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Abstract The effect of laser shock processing (LSP) on electrochemical corrosion behavior of 7075 aluminum alloy
plasma arc weldments has been studied by using polarization curves, electrochemical impedance spectroscopy,
residual stress tested by X-ray diffraction technique and scanning electron microscope (SEM) morphology of
corrosion surface. The results show that the surface residual stress of weldments with LSP has been changed from
tensile to compression, which leads to the improvement of the free—corrosion potential and pitting potential. The
free—corrosion potential of weldments with 4 times LSP impacts is about 700 mV higher than that without LSP, and
the pitting potential also occurs in about 1000 mV, besides the polarization curves exhibit an anode passivation zone
in a wide range of potential with 712.9 mV. After grains being refined by LSP, the number of the microscopic holes
and the volume of cavitation have been reduced, and the compactness of its surface microstructure has been

improved. The infiltration of atoms such as Cl” in the NaCl solution has been effectively prevented, thereby the
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corrosion rate can be reduced, and the corrosion current density has been decreased by one orders of magnitude.

The grains have been well-distributed along the B —phase in weldments with LSP. The activity of micro—galvanic
made up of B phase and « base phase has been reduced, and the impact of passive resistance is nearly 30 times
higher than that without LSP. Concentration polarization has been greatly improved.

Key words laser technique; plasma arc weldments; laser shock processing; elcetrochemical impedance
spectroscopy; polarization curves; pitting potential, concentration polarization
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Table 1 Chemical compositions of 7075 aluminium alloy and ER4047 welding rod (mass fraction, %)

Composition Si Mn Zn Cu Mg Fe Cr Ti Al
7075 aluminium alloy 0.3~0.4  03~04 5.5~5.6 1.9~2.0 2.1~23 0.5~0.6 0.15~0.19 0.2~0.24 other
ER4047 welding rod 11.4 0.15 0.2 0.3 0.1 0.8 - - other

2.1 FBETINEE

e VR e B A R AR, AT RN 10 Limin, £ & 4R 5 e Hdk A7 3 e | vk 4
ER4047 1 Jp it 22 , LR 3R 1 TR o JR 3 s BE BEHUCA 50 mm/min , SREZEHLIR 0 60 A MREEE R, M4 441
RS Ay, AR A AN E RS G IR B B o FR A5 S U A58 PO 2K A8 RO B U0 U ST 2 30 mmx30 mm ()
AR O A B CE B KA R R N R R O AT v v
2.2 HkmE

W W5 VRS MR G AR T, SR Gaia—R R 41w BE 4t K o Nd = YAG O &8 #4730 vhids | I v ofy i 38 4n
BLRER®, 0% oy iR R BE 4 0.1 mm (19 92 8/ 3M 28 &) & AR §6 78 b ot e s Wl 2 | 68 1 0 SOR
Pk, R R S KA R 3O vh i A 4 HRZ KRB A 1~2 mme B0 s EBE AN 3 mm, kb RERE M 4T,
WO UK A 1064 nm, B EFFH K 0.5 Hz, K H 60 % B #5422 550 0 i BE R AT 1 ~ 4 bl .

laser beam y
high pressure plasma, inertial tapming layer

ablative layer m

pressure wave

welded workpiece
BT ot ehd TZ P2 XRD ] 5 A Jry
Fig.1 Laser peening process Fig.2 Diagram of XRD measured point

1203006-2



S I S

2.3 XE T 5% & N /1M

WOt MR S OBV Ve A BRI R AR B, R A X-350A Y X 5260 A (XRD) I B BE 44 (BM)
Z A5 2 AR R T A AR AR N 7, I A A A 2 BOR .
2.4 YR ERMIR

WO b JE KR Y i R AP AR T B OGS FE A B (SEM) T HEAT AR 48 X THOU 2 2L L 2 2
JESANE 3 iR . MWE 3(a)n] LLE A& MR8 M dL 20U 355 . 1B 3(b) e Bt B A 4 SR B2 & IR AY
A BRI AR BB (A AL A, T BT T B Z ML RBAH . AU il S 1 SRR A A X B 98D AR AR 1S
AH /T B A A) W 3(e) s .

B3 B L LS B OB 50 () 6 () FRBER 45 K (o) MO Wt BB 1 X
Fig.3 SEM microstructure of aluminium alloy welded joints. (a) Base material; (b) nugget zone; (c) nugget zone with LSP

a3 5K A ok B R S TN 4 R il S R KRR S AE I A DCHURE & AR 3 mm KNI AE B R LS
J5 T JEM=2100 3% 59 W 55 (TEM) WL Z2 SO 41 2R i A8 Ak, 25 SR a1 4 Fir s o e 1] 4(a) 1 (b) 23 1) A A o il
MZ it 4 R e AR 1 T 3150, A TET 4(a) PT LA 10 R 422 3k rh AR 7 ML R B BAR 5 IO vhvis J5 L BARZZ 45 21 /N 1T 1)
A, AN 4(b) TR o AEBEOG bl s AR kA b, 2 e 5 R R Sk B AL Y 30 2 I s EE B OGS T 00 et
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Fig.4 TEM microstructure of aluminium alloy welded joints. (a) Without LSP; (b) 4 times LSP impacts;
(c) dislocations in welded joints without LSP; (d) dislocations in welded joints for 4 times LSP impacts
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Fig.5 Ultrasonic scan results of specimen of aluminium alloy welded joints. (a) Specimens before LSP; (b) specimens after LSP
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Fig.6 Polarization curves of 7075 Aluminum alloy weldments and base material by different times LSP (N) in 5% NaCl solution.

(a) Comparison between base material and welded joint without LSP (N=0); (b) comparison between welded joint without LSP (N=0) and with
LSP (N=1); (¢) comparison of welded joint with different times LSP (N); (d) analysis of polarization process to welded joint with LSP (N=4)
%2 7075515 @RS AE 5% NaClFE W T Tafel 240
Table 2 Tafel parameters of 7075 Aluminum alloy welded joint in 5% NaCl solution

E.wV feon /(LA = cm ™) Ev, IV AV IV E, IV
Base metal -0.7875 0.113 - - -
N=0 -0.9985 8.874 - - -——=
N=1 -0.6208 8.695 -0.4496 0.1608 -0.2888
N=2 -0.4062 2.242 -0.2204 0.4422 0.2218
N=3 -0.2155 1.304 -0.1057 0.5988 0.4931
N=4 -0.1051 0.732 0.0189 0.7129 0.7318

32 3 W B FL R A0 B /N AR BB A AR R A S B LR VR TR P CLU AR S TR IB A R AR ok i R R
JE AR 1o BT N R e AR SR 4 R eh I R R A A KR SR AR A e R L AR 2E 3 h S 1 SEME SR
MIE 7(2) P LA, A 06 s 0 R 82 3k 7 o Ak 22 8 DlUS L T 30 FEBORLRE L i 22 FLOIRTE 3 A i B 4 HL A ™
o A T A Y BT, B T AR B AR LT o BT AN TE ALY S0% 5 S Bl r R FR AR R, SR BN BLAR R
KR T LAGE ] 150 wmo =40 B 5015 4 PS50 W AA Jy 1) #4700 o 2 B0, J6§ sk 0 178 TR B2 35 31 50 pum LA
o FEHTH AR WL, & BEAE R R ek T % b T A AE R A SO SO R B, AR 7 () B IX R
BT o 1B 7(b)RT LA & 0, 285k 4 Y306 oh o J5 19 50 A 4 05 1 3k 7 i AL 2% 8 1l 3 h s 32 1 AR X L 4o
LB I A A B S A ik B R B e INAR £ 5 S IR B 43 A A e T LS Tl AR N FLUR R R
B3 4 T A A B A S B T ) M A A SO ik R, an & (b)Y C XK B
NGIX R EUE T RO S R E MR RLAS B 404k, K 2 AR SR AT IR A

8 Sy 40 B 4 55 B AR 2 3k 26 AN TR 0O oo URBSCT WK 1) 28 )23 48 4 7 1 IR RITUR B 7 [l ) R Ak BT
FHA SR m RSB 2 WOt b 51 KR AR TE |, 76 R A KR 1 A, R
K6 2 A W A DT o 0 % Ak 19 B3 A B 0 AR BT R N g o A b T B A B N T R AE A R e
7 e R ARE T, 45 o w5 AR 4% 1 8 ol Fl (37 3K -998.5 mV . 3O il i S B AR A R N ) L 4R s T Ak
ALOOH P8 1) FE 45 97, (845 4 J@ 1) B0 Tl R R | I ™= 4 Y oe o i 5, A58 3k B0 77 i 43 MPa 4%
R F1 75 MPa, 40 8(a) T 7 o Bifi 25 380G oo YR 0004 1 o, 2 1T A Ak R NE T AN DR 38 B4 0 i R R K.
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Fig.7 SEM photograph of weldments with different peening numbers. (a) Without LSP; (b) with 4 LSP impacts
ELB o ok YRER BS hn, S8 A AR T 2 TR BE ENAE B AL IR, 43 i 0.2,0.5,0.77 A1 1.13 mm, W& 8(b) T 7 .
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[E] 34 500 mV, Bl Ak HL U %% BE R R — B G, DR, SO b i 5 5 4 e L 7 7 38 hn R R A R N T 3 R
F IR A SR L R M EE RN Z —,
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Fig.8 XRD measurements about surface residual stresses of welded joint with different peening numbers.

(a) Residual stresses at surface; (b) residual stresses at depth

3.2 MLk
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T AR AT AR 5 Ml e R Al o B Dl A R IR SO A O ik O bl Ak BRSO TE 5% (BT )
NaCl7K i W P 247 HL AL 2 BT (EIS)I I, 5286 00745 19 EIS 4018 9 Fir s, Fe b 27 g BT A S8, Xof 1o BEL A7 19 #
BELET 3 5 7 S BELATC % e 3, % I BT i HL A58 2 o ZE 181 9 T, 7075 85 4 19 Nyquist 8176 5 P11 _F il — 3 B4t
IR — Bt 55 b i — 7 A B A B2 2H s, o o B R [ SIORS 0 4 R TED ALY HL Ak 2 T R VA A BEL T, R ARt
Bty LR N CUAFTE I A0 J2 AL IR I BB B i A8 DU LA 5 I il R A B VIO &R, B O, Bt
JE& oy B g AL R
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Fig.9 EIS plot of weldments sample on 7075 aluminum alloy with different peening numbers
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LR S 4 BN, R FGBOR BRI AR I 7075 R B 4 AR e Sk R T 18 B U A RE LS Tl e )
ALOH), 3 2, JG b ™= Wy Y 35 7 40 & 4 3R 08 e o i, E 0 HiCHss B0 i R ™ o 18T 9 T LR Y 25 N=4 1
P i A B ok B A AR e, DT S BRG] R s MR A il 2 o A A SR AR G

AR 2% Fi A 2 S R 2R TP B o R R A 58 25 SCHK (28, B SL AN AT 10 BT s Y A SOR B . I 10
Ri R R, 7350 2 2 HG e A R A PR ARG TR 9% 3 908 P L R % 3 P BEL i £ P BHL 5 C D C 20 531 DR U R 22 L 25 1D
PR 3% T /RSB0 I L 25 5 W7 Ay e A3 3 T e 25 A AL BEL L

P10 A S ) 2 200 B 1

Fig.10 Equvalent circiut model of electrode reaction
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Fig.11 Comparison between measured values and the fitted values in the equvalent circiut model of electrode reaction.
(a) Base material; (b) welded joint (N=0); (c) welded joint (N=1); (d) welded joint (N=2); (¢) welded joint (N=3); (f) welded joint (N=4)
MR 3Rl DL S R B Ry M A R AE 7.8~9.3 Q-em’® JE B Y, T 0O b ok 5 AR 4 Sk AY HR g A

FLBH R Pl AT A9 246.1 Qeom® HE5 4R P 5 (0 864.1 Q-em® |, 17 B0 AL FLBE R, b o o 5742 55 3 30 7%, £
B R bt JE 3R T 20 SR SR R AR A AR g (BUR™ ., fER 3T AT LU vk 25 A I G e R ™
A ity b 3R 4 Sk iR (V=0) , GBS T AR AR A AR v T R SR AT D 0 B LU AR, B 5 A o 1 Y Tk HE
Y PR PR A, AR I K I 7 (AL A5 ) 68 75 1 2 s g R o TR, 0fef e B 25 A K R 25 M Ak R AR Wik
#0.004125 S+s™em™ o TWSREOG M S SRS A 1 SRS B = BE AR A TR BAE 43 A AR AR 5, BEAR T BAH S
oo B R ) B P A L AR B 9 P L VR 2 AR I R K ek, WIRE SR 0.000934 Ses™em
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Table 3 EIS fitting results of the parameters in Fig.10 for different peening numbers

R /(Qem’) R, /[(Q-em’) R, [(Q-em’)  Co/(110° Frem™) Co /(107 Frem™)  W/(10°S+s™cm”)
BM 8.799 482.723 1.134 1.906 5.808 1.259
N=0 7.810 246.101 285.701 3.955 1.232 4.125
N=1 8.538 366.107 2134.453 2.894 3.828 1.772
N=2 8.582 838.832 4320.007 3.667 3.841 1.674
N=3 8.922 855.319 8256.167 1.946 3.001 1.418
N=4 9.255 864.142 8307.969 1.207 4.178 0.934
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