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Abstract: To address the microstructure coarsening and performance degradation caused by excessive heat input in conven-
tional welding of X80 pipeline steel, 5 mm-thick X80 plates were joined using cold metal transfer (CMT) welding. The ef-
fects of wire feed rate and welding speed on the microstructure and mechanical properties of the joints were systematically
investigated. The weld zone was predominantly composed of acicular ferrite, while the heat-affected zone (HAZ) consisted
of a coarse-grained region containing bainite and martensite, and a fine-grained region dominated by polygonal ferrite. In-
creasing the wire feed rate elevated the heat input, resulting in significant microstructure coarsening in both the weld zone
and HAZ. Increasing the welding speed reduced the heat input and refined the microstructure; however, excessively high
welding speed suppressed the formation of acicular ferrite, bainite, and martensite. The weld zone and HAZ exhibited higher
hardness than the base metal due to the presence of acicular ferrite, bainite, and martensite, with the peak hardness occurring
in the coarse-grained HAZ. Increasing either the wire feed rate or the welding speed resulted in a more uniform hardness dis-
tribution across the joint. The tensile strength of all joints ranged from 628 MPa to 685 MPa, with fractures consistently oc-

curring in the base metal, confirming that strength matching between the weld and base metal was achieved. The microstruc-
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ture evolution and property distribution of CMT-welded X80 joints are predominantly governed by the welding heat input.

Proper matching of wire feed rate and welding speed enables the production of welded joints with refined microstructure,

narrow HAZ, and uniform hardness distribution.
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Table 1 Chemical composition of X80 pipeline steel (wt. %)

C Si Mn P S Cr

Ni

Mo \Y% Cu Al Nb Ti

0.046 0.36 1.74 0.007 9 0.001 6 0.023

0.25

0.23 0.008 2 0.21 0.07 0.08 0.015
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%2 ERSIS-GEZHMUZRD (REHE, %)

Table 2 Chemical composition of ER80S-G welding wire (wt. %)

C Si Mn P S Cr Mo \4 Ni Cu
0.065 056 1.01 0.016 0.019 123 045 028 0.11 032

x3 BEIZSH
Table 3 Welding process parameters
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Fig. 2 Effect of wire feed speed on the microstructure of the joint at a welding speed of 3 mm/s
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Fig. 3 Effect of welding speed on the microstructure of the joint at a wire feed speed of 6 m/min

R4 FARIZSHTERIMTHRESHRGUE
Table 4 Tensile strength and fracture location of joints under differ-

ent process parameters
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Fig. 4 Hardness distribution across the joint cross-section at a welding speed of 3 mm/s
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Fig. 5 Hardness distribution across the joint cross-section at a wire feed speed of 6 m/min
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