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Laser Removal of Coating on Oil and Gas Pipelines: Effects on
Microstructure and Hardness of Substrate
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Abstract To study the feasibility of laser exfoliation of the external coating of oil and gas pipelines and the effects of
coating removal on the properties of the substrate, laser coating removal experiments were conducted on the epoxy
resin coating on the X65 pipeline steel using a short-pulse laser. After coating removal, the pipe external surfaces
were tested using a three-dimensional morphology tester. The surface and cross-section of each sample were tested
and analyzed using scanning electron microscopy and energy spectrum analysis. After the two samples were
irradiated using different laser technical parameters, the coating layers were almost completely exfoliated. At the
same time, dense crater morphology was evident on the surface and strip-shaped and crack regions appeared below
the surface. The strip-shaped regions beneath the surface were about 20 pm and 10 pm thick for samples A and B,
respectively, while the crack regions were about 100 pm and 90 pm thick, respectively, and the hardness of both the
samples’ surfaces increased slightly. The laser technical parameters used in this research not only meet the
requirements of laser coating removal for steel pipes but also strengthen the surface. Thus, coating removal is
technologically feasible for steel pipelines and valuable for further investigation.

Key words laser technique; laser coating removal; X65 pipeline steel; macroscopic morphology; microstructure;
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Fig. 1 Pipeline steel with coating
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Table 1  Chemical composition of X65 pipeline steel

Element C Si Mn P S Fe
Mass fraction /% 0.059 0.26 1.52 0.0l 0.0013 Bal
22 EWHZE

AR YR S5 R R R A B 2 S AR i BE A Y
SRS W MOE S IR TE K 100 ns, HEIAE N
100 kHz, & BOG R 3 58 56 19 3 A TAF 2 $cn
T TAER Ry 380 VLK FE R 100 ns, B E MR
13 kHz, 6 BEEH AR N 200 pm, ARHFTEH S R H Al
AR B R 28 0 AT IR R MR AT 5 A A
T WOLER B i & A8 & T = A BOob YR/
A 4 07 2O MR 46 i 41 B R S
958 — U, WO A 12 R 46 o fE 4 T — W ()
iy m R E S5 b, LhRRE LA
Rk 2 fros, Koo, AR TE 250 W,
10 mm/sZ& AT A — i 5 32 T B 7% B3
TEZHBOC IS BT ESHAH 5 RZ R, AR
MR EA R AL, TP AN B 8 2 B A5
A BRE R A5 RS,

0302009-2



i b

#2 WHRETLZH

Table 2 Coating removal process parameters of samples

Sample piece Number Power /W Speed /
number of scan (mmes ")
1 150 10
A 5 250 10
1 250 20
1 150 20
B 1 250 5
1 250 5
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Fig. 2 Samples after coating removal.

(a) Sample A; (b) sample B
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Fig. 3 Optical micrographs of cleaned surface of sample A
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Fig. 5 Surface macroscopic morphology of sample A
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Fig. 6 Three-dimensional surface morphology of samples after coating removal. (a) Sample A; (b) sample B
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