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In-situ strengthening mechanism of glass brazing Al,O; ceramics joints
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Abstract: In view of the problems of poor machinability, difficult preparation of complex structure and large-size components of
Al,O5 ceramics, 48. 5%S10,-48. 5%B,03-3%Na,0 borosilicate glass was used to obtain reliable bonding of Al,O; ceramic which
not only had excellent mechanical properties, but also can form an in-situ reinforced phase with Al,O; ceramics. It was shown that
during the brazing process, as Al,O; ceramics diffusing and dissolving into the glass braze, SiO,-B,05-Na,O glass transformed to
Si0,-B,05-Al,03-Na,O glass in the seam. The integration of Al,O5 strengthened the glass matrix. Furthermore, a large number of
dispersed aluminum borate whiskers were in-situ generated not only inside the glass matrix but also at the interface between glass
braze and Al,O; ceramics, forming the in-situ aluminum borate whiskers reinforced composite Al,03/Al,O5 joints brazed by
borosilicate glass. The whiskers not only further strengthened the glass matrix through pull-out effect, crack deflection, crack
bridging, absorption effect, etc., but also played the role of nailing and suturing at the interface, realizing a high-strength and high-
reliability connection of Al,O3 ceramics. When temperature is 1 250 °C and time is 60 min, the joint strength reached the highest

value of 136 MPa.
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Highlights: (1) In-situ aluminum borate whiskers reinforced composite borosilicate glass brazing Al,05/Al,05 joints was formed.

(2) The interfacial reaction mechanisms and formation mechanisms of Al,0;3/Al,05 joints brazed by borosilicate glass

were expounded.

(3) The synergic reinforcement mechanism based on glass matrix reinforcement and in situ whiskers reinforcement was

revealed.

Key words: Al,O; cramic; borosilicate glass; aluminum borate whiskers; in situ strengthening
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Table 2 Composition of glass fillers and their coefficient
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Bonding method of Al,O3 ceramics. (a) diagram
of Al,O3/Al,O3 joints assembly; (b) temperature
curve for the brazing process
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Fig. 3 XRD pattern of 3 kinds of glass powders filler
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Fig. 4 Network structure of glass. (a) Infrared absor-
ption spectrum of glass braze; (b) [BO5] units; (c)
[SiO4] units; (d) transformation of B,O3; network
structure
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Fig. 5 Wettability of glass on Al,O3 surface
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Fig. 6 Microstructure and map scanning of joint. (a) microstructure of joint brazed by 48.5Si0,-48.5B,05-3Na,0 glass
and map scanning of Al, Si, and Na of the Al,O5 join; (b) microstructure of joint and the the illustration of
interface line scanning and the variation of element content
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Table 4 EDS analysis results of the points in Figs. 6(a)

VAL Si B Al Na 0
A 23.72 19.13 10.42 4.59 42.14
B 20.98 16.20 14.57 5.22 43.02
C 20. 14 22.67 13.00 4.24 39.94
D — 14.17 43.83 0.43 41.57
E 20.52 17.92 14.64 5.08 41.85
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Fig. 7 Microstructures of the corroded joints. (a) microstructures of the corroded joints; (b-d) Cross section morphology
of parallel weld direction; (b) magnify 40 times; (c) magnify 200 times; (d) magnify 2000 time
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Fig. 9 FE-SEM morphologies of the joints brazed at different temperatures. (a) 1 200 C; (b) 1 225 C; (c) 1 250 C; (d)
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Transformation diagram of glass grid structure. (a) affection of Al for network structure of [SiO,] units; (b)
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Fig. 12 Mechanism of the formation of the Al,03/Al,O3 joint
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Fig. 13 Shear strength of the joints brazed at different
temperatures
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Fig. 15 Schematic diagram of pull-out effect
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Fig. 16 Mechanism of in-situ strengthening of whiskers.
(a) crack-bridging; (b) absorption effect
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