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§ 1  TC21<=¨©mgWXY�IRSª«¬§ 

Fig.1  Microstructure of TC21 titanium alloy as received (a) and 

step-quenching process (b) 
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§ 2  TC21<=�IRSDVmgWX°± 

Fig.2  Microstructures of TC21 titanium alloy after step-quenching: (a) 900 /0.5�  h+600 /1�  h, WC; (b) 900 /0.5�  h+500 /1�  h, WC; 

(c) 900 /0.5�  h+450 /1�  h, WC; (d) 900 /0.5�  h+400 /1�  h, WC; (e) 900 /0.5�  h+300 /1�  h, WC; (f) 900 /0.5�  h+250 /1�  h, 

WC; (g) 900 /0.5�  h+200 /1�  h, WC; (h) 900 /0.5�  h+100 /1�  h, WC; (i) 900 /0.5�  h+60 /1�  h, WC 
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§ 3  TC21<=�IRS²¯³(´y( α@V°± 

Fig.3  Morphologies of secondary α lath of TC21 titanium alloy after step-quenching: (a) 900 /0.5�  h+600 /1�  h, WC; (b) 900 /0� .5 

h+500 /1�  h, WC; (c) 900 /0.5�  h+450 /1�  h, WC; (d) 900 /0.5�  h+400 /1�  h, WC; (e) 900 /0.5�  h+300 /1�  h, WC; (f) 900 

/0.5�  h+250 /1�  h, WC; (g) 900 /0.5�  h+200 /1�  h, WC; (h) 900 /0.5�  h+100 /1�  h, WC; (i) 900 /0.5�  h+60 /1�  h, WC 

 

 

 

 

 

 

 

 

 

 

 

§ 4  ��I2µ�IRSV TC21<=WX¶·V�� 

Fig.4  Microstructure parameter evolution of TC21 titanium alloy after step-quenching with different temperatures: (a) grain size of 

equiaxed α, (b) volume fraction of equiaxed α, and (c) width of α lath from 60  to � 600 � 
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§ 5  ��I2�IRSD TC21<=V XRD§¸ 

Fig.5  XRD patterns of TC21 titanium alloy with different 

step-quenching temperatures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

§ 6  TC21<=�IRSD TEM°± 

Fig.6  TEM images of TC21 titanium alloy after step-quenching: 

(a) 900 /0.5�  h+500 /1�  h, WC; (b) 900 /0.5�  h+100 

/1�  h, WC; (c) 900 /0.5�  h+60 /1�  h, WC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

§ 7  TC21<=���IRSWXVn2 

Fig.7  Vickers hardness of TC21 alloy with different step-quenching 

temperatures: (a) variation of Vickers hardness in TC21 alloy, 

equiaxed α and β transformation matrix during step-quenching; 

(b) relationship between hardness and width of the second α laths 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

§ 8  TC21<=�IRSDVZ�[\ 

Fig.8  Mechanical properties of TC21 alloy with different step-quenching 

temperatures: (a) stress-strain curves and (b) relationship be- 

tween the mechanical properties and step-quenching temperature 
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Table 1  Tensile results of TC21 titanium alloy after step-quenching 

Heat treatment Yield strength/MPa Tensile strength/MPa Elongation/% Reduction of area/% 

900 /0.5�  h+100 /1�  h, WC 1036±10 1265±2 8.9±1.7 14.5±3.5 

900 /0.5�  h+300 /1�  h, WC 1097±15 1276±14 9.0±1.6 18.4±2.5 

900 /0.5�  h+400 /1�  h, WC 1102±20 1280±10 10.5±0.5 18.5±1.0 

900 /0.5�  h+500 /1�  h, WC 981±10 1234±9 12.4±0.2 20.8±2.2 
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Effect of Step-quenching on Microstructure and 

Mechanical Properties of TC21 Titanium Alloy 
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Abstract: The microstructures and the mechanical properties of TC21 titanium alloy obtained through step-quenching were investigated. 

The samples were solution treated at 900  for 0.5�  h, and then the step-quenching experiments with temperature from 600  to 60�   �

were carried out. The microstructure characteristics, hardness and tensile mechanical properties were studied. The results show that the 

width of secondary α lath gradually decreases from 600  to 400�  , and nearly remain� s constant from 400  to 60�  .�  The variation of 

the macro-Vickers hardness is the same as that of β

trans

 matrix. The elongation and the reduction of area slowly increase with the increasing of 

the quenching temperature. The Vickers hardness, yield strength and tensile strength increase with the decreasing of the width of secondary α 

lath. The microstructure with a good combination of strength and ductility was obtained through the step-quenching at 300 and 400 .�  

Key words: secondary α lath; step-quenching; microstructure; mechanical properties 
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