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Elimination of Rusting Layer from High-Strength Steel Surface

Using Different Laser Cleaning Methods
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Abstract We investigate dry and liquid film-assisted laser cleaning methods and elucidate the influence of laser

power on the state of a specimen surface. We also compare the derusting mechanisms of the two methods. The

results denote that both the aforementioned methods can effectively eliminate the rusting layer on a sample surface,

and the effect of liquid film-assisted laser cleaning at low power is better than that of the dry laser cleaning. The

optimized liquid film-assisted laser cleaning process parameters include a laser power of 400 W, pulse frequency of

10 kHz, and pulse width of 30 ns. Under these conditions, the oxygen content of the sample surface is reduced to

3.38%,and the surface roughness is observed to be 3.04 pm.
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Fig. 2 Morphology and composition analysis of rusting layer. (a) Macro morphology;
(b) SEM image; (c) X-ray diffraction peak
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Fig. 4 High-speed photography photos at different time under both of two laser cleaning methods.

(a)-(c) Dry laser cleaning; (d)-(f) liquid film-assisted laser cleaning
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Fig. 6 Surface SEM morphologies of dry laser cleaning samples under different powers. (a) 100 W; (b) 300 W; (c¢) 400 W
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Fig. 7 Surface SEM morphologies of liquid film-assisted laser cleaning samples under different powers.

(a) 100 W; (b) 300 W; (c) 400 W

0702003-4



6.0
55 —=—dry

= 5.0t

=

o 4.5F

€ 4ot

E .

%35}

Q

& 3.0}
2.5}
2.0

0 100 300 400
Laser power /W
& 8 A [F) IO e J7 R R 5 T iR 1 2 KR E
Fig. 8 Surface roughness of sample before and

after different laser cleaning methods

3.3 BAFBRAEXNFEHER ST

B ik 20 A AR iR R T AT R
i 0 A8 AR AT LA T A S S A ok 11 2 B
JE 38 T BRI BT A B R [ S 56 S 50T R R Y
ATTES R WA 9 FraR. o UL AR BRI 3R AR
JCE MR BON 30.09% ; 4OE T F o8 100 W
B #H L T30 T 2UBR 5 A ] B o 5 B T TR Bl
R 5 J5 1R 2 1T SO0 K B AT BURE AR T 43 %0
Wi 5 385 Iy R o R e Tk ) R A AR B AT
MO FIRF] 400 W, PR 5 35 BR 85 I il ke

T AR T 3R 1 T 8 3 B T 406 .
35
&
g 30 30.09 ——dry
b —e— liquid film
2 25¢
o
520
§ 151
Q
g 10
g 5
E 0 1 1 1 1
0 100 300 400
Laser power /W

Ko BOREE IR EICES

Fig. 9 Oxygen content of sample surface after laser cleaning

SR 2O T v A B OB vk TR
400 W OGPy AT BR 85 5 - X AR #E 4T XRD
3 A 8 3 3 T A R g o 1 E S ok ) o S
BrTd. BRES S MR 5 85 )2 i A7 9 1 an 1#1 10
Jis s A LLE L BREE JE IR I X Al S S P L 8
ol )2 v B A 6T IO D AT SR U 29 R 33X 1 B O T
N 400 W I, PR 7 B0 S50 L B 1 AR R T
2

4 4k 1w

SR 20/ 90005 i Bl X O 6 U O 9 X e ik A

s Fe
*Fe,O,

water, 400 W +Fe, O

dry, 400 W

Intensity

rust
« 3

20 40 60 80 100
Diffraction angle /(°)

. 3¢ 1 [\

10 BREEEEAE S S 0Z 1Y X A 5 Xy 1
Fig. 10 X-ray diffraction peak contrast of

rusting layer and laser derusting sample

T AR 455 1k = AT A B, I X6 7 Aol B 455 7k A A A
HEATHETE f?ﬁﬁﬁ%l&%%ﬁ&#i@TkﬂM%ﬁ

R R BB R R . LRI B RO L R 5 i
e 5 2 S A AR S b 3 T R L BR A S iR
i b T BRI IOEsE . W BR AR i 1R 3R i
I 3 A 2 o3 2R AT o3 A 2 B - B 3 0O D R
TN o % A AT B4 455 5 7 4 25 o 1R S T 33 P T )
P MO E T R IEF 400 W, 5 F 7 25 4 BE %
A2 R b 2 THT A 45 b AR T R A T E I
G WOBEA B RO TS VRO R AE R R R B BR A5 Ak
R ZF T HRBOCR e Tr ik, T UL BRal ke 3% 1
SR b e P S A 5 e i T RO U U HUBE L BR 2E
B 2 THT A9 55 o 0T T A T T P P S 1 45 ok 7
B ROL IR A BE L BR . J3 50 B WF5E T PRI Ut
DL BOG T A R 85 i 1R 3% TR B2 B9 5 R
TR B SO T Ve — AR 5T L e R BR S T 1
HA 8w 19 I L

2 % x M

[1] SunSJ, Chen W M, Yi S Z, et al. Study of the
corrosion protection behavior of neutral water-based
Colloids and

and Engineering

rust remover on carbon steel [J].
Surfaces A: Physicochemical
Aspects, 2018, 558: 130-137.

[2] LiJF, GeSS, Wang ] X, et al. Water-based rust
converter and its polymer composites for surface

Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2018,
537: 334-342.

[3] Tong Y Q, Zhang A, Huang J Y, et al. Distribution

and influence of oxygen content of laser pretreated

anticorrosion [ J .

aluminum alloy surface before welding [J]. Chinese
Journal of Lasers, 2019, 46(2): 0202003.

PEHORE, sk, AT, & BATEOCHA MRS
SRMA TR KsgmJ]. b EBEE, 2019,

0702003-5



G

(4]

(6]

7]

(8]

(9]

[10]

[11]

[12]

46(2): 0202003.
Xia P'Y, Yin Y H, Cai A J, et al. Laser cleaning
process of 2219 aluminum alloy anodic oxide film
before welding[J]. Chinese Journal of Lasers, 2019,
46(1): 102005.

Hilz, PRI, $2%, % 2219 g ek
JEERR H O e T AR T] . P E O, 2019, 46
(1): 102005.

Yu H B, Wang C M, Wang J, et al. Research on the
laser de-rusting of carbon steel surface[J]. Applied
Laser, 2014, 34(4): 310-314.

AT, EAED, EE, S RN R BOLR SR
1. RO, 2014, 34(4): 310-314.

Rajendran S. Biotechnology for rust {ree iron metal
surface[J]. APCBEE Procedia, 2012, 3: 245-249.
Xing H N, Ran H L., Zhao H F, et al. Development
and application of laser cleaning technology [J].
Cleaning World, 2018, 34(5): 23-31.

A, Ha R, B, 5. OB R KR K&
NEFHTTD. iUkt A, 2018, 34(5): 23-31.

Zapka W, Ziemlich W, Tam A C. Efficient pulsed
laser removal of 0.2 pm sized particles from a solid
surface[J]. Applied Physics Letters, 1991, 58(20):
2217-2219.

Zhou X, Imasaki K, Furukawa H, et al. A study of
the surface products on zinc-coated steel during laser
cleaning [ J ]. Surface and Coatings
Technology, 2001, 137(2/3): 170-174.

Salimbeni R, Pini

cleaning in the

ablation

R, Siano S. Achievement of

optimum laser restoration of
artworks: expected improvements by on-line optical
diagnostics[J]. Spectrochimica Acta Part B: Atomic
Spectroscopy, 2001, 56(6): 877-885.

Pouli P, Fotakis C, Hermosin B, et al. The laser-
induced discoloration of stonework; a comparative
study on its origins and remedies[J]. Spectrochimica
Acta Part A:
Spectroscopy, 2008, 71(3): 932-945.
Chita G,

surface treatments:

Molecular and  Biomolecular

Daurelio G, Cinquepalmi M. New laser

cleaning, derusting, deoiling,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

0702003-6

and degreasing [ ] ].
Proceedings of SPIE, 1997, 3097: 369-391.
Maravelaki P V, Zafiropulos V, Kilikoglou V, et al.

Laser-induced breakdown spectroscopy as a diagnostic

depainting, deoxidizing,

technique for the laser cleaning of marble [J].
Spectrochimica Acta Part B: Atomic Spectroscopy,
1997, 52(1): 41-33.

Lei Z L, Tian Z, Chen Y B. Laser cleaning
technology in fields [J]. Laser &
Optoelectronics Progress, 2018, 55(3): 030005.
WIETE, W&, BRER. Tl S8 0 B s sk A
[J]. WOkt T3k, 2018, 55(3): 030005.
Psyllaki P, Oltra R. Preliminary study on the laser

industrial

cleaning of stainless steels after high temperature
oxidation[]J]. Materials Science and Engineering: A,
2000, 282(1/2): 145-152.

Xie Y F, Liu H W, Hu Y X. Determining process
parameters for laser derusting of ship steel plates[J].
Chinese Journal of Lasers, 2016, 43(4): 0403008.
ARG, XUUER, SR ARARAR A WOLRREE 1.2 5
Bow € Ik whge L1, Bk, 2016, 43 (4):
0403008.

Wang Z M, Zeng X Y, Huang W L.
surface performance of laser removal of rust layer on
A3 steel [J].
2003, 166(1): 10-16.

Tam A C, Leung W P, Zapka W, et al. Laser-

Parameters and

Surface and Coatings Technology,

cleaning techniques for removal of surface particulates
[J]. Journal of Applied Physics, 1992, 71(7): 3515-
3523.

Tian B, Zou W F, Liu S ], et al. Introduction of rust
removed by dry laser cleaning[J]. Cleaning World,
2006, 22(8): 33-38..

MM, 4807057, XU, . SO TR ], Hik
5, 2006, 22(8): 33-38.

Li W. Research on mechanisms of laser rust removal
and manufacture of laser cleaning devices [ D].
Tianjin: Nankai University, 2014.

ZAh . WOLTE TS M HLE BF 5 A& TF & [D]. R
HE: BT R, 2014,



