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Abstract

The microstructure and bond strength are examined on the SiC/SiC and SiC/mild steel joints
brazed by the Ag-Ti based alloys with different Ti contents. In the SiC/SiC brazed joints, the
thickness of the reaction layers at the bond interface and the Ti particles in the brazing alloy
matrices increase with Ti contents. When Ti is added up to 9 at% in the brazing alloy, Ti:SiC,
phase in addition to TiC and Ti;Si; phase is newly created at the bond interface and TiAg phase
is produced from peritectic reaction in the brazing alloy matrix. In the SiC/mild steel joints
brazed with different Ti contents, the microstructure at the bond interface and in the brazing
alloy matrix near SiC varies similarly to the case of SiC/SiC brazed joints. But, in the brazing
alloy matrix near the mild steel, Fe-Ti intermetallic compounds are produced and increased with
Ti contents. The bond strengths of the SiC/SiC and SiC/mild  steel brazed joints are
independent on Ti contents in the brazing alloy. There are no large differences of the bond
strength between SiC/SiC and SiC/mild steel brazed joints. In the SiC/mild steel brazed joints,
Fe dissolved from the mild steel does not affect on the bond strength of the joints. Thermal
contraction of the mild steel has nearly no effects on the bond strength due to the wide brazing
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gap of specimens used in the four-point bend test. The brazed joints has the average bond

strength of about 200 MPa independently on Ti contents, Fe dissolution and joint type. Fracture

in four-point bend test initiates at the interface between SiC and TiC reaction layer and

propagates through SiC bulk. The adhesive strength between SiC and TiC reaction layer seems

to mainly control the bond strength of the brazed joints.
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SiC Meel-e 12.5X20%x5 mm o zZPoz
HIP (Hot Isostatic Pressurized) *2l® 2-& Al§8}
Fony, 98wt%SiColl 1-2 wt%C2 ¥Eg3t). SiC
Al 29 44 337 = (four-point bend
strength) = ¢ 500 MPa2 7t} ¥l 2184
AZe SS410 #HF3e, e SiCo LA
et BEeld §F ArEeE &% 9.0
wi% 0|49 Ag, Ti ¥4& AF T3t A3
Aok Tiel gF¥ae 1.9at% 0. 84wt%), 5at%
(2. 28wt%), 9at% (4.24wt%) 9] 3% HE A&
o}

BolAL 7zt 24 sl A SiC/SICS SiIC/d
739 2 279 HE YAt SiCE BuelA
Aol 6pm diamond paste® Fvlst oA E &l
WAl 253 AHE 3 F AE3tgh

A7}e #1200 AHER Avkgt §F 259 AHE
stdch Ti &3 Wakelo] tE Byl 2182
H W E Y3t B5F dASA et B
R AZA 985 TN A 600k B3 AASHA.
ol B.HolA 7+A (brazing gap)< 0.2mm
tungsten & spacerZ4] AME3l9, 0.2mmZz F
A3 A FA A

B A7) Algd JFEE Fig. 1A BAE
th. A]#A (1) & graphite XA (2) & A& 6.
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Fig. 1 Schematic diagram of a vacuum furnace
1) specimen, 2) graphite, 3) water cooled
copper electrode, 4) Pt-Rh thermocouple, 5)
heat shield box, 6) vacuum chamber, 7)
cooling coils, 8) viewing port, 9) telescope
and camera, 10) to vacuum System

7C/min 9 €52 7ld3ign. eEEAHL SiC
Aeba) el HEAIA & Pt-Rh A (@) < s
FEA. BHoly F AlAL 60T 7MAE
6C/min, A274A+ 3C/min ¢ £ 8 YzHE
o e @SR g s 27 E AHSEt
o 1T WollA 2xF Aos] xdsAt AF=
v Byoly Fao] &§H7 AR 5x10° -
10° torr W ol AL
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L T 1
BEND TEST SPECIMEN ﬁlr
{Bx5x25mm)
1um  polshing
(@) Cutting (b) Polishing (c) four-point bend test

Fig. 2 Preparation of bend test specimens and a jig
for the bend tests

18 #4821 E (four-point bend test) & AHe| &
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AlEE A HoE 283ttt BE SYANEE A
He 479 AXE Fol7] 939, Y= 1pme
diamond paste2 dAvrlslgel, £33 ZE F3IAF
£ AHe et fFd o AFgF 239
A vl goe] EA8R] 25 AS AP A3
Aot FYA P ATE AL gRETH 7
A 18mm, WHeFH 23 6mmE 2 48 59
AldE FPsHrctk. 43 FEYA P2 Instron
Universial Testing Machine & AH&3}l%lom, ol
cross head speedt= 0. 5mm/min& A}&s3tgch. &
AN 30 A8 digt FFHE AHEEA
=3
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Fig. 30 A= SIC/SIiC Atel 9] Beloj Ao A Ti &
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& voErh. Byl sha o TiY o) F
7tete oe} AP AEANA 2 ¥wg-F e FANL F
AR, g5 2 (2ol d g =) ol
M= A A E 9] ko] Fr)Eit)

Ag-5at%Ti §& AH83 SiC/SIC Eo] Ao
st HEAHAAM L whg-Zof thE E4L o)A
o] AFolA =8, Fig. 44+ Ref. 7014
SiCet &3 24 Ale]o] HEAIRAA 9] HEFE
ol 3k X-RD A 478 RoE), B HPHE
%22 TiCY TiSi; Aol =R on, SEM 2
EDX £4 43¢} 83t dojzl w3459 £
¥ = Fig. 594 £2H o2 dygsict SiCel 914
8le] gL 2o F TIC ¥h-&-Zo] A, ¥E =
A Zoz vl$ JA3A FAHE o (band) HEl=
TisSi; ¥k-g-%0] EA3c}. Fig. 39 n]Az3 AR
A Ti &&Fe] 1.9% N 9% = Z7}3d ula}
TisSi; ¥H8-Z&o] FAYRA L Y& BogFr), Ag-
9at%Ti &2 %o+ SiC Atolef tungsten A&
AdEhA] @ WS H (12,5520 mm) & & Hgo]
A 39E ul, 2ol 282 0.03mm o] 3 E =f
G oAl FAEUAS. ol Hyoly & wWzimA

=
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(a) Ag-1.9at%Ti alloy

(c) Ag-9at%Ti alloy
Fig. 3 SEM micrographs of the SiC/SiC brazed
joints with Ag-Ti brazing alloys
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Fig. 4 The results of XRD analysis on the reaction
layers for the specimen brazed with Ag-5at%
Ti alloy (O)Ag, (m)SIiC, (W)TiC, (V)Ti
5Sia

o
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Fig. 5 Schematic drawing explaining the distribution
of the reatcion layers at the bond interface
between SiC and brazing alloy matrix

AN GA dto] dojygon], 8 iy oA
3l HEAHE wpeby w2 5A 2= ot
A HEANE gt 2 Hel 5 ZAS Wl
i3l XRD £4& FPsHrt. Fig. 64 E X-
RD ¥4 A3} 39°-43 Alo]9] ol UeElt 3
HHAEE #AA3F] BFEe, A ub@AE TiC
A3 TisSi; de] AAEReH, 22y o9 §H
Ag-5at%Ti &0l & BeojAg Al B
HA kel TiSIC, Aol Mze] #AHY o]
Ti,SIC, A& W. Jeitschkooll 2]&F data 2HE] 7
Abg gk vimgto A e £ YAk d
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Fig 6 XRD spectra showing Ti,SiC. phase produced
at the bond interface on brazing with Ag-9at%
Ti alloy (W)TiC, (V) TisSis, (@) TiSiC,

+{calculated) =2. 28 A 3} d,q, (observed) =2. 27 A, di
s(calculated) =2. 12A &  d,ns (Observed) =2. 134 2.8
A2 2 dXHAT} o] TiSiIC, 4L SEMolrt
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Argel o A E Ting F57 3EE 9& o
T At

3.1.2 43 39X 8 A3

SiC/SIC B@ol gt AlHES] i3 44 F94
Holl o3 YA = 2 A9E Fig. 794 B
Foh Ag-1.9at%Ti, Ag-5at%Ti 2 Ag-9at%Ti ¥
8 AHEE 9zt 204MPa, 187MPa 9
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Fig. 7 Four-point bend test results for the SiC/SiC
brazed joints ("~" & values in the graph :
mean bend strength)

Fig.8(@) ol EH o2 Ag-9at%Ti |
o3 BHoldd AHe 448 FIYANE ¥ gy
9l PAE BAFET A sdde FAL
Al wig} ki zpelst glont, Tiel #akel] @
Alglo] B SiICZ FAHJen, REHNoz
SiCe} ¥rg-3FAlol9] HEPAWL F3l9 A=Y
o a2y FIAE BN AFEFL we
HeME B SiCol ¥h-g-3 Aol o] AFAHANA
w3 7} A)&al gt Fig. 8(b) ol A Ag-1. 9at%Ti &
B9 A4 dEHoz QFsFL BE WA
SiCet W83 Atol o] HAAANA 37} Azt
K58 AA3] BojFr), o] mdd gt EDX &
M A} 74.72at%Ti, 16.75at%Si, 8.53at%AgE B
HEATt v o] W XS SiCE FHH o)
% EDX #4233} 98.52~99. 47at%Si, 0.31~1.
48at%Tic 2 EAEHAUC. Fig 69X+ Ag-9at%
Tigtgo HFANS 2} sdg Ay a3 =
A& X-RD B A% TiC7} Fa8lo] 7E
HAt o5& Y o SiC/SiIC Heo) Ao A
HEF-= SiCo) TiC uHg-% Atol o] HigAH ] 7}
F Adsde RS L 5 Atk wHA 47 FY
AN A bt SiCe TiC ¥H-g-3 Alol9) A A
Holl A Alztatgon, dge ddes By SiC
& E3td dojwtr).

3.2 SiC/dZ 2ajlo|&
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(a) fracture surface of the SiC/SiC joint with Ag-9at%
Ti alloy

(b) fracture initiated region of the SiC/SiC joint with

Ty

Y

Pimm258ky 462E2 1722-36 1440000

tmm250ky 328E1 180536 153.100 '
i p -9at%Ti all
(c) fracture surface of the SiC/mild steel joint with Ag- () Ag-9at7%Ti alloy
9at%Ti alloy Fig. 9 SEM micrographs of the SiC/mild steel
Fig. 8 SEM fractographs observed generally after brazed joints with Ag-Ti brazing alloys
four-point bend tests of the brazed joints (Left © SIiC, Right : Mild steel)
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Fig. 9ol M= Ag-TiAl &2l 28l Sic/d#<
A3 Beole AlHEY Al v njAz
AEE B Foh Bgold gFulel Tie] &ao)
7 el mhel HPAN B2 vz T
A7 FAAAY, FF 2 g B 9
g el kel F7h3lkH SiC/SiC Blo] Al v)3)
Al A F R g JaEe] &4t 9\114.

Fig. 10(@) | M= Ag-9at%Ti e 2% Sicet
a2 Abole] H3AHEN A 9 U]*ﬂzz—lg
otk Table 161AE 2z} BA|E FEoA 9

(b) brazing alloy/mild steel interface

Fig. 10 SEM micrographs at both of the bond
interfaces of SiC/mild steel brazed joints
with the Ag-9at%Ti alloy
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EDX 4E&4% 27%E vebdoh Sicebel 43t
AN g w32 A (2)A e EDX B4 Ax
¥E EAZ R U AgE A giBy Tiw
Sioi TAE ot welA HeAHA wre
2E2 SiC/SIiIC B ai] o] Aof| A 2} v 7R & TiCe}
TiSi, 4o] Ad® Aoz wodn), T TiSh
49 e QoA AGF atolst EAS
AstAt A o P2 EAY TiSi, whe
T2 I Furt Ads Baged, 3 2a u
52 2kEo Yz,

g BAWAA SIC &0.2 7lrbo) X o] 9
£ AL dAEL H (3) oA EDX 24283} Sic/
SiC Bado] oA e nfrlA 2 T YAEYS &
T ATh EZI H QoM e Mo F2 AE F
f\l SIC/SIC B.glo] Yol Al 2} vla7}x] & TiAg 44

& A3t Tiel F74gtel whet Sicell A H g
&5 EA9 uz=2 WSk SiC/SIC B o]y 7}
& ztol7k Rk, Fig. 10(b) Al M= Ag-9at%Ti &2
9] AfolM A7 g7 24 Atole] HiAE 2
o] mAzA g BojEoh, Aol Qs g
EAqstE dAES HG) M9 EDX BEAAF
Fe-Ti $47 33E9dS & & ok Tio &gl
713t o]E Fe-Ti 338 AE| F7}3814,
Ti2 Fedl £31& £3A700E AS & 4 glvh
T F29 Hu e YAEL HB)AA 4
gt A3 GA PEE T YRS )).

3.2.2 438 9118 49
Table 1 Chemical analysis by EDX on the points in

Fig. 10 that shows the microstructure of
the SiC/mild steel joints by the Ag-9at%Ti

ally
po‘;:;me“‘ Ag Ti Si Fe
97.86 - 1.79 0.35
2 £2.00 | 4355 | 13.79 | o0.67
3 3.80 | 95.15 | 0.7 0.28
4 46.91 | 5206 | 0.60 0.43
5 790 | 19.39 | 053 | 412
6 0.42 | 99.16 | 0.42 -
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Fig. 11 Four-point bend test results for the SiC/
mild steel brazed joints("-" & values in
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o At dEE SiICE wet dojyrl A Ag-
TiA &3 &8 SiC/SiC Bdo] A e 57
T SiCo TIiC W83 Alole) A= s A
s = Aoz Holg, o SiCe TiC ¥H&3 Alo]
o ARAEE TIY FF W Ay 482 v
A @ AL B S, Morozumi®E SiCe}
Tio) 2AEFAA TLSIC, ¥e A& 2dE
t}. I& TEM £424 3 SiCe TiSiC, Abelol] $-=
3t lattice matching®] &3}, o] wjfo] =& 3
FAEE €& & ddd Basych. 2y
2 AL Ao E Ag-9at%Ti &l g 2
o] oA HFAAUZFTAAM TiSIC, o] A=
SiCS} TiC ¥+8-% Atole) HPAE 2718 71U
oy, ARAENE A Fgo] fUdh. SiCY B
ol AL A& Ag-TiAl &34 E SiC TiC w
$Z Alole] ARAEE F7MAIE Aol M F
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3 A%¢E vyt 23U 97 229 #3 2A
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FEEL A7RE T2 2A T Ag=o] =5t
3 on, 985TANN Ag £8F4 Wl Fed &
A= 0. 1at% AE2A w$ A7) gf&of?, SiC
o o148k HPAHAE Feol &aljo] o5 o gko]

Journal of KWS, Vol. 14, No. 4, August, 1996



Ag-TiAl &8 AH8% SiC/SIC R SiC/A72 Bao] Qo e |7 107

He& Aoz Bk ot v3ke] Fe 9149 o3k
° 2 TiSi ¥Hg59 e tha Mgty o
AU SiIC/97 Heo)AHo| = SiC/SIC Belo]A
A g} mlastAZ TI #Fe S4e HEAE
2 9%e A A FUrh Tiel Frtd o E FF
B mAx2 L £ Wslst SiC 2o AR
o] A Ed v X = Jg2 SiCe TIC W3 At
olo] HEAx 9 Gl v3te vl¢ H& Hog
Bt E3 SIC/A% B o] A SIC/SIC B
doj Ao} AP EE Z Aozt YUTh Ywk
Hoz Aetul/F4 vHolAd e Hatad/Aek
ul Hao] e vlal A=t ozt o] AL
w49 dBGAF} @A Aol HEFAW B
29} Algtee] wAste Q1 FFEH A7)
G2 7] dfFolct, B A SiC/A% B
#o] A7 SiIC/SIC o] oA HE A= & A
o7} gl A& By o)A HA 1 A X452 Ale] g
#A g F o2 BAAY. D, Munz” 52 A=/
a4 BElo|AolA HEAR B9 AMeteq) w
Aste FHSEE AMsidd. AFeES B2y
ol A (D)3 AlHe FA @9 v& W/ o
&gttt RE %o Heold 7HAH Al F
A7} A9 ZolAlw AFLHLE FHol 9 I
2 A3 A a A g By & BA)
Aol o] ZA Rt o] Ejtct, B Ag-Ti B0l
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3t K ghe 90% AE SiN,& Bdlo]d 3 2A)
Atol o] FAARE &5 Foll= A s B
A el SiIC AlEele dgAA sy g Ed
Al SNl Bl 523k, 43 FIAIFH AHEE A E
HE& d/t =0.0824] B o)A 7tFo] AJH 54
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o &FE& I HFAHAY wkgSo
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SIC/97 Beo| A= Ti g3ke F79 A
SiC 249 FgAHL g 2A vAzZ 9
W= TiSis ¥4-8-39 ¥4 93E A3t Sic/
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=& AMS3tE W 27} 204MPa, 187MPa 9}
200MPaZ e}, Ti ko] ¥sle HARE
A Fko] e Aoz YEbgh SiC/E% 2
o] E ztzte] & AMEIHE W Z7
201MPa, 189MPa ¢} 208MPa2 A Ti &2k Wz}e]
a2} A zeo)r} gk E g SiC/SIC & Sic/
A7 BéojHox FHA3A HEAEE HAE A
o} zolrt glth SiC/A% HBaelAdA Iz
2 58 &3¢ Fedl 93 vlAZ22] W= 47
Zo E FF& vRA Fghon, B Ao
W AJH X 4o vlE] Yo By 1A S A48
= Ade a7y dR43ASY G zleol=
A= 2 dFS Az Fedt, gy A
Hol A g SiCst TiC 49Hg-& Aloje] JAH
N A AlFste], SICE B3t doiwel Agz
FHA Ag-TiAl & AH83 SiC/SIC 2 Sic/
A7 Bl A HFAEE SiCe TiC &
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