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ABSTRACT

The reactions between an aclive metal brazing alloy and uterlayers, together with the effecls of interlaver
type on the mterfacial microstructure chamnge, were investigated for silicon nitride/stainless steel joint. The
bending strenglhs were measured for jeints with Mo, Cu, Ni interlayer type of different thicknesses. It was
found that the interlayer with a low vield strength value is effective to improve the bending strenglh of the
SiaN /stainless steel jomnt, The maximum joint strength cobtamed at room temperature for a laminated Cu/Mo
interlayer was about 460 MPa, The combined use of Mo and thin Cu layer was found to be effective m
enhancing the bending strength for the SipN/5.5.316 joint.

Key words: Active metal brazing, Joining, Interlaper, Joining strength, Inmterface reqction

L B e P o V)E FEAEA OB AE AR

B 7] AT T2 e Fdes

BEd, WA Y A 9 S50 Padan  74R des B pREe F2 YEoR da
N A T A D

97 a3t de A TRES ¥ AARA 48 A gHBgud0R o] G5 ARss 3479

o) HHHT genk, At s A4 Bl B W AR dwAoD agdAR o Tong) WEe, Ao

e AEE qgel] obAAxE gl A F4  wlash 240 44 APl 24 AR Asie] A

TrE REoRA AAEEE I3 ARHR Ak gL ) ke AR A 2 A

Aetelz/3e Aite Ao AHEE EY 5 oz A Yo, H3) G A7 2 s



TR L Rtk

TA e wEatael F45304 HAE Az a
ke 2 AFEHe) wAHe @ A glo]
A melA] Wzl Aepe| 2z} spal = 2ol 4] a2
Afamst 24 bstA "ok Aepela/EE AgA
ol AHghs] HAEE AFFHLE 277 K W

LB hEES APEA Apeld] 2R Al
el sich ATACA SAEE AFEHE A2
L2 g2l g 9 FHAE dEAdEs e o
ATL g3} Aar) Ze fldI34 2 FGMfunctio-
nalty gradient materials) F7-ge] ¢lom, 53] Cu
= Nigh o) #5327} v 4558 SR
AHEEhe el Azlela/gs FEA e AR il
Aoty deiA 1 9;11:]—5‘7’

de s AMREE A /e s AN L] e

= R b S %%24% 13}14 LA
5@5 ZabAol] hEl #)A cpd|7hA| 2k

o] Fol=] 3. 14|

71

%

—b'

Hel gz
e b G AHES Beo)R
o2 Ni Co, Mo $3H0% Aol B89 SNy
S5316 A YA 4) AEH FAA) meo) A TR
5 W A abgel ARA™GN 7 e
%ﬂﬂﬂﬂhﬁ%ﬂﬂﬁﬁz4ﬂﬁ“ﬂfﬂﬂ%%

Jo

T
i
h
0
)
_?L
43
.41
!
vl
o,

= & g,

- A
™
B
Zi
n
i
&,
_,‘1
i
- H

2, AMEERY

Ho]al el Al Aepds wl FE om
GTEAF2] SipN,(PY6) 3 Abv] FHE7HF)IAMY stain-
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Table 1. Mechanical Properties for Materials Used in

the Joint
Young's Thermal | Yield
X madulus | Poisson's | expansion | strenglh
material . -
(GPa) rativ | coefficient| (MPa)
{107%/%)
SigN; 300 0.22 3.2 —--
Cu 120 Q.37 17.7 T
Stainless
150 0.25 14.0 240
Steel 31§
Mo 320 0.25 5.7 565
N1 207 0.31 13.3 138
Cusil ABA
(Ag-35 23 (.36 185 271
Cu-2Ti)
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£ 20 mme] et
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Fig. 1. SEM microstructure and EPMA analysm of

SuN,/Cusil ABA interface of Si;N,/Cusil ABA/
$.5.316 joint brazed for 10 min. at 8507,
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Fig. 2. SEM microstructure and EPMA analysis ot
SizNy/Cusil ABA/Cu interface of Si,N,/Cusil
ABA/Cu/Cusil ABA/S.5.316 joint brazed for 10
min, at 850C.
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Fig. 3. SEM mlcrostructure and EPMA analysis of
SisN./Cusil ABA/Mo interface of Si,N/Cusil
ABA/Cu/Cusil ABA/S.5.316 joint brazed for 10
min. at 850°%C,
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Fig. 4. SEM microstructure and EPMA analysis of
SigN./Cusil ABA/Ni interface of Si;N4/Cusil
ABA/Ni/Cusil ABA/S.5.316 joint brazed for 10
min. al 850C.
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Fig. 5. Variation of 4-point hending strength of SisMNa/

5.5.316 joinl with Ni, Cu, Mo single interlayer
as a function of the interlayer thickness.

o] Rz WA=7] oo, SN2 s
A7) ?;l.‘li A€k Johpson %o whad
B Fs ade)AE SiN/SsN, A3e el
Bale)a Fesl FA7) Frhge wel 935 gz
opa kel A qlckh ojela), 50 pme] FA41 Cusil ABAE
AgEle] By ] 4 SiNy/S.3.316 A3l =A SiN,2h
2dlqlH s e A Aol o8 @Y= 7

g2 g Far#Hes W SEN/S.S.316 A A2

o SYUAEE 70 MPazhA] Z71E 4 9lg e
SigN,/8.5.316 Ao AdFE Cu A9 A
Rl s R A 1“3114. } A Erha
TAANE A AHiAe SRk s A9 |
A "atasl 5700 ‘dﬂ'"‘ﬂl il- o 23 et
e A== 2bR OT Cu®] &2wde] o4& wa
Hel7| djgos Azl Cu %7& A2} FAF 02
mmy of #Hd 37 7}' vtebyten], Cu &71A9]
—‘f—ﬂ{l?} Zrjake] wlz)l FElZlv= zRAEd) g4
i Alegh SiN/S.S316 Aol Ni S =
off e} A% Fee] Wake 2a VehrdR] sgreu),

Ni T7T'3H4 FA7 04 mmETE E7519 S o T
FE7)} Feaslelvh 5iN/SS316 HBA A Faka
Nie] ¥z 27 B Cudrh abA vepgtosd),
A% Ni 2708 M JAlede Cu 2244F
g HA el sl wsle] FHUARY Aele FaEy

%’ﬂ
i
o

i

A
=

A 337 A3 Z(1996)

r<]

ch wldd 2k 8 ALEEE SuN/S5.8.316 i A v
eubs SRR F7 &l Aels Nig dEES}
Cusll B]# =32 Fig. 404 2o5= A7} 3ko| Bl

e Nie] Szl S5 35S AR
He]R ff]-:Lo A A7 E _1_7}.;]7_1 g c," akay ¥
AF-eHE GH 02 g5la)g) A Falr] wEes
A7tk A FA olake] Ni me Cu d4d52
AR AEE el s/ ES FEdda Vehe
wEAEY Farm AebElle] s E SHiFEag

TH
(stress concentration faclor)®] 7|2

r]r

welA gleds,
gt L olzwA] ofFe|x|z glal gdch

G AAE AL MoE &7 % AR S5iENJ/S.S.
316 A FEsine sy ErlEeen, $3
e 2rhe] Ayl £4& Mosl SN o s
] 27t Ae} ﬂﬁ%inl e = A5 e] 227
FaEr] ez AT =3, SiN/SS316 AHF
A4l 01mm T2 Mo kA9 AMdutozw
Aslfae] SA4H= AREEE a9 A
T 3lgl e Mo 744 F707F 04 mma of 352
THAEs AdE el Me 38 £471 04
mm ] o Mo Z3 F4 F7bel nhE SiN/SS.
316 AP g Fgrl=e \Wae =A vielbA gkl
Fig. 62 @9 F3HA8 AHE-3F SiiN/S.5.316 F A ]
TY e FAA vebls AEA S ANEa< AR
HejFEol, F2b0E A48ta] g2 SiN/S.S316
T U R 5= 7P 250 MPa j&}s] 71'11?— )P’f‘-ﬂ
HAitAlA Az pae|AA Aslgrd wA=EE AF
B¢l 2]+ Fig 6(a)°ﬂ/11 Hodf= 3 Z&ﬂ] Azl l‘
F Bae R slaEgnh odAlTEel Cu == Nid
A2 A3 Qg ol 4] 3= Fig 6(b)ell 4] BolFt
A el Falvkn 2R QA-Sue] aEE o)
SiNy/brazing g iAol 4] A]afste] Azra W)
w2 g rf 2l g A 513N4/brazmg s A EEHE
ul2} =3zl e Elgch Cu =& FikA 2 ARt
AT A BT ﬁ“ﬁﬂb THEH ol
e Aol ofs) siElEr] wspe] kAo
¥z st es]) AfA s Jm g g3
FA el AgA s A delubs, gl2le & R
o) EAAEE HEAR P g AR gEs
Aeg Azbgich dd3Agsr 22 Mos: E3AR

AHRGE A A el S22 Fig 6l A

mim .d

i

.l

>

MelFE 5 o] el QLA F3E Mo/SS.
316 HaAd, == Mo/SS8316 AFAH ZHw

Moell 4] detdr}, SuN/Mo/S.S.316 A P4 vt

—26h—



ERERE

/ interlayer

silicon nitride

55316
(a)
silicon mtnde , / W 5.5.316
(h)
silicon nitride 5.5.316

()

Fig. 6. Schematic of fracture paths of SiyN./5.5.316
joints (a) low strength, (b) moderate strength,
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Fig. 7. Variation of 4-point bending strength of SiN,
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