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Abstract: As a representative thermomechanical processing step, hot rolling can generate texture evolu-
tion that is critical to the strength—ductility synergy of titanium alloys. Ti551 is a newly developed medi-
um-strength, high-toughness alloy designed for deep-sea service; however, its texture-evolution behavi-
or during rolling remains unclear. In this work, Ti551 as-forged billets were hot rolled at near B-transus
temperature region (7j, 950 °C) with reductions from 5% to 50%. Electron backscatter diffraction
(EBSD) was used to quantitatively analyze the fractions of low-angle grain boundaries (LAGBs), grain
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orientation spread (GOS) and the evolution of a {0001} texture. The results show that, taking the an-
nealed condition (0 reduction) as the reference, when the cumulative reduction increases from 0 to 30%,

the area fraction of recrystallized/strain-relieved regions decreases from ~55% to ~36%, and remains

nearly unchanged as the reduction is further increased to 50%. In addition, hot rolling develops a basal
texture, but its overall intensity decreases with increasing reduction (i.e., the peak intensity drops and
the texture becomes more diffuse). These finds indicate that under near 7; condition, when the rolling

direction is perpendicular to the dominant texture direction of the forged billet, a higher cumulative re-
duction is more effective in weakening the basal texture and dispersing the orientation peaks. This can
help select the final-pass reduction to obtain a basketweave microstructure with smaller orientation-

cluster length scales and improved microstructural uniformity.
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Table1 Chemical composition of the TiS51 alloy %

Al Mo Zr Cr \'% Sn (0] Fe

5.27 1.48 1.06 0.94 0.98 1.05 0.12 0.15
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Fig.1 Schematic diagram of hot-rolling sample
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Fig. 2 Microstructural characterization of samples after hot forging
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Fig.3 Microstructural characterization of samples after annealing at 950 °C
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Fig.4 Microstructural characterization of samples after hot rolling at 950 °C with different reductions
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Fig. 5 Microstructural characterization of samples after hot rolling at 950 °C with different reductions
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Fig. 6 Grain orientation spread (GOS) distributions of samples after processing under different processing conditions
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Fig. 7 Local grain orientation maps of sample after processing under different processing conditions

(a)‘ (b‘ (C' 5'0
(d) () ® |
0

(a)#8; (6)950 C iR Kk (¢)950 C AFTE 5%; (d)950 C AFTE 10%;
(€)950 °C JE 30%; (£)950 C LK 50%
B8 ARIZHKETH oi8{0001}1KE
Fig. 8 a {0001} pole figures of sample after processing un-
der different processing conditions

PELJS (B 8(c) ~ () {0001} 4 P R kA Y
ZUERHIE & AR PO, X MG FESLH I ET T
o B 2% B B W) 56 B2 5 Y Burgers B 56 R A .
1E 5% (& 8(c)) Al 10% (& 8(d))/NMEIE BB, H ATy
PR B A B O 2, (RIS HE B — 2 JRB i 5 e 7
TW#s, Wiz B Be LA DRV 3519 S A% e s 5 0 &
TR 3, SEUFEA SR or B A ek Ak, A
B ER R B i B S A Y B R BEN LA . BEE AR
¥t = 2 30% (51 8(e)) Fil 50% (5] 8(f)), # %% B
W R A itE— 20 R AR EEHE, AR5 Y0 S i A A
FhEAE X T 5 i & DRX, B35 A ft b B i) B

L, AT A AR EL [, 78 o/B RT3
B AR PEATIRAFAE R AT, AR S IF A SR
A B AL, R BT AT REIE i M) e S 4k K
TE AR S R 50 o

i L Pnid, e L J7 1) 45 480 U 7 1) 3
AT, LIR30 R RT 0T Ay I ] S o A 2
DI FEHE; BE R 2B, {0001} 28U RF2E5s
PIF TR, S AR R EE AP Ak . 5 R,
TGS /AR BERCX. (A0 GOS < 2°) FER s BT J s
TR, SRR — PR T AU 45
PR, AESEBRAE ™ R, AT L T A P R
T PRI BRI SIS B AR AL, NS ) S
AT RENE o

4 S

DL TiS51 AAFFE X4, i ad LA T 2 45 ™)
AN BRG S AE L R ARG R PR S
P& R R S A 52

1) PR MR MR U R0 2N, o AH 1
N 83.3%, 7E45T 950 °C R Kk J5 78 Sy SR XA 2H
41, o M SR BN ZE 98.5%, 51 ARVISIE J5 4H 41
AR LR, o A HURRE R 99%

2)iE T, %MF FIARE DRV £ SR WL X5
JRi B DRX H-AE 14 By B HERRAE , 1R KA 45 5 X 3



=70 - N

2026 455 47 &

2y 55%, PELIEFREE T IX A 2 36% I THRE .
3)AEELHI T 0 54U T m T A E LR, 42U
A5 3% DRV gk 5 DRX i) 5 & )il .
W LR B AT RE S B T 2R, 208 K P g
HSE T 2R, HL AU SR AR &, FEZead LS BB
L THT PR P i B A I S () B I T s 55, FLUG oA

SCRUIL N 8

4) NAHZ- Ui A, Tl EL A R4 T 1)
B BE NS e R . 25 b4 1) BERRURE iy A A8 e Ak 55 R
() A, DT A B ST A o B 3R B 58 )
TSR, Ay 5ie R D3 ] 5 2% 1) S P R AR L 2 2
B

[1] HE W X, LUAN C, HE C W, et al. Effect of heat treatment temperatures on the microstructure and mechanical properties of
marine engineering titanium alloy ring components[J]. Journal of Materials Research and Technology, 2025, 39: 3444-3455.

[2] SUB X, WANG B B, LUO L S, ef al. Tuning microstructure and improving the corrosion resistance of a Ti-6Al-3Nb-2Zr-
1Mo alloy via solution and aging treatments[J]. Corrosion Science, 2022, 208: 110694.

[3]1] YANGIJ Y, SONG Y W, DONG K H, et al. Research progress on the corrosion behavior of titanium alloys[J]. Corrosion
Reviews, 2023, 41(1): 5-20.

[4] ZHAO Z B, ZHANG B H, SUN H, et al. Influence of globularization process on local texture evolution of a near-o titanium
alloy with a transformed microstructure[J]. Metallurgical and Materials Transactions A, 2023, 54(7): 2849-2857.

[5] WANGBS,LIUHM, ZHANGY G, et al. Effect of grain size on twinning behavior of pure titanium at room temperature[J].
Materials Science and Engineering: A, 2021, 827: 142060.

[6] KOUHC, CHEN Y, TANG B, ef al. An experimental study on the mechanism of texture evolution during hot-rolling process
in a B titanium alloy[J]. Journal of Alloys and Compounds, 2014, 603: 23-27.

[7] ZHOU B X, YANG R, WANG B S, et al. Twinning behavior of pure titanium during rolling at room and cryogenic
temperatures[J]. Materials Science and Engineering: A, 2021, 803: 140458.

[8] RENZ, WANG K, XIN R L, et al. B Grain evolution and static recrystallization mechanism during hot rolling and annealing
of Ti-35421 titanium alloy[J]. Journal of Materials Engineering and Performance, 2022, 31(11): 9481-9491.

[9] LIHH, WANGK, XIN L P, et al. Effect of hot rolling and annealing on phase component, recrystallization, and mechanical
properties of TC21 titanium alloy[J]. Journal of Materials Engineering and Performance, 2022, 31(3): 2496-2508.

[10] LIU X, YU D H, FAN Q B, et al. Influence of hot rolling and heat treatment on the microstructural evolution of 20C
titanium alloy[J]. Materials, 2017, 10(9): 1071.

[11] YANGQY,MAM, TANY B, ef al. Microstructure and texture evolution of TBS titanium alloys during hot compression[J].
Rare Metals, 2021, 40(10): 2917-2926.

[12] LIJ, DONG R F, KOU H C, et al. Texture evolution and the recrystallization behavior in a near § titanium alloy Ti-7333
during the hot-rolling process[J]. Materials Characterization, 2020, 159: 109999.

[13] LIH W, SUN X X, YANG H. A three-dimensional cellular automata-crystal plasticity finite element model for predicting the
multiscale interaction among heterogeneous deformation, DRX microstructural evolution and mechanical responses in
titanium alloys[J]. International Journal of Plasticity, 2016, 87: 154-180.

[14] YANG J, HUANG S S, WANG Q, et al. The anisotropy of fracture toughness of an o+f titanium alloy by B forging[J].
Journal of Materials Research and Technology, 2023, 27: 5840-5853.

[15] ZHANGIJM, YEY Q, CHEN F, et al. Room-temperature spinnability and strength—ductility synergy of thin-walled Ti-3Al-
4Mo-4V-1Nb-1Sn alloy tube[J]. Rare Metals, 2025, 44(12): 11006-11014.

[16] GAOPEF, FUM W, ZHAN M, et al. Deformation behavior and microstructure evolution of titanium alloys with lamellar
microstructure in hot working process: A review[J]. Journal of Materials Science & Technology, 2020, 39: 56-73.

[17] WANGK, WUM Y, YAN Z B, et al. Microstructure evolution and static recrystallization during hot rolling and annealing
of an equiaxed-structure TC21 titanium alloy[J]. Journal of Alloys and Compounds, 2018, 752: 14-22.

[18] BEYERLEIN I J, MARA N A, BHATTACHARYYA D, et al. Texture evolution via combined slip and deformation

twinning in rolled silver-copper cast eutectic nanocomposite[J]. International Journal of Plasticity, 2011, 27(1): 121-146.

miE EH



	0 引言
	1 试验方法
	2 试验结果
	2.1 锻坯的初始组织
	2.2 950 ℃退火后组织形貌
	2.3 950 ℃热轧后组织形貌

	3 讨论
	3.1 不同工艺对再结晶行为的影响
	3.2 不同工艺对织构的演变

	4 结论
	参考文献

