5% 50 &5 3 41 JiE SO > B < N Vol. 50, No.3

I

2022 4 3 /] JOURNAL OF THE CHINESE CERAMIC SOCIETY March, 2022

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20210500

Ag—CuO-B,0; B R R N EF 1R ALO; P EALEE

FOH L M KRS MEe S MR OB

(1. MURIETMRY:, et if S G  E R E TR E, IG/RIE 150001;
2. FEFERFRER L EHR, KF 130117; 3. soitanb B ERAE, BB 650000)

# E: Ll Ag-CuO-B,0; NEFHl, RAZTSNMEIEEERET ALO; W&, LA T HM Cu,AlB,0; M. IR T
FERHEE SRR AL B . MR DL AE R RS M . G5 SRR FFIEEREF, ALO; HEFRIAT Cuo.
B,0; KA M AE AR CuyAlgB4Oy7 dndit, R4 M REAR F AT S8k o CRIRAS 8] N 60 min. 3 HRE =T 950 CHY, A LASZHL AlLO;
WV Bk A WOERE, FFaEHR OIX EEN Ag, FITERFMAN CuO. CuzB,06 1K Cu,AlgB4Oy; Wil Fifi 5 &R
wH, BELIIPUBY R A . EEHRE ST 1050 CJE, SAUVESMR, IR, kR b SRS, Bk P BT B A
FEAR. EHRE T 1100 °Cla, AN BIRF=Y, Bk MPisysa i KiEp K. HiE L ZSHONTE 1000 CHAFRIE
60min, FLMIHIBTIRE A 86.7 MPa, WLk Ak 7R 1R 4% rh 55 BEM A .

SR AL, BIEE AR BAURER, MRS RS
FESES: TG4252  NEMFER: A XEHES: 0454-5648(2022)03-0704-09
P4 H ARETIE] : 2022-01-24

Mechanism of Alumina Ceramics with Ag—CuO-B,0; Filler via Reactiver Air Brazing

LI Xinyuel, LI Jian"?, ZHANG Jiankang3, LIN Panpan', LIN Tiesong', HE Peng'
(1. Harbin Institute of Technology State Key Laboratory of Advanced Welding and Joining, Harbin 150001, China;
2. Naughty Officer School of Army Armored Force Academy, Changchun 130117, China;
3. Sino—Platinum Metals CO., LTD. Kunming 650000, China)

Abstract: Alumina ceramics were joined with Ag—10CuO-10B,0; filler via reactiver air brazing for the formation of whiskers
(CuyAlgB4O47) in the joints. The effects of brazing temperature and holding time on the microstructure, properties of the joints and the
whisker structure were investigated. The results show that Al,O; reacts with CuO and B,0; to form Cu,AlgB40;7 whiskers in the
brazing process, thus obtaining a reliable joint with the superior performance. At the holding time of 60 min and the brazing
temperature of > 950 °C, an effective connection of Al,O;3 ceramic joint can be realized. The center area of the brazing joint is mainly
Ag, while the interface at the both sides of the joint is composed of CuO. Cu;B,0¢ phase and Cu,AlgB4O,; whiskers. The shear
strength of the joint increases with the increase of the brazing temperature. The whiskers become thick and the adhesion occurs when
the brazing temperature is > 1050 “C, thus reducing the strengthening effect on the joint and the shear strength of the joint. The
whiskers decompose into some lamellar products, and the shear strength of the joint decreases when the brazing temperature is >
1100 C. The shear strength of the joint prepared under optimum process parameters (i.e., at 1000 ‘C for 60 min) can reach 86.7
MPa, and the fracture occurs in the weld nearby alumina ceramic base material.
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Table 1 Naming rules for filler x/%
Filler Ag CuO B,03
Ag-10CuO 90 10
Ag-10Cu0O-10B,03 80 10 10

x—Mole fraction.

x2 IRABRROLERD

Table 2 Chemical composition of powders used in filler

w/%
Material Ag CuO Cu,O B,Os Else
Ag powder =99 <0.95
CuO powder =99 <0.05 <0.95
B,0; powder =99 <0.95

w—DMass fraction.

N BT B B4 50 0] ) 6 mmx6 mmx
3 mm B 4H 2 L & 5 mmxS mmx3 mm A
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200FEG Y414 M B ML 54 S AT 0 i L 2. R
F Empyrean B! X S & ATHOGHEAT YA 534, A
%At Cull, EHJE 40kV, EHI 40mA. FKH
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Fig. 1 Assembly diagram
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Fig. 2 Schematic diagram of shear strength test
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Fig. 3 Wetting angle of filler varies with temperature
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Fig. 4 Wetting specimen of Ag-10CuO-10B,0; filler on
Al,O5 ceramic surface
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(a) Uncorroded joint

(b) Interface products of the corroded joint

K5 ALO; M BEAT 14 Sk M 2R3
Fig. 5 Microstructure morphology of Al,O5 ceramic brazing joint

x3 5a & S EDS REIE AR
Table 3 EDS analysis results of points in Fig.5(a)

x/%

Point Possible phase
B (0] Al Ag Cu
A 2452  28.82 4520 0.98 0.48 ALO;
Cu,O; and
B 20.86  20.33 2.15 1.78 54.88
Cu,AlB,O,
Cu,B,0, and
C 22,65 4579 2595 1.72 3.89
Cu,AlB,O,
D 20.32 5.54 2.15 69.85 2.14 Ag
3000
m AlLO,
o Ag
2500 . A Cu;B,0;
] e Cu,AlB,0,,
2000 ¢ CuO
2
7]
§ 1500
RS

1 000
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(0=
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20/(°)
K6  ALO; iR FF1F%k XRD i
Fig. 6 XRD pattern of Al,O; ceramic joint
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XRD fi7 it 2 seAa I 2] ALOs. CupAleB4O47
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F4 [E5b &S EDS REIED LR
Table 4 EDS analysis results of points in Fig.5(b)

' x/% Possible
Point
B 0 Al Ag Cu phase
E 24.59 37.29 26.28 3.05 8.79 CuAlgB4Oy7
F 29.21 30.34 23.79 7.50 9.17  Cu,AlgB4Oy4
G 23.09 37.82 24.03 5.77 929 CuAlgB40Oy;
2 000
m ALO;
A Cu,AlB,O,,
1500 .
> [ ]
R7)
5 1000
E

500

20/(°)

K7 Fhii XRD %
Fig. 7 XRD pattern of interface products
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Fig. 8 Effect of bonding temperature on joint microstructure
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(d)1050°C
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Fig. 9 Microstructure of joint brazed at different joint temperatures after acid etching

x5 [EY9e h&LHI EDS BEIEDITER
Table S EDS analysis results of the points in Fig.9(e)

x/%
Point Possible phase
B (¢] Al Ag Cu

Cu,AlB4O7 decomposition
H 41.95 25.07 2649 324 325
product

Cu,AlB4O7 decomposition
1 29.21 30.34 23.79 7.50 9.17
product

Cu,AlB4O7 decomposition
K 23.09 37.82 24.03 577 9.29

product
1500
B ALO,
[m] Ag
A A ALBO;
1000 L A Cuw,AlB,O,,
z A
b5 A
E
500 L]

200°)

Kl 10 Frif ™4 XRD i
Fig. 10 XRD pattern of interface products
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Fig. 11 Effect of bonding temperature on shear strength of

joints
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Fig. 12 Microstructure morphology of joint fracture with different brazing temperatures
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Fig. 13 Microstructure morphology of joints brazed at 1 000 C for different holding time
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Fig. 14 Microstructure of the joints brazed at 1 000 C for different holding time after acid corrosion
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