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Microstructure and Properties of X52 Pipeline Steel Welded Joint
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Abstract: A comparative analysis was conducted on the microstructure and mechanical properties of X52 pipeline steel
welded joints produced by two processes: tungsten inert gas (TIG) welding for the root pass, and a combination of TIG weld-
ing with CO, gas-shielded welding for the subsequent layers. The results indicate that both processes form fine equiaxed fer-
rite and lamellar pearlite in the root pass. In the capping layer deposited by CO, welding, the higher heat input, slower cool-
ing rate, and the elevated Mn and Si content in the MG-51T welding wire promote the formation of acicular ferrite. In con-
trast, the TIG capping layer, due to its cooling characteristics and the presence of Si in the TIG-50 wire, facilitates the devel-
opment of a large amount of polygonal ferrite. The CO, welded joint exhibits superior tensile strength and impact toughness,
primarily attributed to the dislocation strengthening from acicular ferrite and the high-angle grain boundaries that impede
crack propagation, thereby enhancing impact toughness. Additionally, the higher heat input in CO, welding promotes the ho-
mogenization of banded structures in the heat-affected zone, contributing to the improved strength.
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Table 1 Welding parameters
B IR R

R YIRE Jher
/mm /A 1A%
FIIK IR TIG-50 2 200 25
Hiw+dm SR TIG-50 2 220 275
K WO TIG-50 2 200 225
Bt CO, R MG-51T - 12 220 275

®2 BMMBLULZERS (RESE, %)

Table 2 Chemical composition of base metal and welding wire(wt. %)

g C Si  Mn P S Cr  Ni \Y
X52%44H) 028 025 12 003 003 05 005 005
TIG-50  0.08 0.6 13 0018 0015 — — 003
MG-51T 0.1 1.05 17 0011 0012 — 15 —
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Fig.2 Microstructure of TIG welded joint
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Fig.3 Microstructure of GMAW welded joint
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Fig. 4 Schematic diagram of tensile test specimen dimensions
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Fig. 6 Stress-strain curves of welded joints by two welding processes
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Table 3 Tensile strength of welded joints by two welding processes
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Fig.7 Impact energy of welded joints by two welding processes
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