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Phase-field simulation

Microstructure
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Crystal plasticity model based on FFT
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Fig.2 Framework of phase-field and crystal plasticity coupled model for microstructure-mechanical response prediction of TC4 alloy
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Fig.6 EBSD analysis of microstructure evolution at the shear band region of lamellar TC4 alloy after compression deformation of 60% at 1173 K

with the strain rate of 0.01 s™: (a) grain orientation distribution; (b) phase distribution; (c) grain size distribution; (d) grain misorientation

distribution; (e) grain orientation spread map; (f) grain boundary distribution
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JRUERI A o M40 535 SR AR TR, B A8 NS b K ) i
MR B RL 5 AR %R o AH U FE BN 25 545 é VR T A
N AR SRR o R R RT3 AT (] 8e) 5 B Sk 1 0L U
FFAE : 63.48% 1) o AH & oRLER T - 0~3 pom Y0 [ O . F- 25
s T B 4 /) 5 2l ARk 5 T 6~10 pm A1 >10 pm [X 7] 73
A 17.69% F11.45% , 1 B M TRk AR 58 4 FE4h fn 1)
WILE a i, BEARSF I8 R R~ 3.22 ume LA 22 43 B 45
R B8R, a V- HIHIA] /1 2y 54.65°, Fo b /N JiE i
FH(LAGBs) 5 12.78%, 3 25341 T T Ja WAL o AHIN
B, e A EE R T B R SR 45 R . GOS bt
(B 8e) X FE 45 R FE B AT T 58 S VPAN - 58 A 45 b A bL
5 bE 30% » 25 B2 A TE /N At X3 5 350 40 5 45 o A kL o
48% , AT T4 et i VR AS T IR B BH SR AR TR AGE 11 i o
BTG R &7 15%, 2 T R P14 a i X3k, & 77
FREGETE (& 80 7, KA A LU R 67% ., i — P Bl
UE T HEU A AE 2 Fh S B ALALE] : CO W o #HiE IS
A& UMD RO R KA ST (O]
A= o AR U 3= 2308 3o 7 A8 R R I i 45 ) Y 1 ol o 4 4 A
it . 4 b, MSHLATCA & SEMNB LT, 914
5 R A o AH 1 2H 2R AR AL o) R ) 97 R B 3 AL R 3E
ZE5.

9 1 10 4351 N 60% 5 80% JE 46 38 2 &~ TEM

FAE PO S5 RS AE o 60% A8 T I, 9] 4 o K PY 358 L B0
AT HEB B afoc FETHT (R 9a) , 2 30 M il Y f) BT 47) A8 2 4
I s IR 7 J2 oo K HR U U 552 381) i 2 PR A 8 PR 45 449 (18] 9b i
SKFTR) o AR TE BB 7 S S PSS IR I &, &
PR ERECEEMRTER. BEETEREES
80%, ¥ AL 25 o AH AR AE R 2 o A SRR T Bh A Fi 45
B o T AT /N il (iR o I A T O R PN S S
BB PR, 2308 T ¥ T 25 S AR AE 5 {H 30 2 P45 R T
J A8 T o BT AR B AR (B 10e 40 8 i 48 X 480 L B A
B AR 2 B 0 f T (B 10d) A — 5 3D S FE 45 IRt
TR A, FIRGE SRR, B RAR )38 I, 4H 2375
AR A A 1 T — 7 A R e — I TR A — 5 A
SE N B BB AS A L o

4.4 RS« HREG T IZFBLE RG]

N R RV o FHA LU TCA A SR RB i
SRR & 118 vy B IV R (1 O N B S R EB 70 i 1]
T VIR R AR R — 2 A a HE DL AN
EO A 0 S 2 RS LR, R A AR PR R T
(RVE) . Bl 5 , >R H dib A BB PR A R0 HAE 1173 K/0.01 57
FAF T HIRARTEAT AT T HUERA . T ZE U2,
RSO TAE R B R T A FEVIE AR R R 1)
N 8P N7 R A s 2 PERAL , RO R e SR B A A



« 966 ¢ WA EEMES TR 555 %

Average: 3.22 um

0'000 2 4 6 8 10 12
Grain Size/pm

0.09 Average: 54.65°

Number Fraction
=}
=
X

- P}':fiitsaiium () 0000 20 40 60 80 100

[ Titanium (5) Misorientation Angle/(°)

K8 MAHLITCA A EAE 1173 K/0.01 s 565 T AL T 80% J& B )ty XIS 4L 4L AL 1 EBSD 3+ #7
Fig.8 EBSD analysis of microstructure evolution at the shear band region of the bi-modal TC4 alloy after compression deformation of 80% at

1173 K with the strain rate of 0.01 s': (a) grain orientation distribution; (b) phase distribution; (c) grain size distribution; (d) grain

misorientation distribution; (e) grain orientation spread map; (f) grain boundary distribution
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Fig.9 TEM microstructures of the shear band region of TC4 alloy after 60% compression deformation at 1173 K with the strain rate of 0.01 s™:

(a) primary o grain deformation structure; (b) subcrystal; (c—d) recrystallized grains
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Fig.10 TEM microstructures of the shear band region of the bi-modal TC4 alloy after compression deformation of 80% at 1173 K with strain rate

0f 0.01 s': (a) primary a grain deformation structure; (b) subcrystal; (c—d) recrystallized grains
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Fig.11 Stress and dislocation density distributions of TC4 alloy with different initial microstructures after compression deformation at 1173 K

with the strain rate of 0.01 s (Exq represents equiaxed o grains; Lam represents lamellar a grains)
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Dynamic Recrystallization Behavior of Multi-modal a Phases in TC4 Alloy
During Hot Deformation

Zhang Xuehua', Zhang Lei', Li Yuluo', Yang Yiming', Zhao Yongging’
(1. Western Metal Materials Co., Ltd, Xi’an 710201, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The hot deformation response and dynamic recrystallization behavior of two representative initial microstructures (a fully lamellar
microstructure and an equiaxed-lamellar bi-modal microstructure) were systematically investigated in a wide-width hot-rolled bloom TC4 alloy
using a Gleeble thermal simulation testing system at deformation temperature of 1173 K and strain rates of 10 and 0.01 s™'. Meanwhile, a coupled
phase-field and crystal plasticity model was developed to simulate the stress-strain distribution and dislocation density evolution in the o/f phases
under different initial microstructural conditions. This model was used to examine how initial microstructure configurations influence the dynamic
recrystallization behavior of the a phase. The results indicate that under a high strain rate of 10 s™' and the deformation of 60%, the fully lamellar
microstructure undergoes significant dynamic recrystallization in the a phase, resulting in a uniform fine-grained structure with an average grain
size of 0.58 um. In contrast, in the bi-modal structure, only part of the lamellar o phase exhibits localized recrystallization, while the equiaxed o
phase primarily undergoes dynamic recovery. Compared with the fully lamellar structure, the bi-modal microstructure requires greater
deformation to activate dynamic recrystallization in both the equiaxed and lamellar o phases. This discontinuous recrystallization behavior is
attributed to differences in stress-strain distribution between the equiaxed and lamellar o phases during concurrent deformation. These differences
influence dislocation accumulation and subgrain formation, ultimately altering the driving force conditions for dynamic recrystallization.

Key words: titanium alloy; lamellar a phase; bi-modal microstructure; dynamic recrystallization; crystal plasticity
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