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Enhancement Mechanism of Shear Strength in Sapphire/TC4 Alloy
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Abstract: The laser direct welding connection between sapphire and TC4 alloy was an important challenge in the fields of
aerospace, electronic packaging. Through systematic research on the influence of interfacial pressure from 0 MPa tol.75
MPa on welding quality, it was found that pressure parameters significantly affect joint performance by regulating the triple
mechanism of interface contact, element diffusion, and fracture mechanism. Under the action of the optimized interface pres-
sure of 0.75 MPa, even in the practical working conditions where the welded parts are in non-optical contact and the metal
surface roughness is as high as Ra 0.8 um, the elimination of interface gaps, the promotion of Ti Al interdiffusion to for-
mAITi3 intermetallic compounds, and the effective balance between interface bonding and base metal integrity were
achieved. The shear strength of the joint reached 32.0 MPa, and fracture analysis showed brittle mixed fracture characteris-
tics under this condition. The research provided a novel solution for direct fusion welding of sapphire-metal heterostructures.
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Fig. 1 Dimensions and morphology of welding materials
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Table 1 Chemical compositions of sapphire and TC4 alloy materials
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Fig.2 Schematic diagram of femtosecond laser welding method for

sapphire/TC4 alloy
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Fig.3 Methods for weld morphology and performance testing
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Fig. 4 Femtosecond laser welding of sapphire/TC4 alloy without inter-

facial pressure

ARG T N A S (6 Ti S8 Ak , I A (o 1
SR X T S A (ALO,) S S R R S N A
B IR R ALY, FIWTIK AR 4 R R IR A X
WK 4c) . WE A FTR , 3 F A /KA S A
BRI R B , AR A X kA 22 | 4 S 2o LA
WA SR, RIE ARG 456 (ILE 41 4g) .
BYU) 58 I s, 23k e R W R 125.0 N,
Y UI58 Y 2.0 MPa, Wi 235 & A TR AL | SR 4% 5%
FERAR . BRI LG BEATE A, W 5 A AR 4 B
126 M 498 s B2 24920 30 pm AU 5L , R TE 84 55
FIWT FE S (LK 4d Bl 4e) o

it IS T8 R T 5, K XY 35 5 S5 A AT Bt
J£ 77(0.125~1.75 MPa) 48 1k 5 B B By Be v AL
W s s, BRI . WniE Sa i, B A )
M 0.125 MPa 34 i1 2 1.75 MPa, %542 X 38 A4 21 (5
IR P 12 3 1 U 2 TR IR A 7 0.125 MPa IR F& 44
T, FURAFAE R 5 B RO K AR KRS X (I
Kl 5b) ., Y45 SH1 % 0.75 MPa i}, K48 5¢ 25578
RS R N E I RERRIE R A T AR AL,
XAOEFE G = AN =il N TiotE 5 0t
A B TIO, SR AR IS, I LB 00 Bl 25 40 f e o 2 P
AR AL (WL 5e) o R 73 % 1.25 MPali, &
O RRAE T (O T AR BN AR 5 A R A
W22 WA LT TR 1N 1.25 MPat¥ % 1.75 MPa,
PN CE AN S UL SEELSUR UL &I L NN P IG
[’ 5d) . WKl Se froR , Rt Xl ol e 9 25 R AR
Yl RGP 2R 30 um, [B]EE 2 50 um, TTH S
R WS o RIERE M7 U EI i

T 12 4 WA S Al U051 5 B Al A 3L, %o R 4 AT
TE BB IN  WF 55 T 5 180 1 T % 23k (] i 5 i e 245
FA R SRR . 1] 6a i , A5 2 BRI Pk ) 2
= MILE5H , BRGS0 A0 T 15 5 A 5k —
M PP RRRR A AR AETE AR 2 BE T BN
FE RV P RE B 0 A 2 B S T U S () 3 A, e et 9
AHRC ] 7 SR, 5 B A I A X B —
AL, IR A BRZIE ST AL, 75 22k 1T e
T HE— 2D A, B FUE A 0.125 MPa
B2 1.75 MPa, 15 5 A1 /8K G 445k TRl Sk ] B
28.6 um Jd/NE 0 um , SELFRER A S MG A (ULIE]
6b~6f) . 4% F1/NT0.25 MPa i, RER IG5 B A



46 '@¢$#§\

2025 4F:

(a) FHALT 1 A

——

50 100 [50 200 250 300 350
ﬂg%/um

(a) AN [RI A T3 R RRE TS (b) A XK 5 (¢) B IXKBUHOR 5 (d)C XK 5 (o) MR = ZEEA ; () KP4 R LS B
B5 ARFEAENTEERAEGESRELIR

Fig. 5 Surface morphologies of sapphire/TC4 alloy under different interfacial pressures
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Fig. 8 Morphologies of welds after shearing under different interfacial pressures

&

N

(2)0.25 MPa; (b)0. 75 MPa; (c)1.25 MPa; (d) .(e) .(f) KK

B9 AREFREENTEEHEBURR
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Fig. 10 EDS scanning positions and data of welds under different interfacial pressures
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Fig. 11 SEM scanning positions and element distribution of welds under different interfacial 0.75 MPa
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Fig. 12 Fracture morphology and element distribution of sapphire/TC4 alloy joints
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Table 3 EDS scanning results of sapphire/TC4 joint fractures(wt. %)
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