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Abstract

The purpose of this study is to characterize high-temperature creep
properties and fracture pattern of the braze seal/metallic interconnect joint
in MS-SOFC, which is being developed at the Institute of Nuclear Energy
Research (INER). The materials used are a Ag-Ge sealant developed at the
Institute of Nuclear Energy Research and a commercial Crofer 22 H ferritic
steel. The creep test is conducted by applying a constant load (shear or
tensile mode) on the joint at 750 °C in air. Comparison of the creep
properties between unaged and aged specimens is also made.

The creep rupture time of both unaged and aged joints are increased
with a decrease in the applied constant shear and tensile loading at 750 °C .
The tensile creep strength of unaged joint at 1000 h is 5.33 MPa, and is
about 40% of the high temperature average tensile strength. The shear
creep strength of unaged joint at 1000 h is 3.27 MPa, and is about 33% of
the high temperature average shear strength. Thus, the damage of unaged
tensile and shear joints caused by creep effect is close to each other. The
tensile creep strength of aged joint at 1000 h is 5.67 MPa, and is about 40%
of the high temperature average tensile strength. The shear creep strength
of aged joint at 1000 h is 3.63 MPa, and is about 37% of the high
temperature average shear strength. Again, the damage of aged tensile and
shear joints caused by creep effect is close to each other.

A thermal aging treatment at 750 °C for 1000 h slightly enhances the
joint strength of tensile and shear specimens. The tensile creep strength at

1000-h rupture time of aged tensile joint is 6.25% higher than that of



unaged joint. On the other hand, the shear creep strength at 1000-h rupture
time of aged shear joint is 11.2% higher than that of unaged joint.

For unaged tensile and shear joints, fracture occurs at the interface
between Cr,0; and braze at short rupture time while fracture occurs at the
interface between Ag,CrO4 and braze at medium-term and long-term
rupture time. For aged tensile and shear joints, fracture both occurs at the
interface between Ag,CrO4 and braze or between Cr,O3 and Ag,CrO, for

any rupture time.
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%= ~Bt (@ w122~ 27F 4~ (EDS)

Element at.%
o 47.44

Cr 39.32
Fe 4.00
Ag 2.60
Ge 0.29
Mn 6.35

2= B+ (@ #2237 4~ (EDS)

Element at.%

O 13.77

Cr 0.00

Fe 0.00

Ag 85.79

Ge 0.44

Mn 0.00
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22 ~Bl+t- (a RE127%7

it (EDS)

Element at.%
O 8.22
Cr 0.00
Fe 0.00
Ag 88.38
Ge 2.05
Mn 1.35

21 “BL- (a) R# 22 A% F A (EDS)

Element at.%
O 50.82
Cr 25.71
Fe 1.18
Ag 21.17
Ge 0.37
Mn 0.75
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22 “BlL- () B 12 ~%F A (EDS)

Element at.%
O 54.40
Cr 20.48
Fe 0.00
Ag 23.52
Ge 0.04
Mn 1.56

2= “FlL- (@) RHE 22 AEF A (EDS)

Element at.%
O 18.34
Cr 5.84
Fe 0.00
Ag 74.29
Ge 1.30
Mn 0.23

Crofer 22 H " el

Braze  Observed region :
; LJ_-] : J VﬁngrO{ Epoxy

Crofer 22 H Cr203/“' f et e i

Crof,er2'2H
(a) (b)
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() KEHH(b) B () P RERHL A% B FH
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2~ ~EBlLte (b) ¢ A‘gvifz—g’p’z}w (EDS)

Element at.%
0) 11.24
Cr 0.49
Fe 0.00
Ag 84.74
Ge 0.8
Mn 2.72

24 ~E+w (b) * BRz %7 A4 (EDS)

Element at.%
0 33.21
Cr 31.38
Fe 3.50
Ag 30.23
Ge 0.07
Mn 1.62

2+ ~RBlte (a W22 ~FF A~ (EDS)

Element at.%
O 35.23
Cr 25.30
Fe 2.35
Ag 33.60
Ge 0.00

Mn 3.52
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Element at.%
0 44.00
Cr 27.82

Fe 3.99
Ag 23.70
Ge 0.00
0.48

Mn
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2L ~B+2 (@ B 12775~ (EDS)

Element at.%
O 42.07
Cr 30.60
Fe 18.05
Ag 2.79
Ge 4.75
Mn 1.74

L= “FlL* (@ BE22A%F A (EDS)

Element at.%
O 4.72
Cr 1.03
Fe 1.29
Ag 91.17
Ge 1.80
Mn 0.00
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fLle “BL- (@) BR 12 AR

B~ (EDS)

Element at.%
0O 17.75
Cr 0.00
Fe 1.60
Ag 79.69
Ge 0.41
Mn 0.55

217 ~@BL- (d) ¥ CrMn; 504 2_

~% 7 & (EDS)

Element at.%
o 44.97
Cr 32.96
Fe 5.76
Ag 0.62
Ge 0.05
Mo 15.64

LS VMA@ RE22AEF AL (EDS)

Element at.%
0O 18.22

Cr 21.21
Fe 57.99
Ag 0.29
Ge 2.30
0.00

Mn
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21 EL- (a) BB 32 AEF A (EDS)

Element at.%
0] 46.21
Cr 33.69
Fe 6.30
Ag 1.73
Ge 3.07
Mn 9.00

AL A BL- (@) RE4272EF A (EDS)

Element at.%
O 23.16
Cr 0.00
Fe 0.00
Ag 76.25
Ge 0.59
Mn 0.00
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# 5 (b) %5 12 SEM B (8f&LE): (o) %% 22 SEM
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L4 BN (@ BB 12 2FF A (EDS)

Element at.%
O 34.33
Cr 19.41
Fe 1.69
Ag 40.76
Ge 3.81
Mn 0.00

2oL EE A~ (@) BE22 A2 F A (EDS)

Element at.%
O 7.91
Cr 0.00
Fe 0.00
Ag 89.88
Ge 0.75
Mn 1.45

ot - BN (a) BB 32 A~FF A (EDS)

Element at.%
O 32.88
Cr 18.38
Fe 2.72
Ag 40.04
Ge 2.41
Mn 3.58
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Element at.%
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Ag 0.26
Ge 0.19
Mn 2.97
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Lo tw B L- (a BE22 A% F A (EDS)

~ —

Element at.%
O 25.87
Cr 20.68
Fe 1.97
Ag 41.78
Ge 1.10
Mn 8.59
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2247 ~Blz+=z (@ wEE22~%p 4~ (EDS)

Element at.%
O 55.53
Cr 41.75
Fe 1.55
Ag 0.42
Ge 0.24
Mn 0.51

22+ ~RBlzt- (@ REE327FF A (EDS)

Element at.%
O 36.17
Cr 17.25
Fe 2.07
Ag 40.94
Ge 2.32
Mn 1.26
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Crofer 22 H
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A /’{/ /—7 e,

Bl- - = s e AR R 4 2 8 gl ¥Ta (a) SEM LR %
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22+ - “Blz-+= (@ & 12~%p 4~ (EDS)

Element at.%
0 10.18
Cr 0.00
Fe 0.00
Ag 89.43
Ge 0.39
Mn 0.00

-t A Fl-L=z (@ B2z A%F A (EDS)

Element at.%
O 31.15
Cr 18.66
Fe 0.95
Ag 42.57
Ge 0.05
Mn 6.62
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Element at.%
0 1.86
Cr 19.14
Fe 76.32
Ag 0.63
Ge 0.57
Mn 1.48
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(b)

(c)
Sl s EEAREIET 4 Y B 750°C T A EEA pF R SR 6

Bl:(a) ‘BETAPER 5 (b) ¢ STAET 5 (c) £ EHER
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AR IR R ST PR P 4 R Y g ¥re i (a) SEM BB

253
Bi(b) B# 12 SEMRB (§ “4%):(c) & 22 SEM

Bl (3 142 &k (d) T 22 BRIV
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32 SEM Wl (4740%) 5 () B 4 2
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67

: 3 SEM [ ; (e) T B

SEM Bl (4% 4



pocl]

2 A AT A (EDS)

Element at.%
O 45.78
Cr 31.69
Fe 6.53
Ag 2.11
Ge 0.00
Mn 13.89

=t- SR+ 7 (@) BRE2272FF A (EDS)

™~ =

Element at.%
O 40.63
Cr 53.50
Fe 3.32
Ag 0.19
Ge 0.53
Mn 1.83
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2=+ “Blz-+7 (@ wE&E32 %7~ (EDS)
Element at.%

O 35.14

Cr 17.65

Fe 0.00

Ag 4221

Ge 1.44

Mn 3.56

Bl L3 (a B 422%F A (EDS)

Element at.%
O 7.29
Cr 1.00
Fe 0.00
Ag 89.64
Ge 0.15
Mn 1.92
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Bl L= s Pt ? $rR R T 4 38 9plére ((a) SEM LR %
¥.(0b) %#F 12 SEMB (3 “4%):(c) ®# 22
SEM B 5 (d) %4 3 2 h3%% % SEM Bl (4% 41k )

() %4 42 SEM B (&p:slk)
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2zt ~RBl-+> (@ W& 12~Fp 4~ (EDS)

Element at.%
O 54.33
Cr 41.48
Fe 1.89
Ag 0.70
Ge 0.05
Mn 1.55

+
~

L7 B+ (@ RE32~EF A~ (EDS)

fu

Element at.%
O 3.01
Cr 1.45
Fe 3.20
Ag 91.81
Ge 0.14
Mn 0.39
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=L Bz L2 (a) ?Fiﬁ‘:’él-i;b’,%’ﬂ’/”\l’b (EDS)

™ =

Element at.%
5 39.73
or 1243
Fe 3.08
Ag 39.82
Ge 1.07
M 3.87
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Bl - P L ST RS 4 2P %9 ((a) SEM LR
() % 12 SEMF] (¥ “424);(c) ®¥ 22 SEM
Bl:(d) %% 32 SEM B (44pé41%);(e) %% 4 2 SEM

B (SL%AA) 5 (D %42 ph 0% SEM F
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2=2+- “Blz-+- (@ wE&12~%2p 4~ (EDS)

Element at.%
O 48.49
Cr 37.88
Fe 10.11
Ag 1.08
Ge 0.40
Mn 2.04

=LA FZ L= (@ BE32AEF A (EDS)

Element at.%
O 30.41
Cr 4.04
Fe 0.00
Ag 43.97
Ge 3.04
Mn 1.36
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2=2+4 ~Blz-+- (@ wE&42~%p 4~ (EDS)

Element at.%
O 10.75

Cr 0.00
Fe 0.49
Ag 88.37
Ge 0.40
Mn 0.00

Fow b s PEIRJEZ R4 R P A E BTG 2R

i 7] s i E e P 3 iE 1% BT Bk
TBETA R 3E 4 3% B+F

¢ g7 R 3E 4 = B+C
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