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Table 1  Chemical composition of BT3-1 titanium alloy (ω/%) 

Al Mo Cr Si Fe C O N H Ti 

5.5~7.0 2.0~3.0 0.8~2.0 0.15~0.40 0.2~0.7 ²0.10 ²0.15 ²0.05 ²0.015 Balance 
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Table 2  Processing parameters of laser cladding 

Sample No. 

Laser power/ 

kW 

Scanning speed/  

mm·min

-1

 

Laser beam diameter/ 

mm 

Length of 

coating/mm 

Defocusing 

amount/mm 

A1 4.2 450 5 80 45 

A2 3.8 350 5 80 45 
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Fig.1  DTA and TG curves of Ti, Al, Nb mixed powders 
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� 2 ��� Ti-Al-Nb����� SEM�� 

Fig.2  SEM images of Ti-Al-Nb mixture powders after ball 

milling: (a) SEI and (b) BSEI 

 

 

 

 

 

 

 

 

 

 

� 3  Ti-Al-Nb�������� XRD�� 

Fig.3  XRD pattern of Ti-Al-Nb mixture powders after  

milling 

 

 

 

 

 

 

 

 

 

 

� 4  ��������� XRD�� 

Fig.4  XRD pattern of laser cladding composite coating 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  ���� Ti-Al-Nb���� �� 

Fig.5  Metallograph of laser cladding Ti-Al-Nb coating:  

(a) sample A1 and (b) sample A2 
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Fig.6  SEM morphology (a) element distribution of Ti (b), Al (c), Nb (d) in laser cladding composite coating 

 

 

 

 

 

 

 

 

 

 

� 7  ���� Ti-Al-Nb ���	� SEM �� 

Fig.7  SEM images of laser cladding Ti-Al-Nb composite coating: (a) cross section BSE morphology, (b) longitudinal cross section BSE 

morphology, (c) SEM morphology of residual Nb particles in coating, and (d) amplified SEM morphology in local area beyond 

Nb particles 
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Microstructure and in situ Reaction Mechanism of High Niobium Ti-Al Intermetallic 

Compound Composite Coating by Laser Cladding 

 

Li Zhengxue, Liu Hongxi, Zhang Xiaowei, Li Qingling, Jiang Yehua 

(Kunming University of Science and Technology, Kunming 650093, China) 

 

Abstract: High niobium (Nb) Ti-Al intermetallic compound composite coating was fabricated on BT3-1 titanium alloy surface by laser cladding. 

The laser in situ synthesis reaction mechanism of Ti, Al, Nb mixed powder under the argon and nitrogen protection was discussed according to 

differential thermal analysis (DTA) and thermogravimetry (TG) curves. The phase composition and microstructure of the composite coating were 

characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM), respectively. The results show that the composite coating is 

mainly composed of Nb, γ-TiAl intermetallic compounds, α

2

-Ti

3

Al and Ti

3

Al

2

, and only part of Nb participates in the in situ reaction. N

2

 can 

decrease the reaction temperature and increase the reaction rate between Ti and Al, and can also catalyze the reaction between Ti and Al. The 

laser cladding composite coating possesses a fine equiaxed grain structure rather than columnar crystal of epitaxial growth characteristics which 

occurs in common laser cladding processes. 

Key words: intermetallic compound; laser cladding; in-situ synthesis; composite coating; microstructure 
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