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Microstructure and fracture behavior of arc welding-brazing
joints between titanium and aluminum dissimilar alloys
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Abstract: The butt joining of TC4 titanium alloy to 2A12 aluminum alloy was conducted by gas tungsten arc welding
using Al-Si eutectic filler wire, and the effects of the welding current on the microstructure and mechanical properties of
the weld joint were analyzed. The results show that the maximum tensile strength of 158 MPa is achieved, the top joint
fractures in the seam, and the bottom joint fractures at the interface between the titanium alloy and seam at welding
current of 110-120 A. The seam consists of a(Al) and Al-Si eutectic phase precipitated at the grain boundary. The
reaction layer consists of the continuous layer TiAl; phases, the block-like and the long rod-like TiAl; phase at the top
part of the interfacial area of the weld joint. At the bottom part of the interfacial area, the reaction layer includes only the
needle-like 7; phase. The joint strength abruptly decreases with increasing the interfacial layer thickness up to
approximately 300 um as the welding current increases to 140 A.
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Fig. 1 Schematic diagram of Ti/Al dissimilar alloy welding

process
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Fig. 2 Typical weld appearances of Ti/Al dissimilar alloy

welding joint at welding current of 110 A
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Fig. 3 Macroscopic cross-section morphologies of Ti/Al dissimilar alloy welding joints made at different welding currents: (a) 70 A;

(b) 80 A; (c) 90 A; (d) 100 A; (¢) 110 A; (f) 120 A; (g) 130 A; (h) 140 A
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Fig. 4 Microstructures of Ti/Al dissimilar alloy welding joint at welded seam(a) and interfacial zone close to Al alloy(b) at welding

current of 110 A
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Table 1 EDS analysis results of interfacial reaction layer

shown in Fig. 5

Mole fraction/%

Location
Al Ti Si \%
A 78.35 8.37 13.11 0.17
B 72.36 16.12 11.40 0.12
C 51.21 32.90 14.85 1.05
D 53.97 20.16 25.46 0.41

Si & 81575 25.46%, B Si JCHEALE TiAL 1
KEEE, XUHERIRAL SN L —Fh Ti-Al-Si =7t
&Y.

N TR DU SRR S 4 S SR A T 1 4
JE TR A P oy Iy, o JLHEAT 35 S B 8 4y
BT, FHHALE D) TEM 15 R0% X P AT AERE QA 6
Fir. B 6 dh RYCRIESUIAZN A E 5 ekt
EW K 1 H B I EDS 451 SRR bR e 45
Ak, 5 PDF - Hxt b & 8L, SRRk &2 LL[110]
iR DU 7 ZR, (002) il T AT (110) b T 2 £ 4y
90°, TiAL XPFIESIIYEAMA A 90.01°, HJ LLUESEHUR
AW TiAL. B 5 TR A EIES GV E
7EE 6(a)h BB, WIESER TiAL. #k T EFZ0R
& 7E TEM JESh B4R, #3£ 11 D 2y EDS
SR ST ACRE bR e 45 Ak, 5 PDF KA XfLE,
A IR AL AP 2 DA [T 10] 2y St Bl DY 77 & &R
(004) FHTHIAI(112) b T 2 £ 4 80.01°, I PR ol iy 1T 12 £



3072 PR R AR

2015 4F 11 H

H 79.4658°, W] LLIAZRIL &N 710

K&l 7 Bz AR AT 140 A IAk/AR Sk BT
EM ) S, K 7 aTRUE Y, Bk B
PUAG S MBI Bl E i NBIREET, fEIXPURE
SRR A KR KAPRA Y TiAl. FIFEERSLT
R IE R T KZ) 300 um JE1H TiAL 054, JF HAE
AP LT 2 IX U I Bl A A5 FRLR 1K
WER 2 T, PRV AR IR, [ G ST R
KAV, WS PR — 0 R4 L, 3L
{EAEER A & T AT VR IR T — & & i MR T,
B 2 (T i S R B, SRR AR R 1 2

TiA1,[T10]

. - 4
002, .
. ;.I ‘nm

TN ETE e R < S T (10 B 1A B TR i
FERS, KRR A St iSRS T, Ml
Bl 7 BT W RIS . KA A b ks 7
WRER R, HAKE T S AT R385 A% I 75 22 1) R
HRRE D, WEY TiAL R ER LB . &
TFEIPRE N %, TIAL KPR T SR KO . J574%
& IRAEHEME N R ERIZNRS), 7EFI B R K
FERAAY) TiAL fEdsh4 8 b R BT, T
SR AW E D). BEER RS — e (E, 174
FFURBER], BRA Y ) BRI G & T AL S P
AL WK 7(b))o

6 JREHLIN 110 A INFEK/RR IR S BR N b FOR T S X (1) TEM W37 JE 35 R AT SR e At
Fig. 6 Bright-field TEM images and diffraction patterns of Ti/Al dissimilar alloy welding joint at top part(a) and bottom part(b) of

interfacial zone close to Ti alloy at welding current of 110 A
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Fig. 7 Microstructures of Ti/Al dissimilar alloy welding joint at top part(b) and bottom part(b) of interfacial zone close to Ti alloy

at welding current of 140 A
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Fig. 8 Cracks path of Ti/Al dissimilar alloy welding joint obtained from tensile tests at welding current of 110 A(a) and 140A(b)
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Fig. 9 Fracture surface morphologies of Ti/Al dissimilar alloy welding joint at top part(a) and bottom part(b) of zone obtained from

tensile tests at welding current of 110 A
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