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Fig.1  Microstructures of Ti1023 titanium alloy (a) and Ti5553 

titanium alloy (b) 
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Fig.2  Process of step-quenching heat treatment 
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Fig.3  Variation of Vickers hardness of Ti1023 (a) and Ti5553 (b) 

alloy with different step-quenching temperature  
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Fig.4  Microstructures of Ti1023 titanium alloy after step-quenching at the temperature of 300 +,(a), 350 +,(b), 400 +,(c),        

450 +,(d), 500 +,(e), 550 +,(f), 600 +,(g), and 650 +,(h) 
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Fig.5  Microstructures of Ti5553 titanium alloy after step-quenching at the temperature of 300 +,(a), 350 +,(b), 400 +,(c), 450 +,(d), 

500 +,(e), 550 +,(f), 600 +,(g), and 650 + (h) 

10 µm�

Grain boundary 

a�

10 µm�

Grain boundary 

b�

10 µm�

Grain boundary 

c�

10 µm�

Secondary α phase 

Grain boundary  

 

Grain 1�

Grain 2�

d�

10 µm�

Secondary α phase 

e�

5 µm�

Secondary α phase 

 

f�

10 µm�

Secondary α phase 

 

g�

10 µm�

Secondary α phase 

 

h�



� 5�                         ������	
�� Ti1023
 Ti5553����������������             �1711�  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  2#��56 α7�8�
)9:�;�	
��<� 

Fig.6  Evolution of secondary α width and density with different 

step-quenching temperatures: (a) Ti1023 alloy and      

(b) Ti5553 alloy 
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� 7   !���	=� XRD�> 

Fig.7  XRD patterns of Ti1023 titanium alloy after different 

temperature step-quenching from 300 + to 400 + (a); 

XRD patterns of Ti5553 titanium alloy after different 

temperature step-quenching from 300 + to 550 + (b) 
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Fig.8  ω phase under 300 � step-quenching for 1 h of Ti5553 

alloy: (a) SAED pattern of [011]β and (b) the 

corresponding dark field image 
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Fig.9  Dark field microstructures of secondary α with the highest 

Vickers hardness: (a) Ti1023 alloy in 400 � 

step-quenching and (b) Ti5553 alloy in 550 � 

step-quenching 
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Fig.10  Relationship between Vickers hardness and phase 

transformation with different step-quenching 

temperatures: (a) Ti1023 alloy and (b) Ti5553 alloy 
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Abstract: The microstructures and precipitation hardening of Ti1023 and Ti5553 alloys after the same solution treatment and step-quench 

aging treatment (ST-SQA) have been studied. The morphology of α phase about precipitation and distribution in different aging treatment 

were observed by using SEM and TEM, and the variation of density and width of secondary α phase were analyzed. The hardness of these 

two alloys was measured. The result shows that Ti1023 alloy is more likely to precipitate α phase than Ti5553 alloy due to low stability of 

β phase. Ti1023 alloy precipitates α phase at 300 °C aging and gets the maximum density of precipitation at 400 °C, while Ti5553 alloy 

precipitates α phase at 450 °C, and gets the maximum density of precipitation at 550 °C. As for Ti1023 alloy, the peak of hardness is 

obtained at 400 °C aging, while as for Ti5553 alloy, double peaks of hardness are shown at 350 °C and 550 °C aging. The variation of 

hardness was caused by the precipitation of secondary phase in β phase for different aging temperatures. When aging temperature is below 

400 °C, the hardness of Ti1023 alloy depends on both α phase and ω phase, and the hardness of Ti5553 alloy depends on only ω phase. As 

aging temperature is over 400 °C, the hardness of both Ti1023 and Ti5553 alloys depend on the density of precipitation and the size of α 

phase.  

Key words: β titanium alloy; the secondary α phase; aging; hardening 
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