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 1  93WNiFe!�"�  

Table 1  Chemical composition of 93WNiFe alloy (ω/%) 

Sample No. Composition Additive element 

93CM 93W-5Ni-2Fe Mn, Co 

93C 93W-5Ni-2Fe Co 

93 93W-5Ni-2Fe - 
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Fig.1  Diagram of tensile sample 
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Fig.2  Dimension schematic diagram of final component 
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Fig.3  Schematic diagram of sampling position 
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Table 2  Tensile mechanical properties at room temperature 

Sample No. 

Tensile strength/ 

MPa 

Yield strength/ 

MPa 

Elongation/% 

93CM 955 643 29 

93C 914 635 22 

93 915 640 20 
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Fig.4  Microscopic morphology of tungsten alloy: (a) 93WNiFe, (b) 93WNiFe+Co, and (c) 93WNiFe+Co+Mn 
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Fig.5  Microscopic morphology and composition distribution of 

93WNiFe+Co+Mn 
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Table 3  Shrinkage of large size tungsten based high density 

alloy at different sintering temperatures (%) 

Position 1100 £ 1300 £ 1400 £ 1460 £ 

Φ

1

 0 10 14 15 

Φ

2

 0 10 14 15 

Φ

3

 0 9 13 13 

Φ

4

 0 8 13 14 

Φ

5

 0 7.5 12 12 

h

1

 0 9 14 16 

h

2

 0 10 15 18 

h

3

 0 12 18 21 

h

4

 0 12 18 22 

W particle 

Binder phase�solid

solution of W, Ni, 

Fe, Co and Mn 

a 

b c 
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Table 4  Tensile properties and impact toughness at room 

temperature 

Sampling 

position 

Tensile 

strength/ 

MPa 

Yield 

strength/ 

MPa 

Elongation/ 

% 

Impact 

toughness 

/J·cm

-2

 

Top 928 623 21 80 

Bottom outer 935 630 27 85 

Bottom inside 924 620 20 64 
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Fig.6  Microscopic morphologies of top (a), bottom outer (b), and bottom inside (c) of final component 
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Fig.7  Fracture morphologies of top (a), bottom outer (b), and bottom inside (c) of final component 
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Abstract: The study focuses on preparation technology of tungsten based heavy alloy (WHA). Trace element was added into traditional 

raw material, and composition exploration of large-scaled WHA product was carried out. Large-sized 93WNiFe was prepared by 

multi-step sintering. Supervisor control on product size in sintering process and sampling for mechanical performance analysis were also 

performed. Internal structure evolution law was investigated during the sintering process. The final part is 4 t in weight, with maximum 

diameter of 700 mm and maximum height of 1400 mm. The tensile strength of each part from the products is greater than 920 MPa, and 

elongation is more than 20%. 

Key words: large-size; tungsten heavy alloy; mechanical property; metallographic analysis 
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