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Table 1 Research institutes, species and references of ceramic-metal brazing technology

Method of ceramic-metal brazing Author Research institute Reference

Yang ZW Tianjin University [15]
Bian Hong Harbin Institute of Technology [16]

Li Chun Harbin Institute of Technology [17-19]
Song Yanyu Harbin Institute of Technology [20]
Active metal brazing Xin Chenglai Chengdu University [21]
Lv Jinling Nanjing University of Aeronautics and Astronautics [22]
Yang Jia Harbin Institute of Technology [23]
Chen Bo Beijing Institute of Aeronautical Materials [24]
Zhang J Harbin Institute of Technology [25]
Chao Chih-Long National Chiao Tung University [26]
Mishra S University of Seoul [27]
Raju Kati Yeungnam University [28]

Reactive alr brazing Tillmann Wolfgang RIF Institute for Research and Transfer e.V. [29,30]
Wang Ying Tianjin University [31]
Xia Yonghong Tianjin University [32]
Contact reactive brazing Lin Panpan Harbin Institute of Technology [33]
Liu Duo Harbin Institute of Technology [34]
Chen Haiyan Northwest Polytechnic University [35]
Glass brazing Chen Haiyan Huazhong University of Science and Technology [36]
Wu Yongchao Beihang University [37]
Ultrasonic-assisted brazing Ji Hongjun Harbin Institute of Technology [38]
Zhang Changan Harbin Institute of Technology [39]
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Fig.1 Shear strength of the brazing joint with different mass fraction
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Table 2 Methods, advantages and disadvantages of ceramic-metal brazing

Method of ceramic/metal brazing Advantage Disadvantage

Active metal brazing Reliable bonding, high brazing strength Complicated process, brittle reactive layer

Reactive air brazing Mechanical property, oxidation resistance, gas tightness Narrow application range, single brazing alloy

Contact reactive brazing Low-temperature, accurate brazing Complicated process

Glass brazing Low-melting, excellent insulation, stability Low joint strength

Ultrasonic-assisted brazing Low temperature, effective wettability, high efficiency High porosity, brittle reactive layer

®3 ME/ERITEARIARK

Table 3 Research status of ceramic/metal brazing

Maximum shear

Ceramic/metal Brazing filler metal Optimal parameter strength/MPa
Al,04/17-4 PHI AgCuTi 880 “C/10 min 212
SiO,/Ti-6Al-4Ve] AgCuNi 950 “C/10 min 40

SiC/Nb™ AgCuTi 890 “C/10 min 98
AION/Ti-6Al-4V18] AgCu 840 “C/10 min 783
AlLO3/Ti-6Al-4V1) AgCu-3%SiC 870 “C/10 min 98

AIN/CuP? AgCuTi 900 ‘C/15 min 131

CMCs/GH536! AgCuTi 1050 °C/10 min 36
Si0/Si0,/Nb! AgCu-10In-5Ti 800 “C/10 min 309
Al,Os/Crofer 22 APUP! Ag-4%Cu0 1000 C/5 min 123
3YSz/Crofer 22 APUE”! Ag-4%Cu0 1050 “C/5 min 104
TisSiCo/Ti-6Al-4VE Ni 1000 °C/10 min 126
AlOy/Til*! Mo/Au/Mo 1100 “C/5 min 208
Al,03/Cult*® Zn-14Al 680 C/15 min 66
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TEPETCER Ti U INEERRL b R RT UM ST R
BESLARIER E, (H AR TR 4 b & 8 M s B AR AN R T
EHEESKETE B AL &Y. % T it Zhang™HF 7t —
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Fig.3 Shear strength of the three alloys/=GDC-LSCF brazed joints
after aging at 800 “C for 24 h[*®!

LBMERIRIY S, PUsy Y B 22 F ORI R R G Ryt —
SRR o

M T 0 P B4 S 23 SR BT S IE S R 1 1R
G, MAMEEZ UANBW T, FEILL Ag-Cul AR
N, A A R AT A RAE R, TR
VIM B RR R T, WA ER R LD, B
AR TSR T AT 757 TP e s, H H AR
LA PR -

3.3 HEMRRMNITIE

P ful S ST AR — PR R BT 77 50, B
B2 R BOEBA R S R R 2 MR AR RN, 5B R
THAY HERIER:. WEMERZ 2 M mER
BRI SERARE, ST W e R 4 a8 1) i s DL BT T8
JEAE ) B A A0 o 8490

FEHECILL TUNITI a2t Ti-Ni 355 R
TERAR Y TisSiC, P& s N, LI TisSiC, B &5 TC4
VBRI . P BT AR (0 DG BEAE T 38k S G PR A AR i, 4% 1)
TioNi it AH A SR ARUF TR SR FE I OGR4
FRIR E AR 7E TC4 & &M A s LE TipNi e, i
BEmT 1000 CHF, BEEHREMI R, WEEIE TCA &
LA A IR SRR, PRI BN [ X AR Sk 1R R ) 5 T
TREEARRL, SRER SR BHEFIRIRAE 1000 'C. fRiE 10 min B}
FF R L I BT V) 5 B2 B = 82 MPa.

Xia 0%t Befh S BEFRELL Ni Nepia] 2, s
TizSIC, %5 TCA A ST A5 o BT J U5 FE A LRI i ) 5
FREE S I R S5 AT AL, N HoR] 2 JE B R 2 Sk it
FEMEZLRIZE, Ni H )2 00 )5 BE 500 SR ) FET 44 5]
f1, BEE Ni Pia 2800 TiNi ftErim] S, ok
Ni H ] 3 R BT 48 MR O, FE IR AL = A R iR AR
N F7. {EEFIEIRFE 1000 ‘C. /I 10 min. Ni HE] 2 &
FE 30 um B, TisSiC, M &/TCA TR Bk BB U5k B &
i% 126 MPa.

Lin 2505 i 2 i S S AT R I H AlLO5 i A 4
J& Ti %R, 1 ALO; M BEFIGJE Ti RIMFIR 4% L 2 pm
Mo, {8 Au fE vl E &R BT - T Au Xt Mo
M TiERENZES GEERMA S HE 139 6 , FHUX
1E AlLO; M &4 Mo B, FFIEHCKE I BRL. HTEN
BAE R RMAYE Mo FHREH:LE %, H Mo RefgBH Ik
AR Au-Ti fEtEAR & B b &4 TEEFIRIEE 1100 C.
fRlE 5 min I, FFARECSLHUBT U585 208 MPas

TERE il s S AT AR R EFIR IS . PRIRI TR] . [a] 2 R
FERAMINE I # R AT E RSk iR R R . AR
P i S ST AR 5 U THD 1 5 T 0 5 B2 gk — 25 OB 5
3.4 IHIEFTIR

BORET IR I G R BT ET R, B ET R G AL



© 2694 -

W @A RS TS

%5 51 45

KT 600 °C, 43 MK s BEEGEF RN S S R ES £
B, s S AT R B TR LR R s, I R
(k2R s PEAD J1 2 BB, IRk iR B BT R LE 4
BRI BT ES:, W 0 = iR A T LA R b B
LR £h B I 250N, B BT IRAR S T bk & B AT IR A &
PR AR AT R Sk M R M I & B 1 Ak S B, ik
4b, 5 AgCu #FRIHLL, BEESET Rl A TR

Chen 20338 B T T 1 LA Al O i 28 R4y 35 4
MEL, ERIE L — 248, A BBZ(Bi,05-B,03-Zn0)
WHRHAT IR, SEBL T ALO, P %8 15 98 AR 4 1) 1
Bz BHE ZnO & & 1Y 2 1Rk T ZnALO, UKL #i
BRI RS, A BIERES, AR THL®E, ZnO
TEXDFE ZnALO, Wik & BRI HAmAS] .
FRFET 5 XIE ZnAl O, FURL 1) A1 RIS o FFR IS
680 C, {R UL E] 20 min 214~ , {# F§ BBZ10(10%Zn0O)
FPRHA B B m i By UIsEEE 21.1 MPa (K1 4) . {HJZ, Xf
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Fig.4 Integrated morphology of Al,0s/BBZ10/Cu joint (T=660 C,
t=20 min)&!
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Research Progress of Ceramic/Metal Dissimilar Brazing Technology
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Abstract: As one of the widely used methods of material joining in manufacturing industry, brazing is widely used in the fields of medical
treatment, power electronics and automobile, etc. Among many joining methods, the brazing is the most effective and promising way of the joining
of ceramic/metal dissimilar materials. In this paper, the investigations on the joining of ceramic/metal dissimilar materials in recent 20 years were
reviewed in detail. Firstly, the research status of ceramic/metal brazing joint was summarized. Secondly, the research progress of ceramic/metal
dissimilar brazing joint was reviewed in detail from four kinds of ceramic materials, including oxide ceramics, carbide ceramics, nitride ceramics
and ceramic matrix composites, as well as five kinds of brazing methods including active metal brazing, air reaction brazing, contact reaction
brazing, glass brazing and ultrasonic assisted brazing. And then the applications of the ceramic/metal dissimilar brazing joint in medical treatment,
power electronics and automobile were introduced. At last, the limitations in the research and development of ceramic/metal dissimilar brazing
technology were pointed out, and then the development tendency of ceramic/metal dissimilar brazing technology was expected. The aim of this
paper is to provide the theoretical basis and technical support for the investigations of ceramic/metal dissimilar brazing technology based on the
summary of relevant researches.
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