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Study on Bonding of Hard and Brittle Materials to Metals (3rd report)

—Development of Low Temperature Bonding Technique for Joining Ceramics to Metals—

Osamu SAITOH,Wako MIYAGAWA and Katsuhiko OSHIBA
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Abstract

In order to develop a low melting-point brazing filler for joining ceramics to metals, ruby plates were brazed to kovar or silver-copper
alloy rods using Ti-added low-melting-point metals such as In, Pb, Sn, Cd, Zn, and their alloys under the condition of 853K-600s in a
vacuum furnace. Kover rods could be brazed to ruby using such brazing fillers as In-Ti, Pb-Ti, In-Pb-Ti, but tensile strengths of these
joints were less than 10 MPa, and the fracture occurred in the brazing filler. On the other hand, the joint strength of silver-copper alloy
(92.5Ag-7.5Cu) to ruby made by In-Ti-Pb filler showed about 70 MPa. EPMA analysis of the joint area showed that indium from the filler
and silver from the rod distributed in the same area. This suggests that alloying of indium and silver contributes to the strengthening of the
brazed joint.

Titanium segregation was also recognized at the brazed surface of ruby in the joint, which shows that this filler acts effectively as active-

metal brazing filler at a temperature of 853K.

1. ¥ &

+I5 Iy s AGENEEEE S ANE, TR ML
MIHIZZ LwHETH L. 20Dt T Iy 7 A%
TLEE, EERMHLEAELETHBETS I NS,
BHEEOBCEE - AWM OBV SEIN TS,
53y 2 AOEUERA HHRETIE, 2IMITLD
€7 Iy 7 RAAIMEORAEBE 2 AR, FIEOK
B, AOMNHEOBRGEE Y, 5 [ EFRHEOEK T F
P&, RAFAREAERLBIRTH Y, EamE
OILT &L LIRS A2 &G LAY, BHESERES D
e LTRSS Ag-Cu-TikA ), Ni-Cu-TiskA )%, #
FRBEOEVAIMPEH IR TEY, KRS OFEEESE
ZIREFEINTWREW, ZITERIFRIE, BRARSS
INEOEBHR I T 2134, B OIS KRR
R HHFTEDERITEEEES IM OB EE E L.

2. EBHE

ERIIFKREMEY THERLZATLVE - (B2
5.0mmAENEHEE) AR, BEmIR I T -IB%T (1012)
Ay L, RAEHMEHRa (04pm) PTIC% 5 T THIM
WHEL 72, 7 CHIE - #ELTHWE, 29ME
LT3, E&100.m, #l/E99.99mass%DIn,Sn,Pb,Cd,ZnD I
Al £ B & AiE99.99mass%, E &2 mDTi & 4mm (2
EIME L, SO S0 CRE L TR R EE» 9 L LT
vz,

2—1 TiFMUALERREBDES I v I ANOEEH
TR L 22 8AS & B O+ T 3 v 7 2T a4
BME 5720, i %Ra (2.0m) (ZWFE L 7-H£%3.0mm
OaAN— VAL LY — W EFig WRTRIKIZEE L, 25
MEOMIERE A ) F VW THE R MA . A RMIE853K-
600s& L, 4X10°~4X10R*Torr®BEZEHHNT 5 ) £ & 4T -



72, AIAIMOBIZ—FIZT 54D, VE—-LIaN—LD
BICERSOumDY » FAT v I A X R PAAR—F =L L
THW., A LLREBRAIL, Fig2ll Ry 5IRARBAIETE
WS B AEAWEE e L.

2—2 In-Tik5 5 OEAHMHOLE
I—1DEBIIBVWT, WCOPLDHBEBAIMTT I3
FHAERE ANV EDBEAUIREDOONE., L2L, ¥
TR L I0MPaLL T L ERWEE R L, BEETETICA 9 MAE
THRIo/7, TOHREIAIMBENLEFIZLY, EEM
EOLERPTRIIRDZLERETHLOTHS, £IT,
£ 3y 7 AT AENE, TiEEREO S TELRE
R L7ZIn-TiR5 ) # T, PbAg,Cd,CudAEfLicd s
HIMBEDOYUBFDRERIT L. ERIZHVWACERRES
3 ZTableliZRY. BEERELTEIN-LVEAY, 59

Mo(A), (B) {3 L TIERAESE (92.5Ag-7.5Cu) L DEE
HLRE L. BERBRROBRRUKE, AR O
BIRRER T IS B2 — 1 L FD L E Fv /e,

2—3 In-Ti-Ag-PbF% 5 3 MADTHEEERY

In-TiFRA ) ~DAg, PoOFEMIE, BERED ELRIZHE
WERET., BATRED LA AT XL EHE 0, In-Ti-
AgPORDEEBA ) AN TIVE—FLEAIFL, £D
BEAMTEIZBWTH I MADETLEDNEE #EPMAIL L DR
L7, ¥£72, In-Ti-In,In-Ti-Pb,In-Ti-AgNEEBE S ) AV E
—LCHmESE, A)OEEE A 70y h— AFEERT
FHWTHEN, PoLAgIRIID S 5 MEENOREE LT,

t

|_| <« Jig for tensile test

"ﬂ‘ff Blm |sa|po|cdl|zn L _Jig
o £ i o
In 1] 2] 3] 4fs 'f/r ‘: R :
— Lun e i m M
Sn 6| 7| 8] 9|10 it 1;%15:’? S0 g
Pb 1112|1314 |15 = Metal A (100 4 m) .
cd 16 |17 | 18 |19 | 20 No.1 ~ 25: «— Bonded specimen
Piling Combinations
Zn 21 [22 [23 [24 | 25 of Metal Sheets
Fig.l Assembling of brazing specimens and piling method of metal sheets for the brazing &
filler metals
Fig.2 Schematic view of tensile test.
Table 1 Piling methods of metal sheets used for brazing filler metals.
Condition Piling methods of metal sheets used for brazing fillers
(A) Ruby /In(100 x m)/ Ti(2 1 m)/ In(100 » m)/  Kovar or Silver
(B) Ruby /In(100 x m)/ Ti(2 » m)/ Pb(100 x» m)/ Kovar or Silver
(C) Ruby /In(100 x m)/ Ti(2 # m)/ Ag(35 1 m)/ In(100 x m) / Kovar
(D) Ruby /In(100 x m)/ Ti(2 « m)/ Ag(35 » m)/ Pb(100 u m)/ Kovar
(E) Ruby /In(100 g m)/ Ti(2 u# m)/ Cd(100 x m)/ Kovar
(F) Ruby /In(100 g m)/ Ti(2 & m)/ Cu(35 u m)/ In(100 x m)/ Kovar
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Fig.3 Result of brazing test using low-
melting metals. (853K-600s)
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Table2 Measurement results of micro-vickers hardness of
brazed filler metals.

Brazing filler metals Hv Average of Hv
In-Ti-In Under 5.1 Under 5.1
In-Ti-Pb 17.5, 18.2, 10.6 15.4
In-Ti-Ag 136, 181, 136 151
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Fig.4 Results of tensile test for ruby/kovar joints brazed with
In-Ti base brazing fillers under the 853K-120s.
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Fig.5 Results of tensile test for ruby/silver-copper alloy joints
brazed with In-Ti-In and In-Ti-Pb brazing fillers under
the 853K-1200s.
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Fig.6 Element distribution in the In-Ti-Ag-Pb brazing filler brazed at 893K-900s.
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