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Fig.1  Principle of operation of LENS
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Table 1  Chemical composition of powders (ω/%) 
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Fig.2  Morphologies of forming samples with 30% ZrO
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 under 

different scanning velocity: (a) 200 mm/min and (b) 150 

mm/min 
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Fig.3  XRD patterns of samples with different proportion of 
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: (a) 0%, 10%, 20% and (b) 30%, 40%, 50% 
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Fig.4  Microstructures of samples with different proportion of ZrO

2

: (a) 0%, (b) 10%, (c) 20%, (d) 30%, (e) 40%, and (f) 50% 
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Fig.5  SEM images of samples with different proportion of ZrO
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: (a) 10%, (b) 30%, and (c) 50% 
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Fig.6  SEM backscatter electron images of samples with different proportion of ZrO

2

: (a) 10%, (b) 30%, and (c) 50%
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Fig.7  Micrographs of samples with 30% ZrO
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: (a) secondary electron image, (b) backscatter electron image, and (c) EDS line scanning 
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Fig.8  Element plane scanning of sample with 50% ZrO
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: (a) backscatter electron image, (b) Ti, (c) Zr, and (d) Y 
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Fig.9  Chemical elements’ detection positions of Ti solid solution with different proportion of ZrO
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: 

(a) 20%, (b) 30%, (c) 40%, and (d) 50% 
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Microstructure Analysis of TC4/ZrO
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by Laser Engineered Net Shaping 

 

Shen Chen, Ma Guangyi, Yan Shuai, Niu Fangyong, Wu Dongjiang 

(Key Laboratory for Precision and Non-traditional Machining Technology of Ministry of Education, 

Dalian University of Technology, Dalian 116024, China) 

 

Abstract: TC4/ZrO

2

 composite thin-wall samples with adding different proportion of ZrO

2

 were produced by laser engineered net shaping. 

The influence of scanning speed on thermal stress in forming process was studied. X-ray diffractometer (XRD), scanning electron 

microscopy (SEM) and energy dispersive spectroscopy (EDS) were used for the sample phase composition analyses, microstructure 

observation and element distribution testing, respectively. Results indicate that lower scanning speed can reduce the residual stress of the 

thin-wall samples and inhibit cracking. The result of XRD shows that when the proportion of ZrO

2

 is higher than 30%, nonstoichiometric 

compound, TiO.325, is formed; the grain morphology of TC4 matrix changes from acicular, lamellar to bulk grain with the increasing of 

proportion of ZrO

2

. The result of EDS shows a segregation of ZrO

2

 at lamellar Ti grain boundaries; the content of Zr in Ti solid solution 

increases with the content of ZrO

2 

increasing. A reliable technical support is provided by this study to finally form TC4/ZrO

2

 graded 

materials. 

Key words: laser engineered net shaping; TC4/ZrO

2

 composites; adding proportion; microstructure; elements distribution 
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