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Fig.1  Microstructure (a) and XRD pattern (b) of BTST

composite ceramic
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Fig.2 Schematic diagram of three-point bending test
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Fig.3  Wetting angle between Ag-26.7Cu-4.5Ti filler with
BTST composite ceramic at 830 ‘C (a), 850 C (b),
870 C (c), and 890 C (d)
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Fig.4  Microstructures of BTST ceramic joints brazed at
different temperatures: (a) 830 ‘C, (b) 850 TC,
(c) 870 C, and (d) 890 C
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Fig.5 SEM image (a) and EDS line-scanning results (b) of
joints brazed at 830 C

%1830 CHEEZELTELIEETLERBUFERS
Table 1 Chemical composition of the center region in the

joints brazed at 830 C (at%)

Point Ag Cu Ti Possible phase
1 6.13 59.78 34.09 Cu-Ti compound
2 84.73 7.39 7.88 Ag(s,s)
3 15.42 83.34 1.24 Cu(s,s)

W o o S 3 S THD Ah D RBL PR ) e RE I AN B R,
AEATT I BE RO TE R AT SR (I 6b) 2 i R R
RN K G o () SR R AT SR B RURRAIE o 45 & EDS
Reit oy M, iZAEEEH Ti (59.63 at%) M C (30.37
at%) A%, M Ti-C = AH U, HEW %A A
TiCo SR B2 1 53 4 — A SR WA oy B A & 20
FHPE, N 6a FHIE 2 Fin. W EESH
Ti (52.93 at%) Al B (47.06 at%) %, Ti Al B
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L, Cu-Ti &Pl T Mt &5 A WEM. X
AR 2 R R AR Ok I BT ) TiC AT TiB A28 Cu-Ti
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DA W, BEAG BRI B T, R B e s S
BEAG, MEFIRIRE N 870 C, 23k = iR i Ko
B JE N 291.3 MPa, 1A F| BTST & & i & 25 il 58 &
) 51.1% . IX & DA o 1 45 I FE IR IsE (830 CH
BT R i IR i MR 2, BT R/ B R T T R RS TR
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B, dhi S A EE . Ag-26.7Cu-4.5Ti £ kL 5
BTST & & M & AE 12 . P R0 K 45 My 58 A 1R K
22 5, T AT 2 18] IR Ak 25 O PR A e AT I
Mg e L — AR, L R R &4 e,
WOEEBEWETE. FEREH#H - SREE
890 'C, WRIHMABMTE /AN, Fn e ME RREIZ, Kk
BOZHEE (10 pm) o B ILE S 45 A A
HRPZE (TiC+TiB) MM %, AN A8 A ot K 4T
SRR RN ). I R RS E A BTST &2 & F
B A TR IR AR TT, WSk R . R
— 7, RNZE R G R A M R NS B SR
(IR g 37 (< RLU N el 5 N
2.3 {RIEETE X EIEREL R AL EE ARG

Mk g R BLFE#, KA Ag-26.7Cu-
4.5Ti §FRLEF IR BTST E &M &R, (R S5E 4K
BERAG RN, #LW =R &, 870 CHY
FRR ki E i m. Nit—SMAFIRETZ,
A W E W FCAS [\ LR S5 B[R]0 2 Sk 5T 2 23RN ) &
PERE I I .
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Fig.6 TEM image (a) for joint brazed at 870 ‘C and corresponding SAED patterns of point 1 (b) and pint 2 (¢)
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Fig.7 Relationship between flexural strength of brazed joints

and joining temperature
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5 BTST & & W & R MA 77, KEM Ag-Cu-Ti
B ) AH 5% B T T 4% v E [ JE R0 2 Ag-Cu 3t & 41
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W E] P E K, Ag-Cu-Ti 5 5 & B 88 e B 5 I 78 45
EF8& Cu ZE[E N R RSN, Cu-Ti A6 & 4 W5 B4
mTErgeEd, WK 8b . MIRIER H KR 15
A1 20 min B, Ag-Cu-Ti 55 & WK KN OAEIEHR
AR FE T EF R R ORE 4 1 T, EFEE RSHRHE
B Cu [ AR %, 88 L AL 20 Ag-Cu
L, WK 8b FI K 8c frin. X & H T Ag-Cu-Ti
R TR R, W5 E T Ag-Cu-Ti 57 &
WAH Ry NIE Ag-Cu FE i pi sy o S UL RIET, Bl R
T TR R SE K, BTST & & M & 0 5t 1 I B )2 3% i
R MR B R 43 008 5. 104 15 F1 20 min B,
KL JE R4 508 3.20 7.87 9.4 F1 15 pum.,

N g T = TR e
——mem e

Bl 8 AN LRI 18] R 870 “CHF 2 Sk oW 4 21
Microstructures of the joints brazed at 870 C for
different holding time: (a) 5 min, (b) 10 min, (c¢) 15
min, and (d) 20 min

Fig.8
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5 i 5 A 291.3 MPas
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Fig.9 Microstructure and elements distribution in the joint brazed at 870 ‘C for 20 min
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(291.3 MPa) . fRIEMf A ZEK 2 15 K 20 min J5,
EF4E 410N Ag-Cu JE 4l 2, Fim i 2 5 B 2R
o, HEIRE] 15 wm, AR TR RN SR
fIEF S8 1) B 1 AR T e S BRAI, AT PRI 42 Sk 9 FE
2.4 $TRlH B.C B EMFTIRELALMEENZMN

MRS R AT LVE 2], RH Ag-Cu-Ti #FBHT 12
SCILT BTST E &AM MER:, Ti 5 W& R Hx
ISLJEIEN AT AR PR R LR U B [ $5 5% T R 2 B B A T
BV RRREM ;P2 BT A B K fR U B ] 55 4
RNLZ RGN, RN R B R (9.4 um)
Bek ol BN B, 3B BTl B N JE AR T AR
THI 2 7 PR R TBORT AR £ 5y TV BAOME Bk g B2 A2 it 2 &
TEZALY 22, BbAh, 48 Ag-Cu 3t & &1 AE
K &Z% (a=19.2x10° K') it KT BTST E &M &K
MK R (am6x100 K1) o K REZ 7 &
S BT IR SR TE A H IS AR R U KR AR L S 1817
S =Rt RSP R TN AN = B 0] R NN R 7
RE )22, TEAENANZS dr ke b, A A 8/ I A s e
NAERR RN (BT RN R B G RA.

350
™ 291.3
% 300+
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Fig.10 Relationship between flexural strength of brazed

joints and holding time
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H BRI R E, M FEAREF 525 BTST M & #
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N Ag-Cu-Ti 5 B} B AR S kot /E H, IR a1 N %
% TR 4B AL ST G2 L 21020, T A B o Sk ) 4
PERE .

K 11 ARM Ag-Cu-Ti+t3%BsC (FiESH) &
4T RIAE 890 CARIE 15 min 13 3 (04 L 5T 4% e & 1l
P . B M C ZEFL4ETSIANMF LK, Ko B
MaS Ti B AL, HED Ti 5 BaC BikL
KA TR BTG RT A A . BT C 1
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Fig.11 Microstructure and element distribution in joint brazed with Ag-Cu-Ti+3%B4C
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oS A B R 23 D i S ) 4 AR BT AL T, R
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12 AR H Ag-Cu-Ti+BaC & & 45T RS 2 i #
KO TESE, BRI MNP BaC & &N 1%~5%. Bl
# BaC S BN, 3k IR Z A A ] B 5% X I 4H
ZUR A W B0 o 6 AR VRN BaC 0B A B2 Sk T30
B % b () 35 20 2B A BaC R I IS B T 44k .
Ti fEEF4E P EEE 5 BaC KA RPN, B 5 0 g &
BRSO, BEANIE S S Cu RAERN . WE 12 H1 %
BTST & & Wi &M 1) 5 B2 TR TE v F i, B BaC
TR, SR N2 R FE SRR s W BaC
WORLA 5%EF, LB AR SR Z . X2 H T4
BER [ Ti 55 BaC 456, B BaC SEMIIE M, B
Z W I Ti 7 2 WKL ¥ BJC VEHE, BT 43 A
T 0 5T A B9 TSR o, AT A S T
JZIEBEAR /N o G RO JZ R RE ) B A T Sk R )
27 A — e R BE AR AR F R 2 JE B2 1 B ik
21 R F T 45 AN R (AR 2

Bl 13 NAF R BaC & 0 42 Sk 2 il 9 1 5
W o Bl BaC 2 &340, 5 3k 5 B 5 W 1388 I s PRI,
M BsC T EN 1%, T REMER T HEEE LS
MR T 7.9%, 1A% 314.2 MPa. {HEE# BsC
TR, BHsRE R, SN B.C BRI F
5%, k5 B PR IK A 166.5 MPa.

£ B4aC & &N 1%, F1 R N2 R EL8 5 um,
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L 5N BsC EEEH T NEM: £—, X T
L% fift W) 68 5 T 4 2 TR) 1 B BIK 2 Bk TG A 31 3 A
M 3=, 20/ BaC WK BT 48 h & Mo B 6 T
TERZ I 14, S Faifb Bk i e 8] TR K

Reaction
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12 ATA BaC 5 i BT 45 Sk oW 41 21
Microstructure of joints brazed with different B4C

contents: (a) 1%, (b) 3%, and (c¢) 5%

Fig.12
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Microstructure and Mechanical Properties of Brazed B4C-TiB>-SIC-TiC Composite
Ceramic Joints

Zhong Zhihong!'?, Yuan Dongli!, Zhu Wenjing!, Wei Renwei!, Song Kuijing!, Wu Yucheng!-
(1. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)
(2. Engineering Research Center of High Performance Copper Alloy Materials and Processing, Ministry of Education, Hefei
University of Technology, Hefei 230009, China)

Abstract: Ag-Cu-Ti and Ag-Cu-Ti+B4C composite brazing alloys were used to braze the B4C-TiB»-SiC-TiC (BTST) composite
ceramic. The effects of brazing temperature, holding time, and B4C content on the interfacial microstructure and mechanical
properties of the joints were investigated. The results show that Ag-Cu-Ti brazing alloy has a good wettability with BTST and Ti
reacts with BTST to form TiC and TiB. The thickness of reaction layer increases with the increase in brazing temperature or
holding time, and Ag-Cu eutectic alloy forms in the brazing seam. The bending strength of the joints increases first with the
brazing temperature or holding time and then decreases. The addition of B4C into the Ag-Cu-Ti refines the microstructure of
brazing seam and reduces the thickness of reaction layer. The maximum bending strength of the joint achieved is 314.2 MPa, when
the BTST composite ceramic is brazed at 890 °C for 15 min by the Ag-Cu-Ti with 1% B4C (mass fraction).

Key words: composite ceramic; boron carbide; brazing; microstructure; bending strength
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