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Laser cleaning and elemental composition analysis of rusty surface

QIAO Yu-lin' ,ZHAO Ji-xin' , WANG Si-jie' ,CAI Zhi-hai' ,ZHANG Jing* ,ZHANG Guo-xin’
(1. National Engineering Research Center for Mechanical Product Remanufacturing, Academy of Armored

Force Engineering, Beijing 100072, China ;2. Beijing GK Laser Technology Co. Lid. ,Beijing 100192, China)

Abstract: The surface rust of carbon steel was cleaned by high-frequency and high-energy laser cleaning equipment
with wavelength of 1064 nm. The effect of technological parameters on rust removal was studied during laser cleaning,
and the element composition and relative content of rust surface , micro-region, line and point areas after laser cleaning
were analyzed. The results show that the rust of the carbon steel surface can be completely cleaned by the pulsed laser
under the optimized parameters. There is no oxygen element on rust surface , micro-region, line or point areas after laser
cleaning, which indicates that there is no formation of iron oxide on the cleaned surface in the process of laser clean-
ing.
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Tab. 1 Laser cleaning effect under condition of main cleaning parameters

RIS | WOLDIHR/W | Jkob#iiR/kHz | VLR Fe &t/ wi% WO ve R HBOR
1 200 5.0 95. 1 B C bR, F 5 5E B 0, (HER T IR B DV R AR
2 300 10.0 96.5 BUEHOKRE, REREA4E 6,
3 500 15.0 96. 8 FuZHERE, REEEAaE O,
4 200 15.0 92.1 B JE BRI, R 58 (48 0 (BRI AR B AP IR (B
5 300 10.0 96. 4 FEUZEHOKRE, RE R4,
6 500 5.0 97.2 FuZHCRE, REEREAeE A,
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#,0 JTR AN & i R BRI B, C TR
AHXS & AR A X U B R A [
ORI s MEOCHIHEEE N 6. 0 mm/s I, Fe JLER Y
AHXS & i, O JCR I3 B dfIK, U 85 2 K BR Ak
R R . HAEMFRIBEOCSECT  BOGH vES il
IR 6.0 em’/s, TFVRACR B
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Tab. 2 Influenceonsurfaceelementalcontentby

different scanning velocity after laser cleaning

B PR/ (em® - s71)
E;ft‘ui G 3.0 ‘ 4.0 ‘ 5.0 ‘ 6.0 ‘ 7.0 ‘ 8.0 ‘ 9.0
Bz BRI
Fe 81.3(91.9 [{91.6 {92.0(92.9|92.2 |90.7 90.6

oy

0 1281 2.2 |25 |21 | 1.3 ]| 18|32 3.4

C 59 159 |58 (59|59 |59 6.1 6.0
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gy SEM [ TR H SOt De s i 3% i i 2L
FEH UL RO RR L, HE AR 50 wm Zifq .
TEBROCIEIE N PE 2 11 - 48 e, (HAEFOE L BEIR
AL B — BRI, X AT RESE LB FA H AL 52 1) 2 ~ 3
UK PO C RS , o F5 AR 3R B T w8, K 2R R L

BT BN R OGS B 1) SEM [
Fig. 1 SEM diagrams of carbon steel rusty surface after laser cleaning
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Element Weight%  Atomic%
CK 6.2323.54

SiK 0.36 059
MnK 0.48 039
FeK 92.93 75.48

Totals 100.00

ull Scale 3209 cts Cursor: 9.803 (22 cts)
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Fig. 2 Elemental composition and relative content of carbon

steel surface after lasercleaning
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0.50 041

92.40 7548

100.00
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Fig. 3 Elemental composition and relative content of the micro-area

within the laser spot traces of the rusty surfaceafter laser cleaning
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Togm ' ElectonWfage 1

Element Weight% Atomic?

CK6.02 2288

OK  39.63 6041

SiK 0.570.49
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028 0.19
50.2621.95
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Spectrum 2

ull Scale 2580 cts Cursor: 8.894 (18 cts) ke'|
K4 SOBIE TR R RO
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Fig. 4 Elemental composition and relative content of the unsmooth

micro-area within the laser spot traces of the rusty surface

after laser cleaning

OK 010 0.16
MnK0.43 033
FeK92.48 75.11
Totals  100.00
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Fig. 5 Elemental composition and relative content of the the laser

spot lap micro-area of the rusty surface after laser cleaning
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Fig. 6 Linear scanning diagram of elemental composition and

relative content of the rusty surface after laser cleaning
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Mn Elemen Weight% Atomic%
Fe C K12 9340.76
0.35 0.47
MnK 050 034
FeK 86.22 58.43

ull Scale 2977 cts Cursor: 12.375 (17 cts)
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Fig. 7 Elemental composition and relative content of point element

in laser spot of the rusty surface after laser cleaning
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Fig. 8 Elemental composition and relative content of point element

in laser spot two-lap joint of the rusty surface after laser cleaning
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Fig. 9 Elemental composition and relative content of point element

in laser spot three-lap joint of the rusty surface after laser cleaning
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