
I
5]

2 SEMBER =1 %EE 12 %2285 4144

Wsfl* EDSXZLEAHTRIZ - %

%a;
H
W
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o
N
f‘\?\t
=l
| =
X
3
e

Y

ST L ETH BT B 2 A RS HBEA S G 0 G 20
Ak bte B 4 A RERZ BBl T 5 SEMBEER =
ZHRELZRE228% 2B d Lz ool EDS £ 2 8

D2
e
N
=
fu

.

Jin
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o
H
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1_3\1’\
i
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ETTRS
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IS

BRI AY 2§V RB2HABIAAE RS TLAG
BRRod dHEFRG T Fo AR 2 A% ER e Lk
G ood WE A RBPAFREFEFTHRALA TR ERT S
HREPABEDTA {F s iR Bz LT o B2 LS
BRIz LR SEMYEREZREERET I BT s B
ARz A4 R AN Y Linescan AR ERET A ER
TE RSB FEAFRTS R IEREG AT A8

BABE L E R R TR RS N5 Lum £ A
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1800

1600

1400

1200

Force (N)

Tensile Strength (MPa)

1000

800
600
400

200

0 & = X R R R R R SR SR

000 002 004 006 008 010 0.12 014 016 0.18
Displacement (mm)

Bl= - = -~ 382 750°C 5k 4

1,
i
~E
.
|l
1
_?
&

35 - Air

Temprature (°C)

Bl +w ~ 2B T750°C ek 4 225 RV R
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2 mm

Bl= 7 ~ B8R 25%4 2R B
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Iy

L

»

~

(b)

“BEPWGES RV A% B (SEM): (a) M- -

2Z%E 10 Bzt wE2
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LA -7 RH12A%F A (EDS)

Element at.%
O 47.22

Cr 39.04
Fe 12.84
Ag 0.56
Ge 0.34

%41 Bz t7I w22 23274 (EDS)

Element at.%
O 5.81
Cr 2.08
Fe 0.71
Ag 90.15
Ge 1.25
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iR
2
&5 (SEM)
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100—

40—

Bl= -+t~ ~B3RELVESZEZP2ZHFE S ¢ (a) Linescan 74 =% &

dws (b)) A RARE A TR
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M:p data 130 %
SE MAG: 10.0kx HV: 10kV

Fe-KA " e Ag-LA

Fo-KA Ag-LA
SE_MAG: 10.0kx HV: 10KV WD: 4.9mm SE_MAG: 10.0kx HV: 10KV WD: 4.9mm

(©) (d)

(€) (f)

Bl- L4 -3 8fsks 2R 5 2 ~% 0% B (EDS mapping) :

(@R %3 5 (b) Cr A % B ; () Fe A i B (d) Ag A

W (e)Ge A (O A
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Force (N)

4000

3500

3000

2500

2000

1500

1000

500

1 " 1 " 1 " 1 " 1

0 n " "
0.00 0.05 010 015 020 025 030 035 040 045

Displacement (mm)

Bl= L - 3% 750°C chi 4 v 4 §-i248

-~

N N w w B B
o [6)] o [$)] o [6)]

Shear Strength (MPa)
>

10

RT 750

Temprature (°C)

Bl= L - ~ 382 750°C 0% 4 35 Bl i
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& 1

q

& 5 2

Q!

Bz~ 2R 4 27 e §

&K 1

5 mm

Bl=-Lt= 3 EPFEZLT I EZPBE S B
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—

TR T 4 P e B (SEM) : (a) BIZ
2 BB 15(b) =Lz %82
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it
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(b)




4L B=L-%B12A%F A (EDS)

Element at.%

O 39.33

Cr 27.19
Fe 6.95
Ag 23.61
Ge 2.92

44— Rzt EB 22 A%F A (EDS)

Element at.%
O 4241

Cr 29.55
Fe 11.46
Ag 13.66

Ge 2.93
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2Lt " B=ztzZ%B 12 ZEpF At (EDS)
Element at.%
O 45.43
Cr 29.07
Fe 14.10
Ag 6.86
Ge 4.54
2Ltz " Blz=t=2%¥F227%7 4 (EDS)
Element at.%
@] 5.27
Cr 2.24
Fe 0.49
Ag 88.86
Ge 2.24
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zZfE#a (SEM)

u_l

e

=
o
et

ok

# (SEM)

Z_f A

Bl

4
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Distanca / m

(b)

=+~ 32RT4FP 2584 ¢ (a) Linescan #Fr 4y =} &

S (b): ~ 24 A # B
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(a)

] —0
ks
i — e
] —y
80—_ .
] —1
60-_
4
§ ‘ e 5
] e DTN s
== -.n-- ._f,...'-- .-_"'1! | e .-,‘ = i T __;._-_r | .-. | I I I ‘ ‘
0 5 10 15

Distance / ym

(b)
Bl=14 ~B3ETAFY2ZHERe 1 (2) Linescan 4 =% &

Fws (D)E A~ FARES TR
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PAETTER B R TR ] BEY IR B ESA

P REAT RS ER EF A il o d FIBl TR RS B
iz o Ble L A PENESR LRI A FE Az 2R (%
B) FRS WA IR ETIFE CPEN ek x A R4 A F R
Pk Hdox 2 g4 g B8 4 3 PEN 22 & i B ir iy
Boe T FITHLE PR E R A A ket BF Y ABRAA

GH A & R & B4R Tresca T4 A F BlacRle - - Ay

o kA EERE (RE) 2T BSE TR R PE 3 F
A EERA S F AR o H Tresca Era g4 ks BF 2 A4

\

Pl b i b BT E T B Tresca E ot dadk s
<Xz

EHELBEY LA R R AT G i £ i b

o

it o H Tresca &304 A F Bl4cBle - = 917 > AR

xR (FE)F R4 BBy I 3 F D ﬁxif%-@riﬁjé
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bRt Bt BPoanRgd o B AT R E iR RS B

RS
(ﬁé
™

Sl L R et LR R A o AT S

E S AT ARR AR e T AR EERE (FE)F T

.

PRSI TIZEORE SRR BRFEAAAGBER DR LR E

FREA R kRG> AR P E TR EIFER 0 R F P Rk
mERA RS AR ER S 2R BRFRLE mﬁi

T8 SOFC 3wt ~ it A 47 FIEE AT (k% 55k
et Bk Lw v AT AT o FARERT AT A R AR
BMUE Z BRI Sra KR hfef 4 B0 F & A R R X

o BABEETER S B AR AL TR

s

BAF S 4 e g o d £ ¢ chlicie @ PENE ~ & B4 2 44

.

WA BRI RES AL b B YL

4 kg § BT L R I o R BB > F B T
P LR EEORE GERE LR B 0 BRALGRTE L Db

et ERACTRA S B Rk B R TS A e
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(100MPa)

After
assembly
(25°C)

Operating
stage
(Start-up)

Shutdown
(25°C)

z

.

+5.950e-01

+5.444e-01
+4.939e-01
+4.433e-01
+3.927e-01
+3.421e-01
+2.916e-01
+2.410e-01
+1.904e-01
+1.399e-01
+8.928e-02
+3.871e-02
-1.186e-02

+5.060e-02
+4.403e-02
+3.747e-02
+3.090e-02
+2.434e-02
+1.777e-02
+1.121e-02
+4.643e-03
-1.922e-03
-8.488e-03
-1.505e-02
-2.162e-02

i +5.716e-02

+8.834e-01
+8.098e-01
+7.362e-01
+6.625e-01

+2.944e-01
+2.207e-01
+1.471e-01
+7.347e-02
-1.590e-04

maximum stress !

+5.716e-02
+5.060e-02
+4.403e-02
+3.747e-02
+3.090e-02
+2.434e-02
+1.777e-02
+1.121e-02
+4.643e-03
-1.922e-03
-8.488e-03
-1.505e-02
~2.162e-02

Ble L ~PEN ek + 32 g4 A % B

(100MPa)

After
assembly
(25°C)

Operating
stage
(Start-up)

Shutdown
(25°C)

+2.245e+00
+2.058e+00
+1.871e+00
+1.684e+00
+1.497e+00
+1.310e+00
+1.123e+00
+9.356e-01
+7.485e-01
+5.614e-01
+3.743e-01
+1.871e-01
+3.089e-05

+6.053e-01
+5.549e-01
+5.045e-01
+4.541e-01
+4.037e-01
+3.533e-01
+3.029e-01
+2.525e-01
+2.021e-01
+1.517e-01
+1.013e-01
+5.093e-02
+5.334e-04

+2.708e+00
+2.482e+00
+2.257e+00
+2.031e+00
+1.805e+00
+1.580e+00
+1.354e+00
+1.128e+00
+9.027e-01
+6.770e-01
+4.513e-01
+2.257e-01
+2.163e-05

D
<
<

Ble L - ~ 2 Fuifi Tresca E>cfp4 A # B
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(100MPa)

After
assembly
(25°C)

Operating
stage
(Start-up)

Shutdown
(25°C)

z

e

X

(100MPa)

After
assembly
(25°C)

Principal Stress

Operating
stage
(Start-up)

Shutdown
(25°C)

Principal Stress
z

X

X

+9.008e-01
+8.261e-01
+7.514e-01
+6.766e-01
+6.019e-01
+5.272e-01
+4.525e-01
+3.778e-01
+3.030e-01
+2.283e-01
+1.536e-01
+7.886e-02
+4.139e-03

+5.345e-02
+4.903e-02
+4.460e-02
+4.018e-02
+3.575e-02
+3.133e-02
+2.690e-02
+2.248e-02
+1.805e-02
+1.363e-02
+9.200e-03
+4.775e-03
+3.504e-04

+9.570e-01
+8.776e-01
+7.982e-01
+7.188e-01
+6.394e-01
+5.600e-01
+4.806e-01
+4.011e-01
+3.217e-01
+2.423e-01
+1.629e-01
+8.348e-02
+4.066e-03

Ble L+ - ~ 4 pmTresca £ > 2 4 7 B

—a

+6.409e-01
+6.018e-01
+5.627e-01
+5.236e-01
+4.845e-01
+4.454e-01
+4.063e-01
+3.672e-01
+3.281e-01
+2.890e-01
+2.499e-01
+2.108e-01
+1.717e-01

+3.105e-01
+2.857e-01
+2.610e-01
+2.363e-01
+2.115e-01
+1.868e-01
+1.621e-01
+1.373e-01
+1.126e-01
+8.783e-02
+6.310e-02
+3.836e-02
+1.362e-02

+7.280e-01
+6.794e-01
+6.307e-01
+5.821e-01
+5.334e-01
+4.848e-01
+4.361e-01
+3.875e-01
+3.389e-01
+2.902e-01
+2.416e-01
+1.929e-01
+1.443e-01

J)]

Ble L= BB Wik~ 3 Rg? % Tresca F»c)g 4 4 * B
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(100MPa)

+3.172e+00

+3.026e+00
Aﬂer +2.879e+00

1 +2.733e+00

assembly | +2.586e+00
+2.4400+00

(2500) +2.293e+00
+2.147e+00

+2.0000+00
+1.854e+00
+1.707e+00
+1.561e+00
+1.4140+00

+3.046e-01
15539001
. +2: e-!
Operating +2:3016-01
t st
+1. e-
(Start e
' +1.307e-
(Start Up) +1.059e-01
+8.104e-02
+5.620e-02
+3.136e-02
+6.518e-03

+3.258e+00
+3.109e+00
+2.95%e+00

Shutdown $5.6590+00

(2500) +2.510e+00
+2.360e+00

+2.210e+00

+2.060e+00

+1.911e+00

z +1.761e+00
+1.611e+00

1 +1.461e+00
¥

X

Ble 1w ~ 4THAA % B Tresca 22 4 4 7 B
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Ftw R AL AR AT B RRATRE kA $on

PEN Nickel mesh  IC©/Frame  Glass-ceramic sealant

Stage MPS® MTES® MTES MPS MTES
(MPa) (MPa) (MPa) (MPa) (MPa)
After assembly 59.5 90.1 224.5 64.1 -

Operating stage

Start-up 5.7 5.34 60.5 - 31.1

Shutdown 88.3 95.7 270.8 72.8

Critical Stress

25°C 187 480 406 45 -

800°C 112 150 120 - 36

(@) MPS: maximum principal stress; (b) MTES: maximum Tresca equivalent stress;

(c) IC: interconnect
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7 b PR BT

Braze
Stage MTES
(MPa)
After assembly 317.2
Operating stage
Start-up 30.5
Shutdown 325.8
Critical Stress
25°C 80
800°C 15
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RS

THEREA REERE S 591+0.32 MPa~30.63 + 3.2 MPa~11.09
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