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Microstructure and Properties of High Power CO, Laser
Welded Pipeline Steel

Hu Lianhai Huang Jian Li Zhuguo Wu Yixiong
(Shanghai Key Laboratory of Materials Laser Processing and Modification , Shanghai Jiaotong University ,

Shanghai 200240, China)

Abstract Welding is one of the key technologies in pipeline construction. The corresponding welding technology
should be meeting the requirements of the pipeline construction due to the rapid development of advanced pipeline
steel. The advantages and disadvantages of laser welding for pipeline steel are analyzed. X52 pipeline steels with a
thickness of 16 mm are welded using high power CO, laser. Cracks in the weld are not detected by X-ray.
Solidification properties and microstructure of laser welded joint have been studied by optical microscope. The
mechanical tests of the welded joint have been conducted according to American Petroleum Institute Specification API
SPEC 5 L. The results show that the ultimate tensile strength is 480 MPa , fracturing in parent metal, without any
cracks in 180°bend specimens; and Charpy notch toughness at —20 C is CVN=279 J in weld metal, CVN=282 J in
fusion zone and CVN= 212 J in heat affected zone. The maximum hardness of butt welded joint is about 270 HV,
which locates in the bottom of weld. All the mechanical properties of weld produced by using laser welding can meet
the welding technical requirements of X52 pipeline steel.

Key words laser welding; X52 pipeline steel; microstructure; mechanical properties; microhardness
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Table 1 Chemical composition of X52 pipeline steel

Element C Si Mn

P S Nb Ti A%

Content /mass fraction% 0.13 0. 34 1.

0. 009 0.006 0.017 0.013 0.027

Bl 1 X52 BARMBOCIETEA . () IETHARLE; (b) Sim AR 4%
Fig. 1 Bead of laser welded X52 pipeline steel. (a) The front bead; (b) the back bead
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Fig. 2 Macrograph of laser welded X52 butt
joint transverse section
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Fig. 3 Macrostructure of laser welded X52 seam
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Fig. 4 Microstructure of laser welded X52 butt joint
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Table 2 Mechanical properties of laser welded butt weld joint

Code Tensile test Bend test (180°) Charpy V-notch impact test Agy /] (—20°C)
Tensile strength Fracture Front Weld Fusion zone HAZ
X52 R,./MPa location bend 1 2 3 Avg® 1 2 3 Avg® 1 2 3 Avg®
Parent No
480 metal crack 242 300 296 279 288 280 278 282 216 206 214 212
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Fig. 5 Hardness distribution of laser welded X52 butt joint
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