Journal of the Korean Ceramic Society
Vol. 35, Mo. 3, pp.219~230, 1998.

SiN./S. S316 HEOAM STt HEziz H LEI=0 nIXl= ek

"k

i

FEE - HRAMER - MOl . 20w . T
KIA-ASIA MOTORS 7194
gl e T
FodRe et gt o)A 5t
(19a71d 99 25d )

Effect of Interlayer Materials on Bending Strength and
Reliability of Si;N,/S. S316 Joint

Ho Wook Yun, Sang Whan Park, Seong Min Choi,
Yun Soo Lim** and Yun Joong Chung**
Technical Centre of KIA-ASIA MOTORS
*Korea Institute of Science and Technolagy
**Dept. of Inorg. Mater. Eng., Myong J1 Univ.
{Receved September 25, 1997)

2 o
B BE DAl AP S o $8 SIN/SSILG HHANA S8 FUPw U e $WAe TF 2
F2F Tolur) A5e] De 97, 744 548 e 008 20000 B3 FaE WA HE A=

Ak FUAE AR FEA M, GFAT v S E e HTANM =2 FFEE(80-150 MPars
AUAES Ho ool g3h) 7271 Adel 376E 27§ darlF)ed 2349 Aoz ddsfe). Culo.
2)/Mo(0.3)/Cu(0.2)9 4 713 E& HE3E(490 MPayE, Cu(0.2)/Mo(0.3)°1A4 713 ¥ 418 % (Weibull
modulus 14.6) & YERIRICE Co/Mo/Culld] 74 B2 4% g+Z 29l gol2 Aefdz MoAle], Most F54)
ol A g A Aold o TAHE FR-$H 2 A2 Cwl FRTezH 25 F7 U Aoz 4
Zhgeh, 420 MPas] Ml & 7R ghe Helw Cu/Mov) & Aefr] b a8 $300 22 s o)
=g CAE von Mises &334 & o] &slo] HPAT 74 2 Ao 235 E $827] 2 £25 248
of A RE= gimel AAE Akl o n, 5 AREH S A2 F e FUA
Yo 4T 5 QIS0 EPMAS A&l ARARNA Ad5E e ¥ 9 &
ahirt.

rir

e

FZE CAE $49)
% 5l vhatel £

ABSTRACT

Varwous inlerlayer materials have been tested for active metaliCusil ABA) brazing of SuN/S. S316 jomt.
In general, multilayer joint had higher strength{80-150 MPa} and better reliability than monalayered one.
The ot with Cul0.2)/Mo0.3)/Cu(0.2 mm} mterlayer showed the highest bendmg strength of about 490
MPz and the joint with Cu(0.2)/Mo(0.3 mm) mterlayer the best reliahiity(14 6 Wetbull madulus). The
stresses distributed n joint materizls during 4-point bending test were estimated by CAE von Mises analysis:
the estimated stresses were In good agreement with the measured data. In multilayer jomt, Cu was thought
to reduce the reswdual siresses mduced by the difference in thermal expansion coelficient between the
cerammc, Mo and metal. [l appeared that a Cu/Mo was optimum interlayer matersal for Si,N/S. 5316 jomt
with high hending strength(420 MPa) and reliabilily. In addition. the various shapes and types of compound
were examined by EPMA in joinng interface.
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Fig. 1. Overall experimental flow chart for ceramics/
metal joining procedure

Table 1. Compoesition and Properties of Matenials used for S1,N/S.5 316 Jommg

Properties Composition Young modulus Thermal expaqsion Yeild Strength
Materials {GPa) coeffictent (10°/°C) {MPa)
S]SN_] SlgN.i,'GYan 300 3.2 -
§8.5316 Fe-18.0Cr-14ni-3Mo 150 140 240
Cusil ABA Ag-27.5Cu-2.0Ti 33 18.5 271
Cu Purity>94.6 120 17.7 70
Ma Purity>99.6 320 57 565
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Fig. 2. Typical heat-treatment schedule for SiN/8.5
316 joints by brazing.
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1. 53,N/Cusil ABA/S.S 316

2. SN /Cusil ABA/Cu{0D.1 mm)/Cusil ABA/S.S 316

3. SN/Cusil ABA/Cu{0.2 mm)/Cusll ABA/SS 316

4, Si,N,/Cusil ABA/Mo(0.3 mm)/Cusil ABA/S.S 316

5. S.N./Cusil ABA/Cu(0.2)/Cusil ABA/Mo(0.3

mm}/Cusil ABA/S.S 316
6. SiN /Cusil ABA/Cut0.2}/Cusil  ABA/Mo(0.3)/
Cusil ABA/Cu(0.2 mm)/Cusil ABA/S.S 316
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2.3. 4-point bending test
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Ceramic
Brazing Alloy
Metul
Ceramic
Brazing alloy Cu Interlgver
Mo Interlayer-
Cu Interlayer
Mctal

Fig. 4. Schematic diagram of materials airay for the
Si:N,/5.5316 brazing with mterlayer.
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Fig. 5. Schematic diagram of 4-point bending testing.
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Fig. 6. Division diagram for $i;N,/$.5316 joint hy 3-D nodes isopamatric bhrick element.
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3.1. Bending Strength
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Bending Strength (MPa)

Type

1 SpN./Cusil ABA/S.S316

2 SpM4JCusil ABA/CUID 1)/Cusil ARAS.S316

3. SNJCusi ABA/CUlD 2)/Cusll ABA/S.S316

4 SiNgCusil ABAMol03)/Cusi ABAJS.5318

5. SuN4Cusil ABACUD2YCusi ABAMO(0.3)/Cusil ABASS 5316

6. SiNJ/Cusil ABA/CU0.2)/Cusil ABAMo!0.3)Cusil
ABA/CUlD2)/Cusi ABAS.S318

Fig. 7. Flexural 4-ppeint bending strength of SiN,/S.S
316 joints as a vantion of bufferlaver.
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Fig. 8. Schematic diagram of SizN,/Cu, Mo/S.5316 joint
with different thermal expansion coeffient.
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3.2, Weibull Modulus
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Fig. 9. Weibull plot for 4-point bending strength in Si,
Ny/bufferlayer/S.5 316 joints.
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BT AR, §F YR ME gREA) gk

SPr 1, 8% +R 3 L0
i —H— Inlerface
SigN, Blalloy

@.#BE+DZ2 C~-S
Biallay

SP&
SigN, —>&—- Interface

15 0

Fig. 10, EPMA micrographs of interface for Si.N,/Cu-
sil ABA/S.5315 joint.
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Fig. 11. EPMA mucrographs of interface for SisNy/
$.5316 joint.
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Fig. 12. EPMA mucrographs of interface for SigNy/
Mo/5 5316 joint.
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Table 2 = 6 7k 71 T2E 2 SLNJ/SS
316 HE#A e st 4-point FHA= AT 59 =
A2 35S A9 o 7 el Al 48] =27
% EXEEF CAE von Mises stress analysis Wio g 3
A, ARH 22 BN3 Aol B4 A nE AY
Aol aAEE]e] Al o) 2o del gER
o 3 24 FFEm glen, F7H4 glo] Byeld
a2 PP A A 713 2 gelo)
HEse 25 & 5 ek ols FEAe vlal 2 7|
A 45 A A2t B 2AEE 93
AFEE ghg & 4 9le 234 shgsls) 2pg
Hol#)7] fgoz Addn, 39 F2R(Cws] 7

oA FA 2ol (0.1, 0.2 mm)el| wak HEks]s &
#271g w2 & ¢ ded 02mms AL AR
AAEA diE oz A dele 28] 2hiy

Al e Mo 5910l o 2 53] JFH AT

£ T SRR IeE A 2l 4y
9| 271% 30% olEt2 ZA TAas 1 F7H, Bdlo]H
AT 3 F5EAd dels 28 94 pad 2wl
TAREHE AE ¢ Uk oHE AU FHA
s S o el dHE Cud] S8 Mo 29
o AFEHTY & Mo A9 ¥4 (duetility)9] A
A= ddte] $FAE F, Mo Bl dabigre] g8
22 FFH A Rl Zele 48 S Fdshd A

Table 2. Stress Analysis Data of Si,N,/S.5316 Joints by Von Mises Method
1. SiN,/ Cusil ABA/S.S 316

515N Cusil ABA 5.5316
Strengtht(MP3z) 442 235 357
2. 5N,/ Cusil ABA/Cu{0.1)/Cusil ABA/S.S 316
S13N, Cusil ABA Cu Cusil ABA 5.5316
Strength{MPa) 426 258 303 265 370
3. SN/ Cusil ABA/Cu(0.2)/Cusil ABA/S.S 316
SiN, Cusii ABA Cu Cusil ABA 5.5316
Strength(MPa) 420 269 330 270 389
4. SiNy/ Cusil ABA/Mo{0.3)/Cusil ABA/S.S 316
SN, Cusil ABA Cu Cusil ABA 5.5316
Strenglh(MPa) 410 221 402 234 ) 356
5. SNy Costl ABA/Cu(0.2)/Cusil ABA/Mo(0.3)/ Cusil ABA/S.S316
SigN,y Cusil ABA Cu Cusil ABA Mo Cusil ABA 5.5316
Strength(MPa) 214 126 149 126 207 126 178
6. Si,N,/Cusil ABA/Cu(0.2)/Cusil ABA/Mu(0.3)/Cusil ABA/Cu(0.2)/Cusil ABA/S.S 316
SisNy [Cusl ABA| Cu | Cusil ABA | Mo | Cusil ABA | Cu | Cusil ABA |58 3167
Strenglh{MPa) | 217 127 151 127 215 127 153 127 185

g

Fig. 13. Division chagram of SizN/S8.5316 joint by 3-D nodes isopamatric brick element for Von Mises slress

analysis(computer simulation).
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TFig. 14. Diagrams of stress distribution for SigN,/i8.3316 joints by von mises stress analysis.
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e 7t $51{SLN, Baeld 5, £, 5.8316)
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of %F CAE 142 EdE 4759 L H48AH 4
FA= 2 AL £ e 349 274 222 A
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