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Effect of post weld heat treatment on microstructure and properties of
repair welded joints of 4Cr5MoSiV die steel
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Abstract: Repair welding was performed on 4Cr5SMoSiV die steel by using TIG welding, followed by post weld heat treatment of quenching
and quenching and tempering. The microstructure, hardness, and tensile properties of the joints in three states ( welded, quenched and
quenched and tempered) were observed and measured by means of scanning electron microscope, microhardness tester, and tensile testing
machine. The results indicate that the weld seam microstructure in as-welded state is mainly composed of coarse martensite, austenite, and
precipitated carbides. After quenching the weld seam microstructure is mainly martensite, while its microstructure in the quenched and
tempered state is mainly tempered martensite and a small amount of precipitated carbides. The average hardness of the weld zone in the as-
welded specimens is about 648.7 HVO. 1. The hardness of the weld zone in the quenched specimens increases, with an average value of
about 670.1 HVO. 1, and the hardness is uniform. The hardness value of the weld zone in the quenched and tempered specimens decreases
to about 481.7 HVO. 1, which is close to that of the base metal zone, and the hardness is also uniform. After post weld heat treatment, both
the tensile strength and elongation of the joints are significantly improved. Among them, the tensile strength and elongation of the quenched
and tempered joint reach 1270 MPa and 11.3% , which are 29% and 30% higher than those of the as-welded joint, respectively.
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Table 1 Chemical composition of the 4CrSMoSiV die steel
(mass fraction, % )

C Cr Mo Si Mn v Ni Cu
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Fig.1 Schematic diagram of welded specimen
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Table 2 Process parameters of post weld heat treatment
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Fig.2  Schematic diagram of tensile specimen
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Fig.3 Microstructure of the 4Cr5MoSiV steel weld seam in different states
(a) base matel; (b) welded; (c) quenched; (d) quenched and tempered
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Fig.4 Hardness of the 4Cr5MoSiV steel welded joints
in different states
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Table 3 Tensile properties of the 4CrSMoSiV steel
welded joints in different states

ﬁ‘jﬁf BRI/ MPa ;;jﬁ? WK %% ;”Jjj
A 1008 ,959,990 986 8.8,8.4,8.9 8.7
VEKAS 1050,1013,1042 1035 9.5,9.7,9.1 9.4
WEA 1278,1320,1211 1270 10.8,11.3,11.9  11.3

(a) R3S (b) VEAES; (o) TS
Fig.5 Tensile fracture morphologies of the 4CrSMoSiV steel welded joints in different states

(a) welded; (b) quenched; (c¢) quenched and tempered
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