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Microstructure and Mechanical Properties of Adding Ti Powder Weld
Joint in Dual-Phase Steel to Aluminum Alloy Under Process Condition of
Laser Deep Fusion Welding

Xu Shaohua, Zhou Dianwu’, Liu Jinshui
State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University,
Changsha, Hunan 410082, China

Abstract DP590 dual-phase steel and 6016 aluminum alloy were used as test materials. A laser deep fusion welding
test was conducted using Ti powder in the lap mode of “steel at the top and aluminum at the bottom,” and the
microstructure and properties of the joint before and after adding the Ti powder between them were compared. The
test results show that under a laser power of 1600 W, a welding speed of 35 mm/s, a defocus amount of +1.0 mm,
and back protection using the Ar protective gas of 15 L/min, the welding quality is improved by the addition of the Ti
powder, and the average line load is 110 N/mm, which is 10% higher than the condition without the addition of the
powder. The addition of the Ti powder can refine the grain size. During the welding process, the Ti powder will be
absorbed into the liquid aluminum and react with Fe to form a ductile phase Fe, Ti, which will improve the property of
weld-joint.

Key words materials; laser fusion welding; steel/aluminum; add Ti powder; metallurgical reaction
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Fig. 2 Macroscopic morphology of steel/Al weld surface. (a) Without Ti powder; (b) with Ti powder
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Fig. 3 Microstructures of steel/Al joint. (a) Without Ti powder; (b) with Ti powder
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Fig. 4 Elements distributions of steel/Al joint. (a) Al distribution without Ti powder; (b) Al distribution with Ti powder;

(¢) Tidistribution with Ti powder
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Fig. 5 Grain size and distribution in weld zone of steel/Al joint. (a) Without Ti powder; (b) with Tipowder
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Fig. 6 Element characteristic spectral line. (a) Without Ti powder; (b) with Ti powder
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Fig. 9 Fracture positions of shear specimen of steel/Al joint. (a) Without Ti powder; (b) with Ti powder
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Fig. 10 Fracture morphologies of shear specimen of steel/Al joint. (a) Without Ti powder; (b) with Tipowder
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Fig. 11 EDS analysis of different positions of steel/Al joint. (a) (d) Scanning positions with and without Ti powder;
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1 W/ X EDS 7347
Table 1 EDS analysis of different areas of steel/Al joint

Molar concentration /%

Zone Phase
Fe Al Ti

Cl 84.47 15. 38 — Unknown
D1 34.16 65.71 — Fe,Al;

El1 14. 39 85.31 — FeAl,

F1 97.45 2.55 — Fe-rich
A2 57.20 42.61 0.19 FeAl

B2 35.23 64.46 0.31 Fe,Al;

C2 29.91 69. 84 0.25 Fe,Al;

D2 0.77 98.93 0. 30 Fe,Ti, Al-rich
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Fig. 13 XRD spectra of steel/Al joint. (a) Without Ti powder; (b) with Ti powder
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