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Table 1 Chemical composition of Ti80 alloy (w/%)

Al Nb Zr Mo Ti
6.50 3.18 2.04 1.00 Bal.
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Fig.1 Isothermal hot compression test process of Ti80 alloy
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Fig.2 True stress-true strain curves of Ti80 alloy under various

hot processing parameters: (a) 1 s and (b) 900 °C
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(b) deformed at temperature of 980 °C and strain rate of 1 s*
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Table 2 Thermal deformation activation energy corresponding to & of Ti80 alloy under different deformation conditions (kJ/mol)

Temperature/C 0.01s* 0.1s* 1s?
860 1011.583 1009.329 1010.341
900 1011.494 1011.240 1011.156
940 1003.957 1010.987 1011.218
980 1004.514 1009.438 1010.676
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(Gsa)o LA OO0 C. 1 s fl, W 7HimR, (o0 )N
AT RGN A, RRNEHLSERIFHR A
(Osar, 0) N LRI F RSN 77 1, e I TAEAL 5
WA B Z A T FERRES, I TR R AR,
Fa 25 B 7 (o) N TREA 5 5 245 B pb 8 s 0k 2 °F
Bwy B Sy, BT 0-sflo-sBi 2k, ] LIS B[
BT o ftio LL900 C. 1s™ Nfil, a8 i,

1000

800 -

600 -

S
400 +
200 -
~ (ot 0)
177 180 183 186 189 192 195

o/MPa

K7 TiB0 #4900 C. 1AL T O 5 o ik
Fig.7 Relationship curve between 6 and o of Ti80 alloy at

temperature of 900 ‘C and strain rate of 1 s™

210} 45 e 13600
180} ’\k& 13000
150+ | {2400

£ 120 {1800 _

T 90 11200

60 0 1600
30 » 0

0 L L L L L L L
00 01 02 03 04 05 06 07 08
£

8 TiB0 &4 900 C. 15t~ 0-6fll o-ff h 25
Fig.8 0-gand o-¢ curves of Ti80 alloy at temperature of 900 C

and strain rate of 1 5™



%5 8 3

Bl NASHEA TS0 &&NEE B RITN - 2983 -

IR B, hn A Ak 2 (0) bt A5 2 A% ) 38 hnm g, A
W AE R AR (gp) b, BRAG RN 5 I AL S 1 YRk 3P
i, SLEE 0 AF, BENARRLREIE N, 0 7E &KL
RN AR (g, ) ik B e /IME, 5 TEARAS PR (&) b
I T AR5 Bh 725 Bk U0k 2P, B 0 IRV E,
INWANSY SN R

B A (8) & LA 44T, AT 45 Tig0 A4 900 C.1s™
BT FAF T DRX St 2k, Wil 9 Fros, B
BRI, Ti80 & 4304 1 45 A AR o Bk
LR G, BRSO, sk RIS
BURFAE o

BNAS PG B )R R Avrami 5 FE R4
ik, AW R Serajzadeh Bt j5 Avrami 75 Rk #y
Ti80 & & B0 A & i sh fy A A, ik

XDszl—exp[—K[g_g°J } (9
gp

i, Xprx A DRX AR 734, Kon NHE#, & A DRX
I FERLAR gy N UEAH AR

W N AR g, ) TiB0 &ML R EES
K, T BhA NS R B2 F 4G P AR B RN 5
T TE g A5 1 IR EI P, &5 Z ZHMX AR
L 10 fior, S@gms, e HRIEXN:

£=2.75>10°Z" %% (10
XA Q)P R XS #, 50T RiE
IN[IN(1- X ey ) ] = INK +nIn[ (&, - &), | (11)

A R(8) K LR o o MITHEFTTIE, A LATE
BN R AR 4 T DRX AR B B, IE R b
IN[-IN(1-Xprx)]5 IN[(&—&) o] I, 221 & o R I,

=
o

o o o
EN o )
T T T

o
()

DRX Volume Fraction/%

o
o

0.2 0.4 0.6 0.8 1.0

o
(=]

K9 Ti80 &4 900 C. 1s™ T DRX #RH 4 h 2%
Fig.9 DRX volume fraction curve of Ti80 alloy at temperature

of 900 ‘C and strain rate of 1 s*

-16F

2.4}

Ingp

-3.2¢

40}

48}
115 120 125 130 135 140 145
InZ

K10 EERNAA g5 Z 28K Rk
Fig.10  Relationship curve between peak strain g and Z

parameter

FHHT MRS, WK 11 Fios, [FE, ] LS R E
BIEAEH Ky n BME. KFHEA, m=2.1103,
K =0.0427. Ti80 & & LA &M TSI T4 B
B )RR

Xorx =0 (e<¢,)

gp

2.1103
Xm“:l—expl—00427(ge%j ](e?ﬁq)(lZ)

£, = 2.75x10 °Z°%%

B 12 NASFRIASIE 26 AF T (30 25 1 45 i R AR 70 5
2k 2 20(8) K 1 - 45 diy AR AR 73 BomT FEE D 5 21
TTHZ BN, REIE BAS) J) R i w S, 3]
JIA R N ) DRX R AR 7 05 i1 2 5 (8) T S
1) DRX MR Btk A7 xF e #r, A& 13 P, ]
KBTS ST (1 3 A P 45 i B0 7 A AR R B K AT SR A

860 C

<4< > o

In[-In(1-Xpgy)]

05 00 05 10 15 20 25
In[(&-9)&,]
Bl 11 MRS 1 s™ B In[-In(1-Xorx)]45 In[(a—8) 6] 1955
F 2k

Fig.11 Relationship curves between In[-In(1-Xprx)] and In[(&—¢)&]

at strain rate of 1 s



+ 2984 -

Wity @A RS TR

50 3%

DRX Volume Fraction/%

DRX Volume Fraction/%

12 Ti80 & A A TE A T I DRX F 45 5 R FR 70 B ih £k
Fig.12 DRX volume fraction curves of Ti80 alloy deformed

under various parameters: (a) 1 s and (b) 900 °C

1.0 R2=0.9462 =
0.8}

0.6

Xprx Predicted by Eq.(11)

0.0 0.2 0.4 0.6 0.8 1.0
Xprx Calculated by Eq.(8)

Bl 13 TiB0 & < M 45 3l /1 2 BE A UG UIE i 2%
Fig.13 Validation curve of Ti80 alloy recrystallization kinetic

model

3 & it

1) 860~940 CATZIG & T (UL N i 4 23 T
W Bh A5 45 R AFAE, 980 “C IR AR N A i 28 A HY B
BNAS S REAE, (A2 UL 261 T Tis0 & a K E T 3)
B4

2) Ti80 & 4> h A5 F 45 i 1Y i T N A e 48 I et 52 1)

Th i AL A T e ) PR AR R R B %y, T 2 2
B 45 i AR .
£,=5.00x10 5700
3) AL T TiB0 &< ah A FE 4k dh sl J) S TR Y,
HREAF:
Xorx =0 (£<¢,)

2.1103
X oo =1— €XP —0.0427(5"}"0} (¢=s,)

p

g, = 2.75x10 °Z %

SE 3k

[1] Yang Yingli(#4%<WN), Luo Yuanyuan(® #E4%), Zhao Heng-
zhang(XfH %) et al. Rare Metal Materials and Engineer-
ing(FA &R # RS TFE[J], 2011, 40(S2): 538

[2] Sun Jianke(#h & #}), Meng Xiangjun(##£%:), Chen Chun-
he([% % A1) et al. Acta Metallurgica Sinica(4: )& 2~ 3)[J],
2002, 38(S1): 33

References

[3] Jia Jianbo, Zhang Kaifeng, Lu Zhen et al. Materials Science
and Engineering A[J], 2014, 607: 630

[4] Quan Sijia(# B.fE), Song Kexing(# 7 >%), Zhang Binbin(ik
R HE 22 4R [3], 2018, 39(5): 44

[5]1 Wen Zhigang( 3 & RIl), Wang Weigi( £ ¥ ), Wang
Xiaoxiang(F /N#) et al. The Chinese Journal of Nonferrous
Metals(H B H 4 J8 5 ))[J], 2010, 20(S1): 647

[6] Chen Haisheng(FfifE2E), Liu Xianghong(X!] [ %), Liu Guang-
fa(X|J" &) et al. Rare Metal Materials and Engineering(% &
4GB KL TRE)[J], 2016, 45(4): 901

[7] Quan Sijia(FL B 4%), Song Kexing(A 7 %), Zhang Yanmin(ik
Z 1) et al. Rare Metal Materials and Engineering (% € J&
R 5 TFE)[J], 2019, 48(11): 36 007

[8] Li Liang(Z= %), Song Dejun(:<f# 7). The Chinese Journal
of Nonferrous Metals(* [E f 4 J& % #)[J], 2010, 20(1):
738

[9] Wang Q, Ren J Q, Wu Y K et al. Journal of Alloys and
Compounds[J], 2019, 789: 249

[10] Xu Yan, Hu Lianxi, Sun Yu et al. Materials Science and

Engineering A[J], 2013, 578: 402

[11] Wan Zhipeng(/3 M), Sun Yu(#h 52), Hu Lianxi(#1iE %) et
al. Rare Metal Materials and Engineering(}iH &g Mkl 5
T.R)[J], 2016, 45(2): 282

[12] Ryan N D, McQueen H J. Journal of Materials Research and
Technology[J], 1990, 21(2): 177

[13] Poliak E I, Jonas J J. Acta Materialia[J], 1996, 44: 127


https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2011&filename=COSE2011S2125&v=MjQwMDJMWWE3RzRIOUN2clk1SFlZUjhlWDFMdXhZUzdEaDFUM3FUcldNMUZyQ1VSN3FmYnVabUZpSGhVN3ZMSmk=
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2011&filename=COSE2011S2125&v=MjQwMDJMWWE3RzRIOUN2clk1SFlZUjhlWDFMdXhZUzdEaDFUM3FUcldNMUZyQ1VSN3FmYnVabUZpSGhVN3ZMSmk=
http://d.wanfangdata.com.cn/periodical/jsxb2002z1008
https://schlr.cnki.net/Detail/index/SJES_03/SJES14061700194202
https://schlr.cnki.net/Detail/index/SJES_03/SJES14061700194202
https://schlr.cnki.net/Detail/index/SJES_03/SJES14061700194202
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFDLAST2018&filename=JSCL201805007&v=MzE1MjV4WVM3RGgxVDNxVHJXTTFGckNVUjdxZmJ1Wm1GaURuVzdyQUx6N0lZckc0SDluTXFvOUZZNFI4ZVgxTHU=
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD2010&filename=ZYXZ2010S1138&v=MzE3MzZWYnJJUHpUVGRMRzRIOUd2cm81R2JJUjhlWDFMdXhZUzdEaDFUM3FUcldNMUZyQ1VSN3FmYnVabUZ5bms=
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD2010&filename=ZYXZ2010S1138&v=MzE3MzZWYnJJUHpUVGRMRzRIOUd2cm81R2JJUjhlWDFMdXhZUzdEaDFUM3FUcldNMUZyQ1VSN3FmYnVabUZ5bms=
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD2010&filename=ZYXZ2010S1138&v=MzE3MzZWYnJJUHpUVGRMRzRIOUd2cm81R2JJUjhlWDFMdXhZUzdEaDFUM3FUcldNMUZyQ1VSN3FmYnVabUZ5bms=
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFDLAST2016&filename=COSE201604016&v=MTI5MTJxNDlFWW9SOGVYMUx1eFlTN0RoMVQzcVRyV00xRnJDVVI3cWZidVptRnlubFZyckxKaUxZYTdHNEg5Zk0=
http://rmme.ijournal.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20180796&journal_id=rmme
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD2010&filename=ZYXZ2010S1159&v=MDM4MThNMUZyQ1VSN3FmYnVabUZ5bmdWcnJKUHpUVGRMRzRIOUd2cm81QWJZUjhlWDFMdXhZUzdEaDFUM3FUclc=
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD2010&filename=ZYXZ2010S1159&v=MDM4MThNMUZyQ1VSN3FmYnVabUZ5bmdWcnJKUHpUVGRMRzRIOUd2cm81QWJZUjhlWDFMdXhZUzdEaDFUM3FUclc=
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD2010&filename=ZYXZ2010S1159&v=MDM4MThNMUZyQ1VSN3FmYnVabUZ5bmdWcnJKUHpUVGRMRzRIOUd2cm81QWJZUjhlWDFMdXhZUzdEaDFUM3FUclc=
https://schlr.cnki.net/Detail/index/SJESLAST/SJESDE3A28D3C8086731E4FDEA81C41F1C9A
https://schlr.cnki.net/Detail/index/SJESLAST/SJESDE3A28D3C8086731E4FDEA81C41F1C9A
https://schlr.cnki.net/Detail/index/SJESLAST/SJESDE3A28D3C8086731E4FDEA81C41F1C9A
https://schlr.cnki.net/Detail/index/SJES_03/SJES13050900040433
https://schlr.cnki.net/Detail/index/SJES_03/SJES13050900040433
https://schlr.cnki.net/Detail/index/SJES_03/SJES13050900040433
http://rmme.ijournal.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20160102&journal_id=rmme
https://schlr.cnki.net/Detail/index/SJES_03/SJESJ965D70057AF08A8EEE2E498F82FEAF44
https://schlr.cnki.net/Detail/index/SJES_03/SJESJ965D70057AF08A8EEE2E498F82FEAF44
https://schlr.cnki.net/Detail/index/SJES_03/SJESJ965D70057AF08A8EEE2E498F82FEAF44
https://schlr.cnki.net/Detail/index/SJES_01/SJESCFCB14F06F503220C84CE31CCA776F9E

8 H L. UGS T A& SELERITN . 2985 -

[14] Najafizadeh A, Jonas J J. IS1J International[J], 2006, 46(11): [17] Wang Wei, Ma Rui, Li Lianping et al. Journal of Materials
1679 Research and Technology[J], 2020, 9(2): 1929
[15] Li Shaojun(Z=/b#), Lv Yaping( & I *F?), Zhang Xiaoyong(5k B2 [18] Joans J J, Quelennec X, Lan J et al. Acta Materialia[J], 2009,
¥X) et al. Rare Metal Materials and Engineering (%A & J&#4 57(9): 2748
RS THE[I], 2018, 47(11): 3353 [19] Serajzadeh S, Taheri A K. Mechanics Research Communi-
[16] Sellars C M, Whiteman J A. Metal Science[J], 1979, 13(3-4): cations[J], 2003, 30(1): 87
187

Dynamic Recrystallization Behavior of Ti80 Alloy with Bimodal Structure
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Abstract: The thermal compression tests of Ti80 alloy with bimodal microstructure was conducted at the deformation temperature of
860~980 °C and the strain rate of 0.01~1 s on the Gleeble-1500 thermal-mechanical simulator. The flow stress and dynamic
recrystallization behavior of the alloy during hot deformation were investigated, and the critical strain of dynamic recrystallization was
determined with the help of the work hardening rate. The results show that dynamic recrystallization is an important softening mechanism
during hot deformation of Ti80 alloy, and the critical strain of dynamic recrystallization decreases with increasing temperature and
decreasing strain rate. Based on the Z parameter and the improved Avrami equation, the critical strain and kinetics model for dynamic
recrystallization of Ti80 alloy were constructed.
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