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Abstract The Ti6Al4V and Inconel 718 dissimilar metals are welded using the continuous laser-induced eutectic
reaction brazing technology. In this study, the influences of heat input on the microstructure and mechanical
properties of the joints are systematically studied. The test results prove the formation of a large number of Ti, Ni,
intermetallic compounds in the fusion zone because of the excessive melting of the niobium interlayer at a heat input
of 48 J/mm, resulting in the direct cracking of the joint. When the heat input is decreased to 40 J/mm, the
unmelted Nb interlayer successfully inhabits the mixing of Ti6Al4V and Inconel 718 in the molten pool, preventing
the formation of the Ti, Ni, intermetallic compound in the joint. Further, two different metallurgical bonding
interfaces, i.e., the (Ti, Nb) melting interface and the Nb/Inconel 718 eutectic reaction brazing interface, are
obtained. Additionally, the (Ti, Nb) melting interface and the Nb/Inconel 718 bonding interface are separated by
the unmelted Nb interlayer. The maximum strength of the joint is 205 MPa. However, an incomplete fusion defect
can be observed at the Nb/Inconel 718 interface when the heat input is 34 J/mm, resulting in a tensile strength of
13 MPa.

Key words laser technique; Ti6Al4V/Inconel 718 dissimilar metals; mechanical properties; heat input; laser-
induced eutectic reaction brazing

OCIS codes 160.3900; 140.3390; 140.3590

B HE: 2019-11-09; {EE B HA: 2019-12-02; FHBAHI: 2019-12-11
EEMB . HFRHAKREIS (51705005,51905006) B FE 4 H 4R Fl 2% 3 4 (2018JQ5204) | 5 X SCH 4 B k¢ 2 H 45 1i H
(ZK16045) | T X 3¢ H % B i 52 A= B BRI H (YJSCX19ZD05, YJSCX19ZC10)

* E-mail; elfsmile@163.com

0502002-1



i P

1 51 7

Ti6 AlAV H A e 5w o | ol ol 4 | s M e
G EVR AR R AR AT ALK L Al
TR AR B 2 A U AR B T Iz AT
T18 BRBLA 4 BT I i i ok M | 1) BT R S I A
TR R il v RE , O 8k 2 B T AL A% R L A
L TEEATA . REUR 538 38 S ATk 1 & & L XA
25 S HLRN R S HE 0 i T LU RE 3R | AT S Tk AR A
T R, TR A & sh BL AR AR Re B A
Ti6 Al4V/Inconel 718 5l & J& & A #4) {4 Bk 7T % 4%
Inconel 718 4 44t 5 1) i T 1k A8 M A8 . 35 08 &, X
PE AT & S HLRUR S5 0 i 3 L R R B
T X, {H Ti6Al4V F Inconel 718 By ¥ B 1k
SV A 25 B R, B B HE AT R B AR5 B R
Ti, Ni, . Ti-Fe Al Ti-Cr 8 Jfg A, ™ 80 AL £2 3k 19 71
AR

WG FLAG g 5 %% B w8 PV A /DN L 4 A
X E SRS AT R AR R,
Chen 25/ T 6 A7 B 5 i A ST TiBAl4V/
Inconel 718 S 4 J@ WO R H 3L RO 4L 2L Fn
SEPERER R A, 245 Rk B, L R A2 2 Inconel 718
W = A8 /N i I A X AT b T, N, Ti-Fe #il Ti-Cr
B e A 1) B8 L AR A5 T B BBz Sk L H B Sk 1 5R A
fii. Shojaei Zoeram 4§ % B 7E ¥ Ot M
Ti6 Al4V F1 NiTi g #2 rb, SR JH e 450 8] )2, o 2
Ti, Ni, &J& mbE&PmIE R A5 AT Ti-Cu fifi

Inconel

Wa Al Bk PR R R 25 . DG, TR R R OB R
R A I WL L T Tl o o N P~ /2
Ti6Al4V/Inconel 718 5 i 4 J& . 4 AN BE 5¢ 4 FH IR
Ti6 Al4V 5 Inconel 718 WiFfHE# 766 i TR A .
Gao 7SR OG5 5 38 5 RN AT R XF Ti6Al4V/
Inconel 718 ¥EAT 1R #2,3K48 T & Ti, Ni, , Ti-Fe #
Ti-Cr T e I 5 A9 23k {0 4% 3L 7F Nb/Inconel 718
LT MR AL R 0.5 mm, AL N RS 1/3, BB
BT W B R A BB L Sk B B R 145 MPa,
55k vp OB R AR B L 3 SR O B A R R i v
I, BEW R AR E Nb/Inconel 718 B EE = T
Nb-Ni 3 & 50 B 04 [F B, (5 51 A 2 0% 2 0 5 R
15 B AR T o DAY SR 1 A i e I SR A R AT
AR it k. (HR) HETy 1k ok AR A %
ZEWOE X Ti6Al4V/Nb/Inconel 718 #4745 42 (1 41
KHFFEHRIE .

AR SCR OGS S5 3 & SN EF KX Ti6Al4V
5 Inconel 718 X W 7 Fh 4 J@ AT 1R Z . BT T A
[F) R AT B2 Sk (4 OO 28 2R g 4 M g L DA e >
B BT R BT RS G BB L 3R R Ti6AL14V/
Inconel 718 4%k Ay MERE .

2 IREHE R Tk

56 BIF A B Ti6Al4V A Inconel 718 4 44
#LHNR SR 100 mm(K) X 50 mm($8) X 1.2 mm
B rfa] J2 4l 48 ) R ~F 24 100 mm () X 0.8 mm
(58) X 1.2 mmUE) BT gk 1 fis .

# 1 Ti6Al4V . Inconel 718 F12l42 (Y 1k 2% 73
Table 1  Chemical composition of Ti6Al4V, Inconel 718 and pure niobium

Ti6Al4V Inconel 718 Pure niobium
Material
Ti Al A% Else Cr Ni Mo Nb Fe Ta O
Mass fraction /% Bal. <{6.8 <<4.5 <1.1 <21 <55 <<3.3  Bal. <€0.005 <<0.1 <<€0.015
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Fig. 1 Microstructures of base metals and pure niobium. (a) Ti6Al4V; (b) Inconel 718; (c¢) pure niobium
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Table 2 Welding parameters

Defocusing Heat
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No. (mmes )
mm (Jemm™ ")
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2 800 20 0 40
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Fig. 3 Schematic of tensile samples
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Fig. 4 Macroscopic cross-section morphology of joint welded at different heat input.

(a) 48 J/mm; (b) 40 J/mm; (c) 34 J/mm
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Fig. 5 Microstructures and EDS analysis of melting zone in joint welded at different heat input.
(a) 40 J/mm; (b) 34 J/mm; (c) EDS analysis of each point in microstructure images
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Table 3 Chemical composition of each point in Fig. 5

Atomic fraction /%

Zone - Potential phase
Ti Al \% Nb
A 60.71 6.95 2.72 29.62 Ti,Nb
B 70.67 9.00 2.80 17.53 Ti,Nb
C 72.27 9.39 3.18 15.16 Ti,Nb
D 60.04 7.09 2.23 23.01 Ti.Nb
L B AL e P SO 22 80K IR A Ti/NDb 57 2600 5169

ol <5 J S 1 P 2 B R WL BT, AN TET 6 s
BRANGR 5L 42 [ . To AR A 52 J 1) Ak & 0 . ok
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SR B O 2 2R K Ay 2. K PE Nb/Inconel 718 Ti  Atomic percentage of niobium /% Nb
S B O ZH 21 22 R, AT #F Nb/Inconel 718 i 4R 6 Ti-Nb —JCAIE
AN, S5AE T(b) 3 4 AT LS AE KR, Fig. 6 Ti-Nb binary phase diagram
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Fig. 7 Interface microstructure of Nb/Inconel 718 interface and chemical composition of each point.

(a) Microstructure; (b) chemical composition
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Table 4 Chemical composition of each point in Fig.7

Atomic fraction /%

Zone - Potential phase
Ni Fe Cr Nb
A — — 100 Nb
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Fig. 11 Morphology of Nb/Inconel 718 interface formed at different heat input. (a) 40 J/mm; (b) 34 J/mm
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B 13 AR A% AR i # 19 Nb/Inconel 718 Ftifi 4k i) 8 (8 B2 70 fii . (a) 40 J/mm;(b) 34 J/mm
Fig. 13 Microhardness profiles at the Nb/Inconel 718 interface formed at different heat input.
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Fig. 15 Tensile fracture morphology of joint welded at different heat input. (a) 40 J/mm; (b) 34 J/mm
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Table 5 Chemical composition of each point in Fig.15

Atomic percentage /%

Zone - Potential phase
Ni Fe Cr Nb
A 37.07 10.09 8.89 43.14 Nb; Nig
B — — — 100 Nb
C 40.34 12.43 9.75 37.48 Nb; Nis
D 35.75 6.54 4.90 52.81 Nb; Nis
E 37.09 10.89 8.30 43.71 Nb; Nig
F — — — 100 Nb
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