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Figure 1. Wettability on a solid surface.
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Figure 2. Lotus leaves in nature: self-cleaning behavior (a) and the related microstructures as
observed by scanning electron microscopy (b), protrusions (c) and the wax tubules on them
[19].
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Figure 3. Five typical cases for anti-wetting surfaces (a: Wenzel state; b: Cassie state; c:

Wenzel-Cassie state; d: “lotus” state; e: “gecko” state) and several common phenomena for

anti-wetting in nature (f: petal; g: butterfly; h: strider; i: lotus leaf; j: gecko) [19].
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Figure 5. Applications of superhydrophobic surfaces.
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b

obs
2ol

wab o

ALE 20

=
[

= MZESta ot o2 Iz SN aEN=E

[N

CH-AF 2401 A

A H|

(I} 2} A

Of &Lt

ERCl SUNE P

g ZOoHM SH2 S8 ZO0FE 7HA[ RUCH MatA 0]

f

Felel af

4t

o
[

A
T

ojn

e}
o

f

7

HH

TAEZL Pulse laser 55 AFESHY

oto] HEd SRt 2olX 7

= FNE|E

Cte



0/ TrEsl 2 A7t 37| FO £ HOR 4N 3% EHS 24N EE
X450 2 & QT 4245 12iLh ZtZto| IHMEOICH 20X T3 = 37| B

M

o2 0 H4A

—

<2

M Z=aed BEHSZ HSt= A[ZI2 Z7| CHELL ZIHeER,

+

Nanosecond and Picoseconds laser 7S & LF 0|52 2F 30 20A 40 FEO A|ZHO| X[t

20| Zapdoz HIACH (46, 47]. 2|2 FE2|L} 2+E&E2 Nanosecond laser 7t8 & <

11 LOA 14 LO| X[t 20 Z=A=M0| Z|QUCH [48, 49]. EE, E|EE= Nanosecond laser

N
OH
ot

of 2 30 & ™Mol AZtO] Xt = EA/H0| ERULCH [50]. L2 AHQl2[A
AEl2 Femtosecond laser 7S 2 CHE M=O| H|s| O 2T A[ZtQl 2F 52 A0jA 60
JEO| AlZHO| XL 20| Z=Ad0| E[RULCE [51, 52]. HO|N 7tE = =AM EHO|

EZI7ER] 2@ AlZHo] ZZ2ls EME JHdst7l 2o 228 (Boiling), ZX 2[(Heat

-

treatment), D&l (Coating) & CHYet EHO| A= QUCH Chi-Vinh Ngo 2| &R0 =M

2230 20 EX2| H

>
oot
=2
x
HT
no
o
ot
=2
r|r
%
=2
N
Ho
ruu
ril'r_u
HT
4]

=
rel

2 60 YOl A

™
o
jot
u
|.|-|
rot
=
0x
oz
H-|
=2
|
>t
rir
S\
|0
Hu
I
m

i
i
(8]
w
(6]
o1

n

bt
ry

o= 2% Mz7 ot 3D ZElE 7|gs 0|83 =asd H#ES TUEs A7t

1 UCE O F Kyong-Min Lee 2 H&2 EH PLA MHEE 0|83 MAH FX(Line

mr
|_

pattern), TH TZX(Hole pattern), ZX} TX(Grid pattern)2 3D ZZIE %D =

=
44 Lhz 427t HZO|YHECE BHE IYNE § DY of0) KASY EHS

B

rlo

= ARAZE RUCE [56, 57]. ALt O|F AY HLE2 i F0 Fofet =tt=EHS

AHESH710f BHE YROoA B2 A7t O|RO{X| 1 RACE



=
S

M=

—

AM-EEICH [58].

22| ALEE|
of CIsHA

[2tA  Figure 6 &
FRLE 6xxx

-
(o]

2

Mz SO
AH8

o

A0|Ct.
=

6061/T651

15 420y I G2uE FF9 FA(Aluminum alloy and Corrosion of
JHzIcke

aluminum alloy)

Of) 3 ASAt LHHEHM mHE X HEH )0 ROl AHEEICEH

I

Jo!

Fg 2Lt

e
o
=]

Ho
100

olJ

jol

2l 2= QIC}t [59]. O|H YL Z0|E

gl

ASAH MM AEEE = - &d A0

H

+
(¢]

E
S

o

=

Figure 7

|-

—

S RN

UL

<

—_

jol
ol
or



Figure 7. Examples of aluminum alloy corrosion [64-67].
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23 (Experiment)

2.1 A FH|(Sample preparation)
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Chromium 0.04~0.35%, Zinc 0~0.25%, Titanium 0~0.15%, Other elements 0~0.15%, The Mingtai
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22 AR #A L A= (Fabrication process and system)
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Figure 10. Fabrication process to make superhydrophobic surface.

Table 1. Laser processing conditions.

Laser processing conditions

Kinds of Condition

Values

Processing Area(mm?)

15x 15

Laser power(W)

0.125, 0.25, 0.375

Step size(um)

50, 100, 150, 200
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Figure 11. Schematic of a nanosecond pulsed laser ablation system.
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Table 2. Specification of laser system parts.

Laser system specification
Name of part Model Specification

- Wavelength: UV 355nm

- Pulse width: <20ns at 20kHz
Laser source AWAVE-355-3W-20k - Laser power: >3Watt at 20kHz

- Diode-Pumped Q-Switched Nd: YAG Laser
Attenuater Qbtec-MSL.:355

- 5X at 355nm
Beam expander BEX-355-X1 - Input CA: 8mm

- Output CA: 28mm
Line laser mirror NB1-K08 - Damage threshold 3.5J/cm?2, 10ns, 10Hz
Focusing lens LMU-3X-UVB - 3X, 240-360nm, NA =0.08

2.3 ¥ EA(Surface characteristic)

A

it
rn

H

g

of EH HMES HESIZ| /50 3D Confocal microscopy(VK-X200 series,

Keyence, Japan)2 AM23}ZCE 3D Confocal microscopy= 20HiE2| $O|AS 0|235l0]

i

AS5IA T 0|2 0|83l 2D, 3D imagesS S

+

o3, Blo| WA E3 2o

I

|_

2| BEHOl MSME 2057 25H0 Contact angle meter(SmartDrop, Femtofab Co. Ltd.,
Korea)E AFE3t0 CARQM SA HE ZIASHRULCE cAQt SA FEE 2IsHM 11uLe] 2222

AF23SISCE SA SHE I8 1.6% tilting speedS A28t D, ZE A|HL2 CAR SAE

242t 331% ZHSL] BRYUS WL AFSY £ o B AT Figure 120 Ltot
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Figure 12. Surface analysis tool, (a) 3D confocal microscopy, (b) Contact angle meter.

2.4 F2] A3 Ad(Corrosion resistance test)

24 Mgd2 Tl =etHel dgez Z2FEY| mEA & FF0AME

—

HA Mg AYS TISIQCt AE AFRI2 Figure 130 LEQF QUCE O] ZH|= a fast digital

function generator, data acquisition circuitry, a potentiostat and a galvanostat 2t 22 7|50| AL}

o, OPYNO|L, £ M5S WD, FEA T JFTICL JT|0 0 FHs 24,
BiEfE, RISt B4, MA|, BB S ZESIS 2ofo AFRE £ T AHOE 35

w.t% NaCl =82 AIBSIFLN, +=8AUZ TH=7| 2/l DIl-watert NaCl= 400rpm,

30°colM 30 S AMAC B Mg e o LR0E YsMEE XNE 1eml

rd
1
=

CE=E|Act. AHH0l= Working, counter, SCE reference electrode O|E A & M| 7§2]
M=E Electrochemical workstationZt Corrosion cell0fl HZ3SI0 AM2SIRACE MEO|& Linear
sweep voltammetry S AFESIR}AL, Polarization curvesS 7| sl HE Z7Ho=Z

[ |
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10mV/s2| Scan rateE AFESIRA L, Potential(V)2| HIE -1.6 ~ OVE X|HSHSULCE Working

electrodeOf|A| 4tz} BEZO[ ojLtn, O] upEO0| ELHEECH 12|11 Working electrode2f

L

Reference electrode AFO|Of| PotentialO| Q17t=|1 O[O [t2} Potentiostatdll MF 7t = =IC.

Counter electrodeS AtESIE2Z 3|27 2T, Working electrodel] #&E UFF=

19
[l

2
=

rot

FCF EEBF Atapzhel BESO| M2t ME "isFo| B A =T Polarization curves=

Anodic, Cathodic, Cyclic2| 37tX| HENZ RUCH A0 A2 = HEf= Anodicdt CathodicOl

o

£ U= Cyclic polarizationO|Ct. A K| Polarization curvesOl Al Anodic2t CathodicO| TFLt

oz MAl= Fe| obj= ilel/ete

—_ = L=

g
T
—_

S0 4= X[HO[C} [69]. &HO| ArEet

—

24 YRS Figure 140 2|0 U1, Figure 1501 FA M3 MHBHO| JHHTE
stolgt = QU Mo 2 A X Polarization curvesOfl A corrosion potential (Ecor) 2+ corrosion

current density (o) 27| /50! Tafel plot2 AMESHY gfS FSIRALCE Electrochemistry 2|
2 YA F SILEQl Tafel law= 19050 Bockris@t ReddyOfl 2Jsl THSO{RICt Tafel
law0f [2H, O]l AEYXOoZ HELZ|AL, Electrochemistryl A M F UZo| = M2
RN 2|2 2R ©R2RH MAE Dol met dedXo=z Halooh dfLt F4
oot 2AE Tafel lawl| Hote HE & AFER JHEEJCL M= 3T W=
HOHOAMO =2 sr2@XMdsl 23), Eyring et al.2] HCOj ELE £Z0|2o X2 H

U7 Butler-Volmer WHAS BHEL J|8to] E|QICE O WHAL = MEUES T

>
dp

—

38, lE =0 Fe — Fe?* + 2e= Electrode potential, E: i = io[exp( - )(E —Ey) —

?
9?

ex'P( F) (E — Ep)]7F S} ig= equilibrium potential E,0fl A1 exchange current density(
= g9k half-cell ¥H8 H[Z)OICE a,, a, = ZZ anodic, cathodic charge transfer
coefficientsO| 11, (E —E,) = over voltage value, zi the number of electrons, F & Faraday

constant(96485 C mol™), R= gas constant(8.31 J K mol?), J2|11 T= absolute temperatureO| Ct

[70].
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Figure 13. Electrochemical Workstation.




USB cable

Gt [Cia

Power cable Electrode cable

Figure 14. Corrosion test tools (a) Corrosion test cell, (b) SCE reference electrode, (c) Cables

and Dummy cell.
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Figure 15. Schematic of a corrosion resistance test machine and tool.

21



3. ZAI}(Result)
3.1 ¥ A (Surface morphology)

go|N k51 =2MEl2 MEHE ER0s daXMzs Yo Step size E 7MY
Z Xt = (Grid pattern) 2 2H=O{ & C}. Figure 16 (a-c)= 50um step size 2 K| ZH%| A Cha: 0.125W,
b: 0.25W, c: 0.375W). 7S E HEH T 7t ZEot HAAFRE EO|H 20X I 7t

RO et oA Fx7F SE|A EQICH Figure 16 (d-f)= 100um step size 2 K| ZH&| A CHd:

o

0.125W, e: 0.25W, f: 0.375W). 50um step size 2| EHIt HlWs| 2H o HESH AR ET}
HOIC}E Figure 16 (g-i)= 150um step size 2 H|ZHZ|RACHg: 0.125W, h: 0.25W, i: 0.375W).
OFX|T2 = Figure 16 (j-1)2 200um step size Z M[ZHE[R0(: 0.125W, k: 0.25W, I: 0.375W),
CHE Step size 2Ot 7t 2 JARARE O|F 1 U= AS =g = ULk J2|22 Figure
17-20 O|.= Confocal microscopy 3D images @t 10 2 HO| HZ =olgt = UCH H O
=0|&= oI THof wat fAFSt AES 21, 0.125W O HEF 5.8um, 0.25W Ol A]

H 113um, 0.375W O|A H@ 12.5um 2 HS| =O0|& 7IEE =olg &= JUULCE H

=0[0f CHet HE|= Table 30| HE[Z|0f RUACE
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Figure 16. Confocal microscopy 2D images of laser-ablated aluminum alloy surfaces: (a-c)
50um, (d-f) 100um, (g-i) 150um, (j-1) 200um; (a, d, g, j) 0.125W, (b, e, h, k) 0.25W, (c, f, i, I)
0.375W.
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Average height = 5pm
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Figure 17. Confocal microscopy 3D images of laser-ablated aluminum alloy surfaces:
(a-c) 50um; (a) 0.125W, (b) 0.25W, (c) 0.3W.
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Figure 18. Confocal microscopy 3D images of laser-ablated aluminum alloy surfaces:
(a-c) 100um; (a) 0.125W, (b) 0.25W, (c) 0.3W.
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Figure 19. Confocal microscopy 3D images of laser-ablated aluminum alloy surfaces:
(a-c) 150um; (a) 0.125W, (b) 0.25W, (c) 0.3W.
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Figure 20. Confocal microscopy 3D images of laser-ablated aluminum alloy surfaces:
(a-c) 200um; (a) 0.125W, (b) 0.25W, (c) 0.3W.

Table 3. Burr height of all surfaces and its average height

. Step Size
Burr height(pum) Average
SOpm 100pm | 150pm | 200pm
0.125W 5 6 5 7 5.8
Laser I"oosw | 10 12 12 11 11.3
Power
0.375W 12 13 13 12 12.5
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3.2 ¥ 2 &A(Surface wettability)

AXNARE 2 O|M7tEE St 6 AlZte] EXME| £ O] HEUSO| ZadE 7HK|=
A2 &0I5t7| 2|5t Contactangle meter & Z&3t0 CA QL SA HHZ T™HSIRUCL. CAE
- B ATI2 Figure210ff LIEFLE QUCH 2E ZZAO|AM 150° 0|42 CAE 7HAlL,
Ho 9of 167° HEO| CA E 7IEE Y + URULCE CA 2F SA 9| Zut 2= = Figure
22 O Al =olgh 4= QUL Figure 22 (a)Ofl LIEH:E CA 2= CHEE HAZF MDD HI g
167°9| CA 2tat SAFSHAl LIEFGCE 2{Lt, Figure 22 (b)0] LIEFH SA Zit= CA QF EE
0.125W Of| A Step size O 2t 2HS| CHE AUE EQCH dei=Z=E ™ 0.125W 5 50,
100pm 2 ZO0| H{H™ X2 Step size 0| A %12 SA A4E 7HRA, HuX Z 150, 200um

Step size Ol A| HOjFC2 F sa Z1tE AL
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0.125W 0.25W 0.375W

200pm

Figure 21. Images of water droplet contact angle: (a-c) 50um step size, (d-f) 100um step size,
(g-i) 150um step size, (j-1) 200um step size; (a, d, g, j) 0.125W, (b, e, h, k) 0.25W, (c, f, i, I)
0.375W.
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(a) Apparent Contact Angle(®)
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Figure 22. Wettability on the superhydrophobic aluminum alloy surface (a) apparent
contact angle, (b) Sliding angle.
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3.3 ¥2] 5-AJ(Corrosion characteristic)

Potentiodynamic polarization curve= Y F0ls LF2E A E Zasd BHO| 4
ds0 OiX|l= g LOotEZ|of & HYo|tt FA 450 FOoH EH2 2

Corrosion current density(lcor) 2t == Corrosion potential(Ecor) ZHZICE [71]. 3.5 wt. % NaCl
SHOlM =HE= Corrosion potential®t Corrosion current densityl| BZHE  Figure 23-26°

potentiodynamic polarization curveE S =l = QUCt Figure 230 LIEHH 50um step

size?| Zit= R5F 7tEOHA| 2 BUHEN =g BEO| 24 §50] FoH AsS
gholgt & Aok dLt sopmE Mgt CHE ZDo|ME 0.125wW2 =8 BHO|

200umo| FRE EZASY ER B J}BHX ¥ EMEC £4 450 Woi¥S

|5}0] Tafel extrapolation methodS O|-&3}0]

4o

Ecorrgl' Icorra)lk-% —_I'L_é_l'%‘\l:l' :]- 7E:|J—'—|'E Table 40“ chalElo'I%I\EI' Ol’é’H% %7| ‘CI)'l-é-H 7|'_CT>'_E|X|
@2 HHELD 24 4850 f5tH LMoz JYZS HAGIRIL, tHitiz 24

H&50] WO{X|H wrtMoz FAISIACE HX, Current density Z20tE £ ™

7VESHA| @2 HTH4.89E-06)2CH FA] d50| FHEASS old = UIUCH A
lorl] B2 2 1.76E-072| /2 7HX= A2 & = URACH 2{L}, Corrosion potential =
Current density?t= Cta& CE ZA¥ES HIUCL 7tSSHR| $2 HEHEZ2 -086Ve S
PR B iMooz mAlSE F 59l FYoM 24 450 HoEE ol =+
URULCH ST HAEZ 100pum, 150pum step size2| 0.125WOA 12|11 200um step size ZE
20| Mt O A LIEFSECE 7HE %2 Corrosion potential 452 150um2| 0.125W2| Z 20| A
-1.17ve| Zte 2 LIEFGICE BHHO| 50um Step size dF= 25 24 850 FHojdt A2

% 4 Yotk
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Figure 23. Potentiodynamic polarization curves of untreated and 50um step size
superhydrophobic aluminum alloy surfaces, Yellow line is untreated surface, red line is

0.125W surfaces, blue line is 0.25W surfaces, green line is 0.375W surfaces.
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Figure 24. Potentiodynamic polarization curves of untreated and 100um step size
superhydrophobic aluminum alloy surfaces, Yellow line is untreated surface, red line is

0.125W surfaces, blue line is 0.25W surfaces, green line is 0.375W surfaces.
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Figure 25. Potentiodynamic polarization curves of untreated and 150um step size
superhydrophobic aluminum alloy surfaces, Yellow line is untreated surface, red line is

0.125W surfaces, blue line is 0.25W surfaces, green line is 0.375W surfaces.
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Figure 26. Potentiodynamic polarization curves of untreated and 200um step size
superhydrophobic aluminum alloy surfaces, Yellow line is untreated surface, red line is

0.125W surfaces, blue line is 0.25W surfaces, green line is 0.375W surfaces.
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Table 4. Corrosion potential (Ecorr) and current density(lcorr) by Tafel plot method.

Density(A/Cm?)

Step_ Size

SOpm 100pm 150pm 200pm

0.125W
Laser 0.25W
Power
0.375W
Untreated sample = 4.89E-06
. Step Size
Potential(V)
0.125W
Laser 0.25W
Power
0.375W

Untreated sample =-0.86
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4. E9](Discussion)

Zaald BHO EME Qs MY AFXE2 B2 24 ETE 083510 A2
TISHSIQICE CHEXN QI S 2= XRD(X-Ray Diffraction), Point EDS(Energy-Dispersive x-ray

Spectroscopy), FESEM(Field Emission Scanning Microscopy), FT-IR(Fourier Transform Infrared)

S= AREStR QURUCL 2Lt = FHoM= fIet 22 Y 245 TASHA| =59

e MYAFAS] Aluminum ZIHE HZESIACL EDS =45 Sot0 ofetd =do|

rt
_I-'QI-
Ul

fot

Lol

—

ot

= A/YCLL C, 0, AI S LIt =tt=FHO0| AEEA=H, 59 c2

J

R0l ZO[N 7tE =O= Eao 15%0AM eAlZt S22 EXZ| 2O= 13.64%=

0| S7totAL

—_

. JUHHLZ o A9l 2 Chx AU XRD =40AM=

HOIKItE Tt FX2| =2 HlmY Sust I HSE oY 4 YoICk

g 4 gl
b @xeEl ol MEe
3t8t2 H(hydrophobic -CHs, -CH-)0l HEES & 4 AT O[ZW HOIXIIE HF
A4NOIYE EO| eAlZo] YHEIS S3t0l cYS FE M2 HxZgom

xASY BRHO T & U HS Y & UUCH O|ZW HOIN FBS Sof AZTEE

T AN BEE Ee 5 AL, @M H2 2O OUX|E VT 2E NEHES & +

Figure 270A Ztolst 4= QU=0| 50um step size@l SA= 25 2° O|slo| OtF A2 7t
ZHNCH &2 Zaed B CAR} X2 SAE 7IX|EE HUHe=E 2& X2

0.86V)ECt BE 2 S 7t HAl M

x
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o

ot

>
m

Q
oo
mjo

o

b = QUQACE CHE Step

o A2 O|N Itelz 7ISois o, duNez 2

El

sizeO| A= 0.125W ZS2 = H]

SAE 781 Ol= & & Corrosion potential Z1t2 O[O 24l M&50| HOX[& A2 &

37



ARACE 2Lt 200um ZIH= OESZ 0.25W, 0.375WOIM= ZE2 sa g}

Ol= £, W2 Corrosion potential 2t= ZHAILCE.

(a) Potential(V)
-14
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0
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(b) Sliding Angle(°)
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&
&
4
2
0
50pm 100pum 150pm 200pm

m0125W m025W m0.375W

Figure 27. (a) Graphs of corrosion potential results, (b) Graphs of sliding angles.
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Lot 2A XN e =T cA 2 sA E THHFYSIRULE Figure 28 Z1tE EH T, CA
Aits BA 40| SFAMETIAE 50um step size ZIMOIAM 0.125W o BRE= AZE CA Tt
daStACH gLt OF% 150°0f Z2Fet ZAME EIACL 0375w ER0= OFF 167°
HEO| =2 CA £ 7HHCE BHHO| 200um step size £ 0.125W O Al 114° HEQ| CA &
0.375W £ 137° HEO| CA & 718 a4 HEO CA £ 7HX|A E[ACt 2|1 SA

Aits 2A XME MY = 50um step size, 0.375W 2| ZREH 0§ ™| 10° 0|52 L3 SA

W2 78D, LIS F2A SA 70| FHYEKX| AUALCE

(a) Apparent contact angle(")
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Figure 28. Graphs of water droplet apparent (a) contact angles of before & after corrosion test
(b) sliding angles of before & after corrosion test.
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Figure 29. Surface images after corrosion test (a) untreated sample, (b) 50um step size with
0.125W, (c) 50um step size with 0.375W, (d) 200um step size with 0.125W, (e) 200um step
size with 0.375W
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Figure 30. Confocal microscopy images of untreated surface after corrosion test (a) 2D

image, (b) 3D image, (c) burr shape.
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Figure 31. Confocal microscopy images of 50um step size with 0.125W after corrosion test

(@) 2D image, (b) 3D image, (c) burr shape.
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Figure 32. Confocal microscopy images of 50um step size with 0.375W after corrosion test

(@) 2D image, (b) 3D image, (c) burr shape.
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Figure 33. Confocal microscopy images of 200um step size with 0.125W after corrosion test

(@) 2D image, (b) 3D image, (c) burr shape.
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Figure 34. Confocal microscopy images of 200um step size with 0.375W after corrosion test

(@) 2D image, (b) 3D image, (c) burr shape.
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5. 58 715 (Potential application)
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Figure 35. Demonstration of a touch of 10uL of water droplet on the superhydrophobic
aluminum alloy surface of 100um step size with 0.375W. (a) before corrosion test (b) after
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Figure 36. Demonstration of the water sliding on the superhydrophobic aluminum alloy

surface of 100um step size with 0.375W. (a) before corrosion test (b) after corrosion test.
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Figure 37. Demonstration of Water bouncing effect on the superhydrophobic aluminum alloy
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Figure 38. Demonstration of self-cleaning property on the superhydrophobic aluminum alloy

surface.
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Figure 39. Demonstration for water array/water storage application.
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6. “AE(Conclusion)
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Study of corrosion resistance of superhydrophobic
aluminum alloy surface fabricated by laser texturing and

post-process

Jihun Kim
School of Mechanical Engineering,
University of Ulsan, South Korea

ABSTRACT

Recently, superhydrophobic has been studied by a lot of fields and scientists. For making
superhydrophobic surface, most of the techniques need long fabrication time or toxic chemicals.
However, this study made some samples of grid pattern using nanosecond pulsed laser ablation
and very simple post-process within 6 hours through environment friendly and simple process
method. These samples have more than 150° apparent contact angle (CA) and less than 10°
sliding angle (SA). So, they are exactly shown that superhydrophobicity. All samples have
167+3° apparent CA and 3+3° SA. Superhydrophobic surfaces can apply in various kinds of
manufacturing field for example self-cleaning, anti-icing, anti-corrosion, water-oil separation.
Especially, this study focuses on the anti-corrosion part. For this experiment, using aluminum
alloy. Usually, aluminum (Al) alloys have been widely used in extensive field. However, if
corrosion and contamination affect aluminum alloys, they are having serious problems to their
function and appearance. To prevent corrosion, this study used environmentally friendly and
simple process method for preparing the surperhydrophobic aluminum alloy surface. To
making samples, normally used 50, 100, 150 and 200um step size with 0.125, 0.25 and 0.375W
laser power. These samples are shown that it has better than the untreated sample conditionally.
The results are that small step size samples with high laser power have excellent corrosion

resistance. But large step size samples with low laser power shown that bad corrosion resistance.
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