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Effects of the Pre-transformation Microstructures on the Grain Refining of Medium-carbon 5Cr—Mo—V Steels

Yukihiro MUKAIDA, Takashi SHIBATA, Syuzo ONO and Tohru ISHIGURO

Synopsis : For the purpose of obtaining refined grains over full cross section for improved ductility in heavy-gage products of a medium carbon 5Cr—

Mo~V steel, the effects of pre-transformation microstructures on the grain refining during austenitizing were investigated.

Samples were prepared to possess either one of three different microstructures , pearlite, bainite and martensite. These samples were heat-

ed slowly to the desired austenitizing temperature followed by rapid cooling, and the formation of new austenite grains was examined.

Though austenite grains were not refined in cases of martensite and bainite microstructures, these were remarkably refined in case of

pearlite. Portions of pearlite were enriched with carbon, where the transformation temperature into austenite was lower, and this is considered

to be the reason that finer austenite grains were formed.

Above results show that arranging pearlite microstructure before quenching heat treatment is effective for obtaining refined grains over full

cross section in heavy-gage products.

Key words: medium carbon 5Cr-Mo-V steel, tool steel, grain refining, pre-transformation microstructure, pearlite, carbide.
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Table 1. Chemical composition of the steel used.

(mass%)
C Si Mn P S Cr Mo v
0.3710.28{0.46]| 0.007 | 0.0005|5.12( 1.60} 0.61
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(a) 1100°C
100°C/hr
730°C
1h 50h AC.
(b) 1100°C
100°C/hr 730°C
300°c A.C.
th 16h %h
1100°C
© 730°C
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th 2h

Fig. 1. Schematic diagrams of heat treatment conditions.
(a) Pearlite transformation heat treatment. (b) Bai-
nite transformation heat treatment. (c) Martensite
transformation heat treatment.
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Fig. 2. Relationship between tensile ductility and austenite
grain size number.
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Fig. 3

ASTM G. S. No.

Fig. 4.

. Optical micrographs of pre-transformation mi-
crostructures.
(a) Pearlite microstructure. (Heat treatment see Fig.
1(a)) (b) Bainite microstructure. (Heat treatment

see Fig. 1(b)) (c) Martensite microstructure.
(Heat treatment see Fig. 1(c))
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Fig. 5. Optical micrographs of the samples with pearlite

pre-transformation microstructure at 860°C and
1030°C.
(a) austenitized at 860°C. (b) Black area of
pearlite,austenitized at 1030°C. ASTMG. S. No.
8.0. (c) Gray area of pearlite, austenitized at
1030°C. ASTMG. S. No. 5.0
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Fig. 6. Effects of the pre-transformation microstructure on
the flow stress at 2.5% strain in austenite region.
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Fig. 7. Change in microstructure with holding time (¢) at 730°C.
(@r=2h (b)t=8h (c)t=12h (d)r=20h
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Table 2. Result of X-ray analyses of carbides, transformed
isothermally at 730°C. (Microstructures see Fig.
7)

Holding time X-ray patterns
2h V4C3
8h V4C3+M23Cé
12h V4C3+M23Cé
20h V4C3+M23Ce
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Fig. 8. Scanning electron micrographs of microstructures
transformed isothermally at 730°C for 20 h.
(a) Black area. (b) Gray area.
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Fig. 9. Relationship between C content in retained austen-
ite area and holding time at 730°C.
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