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Microstructure and Mechanical Properties of X80 Pipeline Steel
Backing Welded Joint by Fiber Laser-MAG Hybrid Welding
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Hu Xiyuan® Hu Peipei* Zeng Huilin®
' State Key Laboratory of Advanced Welding and joining, Harbin Institute of Technology ,
Harbin , Heilongjiang 150001, China
? School of Materials Science and Engineering, Huazhong University of Science and Technology ,
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* Pipeline Research Institute of CNPC, Langfang, Hebei 065000, China

Abstract Fiber laser-metal active-gas welding (MAG) hybrid welding on 6-mm-thick root of X80 pipeline steel is
carried out to attain one side welding both sides formation. Mechanical properties of welded joint in optimal
parameters such as microhardness, tensile strength, impact toughness, and bending strength are studied. Based on
this, the effect of thermal cycle caused by hybrid welding on welded joint is investigated. The results indicate that
good appearance, defect free joint can be achieved in the optimized parameters, and the cross-section of welded joint
exhibits feature of “goblet”, which can be divided into two parts: arc zone and laser zone. The microhardness in arc
zone is higher than that in laser zone. Fracture of tensile test occurs in the base metal. The microstructures of weld
in arc zone mainly consist of acicular ferrite and a small amount of proeutectoid ferrite. Whereas, The
microstructures of weld in laser zone mainly compose of acicular ferrite and bainite-like (upper bainite and granular
bainite). The difference in microstructure of heat affected zone (HAZ) between arc zone and laser zone is small, but
the coarse zone in arc zone is obviously wider than that in laser zone.
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Fig. 1 Dimension of experimental material
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Table 1 Chemical components of X80 pipeline steel (mass fraction, %)
C Si Mn S P Ni Mo Cr Nb
0. 065 0.24 1. 85 0.003 0.011 0. 38 0. 34 0.022 0. 057
2 SC-OIK2 M 2202 j 43 (R 4340 00D :
Table 2 Chemical components of SC-91K2 filler 1
wire (mass fraction, %) ‘
C Si Mn S P Ni Mo
0. 04 0.35 1.25 0.013 0.012 1.55 0.09
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Fig. 2 Schematic diagram of laser-MAG hybrid process
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Fig. 3 Macro-appearance and cross-section of laser-MAG welded joint. (a) Macro forming; (b) cross-section view
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Fig. 4 Fracture appearance and morphology of samples. (a) Fracture location; (b) fracture morphology
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Table 3 Results of tensile test

No. 1 2 3 Av.
o,/ MPa 805.0 815.0 809.1 809.7
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Table 4 Results of impact test

No. 1 2 3 Av.
Weld energy /] 100 112 110 107. 4
Fusion line energy /] 110 90 120 106. 7

Bl 5 wpai b 0 R TEA SEM JESR . () B 11 21 ; (b) SEM JE5R
Fig.5 Fracture and SEM morphology of impact test. (a) Fracture surface; (b) SEM of fracture morphology
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Fig. 6 Microhardness distribution curves of welded joint
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Fig. 9 Appearance of HAZ. (a) arc zone (A zone); (b) laser zone (B zone)
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Fig. 10 Microstructure of HAZ (A zone). (a) Incomplete recrystallization zone; (b) fine-grained zone;

(c) coarse-grained zone
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Fig. 11 Appearance of coarse-grained zone. (a) Arc zone (A zone); (b) laser zone (B zone)
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Fig. 12 Appearance of weld bead. (a) Appearance of arc zone; (b) appearance of laser zone
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Fig. 13 Microstructure of hybrid weld. (a) Microstructure of weld in arc zone (C zone); (b) microstructure of

weld in laser zone (D zone)
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