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Dynamic tensile behavior of TC21 titanium alloys
at elevated temperatures
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University of Science and Technology of China, Hefei 230027, China;
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Abstract: Tensile tests were performed on TC21 titanium alloy with Widmanstatten microstructure (W) and bimodal
microstructure (BM) at temperature ranging from 298 to 1 023 K and strain rate ranging from 0.001 to 1 270 s™'. The
results show that the temperature and strain rate have significant effects on the tensile behavior of TC21. At low strain
rates of 0.001 and 0.05 s ', a discontinuity is found in the yield stress—temperature curve. Below discontinuity
temperature, the temperature dependence of the yield stress of TC21 is similar to that of cp-Ti that has the same
interstitial solute concentration of oxygen. The microstructure affects the magnitude of yield stress and tensile ductility,
but not the strain rate sensitivity and temperature sensitivity of the yield stress. The samples with Widmanstatten
microstructure show a mixed manner of transgranular fracture and intergranular fracture at room temperature and strain
rate of 0.001 s”', while under other conditions both microstructures show a manner of transgranular fracture. Neither
adiabatic shear band nor deformation twinning is found in the tested samples.
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Table 1 Chemical composition of TC21 titanium alloy (mass
fraction, %)

Al Sn Zr

Mo Cr Nb Si

6.2 1.94 1.7 2.62 1.6 1.96 0.13
Fe C N O H Ti
0.03 0.08 0.014 0.09 0.001 Bal.

1 TC21
Fig.1 Optical micrographs of TC21 titanium alloys after heat

treatments: (a) Widmanstattern microstructure; (b) Bimodal

microstructure
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650

2010 4

2 TC21

Os  Op

€p

&f

Table 2 Values of g, o0y, &, and &; for TC21 titanium alloy under various conditions

) O o/MPa oy/MPa &y/% ed%
Strain rate/s T/IK
W BM W BM W BM \\% BM
298 1019 1077 1174 1242 6.50 10.30 6.50 12.50
473 843 852 1053 1086 7.74 9.79 7.82 11.79
673 743 766 971 982 7.05 7.93 7.24 9.77
773 686 698 927 933 8.75 8.42 9.51 9.68
0.001 823 678 695 827 846 5.44 6.47 8.60 11.33
873 631 663 715 729 3.60 4.22 12.41 13.75
923 507 528 581 598 2.52 2.33 12.25 15.7
973 317 324 409 418 2.34 2.52 15.28 19.3
1023 199 206 281 288 2.12 2.75 19.75 27.0
298 1078 1099 1202 1252 6.15 10.27 6.15 12.0
473 888 909 1057 1098 7.30 9.10 7.62 11.24
673 750 767 976 985 6.34 9.01 6.72 10.97
0.05 873 657 667 804 815 5.41 6.11 8.25 10.07
923 622 639 737 735 427 431 9.18 9.29
973 574 584 651 647 2.62 3.16 11.12 12.67
1023 413 430 504 499 2.24 2.27 12.35 12.98
298 1259 1357 1348 1414 4.82 5.27 6.71 9.00
473 1051 1068 1178 1165 7.58 6.35 10.11 11.73
240 673 856 909 1031 1040 721 7.20 10.25 12.0
873 740 803 893 921 6.70 7.45 8.82 12.35
973 664 719 797 823 6.13 6.10 8.97 10.59
1023 616 656 716 750 3.77 3.46 7.92 9.08
298 1430 1441 1 468 1 464 4.72 6.03 7.31 11.71
473 1056 1171 1245 1251 9.45 8.46 10.94 14.59
1270 673 925 1005 1061 1101 7.42 9.03 10.21 15.84
873 786 857 930 931 7.85 7.75 8.61 13.97
973 695 721 842 851 6.54 7.33 9.33 12.71
1023 660 671 770 753 5.80 5.54 8.62 11.93
a 0.001 s
823 K 0.05s"
923 K
LUTJERING!"® o+p 240 12705
a — ( 4)
a
p
o
PATON [ Al 6%
— 870 K
4 4
0.001  0.05s" MAJORELL ™ Ti-6Al-4V
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Fig.5 Morphologies of fracture surfaces of TC21 tensile samples: (a) W, 0.001 s, 298 K; (b) BM, 0.001 s ', 298 K; (c) W, 0.001
s ', 873 K; (d) BM, 0.001 s, 873 K; () W, 1270 s, 298 K; (f) BM, 1 270 s ', 298 K; (2) W, 1 270 s ', 873 K; (h) BM, 1270 5",
873 K
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