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Fig.1 SEM image of as-forged Ti,AINb alloy
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Fig.2 SEM images of TiAINb alloy after different MIF cycles of deformation: (a) 1 cycle, (b) 2 cycles and (c) 3 cycles
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Fig.3 EBSD analysis results of microstructure of TiAINb-based alloy after different MIF cycles of deformation: (a, d) 1 cycle, (b, €) 2

cycles and (c, f) 3 cycles
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Fig.d XRD patterns of Ti,AINb samples before and after

different MIF cycles of deformation
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Table 1 Main parameters of the O phase in the TiAINb alloy after various MIF cycles
sample Volume fraction/% Grain size/pm Length of O phase/um Width of O phase/um
P Total of O  Equiaxed O Equiaxed O Lath O Acicular O Lath O Acicular O
As-received 66.55 11.53 1.95 4.31 1.39 0.98 0.28
1cycle 73.21 15.78 1.60 3.53 1.18 0.90 0.24
2 cycles 77.54 24.51 1.22 2.67 0.98 0.65 0.16
3 cycles 79.82 68.84 1.30 3.14 - 0.93
s 25 > 2 AR T 2 7z
i F— 5o FT SRR KRR, RIS

2 cycles 3cycles
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| | | |
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FT
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Fig.5 Proportion of O phase morphology after various MIF

cycles
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Fig.6 Stress and strain state of the large deformation zone and

the force of lath O under single compression
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Fig.7 Spheroidization behavior of lath O: (a~c) bending, (d~f) kinking, (g~i) shearing, (j~I) grain tearing, and (m~0) packets deformation
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Table 2 Comparison between calculated and measured of
sample hardness values before and after different

MIF cycles of deformation

sample Calculated Measured [HV-HV'|/
value/>9.8 MPa value/>9.8 MPa HV/%
As-received 281.24 317.39 11.39
1 cycle 372.12 413.15 9.93
3 cycles 457.36 420.94 8.65
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70 S anvg, [ Janv,,,,
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Fig.8 Contribution of each hardening mechanism to the hardness

for the MIF-processed Ti,AINb alloy

B2 JEAR A AL B R G RR 51X — AR, &F
SCTRER X 584 A DG PO A 18] 5T 8 O A AR R, dR
T Hall-Petch X R AP HREL o (15 1EARP:

o= 2 arcsin(, /L—K) (5)
b 2

Xt T BT VIR > BN Go- Gy 11 O Al B2 (15 A 41
41, k=(Go-Gr2)/(Go+Gea), EMENHTRE] o0 Bi/NT 112,
rH EBSD 4% 5 Al S04 4 FEAT 3 38 VAR 2 ki R ~F 43
H129 1.51 F1°0.18 pm, K1k, BIAEFE 1 RE 5 T3 AR (/)N
1M 3 T8 O A R T AE i K, 51 8 25 SR AT .

3 & it

1) MIF A2 FE 1 Ja i FE o AH & BEARMK, BEE AL TE
RGN, O MHAAFR O K, JRIGH PR %
O FHME BRI 2 S5 HhAS, WIS O AHHE 1.95 pm 4f
A 3IERM 1.3 um, XARFRIEE T T shS U
MR 2 AS P45 0 2 PRl ELil . O AHE A Bkib 2 K
ATARRER RN 3EIXT, %M Bl H 4 il
e FEH.

2) & O MBhABRI I FE R A 1 i AL 37 A
TEHUEI R a8 T 48 9. R &2 . O AHARES AN O AHEK
th, BIUIARTE AR R AR TR &) T OO0 M A5 .
B2 A . O M4 B M O MERIL, X 4 FIRAT N
A [E] I L 3 TE IR BIAR & R B A BRI R .

3) MIF T2 T TiAINb A 0 & (1) A8 44 3 B il o
B AL SRR AL RS T ARREAL 3 R LS . BEAR
TEIE R B3N, b SRR A AL 00 TR 7 LG AN B
AL ES AL LRI ZE 1 3B ROR T e IR 2% . 3 TR
TEARAE 4l /NS5 O A 7 & 51k 68.84%, UL & 4 H
A Fe e O 4 TR 2, HL{H v 4125.2 MPa(420.94 HV),
BAIUERER T 1014.8 MPa (103.55 HV), H b fi 5t
Tl Ak AL 1 (R DTk 5 LG 64%

&% 30k

[1] Kushagra G, Neha S. Transactions of the Indian Institute of
Metals[J], 2021, 74(8): 1839

[2] Shen Jun(iL %), Feng Aihan(iZ ¥ %€). Acta Metallurgica
Sinica(4: J&8 2 1)[J], 2013, 49(11): 1286

[3] Zzhang H Y, Yan N, Liang H Y et al. Journal of Materials
Science & Technology[J], 2021, 80(21): 203

[4] Wang W, Zeng W D, Xue C et al. Intermetallics[J], 2015, 56:
79

[5] Zzhang S Z, Zhang C J, Du Z X et al. Materials Science &
Engineering A[J], 2015, 642: 16

References

[6] Kawasaki M, Figueiredo R B. Langdon Terence G, Materials


https://link.springer.com/article/10.1007/s12666-021-02307-5
https://link.springer.com/article/10.1007/s12666-021-02307-5
https://www.ams.org.cn/CN/0412-1961/home.shtml
https://www.ams.org.cn/CN/0412-1961/home.shtml
https://www.sciencedirect.com/science/article/pii/S1005030220309403?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1005030220309403?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1005030220309403?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0966979514002076?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921509315301192?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921509315301192?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921509315301192?via%3Dihub
https://www.scientific.net/MSF.1016.3

%2 W Z P4 T AIND S 455 2 MBS O AHBRAT Sy RIRE AL HLHIBT 7

° 691 -

Science Forum[J], 2021, 1016: 3

[7] Yang J L, Wang G F, Park J M et al. Materials
Characterization[J], 2019, 151: 129

[8] Sui X C, Wang G F, Liu Q et al. Journal of Alloys and
Compounds[J], 2021, 876: 160 110

[9] Salishchev G A, Valiakhmetov O R, Galeyev R M. Journal of
Materials Science[J], 1993, 28(11): 2898

[10] Valiev R Z, Estrin Y, Horita Z J et al. JOM[J], 2016, 68(4):
1216

[11] Chen Zhuo( & &#.). Research on Microstructure and
Mechanical Properties of Ti,AINb -based Alloy Fabricated
by Multiple Isothermal Forging(Ti,AIND 3£ & 4% 7] 25 iR 4%
B L5 )% M BE BT 7T)[D]. Harbin: Harbin Institute of
Technology, 2013

[12] Kushagra G, Neha S. Materials Today: Proceedings[J], 2021,
41: 951

[13] Zhang H Y, Zhang Y R, Liang H Y et al. Journal of Alloys
and Compounds[J], 2020, 846: 156 458

[14] Wang Kaixuan( £ JlJiE), Zeng Weidong( & T %), Shao
Yitao( #§ — ¥ ) et al. Rare Metal Materials and
Engineering(Fi A 4 J& #4 kL 5 T #2)[J], 2009, 38(3): 398

[15] Huang Z S, Lin P, Shen J. Materials at High Temperatures[J],
2021, 38(2): 103

[16] Kim J Y, Park K T, Shim | O et al. Materials Transactions[J],
2008, 49(1): 215

[17] Zhao Q, Lv M Q, Cui Z S. Intermetallics[J], 2021, 138:

107 302

[18] Zhang H Y, Li C, Ma Z Q et al. International Journal of
Minerals Metallurgy and Materials[J], 2018, 25(10): 1191

[19] Xiong B M, Liu K, Wang Z J et al. Journal of Materials
Engineering and Performance[J], 2021, 30(11): 8598

[20] Xue C, Zeng W D, Wang W et al. Materials Science &
Engineering A[J], 2013, 573: 183

[21] Huang Y, Liu Y, Zhang Y et al. Journal of Alloys and
Compounds[J], 2020, 842: 155 794

[22] zhang P, Li S X, Zhang Z F. Materials Science &
Engineering A[J], 2011, 529: 62

[23] Luo P, Hu Q, Wu X. Metallurgical and Materials
Transactions A[J], 2016, 47: 1922

[24] Sun W T, Qiao X G, Zheng M Y et al. Acta Materialia[J],
2018, 151: 260

[25] Emura S, Hagiwara M, Yang S J. Metallurgical and Materials
Transactions A[J], 2004, 35(9): 2971

[26] Wang Xue(F ), Wang Mingmin(E B 1), Jiao Aofei(#: 5
&) et al. Rare Metal Materials and Engineering (% f 4 J& #4
5 THRE)[J], 2022, 51(11): 4123

[27] Dyakonov G S, Mironov S, Semenova | P et al. Materials
Science & Engineering A[J], 2017, 701: 289

[28] Tang L, Zhao Y, Islamgaliev R K et al. Materials Science &
Engineering A[J], 2016, 670: 280

[29] Friedman L H, Chrzan D. Physical Review Letters[J], 1998,
81(13): 2715

Spheroidization Behavior and Hardening Mechanism of the Lath Ti,AINb Alloy
During Multi-directional Isothermal Forging

Li Ping, Huang Xiaoyu, Liu Le, Guo Shenghua, Xue Kemin
(School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: Multidirectional isothermal forging (MIF) experiments of Ti,AINb alloy was carried at 800 <C. The microstructure evolution
and hardness of the alloy under different deformation cycles were quantitatively analyzed by SEM, XRD, EBSD and hardness testing. The
dynamic spheroidization behavior of the lath O and alloy hardening mechanism was revealed. The results show that as the number of
deformation cycles increases, the initial coarse lath O has undergone two refinement mechanisms, namely dynamic mechanical breaking
and dynamic recrystallization. The globalization of the lath mainly occurs in 3 cycles deformation process. The dynamic spheroidization
process is accompanied by four deformation behaviors: bending, kinking, shearing and grain tearing. The mechanism of the latter two types
of deformation can be summarized as: O/O phase boundary separation, penetration of B2 phase, O phase separation and O phase
spheroidization. The initial lath O phase is refined to 1.3 um equiaxed structure, and the percentages of fine equiaxed O phase is as high as
68.84% after 3 cycles of MIF. At this time, the hardness of the alloy is 103.55HV (1014.79 MPa) higher than that of the initial sample, and
the contribution of grain boundary hardening mechanism is 64%.

Key words: multi-directional isothermal forging; TioAINb alloy; lath O phase; dynamic spheroidisation; hardening model
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