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Table 1 Mechanical properties and design parameters of TRIP/TWIP Ti-alloys (UuEI-Uniform elongation, [Mo]-Mo equivalent)

Alloy YS/MPa UTS/MPa uEl/% Bo Md ela [Mo] Ref.
Ti-12Mo 490 950 38 2.807 2.416 41274 12 [7]
Ti-9Mo-6W 510 1100 35 2.809 2.417 4.1329 11.64 [8]
Ti-15Mo0-0.10 420 1033 47 2.804 2.4 4.1502 15 [15]
Ti-15Mo-0.20 680 1100 29 2.796 2.393 4.1385 15 [15]
Ti-7Mo-3Cr 730 1280 36 2.80 2.402 4.1299 11.8 [12]
Ti-12Mo-5Zr 650 1050 34 2.816 2.429 4.1307 12 [14]
Ti-15Mo 504 1020 32 2.812 2.408 4.1618 15 [9]
Ti-3Al-5Mo-7V-3Cr 750 1100 20 2.778 2.356 4.1187 11.49 [13]
Ti-8.5Cr-1.5Sn 580 1257 35 2.786 2.368 4.159 13.6 [10]
Ti-20Vv-0.0340 512 990 45 2.791 2.336 4.187 13.4 [16]
Ti-20V-0.2760 758 955 22 2.774 2.321 4.1639 13.4 [16]
Ti-6Cr-4Mo-2Al-2Sn-1Zr 670 1158 40 2.779 2.373 4.118 11.6 [11]
Ti-36Nb-2Ta-3Zr N/A N/A N/A 2.861 2.451 4.2128 10.52 [18]
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PR MAE (stress-induced phase transformation). HLi
Z2d (mechnical twinning) FIA7Z453E # (dislocation
slip) 2 FhElZ MAS AL SE 77 . Sun 2 A\ VIZE L4
Fi 1 Ti-12Mo &< WA TR LB, @or 7kl 2 frow
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Fig.2 Schematic illustration of the microstructure evolution of the Ti-12Mo alloy when deformed in tension!”
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Fig.3 Schematic illustration of the microstructural evolution of the Ti-7Mo-3Cr alloy with an increase of strain™*?

SR AR S A0 o TE R F T S g 75 R A 28 RTATL A
B iR A N T e S e e ol O S N b e
MUt =4, gamii s A mfg, sl&E3Em
Hall-Petch ZiB%, i i & 4 (A AR AR Wi 154k [
I R B FG P 0 AR AR T PR ILE A T AR R R AR
AW LS, )5 AR AR FONURER & ELAH s, fd
75 5 SR A - AN R R i P9 A A8 T RS A A R ),
— UKL R, GERREBMEARR Ak ST, B,
TRIP/TWIP 8% 1 5 6 A A 45 1% 28 & < R 30 HH v ik
e VR AL S B I TR AAT A

4 ZERIB

TRIP/TWIP K& 4 7E [ 7 T~ HA o i 21,
PRSIV I AR RE AN I TREAAT S, 8L TRIP/TWIP
B, RIS RE AR R R 11, B
BN EEs 2 TR R A &, BN
FATE s Ve A RS . AR 1T 2% 28 B 4 1 [ AR b 3 2%
PEICE R, BEZR R L BEREH S, XH G
R A SR ST BRI b AR 77 o 1 0 R A R0 B AR A R
AR T 2 F A AN T 25 se s At .



%1

K HEE: WAL B A TRIPITWIP K& e Fi Rt

* 375

Bogt: fEE W F Prima A1 Fan Sun #(#% (PSL Research
University, Chimie ParisTech-CNRS, Institut de Recherche de
Chimie Paris (UMR 8247), 75005 Paris, France) % ¥ (&1,

S0k

[1] Williams J C, Starke Jr E A. Acta Materialia[J], 2003, 51(19):
5775

[2] Banerjee D, Williams J C. Acta Materialia[J], 2013, 61(3): 844

References

[3] Grosdidier T, Philippe M J. Materials Science and Engineering:
A [J], 2000, 291(1-2): 218

[4] Hanada S, I1zumi O. Metallurgical and Materials Transactions
A[J], 1987, 18(2): 265

[5] Zhang Weina (7K 4E4), Liu Zhenyu(XI3% %), Wang Guodong
(F E ¥:). Engineering Sciences( 9 [E T. 2 &l 2£)[J], 2014,
16(1): 40

[6] Zhang Jinyong(3K 4 5), Li Jinshan(Z=4:1l1), Chen Zheng([%
1E) et al. Rare Metal Materials and Engineering (%5 4 & #4
5 TR [3], 2018, 47(9): 2787

[7] Sun F, Zhang J Y, Marteleur M et al. Acta Materialia[J], 2013,
61(17): 6406

[8] Sun F, Zhang J Y, Marteleur M et al. Scripta Materialia[J],
2015, 94(1): 17

[9] Min X, Emura S, Meng F et al. Scripta Materialia[J], 2015,
102 (6): 79

[10] Brozek C, Sun F, Vermaut P et al. Scripta Materialia[J], 2016,
114(15): 60

[11] Ren L, Xiao W, Ma C et al. Scripta Materialia[J], 2018, 156:
47

[12] Gao J, Huang Y, Guan D et al. Acta Materialia[J], 2018,
152(15): 301

[13] Sadeghpour S, Abbasi S M, Morakabati M et al. Scripta
Materialia[J], 2018, 145(3): 104

[14] Zhang J, Li J, Chen G et al. Materials Characterization[J],
2018, 139: 421

[15] Min X, Bai P, Emura S et al. Materials Science and
Engineering A[J], 2017, 684(1): 534

[16] Wang X, Li L, Xing H et al. Scripta Materialia[J], 2015,
96(2): 37

[17] Yang Y, Li G P, Cheng G M et al. Applied Physics Letters[J],
2009, 94: 061 901

[18] Lai M J, Tasan C C, Raabe D. Acta Materialia[J], 2016,
111(1): 173

[19] Zhan H, Zeng W, Wang G et al. Scripta Materialia[J], 2015,
107(10): 34

[20] Morinaga M, Yukawa N, Maya T et al. Sixth World

Conference on Titanium I11[C]. Cannes (France): Edition de
Physique, 1988: 1601

[21] Abdel-Hady M, Fuwa H, Hinoshita K et al. Scripta
Materialia[J], 2007, 57(11): 1000

[22] Abdel-Hady M, Hinoshita K, Morinaga M. Scripta
Materialia[J], 2006, 55(5): 477

[23] Morinaga M, Adachi H, Tsukada M. Journal of Physics and
Chemistry of Solids[J], 1983, 44(4): 301

[24] Kuroda D, Niinomi M, Morinaga M et al. Materials Science
and Engineering A[J], 1998, 24(1-2): 244

[25] Litjering G, Williams J C. Titanium(Engineering Materials
and Processes)[M]. Manchester, UK: Springer, 2003: 1

[26] Sun F, Zhang J Y, Vermaut P et al. Materials Research
Letters[J], 2017, 5: 547

[27] Sadeghpour S, Abbasi S M, Morakabati M et al. Materials
Science and Engineering A[J], 2018, 731(7): 465

[28] Hsiung L M, Lassila D H. Acta Materialia[J], 2000, 48(20):
4851

[29] Hanada S, Izumi O. Metallurgical and Materials Transactions A
[J], 1986, 17(8): 1409

[30] Xing H, Sun J. Applied Physics Letters[J], 2008, 93: 031 903

[31] Yang Y, Wu S Q, Li G P et al. Acta Materialia[J], 2010, 58
(7): 2778

[32] Hsiung L M, Lassila D H. Scripta Materialia[J], 1998, 38(9):
1371

[33] Duerig T, Albrecht J, Richter D et al. Acta Metallurgica[J],
1982, 30(12): 2161

[34] Kim H'Y, Ikehara Y, Kim J | et al. Acta Materialia[J], 2006,
54(9): 2419

[35] Zzhang J Y, Sun F, Hao Y L et al. Materials Science and
Engineering A[J], 2013, 563(15): 78

[36] zhang J Y, Li J S, Chen Z et al. Journal of Alloys and
Compounds[J], 2017, 699(30): 775

[37] Wu Songquan(&#44z), Yang Yi(# ), Li Geping(Z=/&-T)
et al. Acta Metallurgica Sinica(4:J& 2:4%)[J], 2016, 52: 249

[38] Cottrell A H, Bilby B A. Philosophical Magazine[J],
1951(42): 573

[39] Sleeswyk A. Philosophical Magazine[J], 1963, 8(93): 1467

[40] Pineau A, Benzerga A Amine, Pardoen T. Acta Materialia[J],
2016, 107: 508

[41] Chen Bin([# #t), Sun Wei(#) ), Zhao Jie(EX #i) et al.
Journal of Materials Engineering(#4 ¥} T£)[J], 2017, 45:
111

[42] Min Xiaohua(jxl /M), Xiang Li(la 77), Li Mingjia(Zs 1 1)
et al. Acta Metallurgica Sinica(4: )& 2:#%)[J], 2018, 54: 1262


https://www.sciencedirect.com/science/article/pii/S1359645403005020
https://www.sciencedirect.com/science/article/pii/S1742706106001528
https://www.sciencedirect.com/science/article/pii/S0921509300009217
https://www.sciencedirect.com/science/article/pii/S0921509300009217
https://www.sciencedirect.com/science/article/pii/S0921509300009217
https://link.springer.com/article/10.1007/BF02825707
https://link.springer.com/article/10.1007/BF02825707
https://link.springer.com/article/10.1007/BF02825707
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD2014&filename=GCKX201401005&uid=WEEvREcwSlJHSldRa1FhdXNXa0d1YWxucytzSU1MdzVLNDdNNmo1RkoyND0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MjQ5NzQ5RllZUjhlWDFMdXhZUzdEaDFUM3FUcldNMUZyQ1VSTEtlWnVkc0Z5am1VYnZCSWk3QWRyRzRIOVhNcm8=
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20161121&flag=1
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20161121&flag=1
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20161121&flag=1
https://www.sciencedirect.com/science/article/pii/S1359645413005211
https://www.sciencedirect.com/science/article/pii/S135964621400356X
https://www.sciencedirect.com/science/article/pii/S135964621500072X
https://www.sciencedirect.com/science/article/pii/S1359646215300609
https://www.sciencedirect.com/science/article/pii/S1359646218304299
https://www.sciencedirect.com/science/article/pii/S1359645418303124
https://www.sciencedirect.com/science/article/pii/S1359646217306139
https://www.sciencedirect.com/science/article/pii/S1359646217306139
https://www.sciencedirect.com/science/article/pii/S1359646217306139
https://www.sciencedirect.com/science/article/pii/S1044580317325901
https://www.sciencedirect.com/science/article/pii/S0921509316315507
https://www.sciencedirect.com/science/article/pii/S0921509316315507
https://www.sciencedirect.com/science/article/pii/S1359646214004266
https://www.researchgate.net/publication/255582771_Multiple_deformation_mechanisms_of_Ti-224Nb-073Ta-20Zr-134O_alloy
https://www.sciencedirect.com/science/article/pii/S1359645416301938
https://www.sciencedirect.com/science/article/pii/S1359646215002006
https://www.sciencedirect.com/science/article/pii/S1359646207005763
https://www.sciencedirect.com/science/article/pii/S1359646207005763
https://www.sciencedirect.com/science/article/pii/S1359646207005763
https://www.sciencedirect.com/science/article/pii/S1359646206003307
https://www.sciencedirect.com/science/article/pii/S1359646206003307
https://www.sciencedirect.com/science/article/pii/S1359646206003307
https://www.sciencedirect.com/science/article/abs/pii/0022369783900987
https://www.sciencedirect.com/science/article/abs/pii/0022369783900987
https://www.sciencedirect.com/science/article/abs/pii/0022369783900987
https://www.sciencedirect.com/science/article/pii/S0921509397008083
https://www.sciencedirect.com/science/article/pii/S0921509397008083
https://www.sciencedirect.com/science/article/pii/S0921509397008083
https://www.tandfonline.com/doi/full/10.1080/21663831.2017.1350211
https://www.tandfonline.com/doi/full/10.1080/21663831.2017.1350211
https://www.tandfonline.com/doi/full/10.1080/21663831.2017.1350211
https://www.sciencedirect.com/science/article/pii/S0921509318308335
https://www.sciencedirect.com/science/article/pii/S0921509318308335
https://www.sciencedirect.com/science/article/pii/S0921509318308335
https://www.sciencedirect.com/science/article/pii/S1359645400002871
https://link.springer.com/article/10.1007/BF02650122
https://aip.scitation.org/doi/10.1063/1.2959183
https://www.sciencedirect.com/science/article/pii/S1359645410000297
https://www.sciencedirect.com/science/article/pii/S1359646298000499
https://www.sciencedirect.com/science/article/pii/0001616082901377
https://www.sciencedirect.com/science/article/pii/S1359645406000942
https://www.sciencedirect.com/science/article/pii/S0921509312015973
https://www.sciencedirect.com/science/article/pii/S0921509312015973
https://www.sciencedirect.com/science/article/pii/S0925838816343249
https://www.sciencedirect.com/science/article/pii/S0925838816343249
https://www.sciencedirect.com/science/article/pii/S0925838816343249
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFDLAST2016&filename=JSXB201602016&v=MDMzODV4WVM3RGgxVDNxVHJXTTFGckNVUkxLZVp1ZHNGeXpoVUx2Tkx6N1RiTEc0SDlmTXJZOUVZb1I4ZVgxTHU=
https://www.tandfonline.com/doi/abs/10.1080/14786445108561272
https://www.tandfonline.com/doi/abs/10.1080/14786436308207311
https://www.sciencedirect.com/science/article/pii/S1359645415005200
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFDLAST2017&filename=CLGC201701018&uid=WEEvREcwSlJHSldRa1FhdXNXa0d1YWxucysrWWNWZ3BvajFxT3I4WWJIWT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MzIwMTExVDNxVHJXTTFGckNVUkxLZVp1ZHNGeS9rVjcvTUppSE1iYkc0SDliTXJvOUViSVI4ZVgxTHV4WVM3RGg=
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFDLAST2018&filename=JSXB201809005&uid=WEEvREcwSlJHSldRa1FhdXNXa0d1YWxucysrWWNWZ3BvajFxT3I4WWJIWT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MTE0OTJUM3FUcldNMUZyQ1VSTEtlWnVkc0Z5L2tWTHJPTHo3VGJMRzRIOW5NcG85RllZUjhlWDFMdXhZUzdEaDE=

« 376 ¢ WA SRS T2 5 49 45

[43] Crocker A. Acta Metallurgica[J], 1962, 10(2): 113 46(8): 2705

[44] Richman R. Deformation Twinning[M]. New York: Gordon [48] Litvinov V S, Rusakov G M. The Physics of Metals and
and Breach, 1964: 237 Metallography[J], 2000, 90: 96

[45] Greer A L, Cheng Y Q, Ma E. Materials Science and [49] Tobe H, Kim H Y, Inamura T et al. Acta Materialia[J], 2014,
Engineering R: Reports[J], 2013, 74(4): 71 64: 345

[46] Castany P, Yang Y, Bertrand E et al. Physical Review [50] Min X, Chen X, Emura S et al. Scripta Materialia[J], 2013,
Letters[J], 2016, 117(24): 1 69(5): 393
[47] Kawabata T, Kawasaki S, lzumi O. Acta Materialia[J], 1998,

Progress of Metastable g Titanium Alloy with Transformation-induced Plasticity and
Twinning-induced Plasticity

Zhang Jinyong 2, Chen Guanfang®, Zhang Shuai’, Zhao Congcong®, Chen Zheng" 2, Shen Baolong®
(1. China University of Mining and Technology, Xuzhou 221116, China)
(2. The Jiangsu Province Engineering Laboratory of High Efficient Energy Storage Technology and Equipment, Xuzhou 221008, China)

Abstract: The progress of metastable beta titanium alloys with TWIP/TRIP effect (TRIP: transformation induced plasticity; TWIP: twin
induced plasticity, twin induced plasticity) is reviewed. The alloy-design ideas of TWIP/TRIP titanium alloy are described. The members in
TWIP/TRIP titanium alloy family and their mechanical properties developed in recent years are introduced. The deformation products
during plastic process and their corresponding formation mechanism are discussed. Finally the possible problems encountered in
development of TWIP/TRIP Ti-materials are also presented.
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