B2 H1uM FmF AR
2023 4F 11 A SURFACE TECHNOLOGY - 439 -

B3 iEEITIRR E690 fRig
20 20 A% 4 5 O =2 m

BHEX ", RR", MITE", XTI ", i’
DRIE"™, EKE ", BER ", TINF "

(M HEIWKE aNEBITREFMR b SEEFERESOHTGRABRILNE c. LA
g, [N 510006; 2.65TETIWAS MRNSZSTESE, [B/VE 150001)

FEE. B8 123 E690 4ReGdt S AL, ik ¥ E690 40 A AK 22 B R 371 )8 J6 #E 4748 5 & 7, #1 A PROCUDO®
200 A E ARG, SSH A EEmF EBACLIE, A LS AL, 24888 T RS X FERATHAS AT
Fokd (LSP) *F E690 4RMULLL LR 45 M e Hvm , aBad BAAR MK, 2R ERMK . T iF 30 BB H R,
TR E AL F Fe LSP 4032 E690 4RXAF 0GB | R M b i Fedif SR AR . 53R LSPAEJA T, E690 404
RE S AR T A, T BT M, RGBT AR A o fde y 48, 12 o ABRIBATAE F 5
Tw 0.218°3 K F] 0.266°, LSP 42 )5, E690 4RANRE EERR B N HTABRKNERIER T, RRIRAR
H11k3]-268 MPa., LSP 422 E690 4R 69 % ve BR 29 % 700 um, & @A #(302.5£12.2)HV100, 5 k&
R EXAEARIL, 323 T 8.7%. LSP A3 E690 4RiX A9 T AL 3 4 (419.80+8.79) GPa, & T 21.4%, #Ek
W A ek A 3, LSP A F 4813 E690 4Ry B4 A 40 W 0.59+0.03 %> A 0.55+0.03, R A& BB EEALT
32%. AP E LIS LSP A3 E690 4RIXAF6) AR ALH) A 255 B . BACEM A B4 B, 4 LSP 4%
TTH 2 E B690 4R AR EE A ML L, BRI 89 R EIRE, A AAEE E690 4R HL K04 58 E Fo b
MAEF, MeAKIL B30 B3 A 5, o, LSP AMARILEH T E690 4Ry it T 7% 3h JE b A

KEIF: MOb & MOULLAL; WARERIR; R AL AHEMIMEAE; JBEAALE)

hESES: TGI76 THERIEE: A XEHS: 1001-3660(2023)11-0439-09

DOI: 10.16490/j.cnki.issn.1001-3660.2023.11.038

Effect of Laser Peening on the Microstructure and
Properties of E690 Offshore Steel

YANG Qing-tian®®, ZHANG Yong-kang™, CHI Yuan-ging™, L1U Jiang-wen*®, WANG You?,
GOU Jun-feng™’, MO Zhao-yi*®, TAN Gui-bin®™, LI Shun-Ii*®

(1. a. School of Electromechanical Engineering, b. Guangdong Provincial Key Laboratory of Advanced Manufacturing
Technology for Marine Energy Facilities, c. Department of Experimental Education, Guangdong University of Technology,
Guangzhou 510006, China; 2. Department of Materials Science, Harbin Institute of Technology, Harbin 150001, China)

Wis BEE: 2022-09-15; EITHE: 2022-11-22

Received: 2022-09-15; Revised: 2022-11-22

EE&TH: JASAAMFAE® ERR (2021A1515012133); #hb TAHE 61475 B (2018IT100112); J~ A& 4 sk 5 5 A 2k ah #F 70
4 (2022A1515240004 )

Fund: The Natural Science Foundation of Guangdong Province, China (2021A1515012133); the Science and Technology Innovation Program of
Foshan (2018IT100112); Guangdong Basic and Applied Basic Research Foundation (2022A1515240004)

I : MER, KAM, AE, F. b A E TR E690 MM LR B A4 Hra[T]. R EILA, 2023, 52(11): 439-447.
YANG Qing-tian, ZHANG Yong-kang, CHI Yuan-qing, et al. Effect of Laser Peening on the Microstructure and Properties of E690 Offshore
Steel[J]. Surface Technology, 2023, 52(11): 439-447.

*E{E1E& ( Corresponding author )



. 440 - F W O OR

ABSTRACT: It is an advanced surface strengthening method to construct gradient structure by laser shock peening, which can
improve the performances of metallic materials without changing their internal microstructure, such as fatigue strength,
corrosion resistance, wear resistance and other properties. The gradient structure and residual stress have an obvious effect on
the failure mechanism of the materials. The refined grain and high residual compressive stress are favorable to the improvement
of mechanical properties, which affects the friction and wear behavior of the matrix. The work aims to study the microstructure,
mechanical properties and wear behavior of E690 steel treated with and without LSP.

The commercial E690 steel plate was cut into long squares of 75 mmx75 mmx15 mm as the base materials and polished by
milling and cleaned ultrasonically. Black 3M tape was pasted on the surface of the base materials to absorb laser power. Flowing
deionized water was used as confinement layer. A PROCUDO®™ 200 laser peening system was used to perform the LSP
treatment. The spot size was 2 mm. The pulse width was 20 ns. The frequency was 5 Hz. The laser pulse energy was fixed as
6 J. Both of the overlap rates of the scanning paths along X and Y axes were 30%. The specimens used for microstructure
observation were ground with sandpaper, polished with diamond polishing agent and etched with 4% natal. An optical
microscope and a scanning electron microscope (SU8010) were used to observe the microstructure. The phase of the specimens
was studied by an X-ray diffractometer (D8 ADVANCE). The residual stress was measured by an X-ray stress analyzer
(XL-640). The mechanical properties were measured by a micro-hardness tester (HV-1000) and a nano-indenter (TI 950). The
friction and wear tests were performed on a ball-on-disc tribometer (MFT-3000). The cross-sectional area of wear tracks was
measured with a laser confocal microscope (OLS4100) to calculate the wear volume loss. The morphology of wear tracks was
observed to reveal the wear mechanism.

The superficial layer of E690 steel matrix is refined obviously to form gradient structure. The E690 steel specimens treated
with and without LSP are composed of o and y phases. The full width at half maximum of the highest peak of o phase of the
specimen after LSP treatment increases from 0.218° to 0.266°. Besides, relatively large residual stress forms in the E690 steel
specimen surface after LSP treatment, the highest value of which is -268 MPa. The influence depth of LSP is about 700 pm. The
surface micro-hardness and Young's modulus of the E690 steel specimen after LSP treatment are 302.5+12.2HV100 and
419.80+8.79 GPa, which increase by 8.7% and 21.4% compared with those of the specimen without LSP treatment. The elastic
recovery ratio of the E690 steel specimen after LSP treatment increases slightly. The coefficient of friction of the untreated and
LSP treated E690 steel specimens are 0.59+0.03 and 0.55+0.03. The wear rate of the E690 steel specimen after LSP treatment
decreases by 32% compared with that of the E690 steel specimen without LSP treatment. The wear mechanisms of the untreated
and LSP treated specimens are adhesion wear, abrasion wear and oxidation wear.

LSP treatment can improve the mechanical properties and wear resistance of E690 steel. The improved hardness, Young's
modulus and high compressive stress are the important factors leading to the improvement of dry sliding wear resistance and
decrease of coefficient of friction for E690 steel after LSP treatment. Besides, the lubrication role played by oxidative layer is
also an important reason.

KEY WORDS: laser shock peening; microstructure; nano-indentation; coefficient of friction; wear resistance; wear mechanism
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Fig.1 Schematic diagram of LSP treatment
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Fig.2 Cross-sectional morphology of E690 steel specimens treated with and without LSP:
a) OM images of the untreated specimen; b) OM images of the specimen treated by LSP;
¢) SEM images of untreated specimen; d) SEM images of specimen treated by LSP
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Fig.10 Wear track morphology of E690 steel specimens treated with and without LSP:
a) specimen treated without LSP; b) specimen treated with LSP
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Tab.1 Composition of the wear tracks of E690 steel specimenstreated with and without L SP

wt.%

Samples Position (0] Si Cr Mn Fe Ni Mo

A 0 0.457 0.505 0.884 96.620 0.865 0.669

E690 B 1.239 0.313 0.659 1.652 94.706 0.855 0.542
C 2.889 0.267 0.536 1.221 95.6 0.828 0.703

D 0 0.397 0.264 1.007 96.502 1.446 0.385

LSP-E690 E 0.931 0.289 0.518 0.809 95.861 0.649 0.943
F 9.518 0.459 0.558 0.704 87.531 0.56 0.67
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