BAERMHSTIRE
RARE METAL MATERIALS AND ENGINEERING

DOI: https://doi.org/10.12442/j.issn.1002-185X.20250317.

= H N K E X IRELZS Ti-6.5A1-2Zr-1Mo-1V &4 48

N51%8

Ropog !, TAFL T4l

A

e, LA, R4x!

(1R K2 MRRL 22 S TR 2ERE, TR WSFH 471023)

T F: NRRERE S G A 2R TR R 55 1 U R R, SRS AR E R LS M ek R 18 P . R P R ARkt
% (SFPB) BRI ELE Ti-6.5A1-2Zr-1Mo-1V (TA15) E&HATARIE b, fERFEREMTEIREN, Hh%
PPN BB S IS TRV AL B S % AN SOTRER T - MERE RSN . 7E SFPB ACEEI (8] 60 s B, #ELASALIRE
SEGER R RS by, 9304 nme AbER S TR R TR FE AR AL T IR AR WUREA BT, HIRD 60's B, RTTHLRS BEfR /D, T
TR A s 2 S RORRER T 7 AR TR S . SFPB ACBRTE BUFER T 5 Nl R AR 77, 1R B0 BERE WA 2427 . SFPB
ARFR AR RE B R S, SRR TR R TR E . FEACFRIS 1A 60 s I, T LA B ik i im- 98V 42 &4 U . SFPB AL
JERE BT b 55 R A AR TR AL BRI T T 12.7 . SFPB ALFRAENSTE TALS SRE SR RMIMIEBHEMKE, TR

TA1S5 BkA G hu itk GRS o 55 75 4

KR TAIS G BFEEMNRERT; RPN, oA

FEESES: TG178 XEARINAD: A XE

>

Jn

JE g

o

1 35l5

TEMUS MRS, SRR G & O A BN EE RS
FEAPRI, Ti-6.5A1-2Zr-1Mo-1V (TA15) & 42— Fhil
o BUEKAE, EEHR R Z TR AE
PR LGS RBIPLAER, (H, FETH X SR S
AT IR AT, TR G 4 3R TR R ARG )
HA BRI N SRR S S, BB E S5
PR 2 A B R A, S 52 BIFR 1B, B K AR J g 57
SRR 51 R AR AL BRI 3R AR SR e 5K &
SR VEREBRIG, B m ARy H B A M 1A F 2 A
Rl SRV R ATE ATV

IRk, BEREAME T KREA REHPKIEAR
SR 7T, i E k& T (SFPB) M, %
MHLBRETEE (SMAT) BY, H SRR E (USRP) [, %
Jerpi gk (LSP) MEER Mg KA H AR &gl iE sz v] LA
FH ke i3t A RL G 4% TP fEB9), SFPB AR R RE RIET
2003 4 H — BT A R AR AEOR, DU & 3SR AE
AR, 385 T O [ R e DA v 1 B e 2 o 4 3R T
R H B, HFHESEHNY, feRERmkE
SRV, MR E R YeKkES, HF HBEE 54
PRI BE ARG N, 1R Z WG 28R, AT
PRI TAMENITERE, WE 1 FiR. S5E58 AL
SFPB LA & 3 AR AR o, 485 i B i ] Ak ffokar DA S
B R 22 of 4 B R T T A R T M EHA R Z R AR R

EEWMA.: HFEAREEESEN (FH S U1804146, 111530068)

REAHITE . R BA MR . ARG, s 5%
mytaE. getks. SE8MER TSI A 5
T ARZ RVED,

HHT, SFPB HARCEMIIFH TAFEEIHHiK
#IHAMERE . Chen™%5 N RGEWFAT T ANA SFPB i [A] X} 85
B SO H SR JE ik RE 520 . SFPB A [R] B[] 34 7E
T ot 2 THT TR J R T o FEE A K G, R T S Al i 8 25 3
FHEIN T EIER A KN /1. SFPB iR FE (148 sk R
Bep A1 1 ot o 7 SR R 2 o B T (1 18 i A R R BRI
Wang!315¢ A fiff 55 T SFPB X} Ti-5Al1-2Sn-2Zr-4Mo-4Cr £k
A& AL E R ERERISL M . 4 SFPB AbH 5 BE TR I
YUK ZMIBHBTRRAR, il itk RRAR T B 46 B . SFPB 1 7%
FEAE BB A N T SR BRI Ti-5A1-2Sn-2Zr-4Mo-4Cr k&4
YK JZ Tk i 1) = B R R 2 — o WullYZE AR FH SFPB
AKX EHL TCI KA EHATAEE, RIAFR SR
71F SFPB AR INE TC11 4k A &R KiL. ME
15156 N5 & I SFPB Ab 2 53 Q355NH fiif 54N 2 iy
KLk,  ELACERRT (I3 00, 08 2 ™ B M T 2
JE P A 2 T b A e PR AR i o 3, [ LA S P
P, ARACBRRT A R 2 8T R R R R, X
SRy 2 THT A IS 288 SR 23 R f 7= A BT a ) -+ Xiongl o158
NI T B S MR 2R 7 %) Fe-28Mn-8Al-1C A4 11%
PERERISENA o phki B T AR R 7 3, w DMER)Z
D AN B S T8 A NPT A e G RV =Y =S i 8
R B [ A SR 2 R RGN A, SRR

YEE TN K 1974 454, 1L, #u%, R KM ERE S TR Y5, TR ¥%FH 471023, E-mail: lingfengzhang@haust.edu.cn


https://doi.org/10.12442/j.issn.1002-185X.202504

WA SR RS TR SRS (A SRMES TR SRR

SFPB # AR L& s B T R PR A A8, 7T LA
AR EAFME R SR . BEEESERE. B
PERESE, SR E AT LE, K SFPB B ARXEK A &)
T 55 VE RERORIE T M LB = . IRk, ASSCRAH SFPB 4%
RALFRIELDS TALS A4, EHRMGTIH YKL
¥, FXE SFPB XZHZR. 2R K Ja ol 55 1 e = AR
IR AT IR NI 5T o

High Pressure
Gas Supply Gas
— &1 Control
Module | |
G

— Data Acquisition &
Control System

Nozzle, Sample

l Supersonic

Powder
:IE‘ Powder Feeder }:%%

Carrier Gas

(B RETN A e Ry =
Fig. 1 The schematic diagram of SFPB device
IR Ay
2 3Ky

RIE AT AR BGELS TALS 8hE 4, B2 Bk
BIHAR . WP GB/T20120.1-2006 F1 GB/T228.1-2010
BT i 57 A AR T U R~ i 3 4 Bl

2 TA1S kA & B 2

Fig. 2 microstructure of TA15 titanium alloy
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Fig. 5 Surface morphology of TA15 titanium after SFPB treatment with different time: (a) Untreated; (b) 30 s; (c) 60 s; (d) 90 s
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The Effect of Surface Nanogradient on the Microstructure and Properties of hot-rolled Ti-
6.5A1-2Zr-1Mo-1V Alloy
Zhang Lingfeng ', Wang Qianqgian ', Yu Hua !, Xiong Yi', Jiang Tao !, Zhang Jing !

(1. School of Materials Science and Engineering, Henan University of Science and Technology, Luoyang 471023, Henan, 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-
1Mo-1V (TA15) alloy with varying impact times. 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
times. At an SFPB treatment time of 60 s, the surface average nanocrystal grain size of the hot-rolled structure was minimized, measuring 30.4 nm.
The surface roughness of the treated samples increased compared to the original ones, with the minimum surface roughness occurring at 60 s.
However, longer impact times led to the formation of microcracks on the sample surface. The SFPB treatment introduced high compressive residual
stress on the sample surface, resulting in a significant increase in microhardness. After the SFPB treatment, the sample's strength increased, with a
slight decrease in elongation before stabilizing. At a treatment time of 60 s, the best combination of strength and plasticity was achieved. The
corrosion fatigue life of the SFPB-treated samples was improved by 12.7 times compared to the untreated samples. The SFPB treatment was able to
generate a gradient nanolayer near the surface of the TA15 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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