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Table 1  Chemical composition of TC4 alloy (ω/%) 

Ti Al V Fe C Si Mo Ni Cr B 

89.98 5.42 4.29 0.08 0.06 0.07 0.015 0.01 0.001 0.002 
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� 1  MNO��ab 

Fig.1  Dimension of heat treatment specimen 
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� 2  HIJmKn� TC4L\]�� 

Fig.2  Microstructures of TC4 at different cooling rates: (a) 0.1 �/s, (b) 0.5 �/s, (c) 1 �/s, (d) 5 �/s, (e) 10 �/s, and (f) 80 �/s 
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Table 2  Relationship between cooling rate and 

microstructure size 

Cooling rate/ 

�·s

-1

 

Slice thickness/ 

µm 

Colony width/ 

µm 

Grain size/ 

µm 

0.1 4.98 106.26 267.25 

0.5 3.63 105.04 266.66 

1 2.71 88.25 265.44 

5 1.54 91.76 266.17 

10 1.26 110.80 265.32 

15 1.03 - 258.36 

20 0.82 - 257.37 

30 0.65 - 255.11 

50 0.67 - 252.39 

80 0.58 106.14 252.28 
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� 3  HIJmKn� TC4�+LWX\] 

Fig.3  Colony microstructures of TC4 alloy at different cooling rates: (a) 0.1 �/s, (b) 0.5 �/s, (c) 1 �/s, (d) 5 �/s, (e) 10 �/s, and (f) 80 �/s 
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Fig.4  Lamellar microstructures of TC4 alloy at different cooling rates: (a) 0.1 �/s, (b) 0.5 �/s, (c) 1 �/s, (d) 5 �/s, (e) 10 �/s, and (f) 80 �/s 
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� 5  TC4�+�HI���LYR TEM\]�� 

Fig.5  TEM lamellar microstructures of TC4 alloy under different processes: (a) 0.5 �/s, (b) 15 �/s, (c) 50 �/s, and (d) 80 �/s 
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Fig.6  Correlation between lamellar thickness and cooling rate 
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Table 3  Mechanical properties of the TC4 alloy at different 

cooling rates 

Cooling rate/ 

�·s

-1

 

Yield 

strength, 

R

p

/MPa 

Ultimate tensile 

strength, R

m

/ 

MPa 

Elongation, 

A/% 

Contraction 

of area, 

Z/% 

0.1 790.24 861.35 13.56 15.34 

0.5 810.52 890.42 12.88 12.48 

1 864.36 933.81 11.56 13.47 

5 898.36 974.02 10.14 12.35 

10 905.32 972.49 10.24 11.58 

15 910.23 980.79 9.58 10.19 

20 944.87 1047.54 10.11 9.26 

30 950.61 1050.18 9.37 10.36 

50 960.12 1097.16 9.25 9.14 

80 960.11 1076.19 8.65 9.10 
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Fig.7  Correlation between lamellar thickness and strength (a) and 

plasticity (b) 
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Fig.8  Morphologies of lamellar martensite (a) and dislocations (b) 
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Fig.9  Hall-Petch curve based on lamellar size 

 

Jp_���bc|± noqU Hall-Petch st;n

σ

s

=σ

0

+Kd

-1/2

Hdσ

s

=727.16+188.51d

-1/2

�¦§A��´µ


º� σ

0

H 727.16 MPa�A²�´µ
fgtcH

188.5  

��������

��

�

1) 7 β§�'#	
Þ���àá�â
Ö'�TC4

��
AB¯°¨bÚ´D�89¯°�àá�â
´

DN����©ª èP:j�àá�â
Ö'@A1

Ø�GÞ`�i«  

2) ��àá�â
Ö'�TC4��
v6Uj{t

uUj@A{��;à�� 0.1 ö/s Ö� 15 ö/s ¶�

tuUj{v6Uj@AÖ'��<��â{�Oâ�

E�1Ø`a  

3) �èP¯°{v6Uj|}qr Hall-Petch s

t�èP¯°{����|}�¨¥î¬� Hall-Petch

st��§stc RrH 0.97�σ

s

=727.16+188.51d

-1/2

�

noS­HèP:jHfg����
_���b�  

 

����    References  

[1] Tang Di(¦ §), Wang Jin(¨ E), Jiang Haitao(©ª«) et al. 

Heat Treatment of Metals(+4MNO)[J], 2012, 37(3): 28 

[2] Gan Zhanghua(¬­®), Liang Yu(¯ °), Wang Jinlin(¨±²) et 

al. Heat Treatment of Metals(+4MNO)[J], 2014, 39(9): 37 

[3] Liu Rui(³ ´), Hui Xiaosong(µ¶·), Ye Wenjun(¸¹º) et al. 

The Chinese Journal of Nonferrous Metals(»:�¼+4&

½)[J], 2010, 20(1): 691 

[4] Ye Hongchuan(¸¾¿), Wang Yanhao(¨ÀÁ), Zhang Xuehua 

(ÂÃ®) et al. Hot Working Technology (Mp���)[J], 2011, 

40(16): 179 

[5] Ahmed T, Rack H J. Materials Science and Engineering A[J], 

1998, 243: 206 

2 µm 

a 

500 nm 

b 

0.4 0.6 0.8 1.0 1.2 1.4

780

810

840

870

900

930

960

990

σ

s
 

/
M
P
a

d

 -1/2

/µm

-1/2

 



� 2�                                 ����0JKC TC4D�+\]x23L��                             �643� 

[6] Kim H J, Kim Y H, MorrisJ W Jr. ISIJ International[J], 1998, 

38(11): 1277 

[7] Roberts M J. Metall Trans[J], 1970(1): 3287 

[8] Luo Zhijun, Shen Junchang, Su Hang et al. Journal of Iron and 

Steel Research, International[J], 2010, 17(11): 40 

[9] Li G R, Li Y M, Wang F F et al. Journal of Alloys & 

Compounds[J], 2015, 644: 750 

[10] Liu J, Zeng W, Shu Y et al. Rare Metal Materials & 

Engineering[J], 2016, 45(7): 1647 

[11] Guo P, Zhao Y, Zeng W et al. Materials Science & Engineering 

A[J], 2013, 563(2): 106 

[12] Peng X, Guo H, Shi Z et al. Materials Science & Engineering 

A[J], 2014, 605: 80 

[13] Peng X, Guo H, Wang T et al. Materials Science & Engineering 

A[J], 2012, 533: 55 

[14] Malinov S, Sha W. Computational Materials Science[J], 2003, 

28(2): 179 

[15] Malinov S, Sha W, Guo Z. Materials Science & Engineering A[J], 

2000, 283(1-2): 1 

[16] Malinov S, Sha W, Mckeown J J. Computational Materials 

Science[J], 2001, 21(3): 375 

[17] Mcbride J, Malinov S, Sha W. Materials Science & Engineering 

A[J], 2004, 384(1-2): 129 

[18] Guo Z, Malinov S, Sha W. Computational Materials Science[J], 

2005, 32(1): 1 

[19] Zeng Weidong(ÄÅÆ), Shu Ying(Ç È), Zhou Yigang(ÉÊË). 

Rare Metal Materials and Engineering(��+4'()�

?)[J], 2004, 33(10): 1041 

[20] Li Bo(Ì Í), Zhu Guoming(Î:j), Tao Gongming(ÏÐj) 

et al. Iron and Steel(ÑÒ)[J], 2014, 49(7): 101 

 

 

Effect of Different Cooling Rates on Microstructure 

and Mechanical Properties of TC4 Alloy 

 

Ou Meigui, Xia Qifan, Song Hongchao, Liang Yilong 

(National Local Co-construction Engineering Laboratory for High Performance Metal Structure Material 

and Manufacture Technology, University of Guizhou, Guiyang 550025, China) 

 

Abstract: TC4 titanium alloy was heat-treated at different cooling rates to obtain different levels of microstructure (grains, colonies and lamellae), 

and the Hall-Petch relation was established based on different level microstructures. The results show that with the increase of cooling rate, the 

lamellae are refined; the yield strength and tensile strength increase, whereas the ductility gradually decreases. The relationship between the 

lamella size and mechanical properties is in accordance with the Hall-Petch relation, so the lamella size is the main characteristic parameter 

affecting the mechanical properties. 

Key words: TC4 alloy; different cooling rates; microstructure size; mechanical properties; Hall-Petch relation 
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