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Abstract In order to study the effect of laser shock processing (LSP) on the electrochemical corrosion resistance of
magnesium alloys. the electrochemical corrosion behaviors in 3.5 % (mass fraction) NaCl solution of AZ31, AZ61 and
AZ91 magnesium alloys are investigated by electrochemical method and Nd: glass laser with the wavelength of
1064 nm and pulse width of 20 ns. Its surface morphologies, microstructures, microhardness, self-corrosion potential
and electrochemical impedance spectroscopy (EIS) are also examined and analyzed. The experimental results show
that electrochemical corrosion resistance of magnesium alloys are improved after LSP. With the increasing of laser
power density, the self-corrosion potential of magnesium alloy begins to move towards a positive direction, the
corrosion current density decreases and the impedance arc becomes larger. When power density reaches to
0.7 GW/cm®, the current density increases and impedance arc becomes smaller. The effect of the Al content,
solution and aging treatment on the corrosion potential and EIS of magnesium alloys by LSP are discussed and
analyzed.
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Fig.1 (a) Tafel curves and (b) EIS curves of the rolled sheet of AZ31 magnesium alloy by LSP in 3. 5% NaCl solution
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Fig. 2 (a) Tafel curves and (b) EIS curves of AZ91 solution and aging magnesium alloys by LSP in 3. 5% NaCl solution

- solution, LSP 1.0 GW/em®
60l @ o= 3@13}13_3 Without LSP
o %\ 50+
§ o 40f \
o g 30/ \
S o N 20/ '
téo (1) solution without LSP | [
~ _8[ @) solution, LSP 1.0 GW/cm? 10+ ‘
_ol AZ31 cast agemg a.lloy . . . 0 AZ51 cast ageing alloy ‘
-2.50 -2. 00 ) -1.50 -1.00 -20 20 60 100 140 180
Potential /V ~Z' [(Q+cm?)
70
1 = thout LSP
11(b1) I 60 (bZ) ageli\\g’v&})olu.h GW/cm?
_ol
o 501
g7 a0
o4t v
<5 ¢ 30
A < 20 .
S [ (Wageing without LS N| 10+ 3
—7}(2)ageing, LSP 1.0 GW/cm? i
AZ61 cast ageing alloy ) () ¥ AZ61 cast ageing alloy
-2.00 -1.75 -1.50 -1.25 -1.00 -0.75 0 20 40 60 80 100 120 140
Potential /V -Z' /(Q+cm?)
50
—1{(cD) (c2)
-9 0 40+
&
-3 E 30|
E_4 o
? S 20
g0 & 10 ;
S _g| (1ageing without LS N » ageing without LSP 4
§° = (2)ageing, LSP 1.0 GW/em? ol —e—ageing, LSP 1.0 GW/cm? l
. AZ91 cast ageing allo; AZ91 cast ageing alloy
7500 -1.75 150 -1.25 -1.00 -0.75 090 40 60 80
Potential /V -Z' /(Q+cm?)

3 LSP #ijJ5 =M #5865 4 7E 3. 5% NaCl %8 i b B A% 1 th 28 70 v AL 2 BT 3
(al) (a2) [ AZ31; (b1 (b2) B3R AZ61; (c1)(c2) B3 AZ91
Fig. 3 Polarization and EIS curves of three casting magnesium alloys before and after LSP in 3. 5% NaCl solution.
(al), (a2) AZ31 solution alloy; (bl), (b2) AZ61 ageing alloy; (cl1), (c¢2) AZ91 ageing alloy

PG v TR AZ9T BE A 4 iRE I AR b b 26 AR B A W 005 5 e R ik R AR 2
A EREHABmEAIER T 190 mV B 0t S8 ROR A S i B RS R DR A A
B o N 1061 pA e cm I E 877 pA e em ¢, G545 T il iR R THT A TN L R A LSP AN [ R B
BELHT IR /N A 3 Ce D) FIEL 3(e2) TR AR R T R 8 A T R i ) PR A T

LSP Xy ANE & Al BB G b &g 3.2 S 5iTie

0903002-4



TR ORAE -

T o b i A9 86 S 4 7E NaCl ¥ 80 s Ak 24 T i i BF 52

3.2.1 B#mmE

B 4 FiR AL REEN 1.0 GW/ecm” LSP J5
JUFh 5 5 B8 A 4 15 110 B 1A S8 ol Al P8 AR AR 00 .
3 e A S O S 11 S D O = o i W B s = 5 4
AL PR T RE AT R % N 1.0 GW/em® LSP,
LSP J5 s X 26 i S i B = T IR IR L B S AL &
T I R I 2 4 . L B AR A 4 I R
R T EIE A A (I AZIL BEA A
B O v B A 4 R E N OUE R A RV 77 5 1
HR AR gL 8 ok 2 gl R m T A4
1) S R L O T 4R T A R A T
105
1000 T
95/ q\\\\
o]
851 RN
80F
75+
70r
65F

60
55

—=- AZ31 solution
« AZ61 ageing
4- AZ91 solution
v- AZ91 ageing

Microhardness

0 01_ 02 03 04
Distance from edge of LSP /mm
F 4 DpREE R 1.0 GW/cm’ LSP J5 A [H
AR B8 B 6 A 1URE 07 THD B AR
Fig. 4 Microhardness of sectional samples of different cast
magnesium alloys after LSP by power density of 1.0 GW/cm®

3.2.2 k@B

BG4 B oM BE 5 WO i 3R DAY S8 B (i
FE A FRLEE B %I AH O . oy SR T B AR B
AR LR B2 R B I M R R AR CL B 1k
JRE TR G ol 3 R P o o A R SR T

1 IR E AR T 25 B HOL hi A S BE G 4 b
i DX A 2 T RLRE B2 . TR 5 TR O 2 O TR ) R
LSPHij 7 AZ3 185 4 4 5L AR 50 00 #4545 v fi IX 48]
M =ZERIETEA . B3R 1 Al g0, Ot s KR E ™

1 SR R O R S

[MUASSY- , Bt O 2y 23 2 484 o v o 35 T RS 5 38 ¥
B, ol U EE Rt T YA M AR (R . A AZ31
B AL WA A 1 R EDHLRS 2 R, 3. 04 pm, £ 0.
7.1.0.1.5 GW/em’® By 3% B JO% opdi J5 ob iy XY
FHLRERE R, 235 4. 38.5. 60,7, 29 pum 451 & 24
RBERFL 0 GW/em? i, s 22 1 B 55 0 V1L
B 5o M () I T R M0k RETE £ O 3
5 IR il

MR 1R WL E), BEE AL & a3, oh i X
FHRLDBEE R, FRAK. W22 1.0 GW/em® ThR %
Jenhifi 5 B AZ3T R AZ61 il AZ91 B RS
G RMEMIRERE R, 435 R 10.48.7.21.5. 46 pm, H
Pt BB A FRMEDHURE FE R, @ THLWIARA . R, A
W v o R TR AR A MR UG RS A O
N EAKRTF 1.0 GW/em® HH.,

(a)

K5 RIEZhA% B LSP RjJ5 AZ31 8k & 4 #L AR At vh
X =4 REIE . () AL FOL b

(b) 0.7 GW/em’ 5(c) 1.0 GW/em? 5(d) 1.5 GW/cem?
Fig. 5 Three dimensional surface topographies of impact zone
of AZ31 magnesium alloy rolled sheet before and after
LSP by different power densities. (a) Without LSP;
(b 0.7 GW/em’ 5(e) 1.0 GW/end 5(d) 1.5 GW/ e

F 4 i DX IR ) 3 DL R 2

Table 1 Surface roughness of impact zone of magnesium alloys before and after LSP by different power densities

Materials State of alloy Power density /(GW/cm®) R, peak /pm R, valley /um R, =R,—R./pm
AZ31 Rolling 0.0 1.70 —1.34 3.04
AZ31 Rolling 0.5 1.92 —1.74 3. 66
AZ31 Rolling 0.6 2.00 —2.16 4.16
AZ31 Rolling 0.7 2.56 —1.82 4. 38
AZ31 Rolling 1.0 3.55 —2.05 5.60
AZ31 Rolling 1.5 4. 36 —2.93 7.29
AZ31 Casting solution 1.0 9.00 —1.50 10. 48
AZ61 Casting ageing 1.0 3.96 —3.25 7.21
AZ91 Casting ageing 1.0 3.13 —2.33 5.46
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