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Table 1 Chemical composition of TC4 alloy (/%)

Ti Al v Fe C Si Mo Ni Cr B

89.98 542 429 0.08 0.06 0.07 0.015 0.01 0.001 0.002
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Fig.2 Microstructures of TC4 at different cooling rates: (a) 0.1 C/s, (b) 0.5 ‘C/s,(c) 1 C/s,(d)5 C/s, (e) 10 ‘C/s, and (f) 80 C/s
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Fig.3 Colony microstructures of TC4 alloy at different cooling rates: (a) 0.1 “C/s, (b) 0.5 C/s, (c) 1 C/s,(d)5 C/s, (e) 10 C/s, and (f) 80 “C/s
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Fig4 Lamellar microstructures of TC4 alloy at different cooling rates: (a) 0.1 C/s, (b) 0.5 ‘C/s,(c) 1 C/s,(d)5 C/s, (e) 10 C/s, and (f) 80 C/s

2.2 ARIAET TC4 SLEER N FIERE

FRPEE 3 gy AR RIA T8 ARG ) 22 1 e %
B, g2l 7a Fros AR 2 5 S uhrm e e
AR IE R e R ek, ATLUE L, BE 2R
(RN BT i 5 R it i o B SR 3G n . AEVA R 0.1
‘Cls 215 C/s W 7 )Z)EBEM 4.98 um %2 1.03 pm), #4

BHAPTR R W N, WEZ0h 120 MPa (M 861.35
MPa % 980.79 MPa). BHH&EAEHEE ML m, A
AR A, SRR T E] 1000 MPa LA b Sy
JEH SR A YT A BRAAE R, B 2 R
/N, LA AR FEIIE 0, X A IE Bl I BHAS
WK, EAMIERTR, MR RS s B



% 2 ] BRAFES: VA0 TC4 BG4 21 SURE BE 19 52 . 641 -
5 TC4 GEAARLTETHNE TEM A4U8A
Fig.5 TEM lamellar microstructures of TC4 alloy under different processes: (a) 0.5 ‘C/s, (b) 15 C/s, (c) 50 C/s, and (d) 80 ‘C/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

. Yield  Ultimate tensile . Contraction
Cooling rate/ Elongation,
gl strength,  strength, Ry/ A% of area,

Ry/MPa MPa ZI%
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
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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.
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