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Table 1  Characteristics of raw powders 

Powder D

50

/µm ω

C 

/% ω

H

/% ω

O

/% ω

N

/% Processing method 

Ti 69.8 - 0.013 0.25 0.006 HDH 

Al 19.7 0.006 0.019 0.24 0.017 GA 

Fe 25.3 0.007 0.0001 0.16 0.024 CD 

Mo 5.55 0.009 0.017 0.23 0.009 RO 

Notes: HDH: hydride/dehydride; GA: gas atomization; CD: carbonyl decomposition; RO: reduction oxide 
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Fig.1  Manufacturing process of Ti valves 
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Fig.2  XRD pattern of the sintered Ti-Al-Fe-Mo alloy 
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Fig.3  Microstructures of the sintered Ti-Al-Fe-Mo alloy: (a) BSED 

image and (b) OM image 
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Fig.4  SEM images of the heat-processed alloys (vertical to the 

rolling direction): (a) in the rolling state and (b) in the 

annealing state 
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Fig.5  Sampling site (a) and SEM images of valves after solution and aging: (b) the top and (c) the cone 
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Table 2  Properties of alloys at different states 

Alloy state Ultimate tensile strength/MPa Yield strength/MPa Elongation/% Hardness(HRC) 

Sintering 912 891 5.13 - 

Hot rolling 1217 1156 8.32 40 

Annealing 996 896 16.85 38 

Solution and aging 1232 1186 6.50 49 
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Fig.6  Photographs of Ti valves after the on-board test: (a) the 

overall morphology, (b) the top, and (c) the cone 
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Fig.7  Performance test results of the motorcycle engine: (a) rela- 

tionship between power and rotational speed; (b) rela- 

tionship between torque and rotational speed 
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Abstract: Ti-Al-Fe-Mo alloy was prepared by a powder metallurgy method with titanium, aluminum, molybdenum and iron powders as raw 

materials, and the alloy was used to fabricate valves for motorcycle engines. The microstructure as well as property evolution of the alloy 

during the preparing process was investigated. The performance of motorcycle engines assembled with Ti valves was also tested. The results 

show that Ti-Al-Fe-Mo alloy prepared by powder metallurgy has excellent comprehensive performances with ultimate tensile strength 1232 

MPa, yield strength 1186 MPa, elongation 6.5% and hardness 49 HRC. The fabricated valves after coating TiN can meet the requirement of 

on-board tests of the motorcycle engine. Compared to steel valves, Ti valves can improve the power and torque of the motorcycle engines by 

about 12%, reduce fuel consumption rate by 1% and also lower the noise significantly. 

Key words: titanium alloys; Ti- Al-Fe-Mo; element blending; powder metallurgy; valves 
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