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X 1  `Ia�b¢£¤¥¦l 

Fig.1  Two-dimensional projection morphologies of tungsten 

powders: (a) NPW and (b) SW 
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Fig.2  Particle size distribution of the selected tungsten powders 
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Table 1  Particle size and distribution slope parameter of the 

selected tungsten powders 

Particle size/µm 

Powder 

D

10

 D

50

 D

90

 

Slope parameter, S

w

 

NPW 2.11 5.35 7.10 4.86 

SW 2.25 4.80 7.49 4.90 
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X 3  `Iaª«c¬ 

Fig.3  SEM images of the tungsten powder: (a, b) NPW and (c, d) SW 

 

 

 

 

 

 

 

 

 

 

 

 

X 4  `Iabc­� 

Fig.4  Shape parameters of the selected tungsten powders 
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X 5  `Iaª«bc­� 

Fig.5  Microshape parameter of the selected tungsten powders 
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Table 2  Melt flow index (MFI) of the NPW and SW 

feedstocks at different testing temperatures 

MFI at different temperatures/g·(10 min)
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Feedstock 
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Fig.6  Variation of viscosity of the tungsten powder MIM feed- 

stocks with the increasing of shear rates at different tem- 

peratures: (a) NPW and (b) SW 
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 7  �� MIM�������������� 

Fig.7  Logarithmic correlation between viscosity and shear rate 

of feedstocks of NPW (a) and SW (b) 
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Table 3  Flow behavior index (n) of the NPW and SW 

feedstocks at different testing temperatures 

Flow behavior index, n 

Feedstock 

160 � 170 � 180 � 

NPW 0.153 0.277 0.245 

SW 0.096 0.102 0.100 
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Fig.8  Schematic of the components (including metal powders Φ, 

binder occupying the interstitial spaces Φ

B1

 and binder 

coating on the powder surfaces Φ

B2

) in the MIM feedstock 
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Fig.9  Correlation between viscosity and temperature of 

feedstocks of NPW (a) and SW (b) 
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Table 4  Flow activation energy of the NPW and SW 

feedstocks (kJ/mol)  

Shear rate/s

-1

 

Feedstock 

2 12 30 50 80 

NPW 35.38 43.19 51.86 50.54 45.83 

SW 26.38 21.23 27.53 27.18 26.47 
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Abstract: The particle shape and size of tungsten powders were quantitatively analyzed by image analysis technology, and the effect of 

particle shape on the rheological properties of tungsten feedstocks for metal powder injection molding (MIM) was also investigated. The 

results show that the particle size of narrow particle-sized tungsten (NPW) powder is almost the same as that of spherical tungsten (SW) 

powder. Compared with NPW powders, the SW powders exhibit better sphericity, surface smoothness and dispersion. When both of the 

powders are mixed with the same binder, SW powders show a solid loading of 64%, which is higher than 59% of the NPW powders. The 

SW feedstocks show better flow performance, i.e., lower flow behavior index and flow activation energy, and it thus is more suitable for 

injection molding. Particle shape affects the rheology of tungsten powder MIM feedstocks by changing the nature of organic 

binder-particle and particle-particle interactions. 

Key words: image analysis method; powder injection molding; tungsten; particle shape; rheological property 
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