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Abstract: The hot deformation behavior and microstructure evolution of TA15 titanium alloy were systematically
investigated via isothermal hot compression tests conducted at deformation temperatures ranging from 820 to 970 ‘C and
strain rates ranging from 0.001 to 1.000 s™. The true stress-strain curves exhibit typical flow softening characteristics, with
flow stress decreasing with increasing temperature and increasing strain rate. A strain-compensated Arrhenius-type
constitutive model is established, with a good predictive ability, a correlation coefficient (R) of 0.990 and an average
absolute relative error (AARE) of 8.26% over the strain rate range of 0.001~1.000 s'. On the basis of the dynamic
materials model (DMM), heat-processing maps were constructed, identifying the instability domain at 820~860 C/0.1~
1.0 s, which corresponds to the microstructural features of suppressed recrystallization and abnormally elevated KAM
values at high strain rates. EBSD analysis reveals that discontinuous dynamic recrystallization (DDRX) dominates at 820 C,
resulting in the formation of a necklace-like equiaxed fine-grained structure. As the temperature increases to 960~970 C,
the microstructure evolves into a fully lamellar structure. At temperatures near the B-transus, decreasing the strain rate to
0.001~0.010 s™ favours the formation of a uniform and coarse fully lamellar structure, whereas increasing the strain rate to
0.1~1.0 s results in the retention of more equiaxed o phase and refined B grains (from >100 pm to ~15 pwm).
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Fig.2 Schematic diagram of the hot compression testing process and sample characterization positions: (a) hot compression testing
process; (b) sample characterization position
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Fig.3 Stress-strain curves of TA15 titanium alloy under different deformation conditions: (a) 0.001 s; (b) 0.01 s™; (¢) 0.1 s™; (d) 1 s
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Fig.4 Peak stress under different deformation conditions
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Fig.5 Linear fitted plots of data obtained from peak flow stress at different processing parameters: (a) Iné-Ino; (b) Iné-o;
(c) Iné-In[sinh(ao)]; (d) In[sinh(ao)]-1 000/7; () InZ-In[sinh(ao)]
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Fig.6 Polynomial fitting of material constants of TA15 titanium alloy under different strains: (a) «; (b) n; (c) Q; (d) InA
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Fig.7 Comparison of the experimental data and prediction results for the TA15 titanium alloy under different strain rates: (a) 0.001 s™;
(b) 0.01 s%; (¢) 0.1 s7; (d) 1 s; (e) correlation between the experimental data and predictions, as well as the average relative error
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Fig.8 Processing map of the TA15 alloy at a true strain of 0.9: (a) 3D power dissipation efficiency (1) map; (b) 3D flow instability (£)
map; (c) hot-processing map
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Fig.9 IPF maps at different temperatures under a strain rate of 0.01 s™: (a) 820 ‘C; (b) 860 C; (¢) 900 C; (d) 940 C; (e) 960 C;
(970 C
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Fig.11 Reconstruction maps of B grains at different temperatures under a strain rate of 0.01 s™: (a) 940 C; (b) 960 C; (¢) 970 'C
18.6 wm 970 C 50 pm, ,
B [26] ,DRX
820~970 C, KAM , . KAM ( 13a) ,
,820~860 C , a ,
,DDRX ;900~ , o
940 C a ( KAM) KAM 0.01 s'( 12b),
, DDRX ;960 C o IPF a 2 pm,
« « . 55%. KAM ( 13b) o
B , B , .
B o, ol , ,
B B - 0.1s'( 12¢) ,
o o IPF oY , 2 pm,
2.4.2 32%, KAM ( 13¢) o
, TAI1S o , KAM |
,820 C(a+p ) ,
970 °C( ), (0.001 . , s s
0.010,0.100,1.000s") « N 12d) , o IPF o
o , 5%, o
820 C , , , KAM
° o , KAM o
0.001s' - IPF s
( 12a) a , “ 7 s
a s , 4 pm, ; ,DRX
,  18%, , , o

HFIEZIR https://www. cnki. net



Vol.47 No.08
<922 FOUNDRY TECHNOLOGY Aug. 2026

12 820 C IPF  :(a) 0.001 s; (b) 0.01 s™; (¢) 0.1 85 (d) 1 s
Fig.12 IPF maps at different strain rates at 820 ‘C: (a) 0.001 s; (b) 0.01 s™; (¢) 0.1 s; (d) 1 s
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Fig.13 KAM maps at different strain rates at 820 C: (a) 0.001 s™; (b) 0.01 s™; (¢) 0.1 s™; (d) 1 s
(0.1~1.0 s (820 , o ,820C .16
~860 C .0.1~1.0s"), KAM InZ 72, , DRX
, , 970 C( )
Zener-Hollomon 27 o IPF  (
7z , 14a~d) B ( 15a~d)
; zZ o

HFIEZIR https://www. cnki. net



o 5 1ol

( 908/2026 , :TAIS 923

0.001s'( 14a) 0.01s'( 14b) , B o , o
o, IPF a 0.1s'( 14¢) ,IPF

o o B ( [I5a, a o

b) ,0.001 s B , o ( 15¢) B (
2 , 100 pm; 25~30 pm), Is'(C 14d)

001s' B , ( 50 pm), IPF a a o

a B ( 15d) B 15 pm,
, B ° , o
14 970 C IPF  .(2)0.001 s (b) 0.01 s (c) 0.1 s;(d) I s

Fig.14 IPF maps at different strain rates at 970 ‘C: (a) 0.001 s™; (b) 0.01 s; (¢) 0.1 s™; (d) 1 s

15 970 C B

:(2) 0.001 s7; (b) 0.01 s (¢) 0.1 s (d) 1 s

Fig.15 Reconstruction maps at different strain rates at 970 C: (a) 0.001 s; (b) 0.01 s™; (¢) 0.1 s™; (d) 1 s

https://www. cnk1. net



<924

FOUNDRY TECHNOLOGY

Vol.47 No.08
Aug. 2026

, 970 C(
) a B
, (0.001~0.010s™)
B,

[4.18]
o

( 970 °C) ,

(<0.01s%
5 a s
(0.1~1.0 s,
820 970°C
a+p ,
DRX

) a
(CONiV)97A13
, (50% .100%)

(1]

(1]

820 970 C

(2]

KAM ,
(3]

(1)TA15 (5]

[6]
, DRV  DRX

HFIEZIR https://www. cnki. net

Arrhenius
, 658.3 kJ/mol,
, R
AARE  8.26%,
820~970 C ,0.001~1.000 s

@)

0.990,

TA1S

e}

3) 820~970 C 0.001~1.000 s™

TAI1S o , 820~860 C
0.1~1.0 s ,

, n 03, :
860~970 “C ,0.001~0.100 s,

(4)  EBSD , TAILS

° ,820 C

960~970 C

(x”

KAM

HOU M Y, ZHANG J Q, DING D, LI Y T, SUN M X, DAI S,
LIUJT, ZU G Y. Annealing microstructure evolution and strength-
ductility analysis of TA15 alloy sheet [J]. Journal of Alloys and
Compounds, 2026, 1071: 188747.
ZHAOJ, TU Y M, ZHOU B J, WANG K H, LIU G. A physically-
based constitutive model considering mixed dynamic recrystalliz-
ation for a near-a titanium alloy during hot deformation[J]. Journal
of Materials Research and Technology, 2025, 35: 1348-1357.
SUN Q J, WANG G C. Microstructure and superplasticity of TA15
alloy [J]. Materials Science and Engineering: A, 2014, 606: 401-
408.

, . . , , - B
B 1
547-556.
TUJZ,JJARC, TIANM, ZHAO Y N, WANG Y W, ZENG W D.

,2026, 47:

Microstructure evolution behavior of near-$ titanium alloy during
hot deformation in 3 single-phase region[J]. Foundry Technology,
2026, 47: 547-556.

WANJARA P, JAHAZI M, MONAJATI H, YUE S, IMMARIGEON
J P. Hot working behavior of near-a alloy IMI834[J]. Materials
Science and Engineering: A, 2005, 396(1-2): 50-60.
JIAWJ,ZENG W D, ZHOU Y G, LIU J R, WANG Q J. High-temp-
erature deformation behavior of Ti60 titanium alloy[J]. Materials
Science and Engineering: A, 2011, 528(12): 4068-4074.



(

$08/2026 , :TA1S

*925.

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

H ] kY

SELLARS C M, TEGART W J. Hot workability [J]. International
Materials Reviews, 1972, 17(1): 1-24.
s s , . TA15
[J]. ,2005, 25(4): 10-15, 19.
XU W C, SHAN D B, LI C F, LYU Y. Study on dynamic hot
compression behavior and mechanism of TA1S titanium alloy[J].
Journal of Aeronautical Materials, 2005, 25(4): 10-15, 19.
) s s , s s . Til50
[I]. 12025, 9: 841-
851.
JING C H, LI J, DENG H, YANG ] Y, FU Q, PENG W Y, LI G.
Study on the hot deformation behavior and microstructure evolution
of Ti150 titanium alloy[J]. Foundry Technology, 2025, 9: 841-851.
s s s s s . Ti,AINb
[J]. ,2025,36(11): 2757-2765.
ZHOU T, CHENG J, WANG K L, LU S Q, LI X, LIU J. Hot
deformation behavior and processing map of Ti,AINb-based alloy
[J]. China Mechanical Engineering, 2025, 36(11): 2757-2765.
(CoNiV)y,Al;
[J]. ,2024, 45(3): 1-8.
CHENG J. Effect of deformation on microstructure and mechanical
properties of (CoNiV)yAl; medium entropy alloy[J]. Nonferrous
Metals Materials and Engineering, 2024, 45(3): 1-8.
, s , . TA15
[J1. ,2017, 46(9): 2708-2713.
XU M, JIA W J, ZHANG Z H, XIE J X. Hot compression
deformation behavior and processing map of TAI1S5 titanium
alloy[J]. Rare Metal Materials and Engineering, 2017, 46(9): 2708-
2713.
Ti-62222 1. ,
2024, 45: 945-952.
DONG R F, GUO Y M, JIAM Z, LI CH, ZHOUD Y, WU L,
HOU H, ZHAO Y H. Deformation behavior and microstructure
evolution of the Ti-62222 alloy during hot deformation[J]. Foundry
Technology, 2024, 45: 945-952.
Ti-6Al1-4V
. ,2024, 46

5 >

(8): 1393-1402.
ZHUJL, CHENG J, CHENJ Y. Current research status on Ti-6Al-4V
heat treatment through laser powder bed fusion: Microstructure
evolution and corrosion resistance[J]. Chinese Journal of Engin-
eering, 2024, 46(8): 1393-1402.
s s s s s . Ti6321

[J]. ,2026, 46(3): 295-
304.
QUS,ZHU XY, WU X F, WANG K, LYU Y F, GUO L G. Study
on the flow behavior and soften mechanism of Ti6321 titanium
alloy in the a+@ phase region[J]. Foundry Technology, 2026, 46
(3): 295-304.

1. ,2020, 40(3): 25-44.

FANJ K, LAIM J, TANG B, KOU H C, LI J S. Research progress

of dynamic phase transformation behavior of titanium alloy under

https://www. cnk1. net

[17]

[18]

[19]

[20]

[21]

thermo-mechanical coupling process [J]. Journal of Aeronautical
Materials, 2020, 40(3): 25-44.
FAN J K, KOU H C, LAI M J, TANG B, CHANG H, LI J S. Hot
deformation mechanism and microstructure evolution of a new
near 3 titanium alloy [J]. Materials Science and Engineering: A,
2013, 584: 121-132.
LIU J A, ZHANG W H, XIN X, WANG L W, ZHU C W, ZHU X
H, SUN W R. Microstructure evolution and dynamic recrystallisation
behaviour in hot deformation of Haynes 214 superalloy[J]. Journal
of Alloys and Compounds, 2022, 919: 165755.

> s , s TAI15

[J]. ,2014, 6(4): 46-51.

YAO PP, LI P, LI C M, XUE C M, XUE K M. Hot deformation
behavior and processing map of TA1S5 titanium alloy based on
friction correction [J]. Journal of Netshape Forming Engineering,
2014, 6(4): 46-51.

) s s , . TC21

[J]. ,2025, 46(2): 68-75.
HUANG Z K, TENG A J, KANG Q, WANG P, DONG E T. Hot
deformation behavior and processing map of wrought TC21
titanium alloy [J]. Iron Steel Vanadium Titanium, 2025, 46 (2):
68-75.
, , . USS122G

[J1. ,2024, 45(12): 1145-1153.
XIE S, HE F, SHI W P. Hot deformation behavior and processing
map of USS122G ultra-high strength stainless steel [J]. Foundry
Technology, 2024, 45(12): 1145-1153.

[22] LUT,DANZH,LITJ,DAIGQ,SUNY Y,GUO Y H, LIK, YI

(23]

[24]

[25]

[26]

D Q, CHANG H, ZHOU L. Flow softening and microstructural
evolution of near 3 titanium alloy Ti-35421 during hot compression
deformation in the a+f region[J]. Journal of Materials Research
and Technology, 2022, 19: 2257-2274.

ZHANG J Q, XU X Y, XUE J Y, LIU S N, DENG Q H, LI F,
DING J, WANG H, CHANG H. Hot deformation characteristics
and mechanism understanding of Ti-6Al-2Sn-4Zr-6Mo titanium
alloy[J]. Journal of Materials Research and Technology, 2022, 20:
2591-2610.

PRASAD Y V, GEGEL H L, DORAIVELU S M, MALAS J C,
MORGAN J T, LARK K A, BARKER D R. Modeling of dynamic
material behavior in hot deformation: Forging of Ti-6242 [J].
Metallurgical Transactions A, 1984, 15(10): 1883-1892.

JONAS J J, ARANAS C, FALL A, JAHZI M. Transformation
softening in three titanium alloys [J]. Materials & Design, 2017,
113:305-310.

PILEHVA F, ZAREI-HANZAKI A, MOEMENI S, KHALESIAN
A R. High-temperature deformation behavior of a Ti-6Al-7Nb
alloy in dual-phase (a+f3) and single-phase () regions[J]. Journal
of Materials Engineering and Performance, 2016, 25: 46-58.

[27] BEHERA AN, MURTY T N, SARKAR A, KAPOOR R, SINGH R

N, VAIBHAW, KUMAR, ARORA U K, KAPOOR K. Deformation
behaviour and microstructure evolution of Ti-2.3A1-2.6Zr alloy in
the temperature range of 700~1 000 °C [J]. Journal of Alloys and
Compounds, 2024, 1008: 176791.



