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Table 1 Chemical composition of IN718 nickel-based alloy (w/%)

Ni Cr C Si Mn S P

Cu Ti Mo B Nb+Ta Co Fe

52,50 19.25 0.058 0.149 0.165 0.001 0.011

0.044 1.10 2.98 0.003 4.93 0.135 Bal.
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Fig.1 Laser peening specimen and scanning path

K HI LEICA DFCA420 J't: 2% & U85 43 77l WL 4% A 1 AL
B SR LS L J5 v T R R A AT 1 i R 2.
BE— AN 45 5, SR JEM-2100 32 5 LB U
b IR AR A T O 2 21

2 HR5HHE

2.1 HENA

Bl 2 w43 900 R AR I AURE T AL AR A s AL A UL
700 ‘CIRFEMA X dk % Z ok AR B S04 . BB 2 \T LA
BE, AW IR RN B AR AT, KA L2
W AT] i L 7 36 e I8 AL R R . OB RS, Bk



* 3286 + Wi e Jm iRl 5 TR 5545 &
R N BEZ K. 3 —J5m, BT AHATSLIE R, Al
0F &— 8- & 5—=a
o —o— Untreated Residual stress
—o—LP
CEL 200} A pir00C affected region
2 S S S
= -400} >
=
€ 600l K3 BOLW RN R E R RS s
W Fig.3 Schema of stress state on the laser peening treated surface
-800 ! ! ! ! !
1 2 3 4 5

Test Point

Kl 2 XK AR )7 A
Fig.2 Compressive residual stress distribution on the sample

surfaces

JIRAE B E R &, PR AR R ) =1£-672 MPa.

MO R IR AE T INT18 B4R 2R, R
VE R BORE A2 — AN b I %6, A5 ARORE HE 305 98 1 A
T, T FLAR T A () — 50 43 s (el S A ARORE P AR TR AR
RSy, S54b, ME s e AR, T
WA R 71K T MBI Bh A JE IR SR EE, 5l EA S
IAVEAR T, 77 A v P I A S AR R, R R
RS, R LRI — B ERARRN . [F
I, AR R ANE T MR R A4 R B IE R, (R
FErp, RARREAL . RAR 2 5L R AR A0 X L8 AH R B ATL
il 2 18] B AH ELAE T, AR A2 ARk P P A B R B ) 1 R
PR, B 2 IR T R B, AT ALRE, MR R
RNy HILAE T Furh G X8, TR AEIA-706 MPa. iX 3
T PR Sy o0 DX 3 R A i B e i T 2 A
T, MARESENES, AAEZHNZE “FE”EH,
W 3 Frow, PR O DX IR B A I 7 1 25 a0 5 X 3
AR .

FAE R, M AAFEAE 700 CEHOEE T ORIR
300 min J&, “PI5AR RN ) {E H ORI AT -672 MPa
F#K %2 -360.3 MPa, [%IEN 46.4%. HET, CH#H
SCHER R B R T WO S 1R AR N 78 iR R 1R
WL AR, Hodh, Ren HIBFFT/NEAR H T — R0
L JTRE TR, ARG b AR R T R AR R B g e IR T
FEPL, AR, ORI AL S A v B (R A g
TE RO S 45 TH FE T 4 K Z 5N TR Re . X 1 e
BER KRR EEEIE — MR TR ERE, A
g —AN A RMEE 2R REmEA . E%
R, MR BOE TR R A2, A7 % 2

M 332 B BEAT, T8 R 8 B RO B I, A7 R AN
[F) PR 7 8 4k 2 E AT X P I E e T P s, A B % R —
IR/ . TR, B T B A R AR AE AL AR RS B, A
B it e 2% T B S R R D 3 A ) T R . 2
L8 35 2H RIS A BE T R K R R R o A
T abki. [FB, @ ZEERN R, &5 ERA R
R FRAR IR G 5, BIUR & TV R, T ROK A BE IR 7
Rio BEA SRR RS KRR IO, AR R ATEIX
W R BORIE . B S, AR 0T oKL 5 A
TR, RS E R AR BE, TR N ik — DR,
(R JRORE P W 2 BRI, X AR b A e T I 2 P R
gt 7EiR R, WU RE TR R £-360 MPa 15k A
JERL 77, Ut OB RS R R — 2 1 s R AR
A B R AL B
2.2 HREE

Bl 4 FTom 43 0 R R AURE < W AL A0 AL DR IR
700 “ClFEMIIX 383 J2 9 K B RE 43 A

MEL 4 FTLUE AR WAL T 3 40 K B R Dy
6.38 GPa, MMt AL J5 ol FF 19~ ¥ 48 KAl fE 5 10.68
GPa, H1F°4 67.4%, Af W6 mE Fu b 3 o] L 2542 &
IN718 & &R, RIEPEHAE, 22008
B A B A AR AR A SE . X T IN718 &
&, WEEEE MRS R ERE T LA, R
—RHBIAERRIZ . AWTRM, I LA B 3 2
B e T 98 TR AR B RE R 28, FE Ok il fE v, Pk
TR R, XA BTN AR TR A, AR
W5 AL S BT R SR ), R A 2 IR T s
ek . 5 —J7iH, B 4 FhiE e F 3, BEALFESE 700 C
TR 300 min S5, PR g KR R R AR R AT
10.68 GPa [ (. % 7.08 GPa, [%I1i§ >} 33.7%, {H5 A mi
FLREAR LG, TR 5 W5 AURE IR 9 KB FEATS SR BT v,
BEE Y 11%, W] W BRGSO (1 R T 9 oK A
FEE IR TR, (A5 RBTREARLL, ALY
R AIRAEAE, UL BOEB AL 5 1 2 35 18 fb 3 2



BHORTSE: INT18 BRI & SO WU MOUL L SURF 1% % L vy i A i 1k

+ 3287 -

—0O— Untreated
F —O—LP
—A—LP+700 'C

Nano Hardness/GPa

Test Point

K4 BRERZ QR E 23 A
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Fig.5 Micro-structure in depth direction of samples: (a) untreated, (b) LP treated, and (c) LP treated+heat exposure
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Microstructure Characteristics and High-temperature Performance of Laser Peened
IN718 Nickel-based Alloy

Huang Shu, Sheng Jie, Zhou Jianzhong, Wang Zuowei, Zhang Haifeng, Xu Sugiang, Lu Jinzhong
(Jiangsu University, Zhenjiang 212013, China)

Abstract: The aim of this study was to investigate the effects of laser peening (LP) on the microstructure characteristics and
high-temperature performance of IN718 nickel-based alloy. Firstly, LP process was performed on the standard tensile specimens at
ambient temperature, and then the treated specimens were exposed at 700 <C for 300 min. We detected the surface residual stress and nano
hardness on the untreated, the LPed and the heat-exposure specimens. The corresponding microstructures were also observed. The results
indicate that high amplitude compressive residual stress distributes in the LP treated surface, the maximum value is —706 MPa, appearing
in the central region of the LP area. LP process significantly increases nano hardness of the treated surface, and the average nano hardness
is enhanced by 67.4%. Both the residual stress and nano hardness decrease after heat exposure; however, the strengthening effect still
exists compared with the untreated specimens. An obvious “layer-separating” phenomenon occurs on the grain morphology in the depth
direction after laser peening. The grain size in the plastic deforming layer is refined greatly, whose affecting depth reaches 80 um. The
precipitated ¢ phase is found in the grain boundaries for the heat-exposure samples. A further observation indicates that the interaction of
mechanical twins and dislocation results in the grain refinement. After heat exposure, the single-directional-distributed dislocation array in
the grain well verifies the dislocation activities, which confirms that LP can inhibit the grain growth of IN718 alloy at high temperature.
Key words: IN718 nickel-based alloy; laser peening; high-temperature performance; microstructure
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