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Table 1  Chemical compositions of 2024-T351 aluminum alloy

Element Cu Mg Si

Fe Mn 7n Cr Ti Al

Mass fraction /% 3.80-4.90 1.20-1.80 0.50

0.50 0.30-0.90 0.25 0.10 0.15 Bal.
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Fig. 1 Schematics of LPwC experiment. (a) Experimental device; (b) experimental scheme

23 MEBS R

KA BT 5B (SEM) W28 BE 1 36 18 T8
S, R B A A BB IS (EDS) R I 1E
FE DB TC R N o A Bl A ) e A SR AE R Y
R = R ol W = S 1107 N i £ RS V= W s o 1| R ) 1
5 pl By KB K, BCE B E I & g5 R L filt
SEM ULl 328 B 1) 3508 20 20, 76 000 22 17, 4 304 48 v
T 5% )5 12 ¥ F Keller ™ s 32k 71 % W 0 8 ol 30~
45 s ;38 1t X B4 A7 5L (XRD ) 38 15 328 B 22 18 /9 90 A
2H O, BT R O B AR B S 20°~90°, 43 Al o N
5(°)/min,

TRCRE U R B 7 1) ) R A 02 T Fl XS I i )
058, {5 FH A0 40 351 7 v R A8 A O B AT ST 0 2 25

38 o H AR OB 2 2 BR AR, R R R P HLS O, HLPO,
CrO H,O AR F . 1:1:0.12:0.82, Hif H,SO, % )&
F 1.7 g/em’ , H,PO JE R 1.84 g/em’, 43516 #E & T
0.20.50.100 pm &5 A [7] % B Ak B I 4, % /] — IR
JEBE B = AN AN [ BT S48 AR SR 2008 B Ak 1) 7
gE R WA 2 fis o
2.4 EBALEFTE AR

FI O H Ak 2% T0E o JF 47 FE Ak 2 R bl S 58, 3R
fE L-0.L-1 5 L-2 3K & /9 i 8 ol v 68, H ff 5 ok R
B0 3.5% W NaClw W o 1 % UL % = W i)
MR R, TAEmRR (WE) bbb 35 ik R 1, 5
Eb B (RE) 8 A AR A0 H SR HL #, %l B L il (CE ) 3
HE B, LRAFRMT A —14~—02VH

1202204-2



£ 51% F 12 H1/2024 £ 6 B/ EHN:

laser beam

confining layer

100 pm
distance

B2 gegn JyEts i E

Fig.2 Schematic of residual stress test

HL R PN 18 O 0.5 mV /s, ifE 47 8l H 7
WAk i 26 (PDP) I & 5 76 JF 3% B {7 (OCP) & 44 T,
1E 100 kHz~0.01 Hz #4528 i Fl 9 fin 10 mV 9 HL
FEAE 8, 3E 47 Ak 2 BRI (EIS) W3k . I 3t 45
J& . VB A IE 0 SRR I i 1 Zview B X EIS 45
AT T o 76 PEAT f Ak 2 52 560 2 AT, K 3K R
A R A W IR 30 min. bR BT A I 1Y
EEWE 25 °CH)EMFTFH4T, HBAWRKEE =K
[

3 SER 550

30 REERSUERS
Fl 3Fim A 2024-T351 A il L AR T2

micro-bunip.

particles

50 pm

nano-bumps

particles

10 pm

IhFRJE R IE S E . E 3(a) ((b) P LA Y, L0
TRRE 19 28 1138 R SF- 3, ASUAF A 5 0 9 ' 7= A B4 AS R )
25 BLLL BB Ay /N B 4 T TR JSURL 25 44, Tl 48 LPwC 4b
MG REIE N LA T B, EiEC 5
BER 1.1 GW/em® &0, L-1 A & g il 1™ i
5L 5 5 B T Al 22 G ZE Rk B 25 R I ROST EBE
YK BEIOK Z 18], 3595 43 A FE R T, A 3(c)
(d) Fim s MPOL T R % B K E 2.6 GW/cm’ B,
L-2 320 B 2 11 A0 FL IR &5 44 B S 02D, 38 o o e 45 4
BAAEMRAA,WE 3(e) (DFF R WA, L-151L-24k
BE T Y R K A A X R W] LPwC Ak B fifi
2024-T351 G kR A T -2 4B A
R

nano-holes

nano-bumps’

2 pm
——

B3 AREHE M REIES . (a) (b) L-05(c)(d) L-1;(e) (D) L-2
Fig.3 Surface morphology of different samples. (a)(b) L-0; (c)(d) L-1; (e)(f) L.-2
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Cross-sectional morphologies of different samples. (a)(b) L-0; (c)(d) L-1; (e)(f) L.-2
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Table 2 Element content of each region in Fig. 5

Mass fraction /%

Area

O Cu Mg Si Fe Mn Al
Area 1 0.96 2.82 1.93 0.32 0.28 0.55 93.14
Area 2 9.11 2.17 1.68 0.26 0.33 0.49 85.96
Area 3 10.67 2.39 1.71 0.12 0.27 0.23 84.61
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Fig. 6 Grain distributions of different samples along depth direction. (a) 1.-0; (b) L-1; (¢) L.-2
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Fig. 7 X-ray diffraction patterns. (a) X-ray diffraction patterns of different samples; (b) partial magnification of XRD patterns near 44°
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Fig.9 Electrochemical curves of different samples. (a) Potentiodynamic polarization curves; (b) Nyquist curves
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Table 4 Polarization parameters of different samples

Sample E../V i /(Accm ™)
L-0 —1.12 2.83X 10~
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L-2 —1.11 4.35X10°°
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Table 5 Equivalent circuit fitted results of different samples

Sample R/ ) . Qu /2 . Ca/ ) R./ )
(Q-em?) (Q '+cm *S") (Frem ) (kQ-cm®)
L-0 6.69 1.59X107"  0.78 1.45X10°* 4.59
L-1 51.57 1.87X107°  0.65 1.39X107°  31.04
L-2 32.65 1.66 X107  0.63 9.61x10°°  23.78
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Fig. 10 Surface morphologies of different samples after electrochemical corrosion experiment. (a)(b) L.-0; (c)(d) L.-1; (e)(f) 1.-2
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Corrosion Resistance of 2024-T351 Aluminum Alloy Processed by Laser
Peening Without Coating

Xia Xuefeng, Zhou Jianzhong , Gou Yanqiang, Huang Lei, Meng Xiankai, Huang Shu
School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China

Abstract

Objective The 2024-T351 aluminum alloy, which belongs to the Al-Cu-Mg series and is extensively used in the aerospace
industry, exhibits inadequate corrosion resistance that affects its reliability and service life. Laser peening (LP) has emerged as a novel
surface treatment technology capable of enhancing both mechanical properties and corrosion resistance of 2024-T351 aluminum alloy.
However, conventional LP requires an additional energy protective layer, limiting its practical industrial applications. LP without
coating (LPwC) offers a promising alternative to conventional LLP. The present study focuses on investigating the 2024-T351
aluminum alloy and employs a Nd: YAG laser to perform LPwC treatment on the sample surfaces. By utilizing the experimental
characterization techniques including surface morphology analysis, chemical composition examination, microstructure observation,
phase analysis, and residual stress measurement, a comparative analysis of the corrosion behavior is conducted on the LPwC samples
with laser power densities of 1.1 GW/cm” and 2.6 GW/cm” in the NaCl solution with mass fraction of 3.5%. The corrosion resistance

mechanism of the LPwC process is also elucidated.

Methods The experimental samples processed by the Nd: YAG pulsed laser were selected from 10 mm X 10 mm X2 mm square
specimens. First, the surface and cross-sectional morphologies of the samples were observed using a scanning electron microscope
(SEM). Second, the element compositions of the selected areas were analyzed by the energy dispersive spectrometer (EDS) attached
to the scanning electron microscope. Third, the wetting performance of the samples was determined using a angular contact
measuring instrument. Subsequently, the microstructure of the samples was examined with the SEM, and the X-ray diffraction
(XRD) analysis provided information on the phase compositions of their surfaces. Furthermore, the X-ray stress tester allowed for
measuring the residual stress distribution along the depth direction in these samples. Finally, electrochemical corrosion experiments
were conducted on the electrochemical workstation to characterize corrosion resistance properties of these samples after immersing

them in an electrolyte solution for 30 min.

Results and Discussions Surface morphology observation revealed that after the LPwC treatment, the samples exhibited a multi-
level structure with staggered micro-nano bumps and holes (Fig. 3). Water contact angle measurements demonstrated the hydrophobic
properties of the LPwC-treated samples, with 131° for the L-1 sample and 112° for the L.-2 sample, effectively reducing the contact
area in corrosive solutions (Fig. 4). EDS analysis confirmed the formation of a remelted oxide layer with a thickness of 2-3 pm on the
surfaces of the L-1 and L.-2 samples (Fig. 5). Grain size statistics indicated a 25% reduction in average grain size for the L-1 sample
and a 37.5% reduction for the [.-2 sample (Fig. 6). Residual stress measurement showed maximum residual compressive stress at a
depth of 100 pm for both L.-1 and L-2 samples, with amplitudes of —100 MPa and — 115 MPa, respectively (Fig. 8). Furthermore,
electrochemical corrosion experiments revealed corrosion inhibition efficiencies of 97.30% for the L.-1 sample and 84.63% for the 1.-2

sample, highlighting significantly improved corrosion resistance (Fig. 9).

Conclusions The influence of surface morphology, chemical composition, microstructure, phase composition, and residual stress
on the LPwC-treated samples with different laser power densities was discussed in this study. The electrochemical corrosion behavior
was analyzed and the corrosion resistance mechanism of the LPwC process was summarized. The main conclusions were as follows:
1) The thermodynamic coupling effect induced by LPwC resulted in the formation of a micro-nanoscale bumps and holes staggered
multi-level structure and a 2—3 pm thickness dense remelted oxidation layer on the sample surface. This reduced the actual contact
area between the matrix and the corrosion solution, improved the chemical activity of the surface material, and enhanced corrosion
resistance in corrosive environments. 2) LPwC treatment led to grain refinement and residual compressive stress effects on the surface
layers of aluminum alloy samples. The grain sizes of LPwC-treated samples at 1.1 GW/cm” and 2.6 GW/cm”® were reduced by 25%
and 37.5%, respectively. And the maximum residual compressive stresses of —100 MPa and —115 MPa were formed at a depth of
100 pm. This enabled tensile-compressive transformation within the matrix, inhibiting corrosive ion transmission and corrosion crack
propagation within samples while significantly delaying overall corrosion. 3) Laser power density has a significant impact on the
corrosion resistance of LPwC-treated samples. Under the 1.1 GW/cm® condition, a micro-nano multilevel structure formed on sample
surface exhibited a superior hydrophobic characteristic, with a water contact angle reaching 131°, 17.0% higher than that for the
LPwC-treated sample at 2.6 GW/cm®. The composite interface created by this multilevel micro-nano structure along with an air
micro-cushion layer effectively reduced solid-liquid contact area, resulting in an 82.46 % reduction in the corrosion current density of
the sample, demonstrating an exceptional corrosion resistance performance.

Key words laser technique; laser peening; 2024-T 351 aluminum alloy; electrochemical corrosion; surface morphology
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