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Microstructure and mechanical properties of post-weld heat-treated
joints in vanadium microalloyed Q390FRW steel
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(1. Zibo Municipal General Institute of Inspection and Metrology, Zibo 255000, Shandong, China; 2. School of Materials
Science and Engineering, Shandong University of Technology, Zibo 255000, Shandong, China)

Abstract: To enhance the comprehensive performance of steel for bridge expansion joints, a fire-resist-
ant and weathering-resistant vanadium-microalloyed Q390FRW steel was prepared in this study. The ef-
fects of flux-cored arc welding (FCAW), submerged arc welding (SAW), and subsequent post-weld heat
treatment (PWHT-525°C x 60 min) on the microstructure and mechanical properties of the joints were
investigated. Thermodynamic calculations indicated that vanadium carbides (VC) can precipitate at 799 °C,
contributing to grain refinement. Experimental results showed that the FCAW weld joint consisted
mainly of ferrite and a small amount of martensite-austenite (M-A) islands, while the SAW weld joint
was primarily composed of bainite and ferrite. After heat treatment, the M-A islands in both weld joints
decomposed, grain size significantly refined, and the dispersion precipitation of vanadium carbides was
promoted. The tensile strength and elongation of the FCAW joint after heat treatment reached 679 MPa
and 33.64%, respectively. The remarkable improvement in plasticity was primarily attributed to the pre-
cipitation strengthening and microstructural stabilization effects induced by vanadium. Fracture analys-
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is revealed that the heat treatment shifted the fracture mechanism of the joints from a ductile-brittle

mixed mode to a ductile fracture mode.

Key words: Q390FRW steel; post-weld heat treatment; vanadium microalloying; microstructure; mech-

anical properties
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Fig.1 Schematic diagram of welding groove and weld seam
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Table 1 Welding process parameters

Welding Groove . Welding current Welding voltage Welding Calculate heat input/
process type Wire / Flux type A% speed/(cm-min™) (kJ-cm™)
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Time/s Table 2 Mechanical properties of Q390FRW steel
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