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Fig.13 Tensile fracture morphologies of TA15 alloy after SFPB treatment for different time: (a) untreated; (b) 30 s; (c) 60 s; (d) 90 s
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Fig.15 Corrosion fatigue fracture morphologies and fatigue source of TA15 titanium alloy before and after SFPB treatment under 650 MPa load:

(a, ¢) untreated; (b, d) 60 s
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Fig.16 Corrosion fatigue crack growth zone and transient fracture zone of TA15 titanium alloy before and after SFPB treatment under 650 MPa

load: (a, c, e) untreated; (b, d, ) 60 s



© 2542

W] B RS TR

555 %

e~ fr R 5 AR e 2 ) AT LA R TALS Bk & <
JE§ e 55 PR RE o R RO BR AR N g B T R SR TH
P57 B, 38 58 R SU AL & 0, I T AR R &L it
A B, AT SE 22 9% 57 R EUI Y e o I D ke R i
RAAERAEZR I, SFPB AL BR[0T b 48 16 JF 32 v Jed
Jik o BE , 3 BORAUHE LU A, AT 25035 TALS Bk & <
JE& bR 57 1 BE

4 g

1)SFPB Kb 3 Ji5 12 2 R A 2 16, 78 AL BRI (7]
60 s B 3R 2R THRE RS 5 5 1K S, =1.858 pm, H. o f ] it
Ko S HEARE R T 77 £ 4L SFPB AbHLE T A7 45 7 EIHL
HIPEURE R TR B T 92K i, 75 AL A] 24 60 s B R
N~ /N 30.4 nme

2) B A SFPB Ab B IR [ [ 184 1, X0 28 10 2 A Bt 5
W 3 o T 600 384 00 1T 184 0, 6 A SR [ 90 s B = 1] S5 fc fis
JE 55 K 9 404.6 HV, AT R b il PR32 7 1 16.3%.
SFPB /b B B [8] v 60 s B 3% TH 5% 4% H B ) e KA
336 MPa, K ] [¥] SFPB prii = A= [ 8L 25 T 3R R
ST HE TR %

3)RFE 5 S B HH B SEPB A FH AR 7] 55 14 0 J P
%, £ 60 s I Al LAAS 21 5% £ 1) 5 - 28 1t 2% & UL IE .
SFPB AbH J5 R I 28 SR BE B B S 8 T Ao , B i
PSR R J2 259 H B0 K g B T, R 36 2 W SRR I 5 AR
A TR A

4)SFPB Ab {5 3 TH] fiy b 44K, 2 A B 1 vy R 51N
e T PR ke A T B2 77, E = 3% (I SL [ /E H T, SFPB Ak 2
60 s J& IRRE IR B Tl 55 73 f AH T R 48 SFPB AL # A AT
(8 i 57 A i v 1 12,7 i o

SE 30k

[1]Li Yi(Z= %%), Zhao Yongqing(if% 7k JX), Zeng Weidong( & T %%).
Materials Reports(M kL 5 #)[J], 2020, 34(S1): 280

[2] Zhang Zhi(5K %), Luo Dengchao(¥ & ), Li Xusheng(Z4 JIE Ff)
et al. Heat Treatment of Metals(%: JR#ALHE)[T], 2024, 49(2): 195

[3] Liu Yingang, Li Huimin, Li Miaoquan. Journal of Manufacturing
Processes[]], 2020, 56: 562

[4] Chen Xuepeng, Zhang Lingfeng, Xiong Yi et al. Surface and
Coatings Technology[J], 2023, 459: 129383

[5] Ning Jiangli( YL F)), Yuan Xiaoyi(#5 i %), Wu Meng( R %) et
al. Rare Metal Materials and Engineering(% & @M kS THE[],
2022, 51(2): 566

[6] Luo Xian, Ren Xueping, Qu Haitao et al. Materials Science and
Engineering A[J], 2022, 843: 143142

[7] Shadangi Y, Chattopadhyay K, Rai S B et al. Surface and
Coatings Technology[J], 2015, 280: 216

[8] Li Linfang(Z #k 7), He Tiantian( %% & &), Du Sanming(ft = )
et al. Surface Technology(FR 5 A)[I], 2023, 52(7): 425

References

[9] Luo Gaoli, Zhang Lingfeng, Xiong Yi et al. Surface and Coatings
Technology[J], 2022, 440: 128425
[10] Cao Hui, Wang Jingqi, Zhou Baocheng et al. Rare Metal
Materials and Engineering[J], 2024, 53(2): 396
[11] Xiong Yi(f& %), Luan Zewei(Z5¥:5), Ma Yunfei(D = &) et al.
Acta Metallurgica Sinica(%:J& 2% 1%)[J], 2024, 60(5): 627
[12] Cao Hui, Yang Wenle, Zhou Baocheng et al. Rare Metal
Materials and Engineering[J], 2023, 52(12): 4073
[13] Wang Min, Fan Ya. The International Journal of Advanced
Manufacturing Technology[J], 2018, 96: 1601
[14] Wu Yongli, Xiong Yi, Chen Zhengge et al. Transactions of
Nonferrous Metals Society of China[J], 2023, 33(8): 2379
[15] Yang Jun(#) %), Xie Xiaolong(if /> J&), Wang Pengbo(VE 3% %)
et al. Mining and Metallurgical Engineering( H~ 16 1. #£) [J],
2020, 40(1): 130, 137
[16] Xiong Yi( fi& %%), Lv Wei( £ &), Du Nan(#t ##) et al. China
Surface Engineering(H B K T.F£)[J], 2024, 37(5): 346
[17]Yang C, Liu Y G, Shi Y H et al. Materials Science and
Engineering A[J], 2020, 784: 139298
[18] Li Yang, Lian Yang, Li Jingkai et al. Surface and Coatings
Technology[J], 2022, 435: 128250
[19] Unal O, Maleki E, Varol R. Vacuum[J], 2018, 150: 69
[20]Jeong 1 K, Graf M J, Heffner R H. Journal of Applied
Crystallography|[J], 2005, 38(1): 55
[21] Brandstetter S, Derlet P M, Petegem S V et al. Acta
Materialia[J], 2008, 56(2): 165
[22] Markmann J, Yamakov V, Weissmiiller J. Scripta Materialia[J],
2008, 59(1): 15
[23] Williamson G K, Smallman R E. Philosophical Magazine[J],
1956, 1(1): 34
[24] Sun Rujian, Che Zhigang, Cao Ziwen et al. Surface and
Coatings Technology[J], 2020, 383: 125284
[25] Liao X Z, Kilmametov A R, Valiev R Z et al. Applied Physics
Letters[J], 2006, 88(2): 021909
[26] Pan Xinlei, Wang Xuede, Tian Zeng et al. Journal of Alloys and
Compounds[J], 2021, 850: 156672
[27]Liu  Yingang, Li Miaoquan, Liu
Characterization[J], 2017, 123: 83
[28] Wu Jiajun( % 3% 1R), Zhao Jibin(i#% 7% 5%), Qiao Hongchao(7F 4L
i) et al. Opto-Electronic Engineering( Yt ¥ 1. #2) [J], 2018,
45(2): 6
[29] Zhi Lihua(2k 37.48), Xiao Lei(H %), Guo Jianzheng( % & ) et
al. Rare Metal Materials and Engineering(%i 5 % J& #1 k5 T
F)[J], 2023, 52(7): 2415
[30] Li Fei(Z= &), He Dongsheng({f] %< 75), Huan Heng(1H 1) et al.
Scientia Sinica(Physica, Mechanica & Astronomica)(H [F £} 2%:
WIERZE )5 RILE)(T], 2020, 50(3): 124
[31] Luo Gaoli( % & iif), Zhang Lingfeng(5K % %), Xiong Yi(fE %)
et al. Chinese Journal of Lasers("F EHO%)[J], 2022, 49(8): 215
[32] Hareharen K, Pradeep K S, Panneerselvam T et al. Optics and
Laser Technology[J], 2023, 162: 109317

Hongjie. Materials



510 1

TRURIGAE . R P KBEE NHAELES Ti-6.5A1-2Zr-1Mo-1V & & A 83 5 1ERER R

* 2543

[33] Liu Yingang, Li Miaoquan, Liu Hongjie. Journal of Alloys and
Compounds[J], 2016, 685: 186

[34] Liu Dan, Liu Daoxin, Zhang Xiaohua et al. Materials Science
and Engineering A[J], 2018, 726: 69

[35] Wu Liujun, Luo Kaiyu, Liu Yue et al. Applied Surface SciencelJ],
2018, 431: 122

[36] Liu Huabing, Zhu Wenlong, Jiang Chuanhai et al. Surface and
Coatings Technology[J], 2020, 404: 126465

[37] Tuo Chuan(# 1), Wang Min( F ), Zhao Kun(#* ) et al.
Journal of Plasticity Engineering( ¥ P 1. 2 % ) [J],
2013,20(3): 111

[38] Zhang Z, Chen D L. Scripta Materialia[J], 2006, 54(7): 1321

[39] Zhou Tian, Xiong Yi, Chen Zhengge et al. Surface and Coatings
Technology[J], 2021, 421: 127381

[40] Zhao Tianliang, Liu Zhiyong, Du Cuiwei et al. Materials
Science and Engineering A[J], 2017, 708: 181

[41] Huang Shu(# %7), Hu Lei(# %), Sheng Jie(# 7%) et al. Rare
Metal Materials and Engineering(#i 4 4 J& # Rl 5 1L F2)[J],
2022, 51(2): 579

[42] Chen Yanna( % #i 4), Xiong Yi(f#€ %%), Fan Meixiang(J8 I 7¥)
et al. Transactions of Materials and Heat Treatment(#1 F} 3 4b 3
238117, 2019, 40(8): 61

Effect of Surface Nanogradient on Microstructure and Properties of Hot-Rolled
Ti-6.5A1-2Zr-1Mo-1V Alloy

Zhang Lingfeng, Wang Qianqian, Yu Hua, Xiong Yi, Jiang Tao, Zhang Jing
(School of Materials Science and Engineering, Henan University of Science and Technology, Luoyang 471023, China)

Abstract: To address the failure caused by surface corrosion fatigue of titanium alloy structural components and to extend the service life of
titanium alloys used in aircraft structures, supersonic fine particle bombardment (SFPB) technology was applied to the hot-rolled Ti-6.5A1-2Zr-
IMo-1V (TA15) alloy with varying impact durations. This process created a gradient nanostructure on the surface of the samples, and various
instruments and equipment were used to study the effects on the microstructure, microscopic morphology, and mechanical properties after
different treatment time. Results show that when the SFPB treatment time is 60 s, the surface average nanocrystal grain size of the hot-rolled
structure is minimized, measuring 30.4 nm. The surface roughness of the treated samples increases compared to the original ones, and the
minimum surface roughness is obtained after treatment for 60 s. However, longer impact times leads to the formation of microcracks on the
sample surface. The SFPB treatment introduces high compressive residual stress on the sample surface, resulting in a significant increase in
microhardness. After the SFPB treatment, the strength increases, with a slight decrease in elongation before stabilizing. With treatment time of
60 s, the best combination of strength and plasticity is achieved. The corrosion fatigue life of the SFPB-treated sample is improved by 12.7 times
compared to the untreated sample. The SFPB treatment is able to generate a gradient nanolayer near the surface of the TAIS titanium alloy,
significantly enhancing its tensile properties and corrosion fatigue life.

Key words: TA15 alloy; supersonic fine particle bombardment; surface nanocrystallization; microstructure; corrosion fatigue
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