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Abstract The main obstacles of metallurgical bonding and reliable joining of Mg/Ti dissimilar joint are their non—
reactive and immiscible characteristics. To overcome those problems and expand their application, laser lap joining
of Mg/Ti with Al-rich Mg based wire is carried out. Mg/Ti interface is observed with scanning electron microscope,
and the role of Al element in interfacial diffusion and bonding mechanism is investigated based on the result of
calculation of Miedema binary and Toop ternary thermodynamic model. The results demonstrate that an ultra—thin
reaction layer is observed at the Mg/Ti interface with the help of Al elements from filler. The element line scan results
show that enrichment of Al element is evidenced at the interface, indicating metallurgical bonding of Mg and Ti.
Thermodynamic calculation result reveals Al-Ti intermetallic compound has more driving force than other
compounds, which indicates that it is the compound firstly precipitated from the liquid. In addition, Al chemical
potential near the Ti side is lower than that at other places. Al segregation at the interface further causes the decrease
of Al chemical potential, indicating the behavior of Al element from Mg fusion zone to the interface is uphill diffusion.
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Table 1 Chemical compositions of AZ31B magnesium alloy (mass fraction, %)

Element Al Zn Si Fe Mg
Content 2.5~3.5 0.5~1.5 0.10 0.005 Bal.

# 2 Ti6AI4V BRE 4 fb 2 o (B HE 204, %)

Table 2 Chemical compositions of Ti6AI4V titanium alloy (mass fraction, %)

Element Al \% Fe C N H 0 Others Ti
Content 5.5~6.8 3.5~4.5 0.30 0.10 0.05 0.01 0.20 0.5 Bal.

F3 AZOVEEA S22k W (B 8, %)

Table 3 Chemical compositions of AZ91magnesium wire (mass fraction, %)

Element Al AN Si Fe Mg
Content 8.6~9.4 0.6~1.4 0.10 0.005 Bal.

Mg/Ti B 22 e £ POC I ST IR L A W& 17 o IR AT TPG B R LT oL &% , OB AR 285 mm iy i %
RIIFN 10 kW, FE R AL EBE EAR N 0.4 mmo KRR BOL T B4R BTS00, 7R C R 7 ik 22, b g 22 g A
1.6 mm  JEHUR T MR (AR <o B AON RS, i T Mg B 53660 °C) BLAIR, 8Ok Mg & 1 AR,
Ti A BT R &, N ITE Mg & 6 AR 22 i, 70 5 VR TR 5 80 20 UA 19 Ti BtEAT 58 73 B4 M S 0z o 1t
HJ T EA Mg B R, SR T T RO (IR 2 45 10 mm) AR A, B0 A AL T TR Z £ 10 mm,

0303009-2



S I S
I 2R T 48 L BT (SEM) | BE 3 23 BT (E D S) 35 T BOX 4 3k 1 2 WLRIE 20 SR 350 A1l 7 R 47 WL 48 23 o

=

filler wire Ar gas
laser %
beam
AZ31
I
travel direction
Ti

P B/BRBOC BT 22 i ST R 1 o 7

Fig.1 Schematic of laser welding=brazing process of Mg/Ti with wire
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Table 4 Parameters of Al, Mg, and Ti

Element n'” (a.u.) b /v V* lem® o T, /K

Al 1.39 4.2 4.64 0.07 933

Ti 3.51 3.8 10.58 0.04 1933

Mg 1.17 3.45 5.81 0.10 923
TIOCHA A AL T TE A B B B BEAG, G FIRAS, UL ER A RS AR, R R oR
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Table 5 Appearances and shear force of Mg/Ti laser welded—brazed joints with AZ91 wire

PIW Appearances F /kN
0.98
800 -
underfill overlap == |
1000 1.06
1200 1.48
1500 1.40

0303009-4



S I S

4.2 FEBR 7

N TR IY AL T E N BRI s R i AR ,ﬁﬁlﬁ%*%ﬁ:ﬁgijEé%ﬁ(W:OZ m/min, V,=1 m/min; P=
1200 W, P=1500 W)Lh K N [a) 5 5tk () K 22, S 5 o ARL G 0 A7 O | X 53T OB 285 R 0T 28 40 A A7 X EL A3 #T o

P2 Sk 1 48 H B T B R IO AT R 0 A TR AL B 2 Kot R R 45 R o & 2(a)(P=1200 W) 5 & 2
(b) (P=1500 W)=k H i /& AZ31(55 1 JoT ot 43 B0 3%) K 224 S A1 kL, 14 v B U 25 55 1 A T A & B W b 1) I
N2 AHFE EDS ARG A5 R th A BT AL R 78 S AL 53 A i WA, W ALY Ji 55050 300T 35 30.49% , Hoh
JEFEO B AL Ti 420 101, RIFE A AL B A T o0 F 0 5 48 ML TH S, ALJT R ) Tifll & A4 T 9 8O E
BT ACE W AL T B ALTT R BT & BB X S0 S W ) 5 AR A BR o 2R 153 i AT R 1 & AR 5T AL
JC R 5t R SRV R AR RO 5, L B 2(c)(P=1200 W) 5 1B 2(d)(P=1500 W) R F AL T it 43 50k
9% AZ91 K L2 A Ry T HH 0 ST T 2, 40 L 458 T 7 S 30 K AL T Ak O 5% 1) 32 82 11 i g T )2, o B T AL AT
EDS 2k 4945 A 8L 1 ALJC 3 19 43 A1 W, Jit - 40000 800 08 {1 Fe w5 7T 3K 36.90% , i 1500 W R Al: Ti L 4%
V101, {H7E 1200 W R HC IS i T 1:2, FWIAE 1200 W AT B0 F 50 520 7= 9 35 B2 o0 TiAL R TiAL 24 3 R
BN T A ALRY LGN, R ALTTER & B IE . Ak T R A i v A A W 0 )= AE S T AL TR
ST AR, FEEE LR

i reaction layer

@
100}

scanning line

50r

10 20 30 40

~—reaction layer

100} Mg

scanning line

501 TC4

Al

Content (atom fraction) /% Content (atom fraction) /%
o

0 10 20 30
Distance /um

/ reaction layer

(© 100}

— Mg
—Al

reaction layer e - :
scanning line i AZ91 Ti
= H i

50r Ti

Content (atom fraction) /%

0 5 10 15
10 pm Distance /pm

reaction layer

100} /WWW'WW

— Mg
50f i AZOL  —Al
—Ti

R
O e s igh

0 5 10 15 20
10 pm Distance /um

(d)

reaction layer

scanning line

Content (atom fraction) /%

2 BRARBOCIE 295 6T IR B S L EDS L4l o (a)~(b) S AZ3 1R 225 (c)~(d) S AZI1 S 24
Fig.2 Interface and EDS line scanning results of laser welding—brazing of Mg/Ti. (a)~(b) With AZ31 wire; (¢)~(d) with AZ91 wire
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Fig.3 Excessive Gibbs energies of Al-Mg, Al-Ti, and Mg—Ti binary system at 1000K and different mole fractions
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