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Comparative Study on Microstructure and Properties of
V4-Series High—Speed Steel Manufactured by Electroslag
Remelting, Powder Metallurgy and Spray Forming
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Abstract : Taking V4 high-speed steel as the research subject, we employed three different processes—electroslag re-
melting, powder metallurgy , and spray forming. The effects of process differences on the microstructure and proper-
ties of large-sized modules were systematically compared , and the comparative advantages of the spray forming process
were comprehensively analyzed. Experimental results showed that electroslag-remelted V4 steel exhibited severe car-
bide segregation , presenting a network-like and banded distribution with a carbide inhomogeneity reaching grade 8 and
large carbide particle sizes of approximately 11.1 wm to 11.7 pm; powder-metallurgy V4 steel exhibited the most
uniform microstructure , with a carbide inhomogeneity of grade 0 and a carbide size of only 3.0 pm; spray-formed V4
steel exhibited a carbide inhomogeneity of grade 1 and a carbide size of 9.0 wm, with significantly better microstruc-
ture uniformity than electroslag-remelted steel. After similar heat treatment processes, all three steels achieved hard-
ness above 62 HRC. Among them , spray-formed V4 steel exhibited a hardness of 62. 8 HRC, slightly lower than that
of powder-metallurgy V4 steel (63.8 HRC) and electroslag-remelted V4 steel (63.6 HRC) , but it exhibited the best
wear resistance with a wear loss of only 0. 036 g. In summary, spray-formed V4 steel demonstrated microstructure uni-
formity and wear resistance comparable to powder-metallurgy V4 steel, while also offering relatively greater cost advan-
tages. These findings provide theoretical and experimental references for the selection of preparation processes for V4
series high-performance high-speed steel.
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Table 1 Chemical composition of test steel %

W C Si Mn P S w Mo Cr A Co Ni Cu
ARA V4 1.37 0.43 0.47 0.026 0.004 0.07 3.50 4.66 3.71 0.02 0.21 0.13
LA V4 1.46 0.42 0.36 0.015 0.001 0.08 3.48 4.70 3.64 0.03 0.14 0.08

IS5 V4 1.40 0.40 0.43 0.017 0.003

0.12 3.50 4.77 3.76 0.03 0.12 0.07
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(a) Distribution characteristics of eutectic carbides in ESR V4 steel, (b) Carbide morphology at the head of the ESR ingot,

Fig. 1
(¢) Carbide morphology at the tail of the ESR ingot
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Fig. 2 Powder—metallurgy V4 steel: (a) distribution of eutectic carbides, (h) morphology of coarse carbides
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Fig. 3 Spray—formed V4 steel: (a) eutectic carbides, (b) morphology of coarse carbides
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Fig. 4 Comparison of tempered microstructures of test steels prepared by different processes: (a) ESR process, (b) powder metal-

lurgy process, (c) spray forming process
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Table 2 Hardness of test steel after heat treatment
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Table 3 Wear resistance of test steel

W ﬁ?}%? JERERT B/ ARG Bl BN R g

BAAN V4 1 150+560 638 63.6 64.0 63.8
HLA I V4 1 120+560 639 63.7 63.1 63.6
N V4 11504560  62.0 62.8 63.7 62.8

AN V4 63.8 17.619 17.575 0.044
LA AN V4 63.6 18.426 18.376 0.05
WA Va4 62.8 20.573 20.537 0.036
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Fig. 5 Microstructure morphology of the test steel after tempering: (a) powder—metallurgy V4 steel, (b) spray—formed V4 steel, (c)

electroslag—remelted V4 steel
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