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Effect of nanosecond pulse laser cleaning petrochemical equipment
on cleaning surface

WANG Shuwen, WANG Tao ™, LI Daoqi, YANG Zifan, LI Yubin
(College of Mechanical Engineering. Hebei University of Technology . Tianjin 300401, China)

Abstract : The nanosecond pulse laser is used to clean the corrosion layer and oil stain on the surface of 20
steel commonly used in petrochemical equipment. The optimized laser cleaning process parameters are
obtained by orthogonal experiment. Under the cleaning process parameters of laser power 18 W, laser
pulse repetition frequency 75 kHz, scanning speed 3 000 mm/s,the rust layer on the surface of 20 steel
can be effectively removed. Under the cleaning process parameters of laser power 20 W,laser pulse rep-
etition rate 75 kHz and scanning speed 2250 mm/s, the oil stains attached to the surface of 20 steel can
be effectively removed. The changes of material surface morphology before and after laser cleaning are
analyzed,and the surface microhardness and corrosion resistance before and after laser cleaning are stud-
ied. The results show that laser cleaning can improve the microhardness of material surface without
changing the corrosion resistance of material, so as to achieve the ideal laser cleaning effect.

Key words: laser cleaning; petrochemical equipment; orthogonal experiment; surface topography; micro-

hardness; corrosion resistance
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Fig. 1 Laser cleaning equipment
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Fig.2 Schematic diagram of laser cleaning equipment
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Tab.1 Mass fraction of 20 steel

Fe C Si

P Mn S

Bal. 0.17%—0.23% 0.17%—0.37%

<<0.035%

0.35%—0.65% <<0.035%

(2) (b) (©
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Fig.3 Experimental sample of laser derusting:
(a) Clean 20 steel plate; (b) 20 steel plate with

rusty surface; (c¢) Microstructure of rust layer
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Fig. 4 Laser degreasing test sample:
(a) 20 steel plates containing oil stain;

(b) Oil stain microscopic appearance
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Tab. 2 Factors and levels of rust removal test

A B C
Level Power Frequency Scanning speed
/W /kHz /(mm/s)
1 15 70 2500
2 18 75 3000
3 20 80 3500

£33 REETIBRERKER

Tab.3 Factors and levels of degreasing experiment

A B C
Level Power Frequency Scanning speed
/W /kHz /(mm/s)
1 15 70 2250
2 18 75 2750
3 20 80 3250
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Tab.4 Rust removal test scheme

et AW B/KHZ  C/Cmm/s) o
1 15 70 2500 A1BIC1
2 15 75 3000 A1B2C2
3 15 80 3500 A1B3C3
4 18 70 3000 A2BI1C2
5 18 75 3500 A2B2C3
6 18 80 2500 A2B3Cl1
7 20 70 3500 A3BIC3
8 20 75 2500 A3B2C1
9 20 80 3000 A3B3C2

x5 BRHTHEAR
Tab.5 Oil stain removal test scheme

dest AW B/AHZ C/Gmm/s) o
1 15 70 2250 A1BIC1
2 15 75 2750 A1B2C2
3 15 80 3250 A1B3C3
4 18 70 2750 A2B1C2
5 18 75 3250 A2B2C3
6 18 80 2250 A2B3Cl1
7 20 70 3250 A3BIC3
8 20 75 2250 A3B2C1
9 20 80 2750 A3B3C2
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Tab. 6 Test results of laser derusting

Tet AW B/KHZ C/(mm/s) Ra
1 15 70 2500 2.637482
2 15 75 3000 2.28901
3 15 80 3500 3.96777
4 18 70 3000 1.850052
5 18 75 3500 1. 980 352
6 18 80 2500 3.380774
7 20 70 3500 2. 798904
8 20 75 2500 2. 348718
9 20 80 3000 2.259174
Bl 2.965 2.429 2,789
k2 2,404 2.206 2,133
k3 2.469 3,203 2.916

Delta  0.561 0.997 0.783

e b

Optimal Power:18 W; Frequency:75 kHz; Scanning speed:
scheme 3000 mm/s(Energy density:3.06 J/cm?)

RT HERHFIHEER

Tab.7  Results of laser degreasing test

Test

number A/W B/kHz C/(mm/s) Ra
1 15 70 2250 4.142978
2 15 75 2750 3.913508
3 15 80 3250 4,737 464
4 18 70 2750 6.307 958
5 18 75 3250 3.43643
6 18 80 2250 4.553 872
7 20 70 3250 4,.73568
8 20 75 2250 3.969042
9 20 80 2750 3. 774906
k1 4,265 5.062 4,222
k2 4.766 3.773 4. 665
k3 4.16  4.355 4,303
Delta 0.606 1.289 0.443
Fr R

Optimal Power:20 W; Frequency:75 kHz; Scanning speed:
scheme 2250 mm/s(Energy density:3.39 J/cm?)




+ 648 -

After cleaning

(@ (b)

5 EXHBBEXEDR:(a) AERFEZIE;
(b) HARRHFTERLR
Fig.5 Cleaning effect of orthogonal test:
(a) Orthogonal experiment of laser derusting;

(b) Orthogonal experiment of laser degreasing
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Fig. 6 Surface morphology and phase of 20 steel rust layer: (a) Macro morphology; (b) SEM morphology; (c¢) EDS spectrum
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Fig.7 Surface morphology analysis of laser derusting test: (a) Macro morphology; (b) SEM morphology; (c¢) EDS spectrum
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Fig. 8 Surface morphology and phase of 20 steel oil stain: (a) Macro morphology; (b) SEM morphology; (c¢) EDS spectrum
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Fig. 9 Surface morphology analysis of laser degreasing test: (a) Macro morphology; (b) SEM morphology; (c¢) EDS spectrum
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Fig. 11  Effect diagram of spot lapping:
(a) Effect drawing of spot lapping in rust removal test;

(b) Effect drawing of spot lapping in degreasing test
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Fig. 12 Comparison of surface hardness after laser cleaning
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Fig. 15 Comparison of surface macro morphology before and after laser cleaning: (a) Initial surface;

(b) Surface after rust removal; (c) Surface after degreasing
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Fig. 16 Comparison of three-dimensional surface morphology before and after laser cleaning:

(a) Inmitial surface; (b) Surface after rust removal; (c) Surface after degreasing
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