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Mechanism of Stress Release in RB—SiC Ceramic Joints Bonded by Eucryptite/glass
Composite Braze
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Abstract: To solve thermal mismatch problem in the bonding process of RB-SiC ceramic using borosilicate glass braze (BS),
p-eucryptite/BS composite braze (BSL) was designed. The effect of f-eucryptite addition on a) the characteristic temperature, thermal
expansion coefficient and wettability of composite glass braze, as well as b) the microstructure and mechanical properties of joints
was investigated. The thermal expansion coefficient of BSL decreases and its rate increases with the increase of f-eucryptite amount.
Also, the characteristic temperature of BSL and its rate both increase with the increase of f-eucryptite amount. The apparent contact
angle of BSL increases at the same temperature, and the variation of apparent contact angle along with temperature becomes slow.
The RB-SiC/composite glass solder (BSL3)/RB-SiC joint has the similar interface to the RB—SiC/BS/RB-SiC joint bonded at 850 ‘C
for 10 min. However, in the glass seam, S-eucryptite turns into massive gray KAISiO, crystals (i.e., kaliophilite). The massive
KAISiOy4 crystals with a negative expansion characteristic can reduce the thermal expansion coefficient and prevent the crack
propagation, thus strengthing the joint. The shear strength of the joint after reinforcement increases from 5.2 MPa to 10.9 MPa.
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Table 1 Chemical compositions of glass braze  x/%
Na,O K,0 CuO TiO, Al O5 B,0; SiO,
15.0 15.0 1.0 4.5 4.5 30.0 30.0

x—Mole fraction.
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Table 2 Raw material ratio of f-eucryptite w/%

x(Li):x(Al):x(Si) Li;CO;3 ALO; Si0,
1:1:1 24.69 34.44 40.60
w—Mass fraction.
16 000 e
L m LiAISiO,
14 000
12 000
> 10 000
£ 8000
=
= 6000r
4000r
L ] =
2000 - mm n . s
0 __I_ b BOX

1020 30 40 50 60 70 80 90
20/(°)

T=1300C, =2h.
B2 i1 XRD i
Fig. 2 XRD pattern of sintered product
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(b) Composite glass braze

B3 BRI & SET R FE-SEM JUT

Fig. 3 FE-SEM micrographs of sintered product and

composite glass braze
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Table 3 Compositions of composite glass braze  w/%

Number p-lithium nepheline powder BS glass braze
BSL1 5 95
BSL2 10 90
BSL3 15 85
BSL4 20 80
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Fig. 4 Thermal expansion coefficient of RB—SiC ceramic, BS
glass braze and composite glass braze
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Table 4 Characteristic temperatures of BS glass braze and
composite glass braze

Sample No. Ty T AT, AT
BS glass braze 380 480 — —
BSLI 420 490 40 10
BSL2 430 490 30 0
BSL3 470 550 40 60
BSL4 610 650 140 80
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Fig. 5 Wettiong behavior of BS glass braze and composite
glass braze on the RB-SiC ceramic

120

1001

80

60

Contact angle/(°)

40

600 700 800 900 1000 1100
Temperature/C

K6 AFEE T BS BIEFTRE XS BT EHE RB-SIC
Wi B b rR) 4 A

Fig. 6 Contact angle of BS glass braze and composite glass
braze on the RB-SiC ceramic at different temperature
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(a) RB-SiC/BS/RB-SiC joint

(b) RB-SiC/BSL3/RB-SiC joint

(c) RB-SiC/BSL3 interface
T=850 ‘C, =10 min.

(d) BSL3 glass seam

Kl 7 RB-SiC/BS/RB-SiC I RB-SiC/BSL3/RB-SiC i #:4% 3k (¥ $ A FE-SEM M 412\ K51
Fig. 7 FE-SEM micrographs showing the joints of RB—SiC/BS/RB-SiC and RB-SiC/BSL3/RB-SiC
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Table 5 EDS results of points in Fig. 9a X/%

Point  Na K Cu Ti Al Si O C
A 51.89 48.11
B 78.56 21.44
C 1001 2048 197 194 32.17 3343
D 9.35 5.60 0.14 656 393 39.07 3535
E 14.01 1433 34.09 37.57
F 9.60 6.89 049 472 405 3322 41.03
G 11.18 528 032 452 383 3137 4350
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Table 6 EDS results of points in Fig. 9 X/%
Point Na K Cu Ti Al Si (6]
H 21.15 25.34 53.51

1 0.52 16.10  0.21 0.34 15.18  34.04  33.61
J 3.85 5.10 0.64 16.16 1.14 29.57  43.54

%:; 109
2 7
5 ol [s1 753 %
ST

10 AFHEEREELE F RB-SiC/BSL3/RB-SiC #23k 4By 45
Fig. 10  Shear strength of RB-SiC/BSL3/RB-SiC joints
bonded at different temperature
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(c) 850 C
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Fig. 11  Fracture microstructure of RB-SiC/BSL3/RB-SiC

joints bonded at different temperature
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