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Table 1  Chemical composition of high speed steel powder 

C Cr W V Mo Co Fe 

1.27 4.42 6.18 3.10 5.08 8.72 Bal. 
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Fig.1  SEM image of high speed steel powder 
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Table 2  Particle size distribution of high speed steel powder 

Standard sieve 

Mesh Particle size/µm 

Mass fraction/% 

+80 +175 - 

–80+100 –175+147 5.5 

–100+150 –147+104 15.0 

–150+200 –104+74 18.0 

–200+250 –74+61 20.5 

–250+325 –61+43 14.0 

–325 –43 27.0 
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Fig.2  Vacuum sintering density vs sintering temperature for PM 

high speed steel with using different particle sizes 
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Fig.3  Vacuum sintering microstructures of PM high speed steel with different particle sizes sintered at 1200 and 1260 � 
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Fig.4  Vacuum sintering microstructures of PM high speed steel 

with different particle sizes at optimum temperature:   

(a) 12 µm/1230 � and (b) 60 µm/1250 � 
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Fig.5  PPB microstructures in HIPed 60 µm PM high speed steel 

with different oxygen contents: (a) 500 µg/g and (b) 100 µg/g 
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Table 3  Performance of PM high speed steel after heat treatment 

Particle size/µm Oxygen content/µg·g

-1

 Sintering method Bend strength/MPa Impact toughness/J Hardness, HRC 

60 100 Vacuum 2200 12 63 

12 100 Vacuum 2800 16 64 

60 500 HIP 3200 6 65 

60 100 HIP 4000 20 64 

Commercially available �4000 �20 55~68 

12 100 Non capsule HIP 4200 22 65 
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Fig.6  Microstructures of 12 µm PM high speed steel prepared by 

non-capsule HIP: (a) low magnification and (b) high mag- 

nification 
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PM High Speed Steel with High Performance Manufactured 

by Super-Fine Powder with Low Oxygen Content 

 

Sun Haixia, Chen Cunguang, Zhang Zhenwei, Guo Zhimeng 

(University of Science and Technology Beijing, Beijing 100083, China) 

 

Abstract: Super-fine high-speed steel powders with low oxygen content were prepared by electroslag remelting and atomizing technology, 

and high-performance PM high-speed steels were fabricated by a non-capsule hot isostatic pressing technique. The effects of particle size 

and oxygen content of high-speed steel powders on sintering characteristics, and the microstructure and performance of the sintered high 

speed steel were studied. The results show that when the particle size of the high-speed steel powder is less than 12 µm and the oxygen 

content lower than 100 µg/g, the as-sintered microstructure is uniform and carbides are fine. After heat treatment, the bend strength, 

impact toughness and hardness reach 4200 MPa, 22 J, and 65 HRC, respectively. 

Key words: PM high speed steel; super-fine; low content of oxygen; microstructure; carbide 
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