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Microstructure and Mechanical Properties of Pulsed MIG Welded-
Brazed Ti-TC4 /Al-5A06 Joints Using Different Fillers

CHANG Hong, WEI Shouzheng’, CHENG Xuan, LI Zhiyong, ZHANG Yinggiao

School of Materials Science and Engineering, North University of China, Taiyuan 030051, China

Abstract: Pure aluminum, Al-Si5 and Al-Mg5 wires were used for pulse MIG brazing of TC4 titanium and 5SA06 aluminum.
The effect of wire composition on the Ti/Al interfacial characterizations and joint mechanical properties was investigated.
When pure aluminum wire was used, titanium and aluminum-based weld were metallurgical bonded by the formation of a
bud-shaped interfacial reaction layer, the width of the layer is about 3 um at the joint upper part and 0.5 pm at the root part.
When AI-Si5 wire was used, a double-layer structure with a width of 5 pm containing a homogeneous layer and a bud-
shaped layer was formed between titanium and weld at the upper part of the joint. However, only a bud-like reaction layer
with the width of 1 pm was formed at the root part. When Al-Mg5 wire was used, similarly, a double-layer structure with a
width of 5 pm containing a homogeneous layer and a bud-shaped layer was formed at the upper part of the joint. a bud-like
reaction layer with the width of 0.5 um was formed at the root part. The tensile strength of the joint fabricated using pure alu-
minum wire was 92~94 MPa, the joint was fractured in the aluminum-based weld and taking the plastic fracture mechanism.
However, When Al-Mg and Al-Si wires were used, the tensile strength of the joints was 196 MPa and 230 MPa, respectively.
The joints were fractured near the Ti/Al interface and taking the brittle + plastic mixed fracture mode. When implementing ti-
tanium and aluminum melting brazing, the filler metal with higher strength and better toughness of the Al-Mg/Al-Si alloy

welding wire should be selected as the filling metal.
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W EA R AR 22 5] A La . Zr B H1 Si JC & X TC4
BRAISA06 £R 75T TIG HLSIUG BT 18, BF 98 2 B, 51 A
ANFIITCER AT R AR ST L BT hr i AN
BICE M SiTuEEH T Mk rhras B 558 7 KiE
FEPEF:, 2474 280 MPa, SCHK[ 121 D4 Al-Mg3 S22
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Table 1 Nominal chemical composition of base metal and different welding wire (wt. %)

BNy Al Ti Si Fe Cu Mn Mg Zn Cr CH.ON i
TC4%k 5.5~6.8 Ak — — — — — — — 0.35 0.4
SA06 44 N 5.8~6.8 0.40 0.40 0.10 0.5-0.8 5.8-6.8 0.20 — — 0.10

4lifh N — <0.9 <0.9 0.05~0.20 0.05 — 0.10 — — 0.10
Al-Si5 ¥ oa 0.20 4.5~6.0 0.80 0.30 0.05 0.05 0.10 — — 0.15
Al-Mg5 s 0.15 0.40 0.40 0.10 0.5~1.0 43~52 0.25 0.05~0.25 — 0.15

1 BERE
Fig. 1 Schematic for the welding process
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Table 2 Parameters of pulsed MIG welding-brazing

TP LA N 5 i N A O WA A
/(cm+min™") /(L*min™") /A /A% E/(kJ+cm™)
60 16 70~76 16.6~18.0 1.16~1.37

JE B 58 AU L T BT ARAE T T AR B Sk it
FE, & i Teneo Hivac 7 & 5§ 45 il HE + I Sl 4% 1%
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Jik i MIG BT KRSk HEA T s B it

2 #FR51TR
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FEACIE B i 4 SR 38, L Si A8y fim A 4 b 37 3
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HELE . Al-MgS 2205 155 A1-SiS MR 22 T, (A
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X2k = A ] i o3 1 22 (215R L Al-Si5  Al-
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(D ZEFRMRE 22, RS 5 IE AR  IE B2 2
ARFH N2 S BIE A A A ek B RN e
293 um, QNI 3a U AR SO )2 9624 0.5 pm,
W 3d iR . SEERIR 2206 w2 W A
TFIEA R 22, T 1 16 4 BN A0 B A X
o AR A SR, TVAL R R 4 VAN 78
I3 AOE EZ 2R G W 2 LB & 45 G . 12
Sk b5 AR ER I A 22 IR R TR [ Y
ZERIE TN 2 25

(2)AI-Si5 M2z, #:3k B Ti SREEE 2y
5 um 5] 2+ 200K N2 B2 4544, n 1#l 3b i
7N SR FRIE R TE 2 1 pm (8 2R 2 B J2 B R 4%
Fy, G0 3e i n . Al-Si5 K22 4 s, sk 1 22
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Fig.2 Macroforming of Ti/Al joints with different wire compositions

Lo
— £ vy

7 5 b2

(d) AR AR 22 AR

() ALSiSIRZ SRR

sk

AN

3

IR

(£) Al-Mg5 f5- 2243 AR

3 ARIELAS TIAI R EZHASR

Fig. 3 Microstructure of Ti/Al interface with different wire compositions
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Fig. 4 Tensile strength of titanium/aluminum joints obtained with

different wires
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Fig. 5 Tensile fracture morphology of pure aluminum wire joints
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Fig. 6 Tensile fracture morphology of Al-Si5 wire joints
AEON 85 e, B0 ST S 2 gk — 20 e Az B
1, ZLE0H T I 2 22 SRR 3G ) SR A v, JR G P
FE R oAl AR R S W A e, 2
PITERTR T

JRFR R AN 6¢ 7w , Wi 24 DRLRS HAAAE K A
Wi, 2R . EDS /i (W% 3, 5 B)
SR FE O 0-AL Si RN 14.53%. 5 |,
K A1-Si5 J 22 142 3 W 24RO M+ B IR A
Wt o AR HT SO AT, $E S M Ti/AL SO 238,
B EAA RS, FEUE e AL A R S R
AR h EES LA &) 2+ 2R )2 BUZ G5 T i 4h
G, HB RO 2R R e 45 G Rm , RHad
Jre 3z B BH A5 e i AREE T
=3 EDSTHESMER(FEFHE, %)

Table 3 EDS results for A,B in Fig. 6 (at. %)

[ivACY Al Ti Si
13.39 86.61 —
85.47 — 14.53

K Al-Mg5 SR 22 1), Bk Wi T Ti/ALEF IR 5
AT BRFAIE , 72 SRDT I FE SR AN 7a BT/ o 4323 AR KT 24
FEFRRAE, e b LT TR AE . E XORET AR
TSR, JREB A 7o B | Wi i i, 2
R Ty W L RS p e TR TET 2 T i N
Bl 7c [, Wi 24 mTHLRS LA AE R 2B )6, 2
PIvEWT T A TIAR B S AR AR B 5E 2y
0.5 pm 114 B2 2R B 1w SO0 2 | Bk -5 06 4 B if i
JZEEH R A A R AR AR . AR TR R
BF, ZE R R T VE R Sk AR T/ ALEF KR A Ak By
Ser7 A AL AR 0 B2 2R RN 2N 4
JERE A TIAL , 5 BB R FAL SLAR 4% St (AR 2
P2 S K, H VI R J2 3 R & 45 AR
I, 24805 T TVAL AV RN 2 e . ey
ko BT, BTk B LU R )
R+ ZEIR N JE R GE SEBG  45 G A iR

()T 1 B 5

(c)F XI5
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Fig. 7 Tensile fracture morphology of AI-Mg5 wire joints
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