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� 1  W-40ZrC?@!" SEM�� 

Fig.1  SEM images of the W-40ZrC composite powders 

 

 

 

 

 

 

 

 

 

 

 

� 2  W-40ZrCAB0+12345�E�� 

Fig.2  Heating history during the fabrication of S-W40ZrC 

composites 
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Table 1  Relative density and hardness of W-40ZrC composites 

Sample 

Sintering 

temperature/� 

Density 

/g·cm

-3

  

Relative 

density/% 

HRA 

1600 14.66 98.56 78.1 

1700 14.64 98.43 78.2 

S-W40ZrC 

1800 14.55 97.80 77.3 

1800 14.64 98.44 76.8 

1830 14.67 98.65 77.1 

1860 14.71 98.95 77.3 

O-W40ZrC 

1890 14.72 98.96 77.2 
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Fig.3  Bending strength of W-40ZrC composites at different 

sintering temperatures 
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Fig.4  Optical metallographs of S-W40ZrC sintered at the temperature of 1600 � (a), 1700 � (b), 1800 � (c), and O-W40ZrC     

1800 � (d) 
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Table 2  Average grain sizes of W-40ZrC composites 

Average grain size/µm  

Sample 

Sintering 

temperature/� 

ZrC W 

1600 1.5 3.5 

1700 1.7 4 

S-W40ZrC 

1800 3.5 6 
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� 5  S-W40ZrC��X��45EF>���� 

Fig.5  SEM fractographs of S-W40ZrC composites sintered at different temperatures: (a) 1600 [, (b) 1700 [, and (c) 1800 [ 

 

 

 

 

 

 

 

 

 

� 6  S-W40ZrC��X��45EF��>�� +3�� 

Fig.6  Backscattered electron images of S-W40ZrC sintered at different temperatures: (a) 1600[, (b) 1700[, and (c) 1800 [ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  S-W40ZrCX��45EF> XRD�¡ 

Fig.7  XRD patterns of S-W40ZrC composites sintered at 

different temperatures (a) and peak shift observed from 

the (100) diffraction plane of W phase (b) 
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� 8  O-W40ZrC�������	
������ 

Fig.8  SEM fractographs of O-W40ZrC composites sintered at different temperatures: (a) 1800 �, (b) 1830 �, (c) 1860 �, (d) 1890 �; 

(e) backscattered electron image of 1860 � and (f) backscattered electron image of 1890 � 
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Effect of Sintering Temperature on Properties and Microstructure of W-40vol%ZrC 

 

Li Pengfei, Fan Jinglian, Zhang Man, Feng Kangjie, Han Yong, Tian Jiamin  

(State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China) 

 

Abstract: W-40vol%ZrC composites were prepared by spark plasma sintering (SPS) and ordinary consolidation sintering separately. The 

relative density, mechanical properties and microstructure were studied. The results show that W-40vol%ZrC composites by SPS can 

achieve high relative density, high strength and fine grains structure even at the temperature 200 °C lower than the ordinary consolidation 

sintering temperature. The relative density, hardness and bending strength of W-40vol%ZrC composites sintered at 1600 °C are 98.56%, 

HRA78.1 and 501 MPa, respectively. The average grain sizes of W and ZrC are 3 and 1.5 µm, respectively. O-W40ZrC has the optimum 

values when sintered at 1860 °C, including the relative density 98.95%, hardness HRA77.3 and bending strength 726 MPa. The average 

grain sizes of W and ZrC are 10 and 4.5 µm, respectively. Compared with ordinary consolidation sintering, the tungsten grains are finer 

and ZrC particles are distributed more homogeneously prepared by spark plasma sintering, and the fine grains have a beneficial effect on 

fracture process. 

Key words: SPS; hardness; grain sizes; relative density; bending strength 

 

Corresponding author: Fan Jinglian, Ph. D., Professor, State Key Laboratory for Powder Metallurgy, Central South University, Changsha 

410083, P. R. China, Tel: 0086-731-88836652, E-mail: fjl@csu.edu.cn 


