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and ZrB,p/6061Al composites (/%)

Material Zr B Mg Si Fe Mn Cu Al
AA6061 0 0 0.95 054 0.22 0.15 0.17 Bal.
ZrB,p/6061AI 3.86 5.69 0.87 0.54 0.21 0.15 0.14 Bal.
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Table 2 Laser equipment parameters

Laser model YLS-4000
Maximum laser output power/W 4000
Laser wavelength/nm 1064
Focal length/mm 400
Spot diameter after focus/mm 0.6

Bl 1 ZrBo/6061AI H &4 BHR A St ot 2 R = B
Fig.1 Diagram of laser welding ZrB,,/6061Al composite butt

joint
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% 3 ZrB,y/6061Al BIBLIRIES
Table 3 Laser welding parameters of ZrB,/6061Al

composites
No Laser power, Welding speed, Shield gas flow rate/
) PW v/m-min* L-min*
1 3600 1.8 20
2 3600 2.1 20
3 3600 2.4 20
4 3600 2.7 20
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Fig.2 Microstructures of as-cast AA6061 (a) and ZrB,,/6061Al

composites (b)
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Fig.4 SEM image (a), EDS element mappings of Zr (b), B (c), and EDS analysis result (d) of ZrB, cluster
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E6 AREEZEERE T ZrByp/6061A1 54 M kR4 R T A
Fig.6 Weld surface morphologies of ZrB,,/6061Al composite materials at different welding speeds: (a) 1.8 m/min, (b) 2.1 m/min,
(c) 2.4 m/min, and (d) 2.7 m/min
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Fig.7 Weld cross section morphologies of ZrB,,/6061Al composite materials at different welding speeds: (a) 1.8 m/min, (b) 2.1 m/min,

(c) 2.4 m/min, and (d) 2.7 m/min
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Fig.9 OM microstructures of weld joints for 6061Al alloy and ZrB,,/6061Al composite at power of 3.6 kW and welding

speed of 2.4 m/min
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Fig.11 SEM morphologies of laser welding joint of ZrB,,/6061Al composites at different welding speeds: (a) 1.8 m/min,

(b) 2.1 m/min, (c) 2.4 m/min, and (d) 2.7 m/min
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Fig.12 Schematic diagram of molten metal flow during laser

welding
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Weld Formation and Microstructure Evolution of High Power and High-Speed Laser
Welded In-situ ZrB,,/6061Al Composites

Yu Binbin'?, Guo Jiping®, Zeng Yida'?, Xia Li*, Hu Yangpo*, Li Zhiyong®, He Yongjian**
(1. National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology, Nanchang Hangkong University,
Nanchang 330063, China)
(2. School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)
(3. Science and Technology College of NCHU, Jiujiang 332020, China)
(4. Jiangxi Hongdu Awviation Industry Co., Ltd, Nanchang 330024, China)
(5. Jiangxi Changhe Aviation Industry Co., Ltd, Jingdezhen 333002, China)

Abstract: The 5wt%ZrB,,/6061AI composite was prepared by in-situ synthesis and the microstructure of laser welding and mechanical
properties were studied. XRD and EDS analysis results show that 5wt%ZrB,,/6061Al composites are successfully prepared by the
Al-K,ZrFs-KBF, in-situ reaction system. By OM and SEM analysis, compared with the matrix 6061Al alloy, the heterogeneous nucleation
effect and pinning effect of the nano ZrB; particles has a certain grain refinement effect on the matrix grains of the composite, but the existence
of nanoparticle clusters makes the refinement effect limited. During laser welding, under the condition of complete penetration, a high-power
and high-speed welding of 3.6 kW and 40 mm/s can be utilized to obtain a well-formed weld. The rapid laser melting process and solidification
make the matrix grains further refined, a large number of ZrB; clusters basically disappear, and ZrB; particles are basically evenly dispersed. By
analyzing the migration behavior of ZrB, particles, it is found that the melt agitation and rapid solidification process of the laser molten pool
achieve the twice distribution of ZrB, particles. The optimization of the weld microstructure improves the Vickers hardness (HV) and the tensile
strength of the welded joint, up to 561.54 MPa and 125.17 MPa, respectively. And the strengthening mechanism of weld was discussed.

Key words: laser welding; ZrB; particle; microstructure; mechanical properties
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