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Microstructure and Mechanical Properties of Light Multi-element
Alloy Cladding Layer for Arc Surfacing Welding

HUANG Shaofu'?  GUO Yu'
(1. College of Mechanical Engineering, Anhui University of Science and Technology, Huainan 232001, China;
2. Jiangsu Key Laboratory of Precision and Micro-Manufacturing Technology ,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract : Lightweight multi-component alloy is a new type of lightweight alloy with unique crystal structure and mechanical properties,
which has great development potential in the field of aerospace. In this paper, Al-Ti-Cu light multi-principal component alloy cladding
layer is prepared on the surface of TC4 titanium alloy by arc surfacing welding method. The surfacing material is Al-Ti-Cu stranded
welding wire, and the prepared cladding layer and the matrix show a good metallurgical combination, further expanding the application
of light multi-principal component alloy. The microstructure and mechanical properties of the cladding layer were studied by X-ray dif-
fraction (XRD) , scanning electron microscope (SEM) and energy spectrometer ( EDS). The density, hardness, wear resistance and
strength of the cladding layer were studied by means of a density tester, a Vickers hardness tester, a tribometer and a universal me-
chanical property tester. The results show that there are mainly AlCu,Ti phase and a small amount of CuO phase and Fe,Ti;O, phase in
the cladding layer of BCC structure. The dendrite morphology of the cladding layer appears as petal shape. At room temperature , the aver-
age hardness of cladding layer is 340. 8HV | and the failure modes of dry friction wear of cladding layer are adhesive wear and oxidation
wear. The wear resistance is stronger than 45 steel, and the wear volume is 85% of 45 steel. The cladding density was 4. 88 g /cm®, the
compression rate was 26% , the compression strength was 1 187 MPa, and the specific strength was about 2. 661 x 10° ( N/m’ )/
(kg/m’). The specific strength of Ti alloy is close to that of Ti alloy, which belongs to light alloy with higher specific strength.

Keywords : lightweight multicomponent alloy; stranded wire; AlTiCu; microstructure; mechanical property
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Table 1 Chemical composition of TC4 titanium plate
Element G N ll Al Fe V Ti
Content <0. 10 <0.05 <0.015 <0.20 5.5~6.8 <0.30 3.5~4.5 Bal
Peripheral wire Centre wire
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Fig. 1 Schematic diagram of twisted wire Fig.2  Twisted wire produces a rotating arc in the molten pool
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Fig. 3 XRD pattern of the surfacing layer
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Fig. 5 SEM image of horizontal section of AlTiCu coatings
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Fig. 6 Surface scanning distribution of elements in the cladding layer
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Fig. 7 Vickers hardness of cladding at room temperature
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Table 2 Specification parameters of friction and wear test
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Fig. 8 Friction coefficient of cladding layer and 45 steel
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Table 3 Chemical composition of cladding layer (wt. %)

Element Al Ti Cu 0 Fe
Arrows 1 19. 29 13.52 as 12 56. 35 3.12
Arrows 2 23.26 15. 46 10. 62 48.52 2.14
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