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Nanocrystallization of Ti-6Al-4V alloy by mu'riple iaser shock processing

YANG Jinde, ZHOU Wangfan, YANG Too, ryu/ i'anfan, REN Xudong
(Department of Mechanical Engineering, Jiangsu Unvers'ty, Zhenjiang 212013, China)

Abstract: In order to study the surface nanocrystallizati». a'.d microstructure evolution of Ti-6A1-4V alloy, the samples of
Ti-6Al-4V alloy were peened with different times by using =bort-; c!se Nd: YAG laser, the corresponding surface microstructure
and microhardness were obtained. With the increase ' the rumber of laser impact, the grain size gradually decreased and
nanocrystals were formed. After more than three impacts, u:= number of nanocrystals obviously increased with a more uniform size
distribution and the orientation of equiaxed nanscrystals on the surface became more random. After more than 5 times of laser
impacts, the nanocrystalline grain size of Ti-5A1-4V" titanium alloy did not decrease significantly with the increase of the number
of laser impacts, and maintained at 50r.m ~ 13Unm. The depth of the nanostructure layer was not increased obviously and was
about 15pum ~20pwm. After more thui 5 ar.=s of laser impacts, the titanium alloy surface hardness tended to be stable, and the
maximum hardness was about 5T3HV ~_30HV. The results show that the nanocrystallization degree of Ti-6Al-4V titanium alloy
improves with the increase of ¢ nvmver of laser impacts. After five impacts, the nanocrystallization of the titanium alloy surface
is saturated. The surfacc has a 1 etter nanocrystalline distribution and higher hardness. The study indicates that the surface of
titanium alloy througi muitipl: laser impacts can prompt the grain size transformation from micron to nanometer.
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ZH,

Table 1 ~ Chemical composition( mass fraction) of Ti-6Al4V alloy

Al v Fe Si C Ti

0.05~0.068 0.035~0.045 <0.003 <0.001 <0.001

balance

PO el 5 A R — i R T b 8 A D S R
PR AT PR B EAR o O phly 58 AL BRI

Table 2 Technique parameters of laser implements

laser spot diameter pulse repetition laser pulse
wavelength/nm /mm energy/] rate/Hz width/ns
1064 3 7.9 5 10

ST R 1) MBS R KT 10°W/
em®) S (10ns ~20ns) {9 OG22 (Lo
K M W B % B, 4 R Y
(0. T JEERAGH) TR OB it 1t 2 A HE S 2 %
A B A T B TR S22 2
ST RS il i (GPa RE4) , whely i 1 21
BRI =t 25 L B BOMAL 10 25 {1
BEVRHERE 1SRRI AT S 4 b 25

ke,

a b spot diameter 3mm
star pata | - lapping rate 50%
laser beamI | ‘:'v\‘_» -
L]

laor \
LY, ‘{ah \ coating layer

confinercut
N \ - p—
T A
FV N

shock wave :
L _ target] laser shock region

Fig. 1 Schematic and scan path of laser shock
a—Illustration of the laser shock experiment b—scan path of LSP c¢—la-

ser shock region

HoOthE SRR, BOBARRE RN 7. 9T, Bk b 9 i
4 10ns , SGBE AR A 3mm , 29 50 )2 FRCZ 43 ) 28
IRFERSE o Wl 04 7 {13 1A Fabbro A5

2.00, <p < 2. 50y (1)

X, p ABOCH TR E S (A GPa) soy K
4 J@ B BHEY Hugoniot 3P4 FR ( Hugoniot elastic limit,
HEL) ( #.fi 2k GPa) . % T Ti-6A14V  i1+& 1) HEL %
1. 6GPa 3015 3 i i K 120 3. 69GPa, A3 H,
Ti-6 Al4V BREG B AEA i IECH 1 3K.2 .3 RS
T WHNL0 UKo R it 5 SRR A
1.2 MEE&ENFTE

SEH R A HXD-1000TMSC/LCD Y &g, fifc fif 7 31
X WO b A R Y 2R TR AT R R A 0 2 AR A
1. 96N, 4RI} ] 10s, Z2 U £ WOV S 08, R H A
JEM-2100 ( HR) B3 73 #5757 121085 ( high resolu-
tion transmission electron microscopy , HRTEM ) X} ik,
FERIZR) ARG AT, Ot s 5, 4
B A0S ) L T 32 7% (transmission electron microscope ,
TEM) FIRFEL ) H S BE 2 Tmm /3R, 9805 4
AP ARHEA TS 22 0. 1mm 247 JEBEWE R, S f AT HL
T



76 W A

2017 4E 9

2 GRS

2.1 ZRFXHPEEAT Ti-6A14V SKEEHHEN
HEl

K2 g 3 Yot s Ti-6A1-4V B4 4 i J2
T RO 2 o 3 Yot bl e 2 H B B Ay 652
(L 2a) , 7 5355 ( scanning electron mi-
croscope , SEM) 43t B i1, I 1 €806 5 i S 3R 2 9K
2 AOKIZIREEZ g 10wm ~ 1Spum, SRIE K JZ IR JE
BUNATRES Ti-6AI4V k& & A S H ALK A
KOt A BRACR AW B, TEFR B KR 15um ~
20pum AL (ULIE 2¢) , BREAR 50K RIZ ML EX . o
AHAT DAEE 2 2 5 BE AL AR 2R . BRILZ b, fb B RO
AL L, 2 A U 8 , BB SRV ) i —
AN A B o FERE B R JZE Oum ~ 3pum AETE R 2
90nm ~ 150nm R /)8 dibLHE (WL 2b) , AR 73/
mioRL N A TEAL S 0 A, [T 2b A E A DA A 1B X,
T 17 O AE K ( selected area electron diffraction,
SAED) , i AN i 2 R I X N 40 A AR 45

Opum~3um from
treated surface

15pm~20pm from
treated surface

Fig.2 Microstructure of 1", Al4V alloy with 3 impacts and 7.9]
a—SEM image of the cross seciion b—TEM image of the layer about Opm ~
3m below the treated surface ¢—TEM image of the layer about 15pum ~
20pm below the treated surface

Wt O G e T K T, 4 S Ak ey S A T
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ALALS Wbl 2R Y S AR B B IR A, LT T
V5o TEREESFR)ZRLY 15um ~20pum 40 (HLE 3c)  ARLR
B ALy i i 4 FE AR . BERJZ K4 Opm ~
3um 4b (LA 3b) , MR A bk X H T S 1R A A AT
MU AHAS 3 R bty AT AEAE B SENIE , RT 4k
o SRS AT A, LA TE B T RS 24 50nm ~ 130nm

Oum~3um from
treated surface

15um~20pum from
treated surface

Fig.3 Microstructure of Ti-6A V" aliov with 5 impacts and 7.9]
a—SEM image of the cross secton - -TEM image of the layer about Opm ~
3m below the treated sutficc o — (kM image of the layer about 15pum ~
20pum below the treated su.iac>
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R RESINIE RO o i 4 v, Je 240 A al A, 3R
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# 50nm ~ 100nm,

Opm~3pum from
treated surface

15um~20pum from
treated surface

Fig.4 Microstructure of Ti-6Al4V alloy with 7 impacts and 7.9]
a—SEM image of the cross section  b—TEM image of the layer about Opm ~
3umbelow the treated surface ¢—TEM image of the layer about 15pum ~
20m below the treated surface
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Fig.5 Microstructure of Ti-6Al4V alloy with 10 impacts and 7.9]
a—SEM image of the cross section b—TEM image of the layer about Opm ~

3um below the treated surface ¢ —TEM image of the layer about 15um ~
20m below the treated surface
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Fig. 6 Surface hardness and average grain size with different impacts (0,1,
2,3,5,7,10) and with the same laser energy of 7.9]
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