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Improvement of the Strength and Toughness of Steel Plates
by Direct-quenching and Tempering
Nozomi KOMATSUBARA, Seiichi WATANABE, and Hiroo OHTANI
Synopsis :

Direct-quenching after hot rolling above recrystallization temperature in austenite was investigated in

low carbon and low alloy high tensile strength steels.

Effects of cooling rates during direct-quenching

on the microstructures, strength, and toughness were investigated, comparison being made with reheat-

quenching.

It was clarified that the strength and toughness were remarkably improved by direct-quenching in a
certain range of cooling rates, in which the microstructure of direct-quenching showed up as a mixture

of martensite and fine bainite, while that of reheat-quenching was coarse bainitic.

These results showed

that the improvements of the strength and toughness were due to the enhancement of hardenability by

direct-quenching.

By calculating ideal critical diameters from tensile strengths of as-quenched steel plates, it became

clear that the increase in hardenability by diect-quenching was about by 40%.

It was too large to

ascribe the increase of hardenability only to the difference of austenite grain sizes in direct-quenching

and reheat-quenching.

Some possible mechanisms for these interesting phenomena were discussed.
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Table 1. Chemical compositions of steels (wt%;).
Steel C Si Mn P S Cu Ni Cr Mo v B sol. Al N
1 0.12 027  0.81 0.010  0.008 0.24 0.89 040 038 003 0.0016 0.071 0. 0098
2 0.11 025 0.9 0.010  0.010 0.25 0.90 061 014  0.03 0.0016 0. 061 0. 0092

Table 2. Rolling conditions.

Heating (°C) Thickness (mm)

Pass schedule*? Reduction (%)

1100 150 1501 100
1100 120 1201 100
1100 60 601 100
1100 30 301100

------ 8010255 100042 —9753¢ —9503° 80
------ 4810254 —1000% —975% —g50%4 80
------ 2410252510001 —975!3.8—95012 80
------ 12102510 100085975 7 —950 80

*) Small figures represent plate thickness (mm), and large ones represent surface temperature of plate (°C).

1100°C, A5 min
80%Reduction
950C

630°C, 60min

wa,0Q,AC AC
a) AsDQ and DQ-T

1100°C,45min

80°.Reduction ,
950°C,30min

630°C.60min

AC W@, 0Q,AC AC
b) AsRQ and RQ-T

(a) direct-quenching and tempering
(b) reheat-quenching and tempering

Fig. 1. Rollings and heat treatments.
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Fig. 2. Effect of cooling rate on mechanical pro-
perties of 0.8Mn-Cu-Ni-0.4Cr-0.4Mo-V-B steel
(steel 1).
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Fig. 3. Effect of cooling rate on mechanical pro-
perties of 1.0Mn-Cu-Ni-0.6Cr-0.14Mo-VB steel
(steel 2).
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Fig. 4. Relations between transition temperature,
elongation, and tensile strength of 0.8Mn-Cr-Ni-
0.4Cr-0.4Mo-V-B steel (steel 1).
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Fig. 5. Relations between transition temperature,
elongation, and tensile strength of 1.0Mn-Cu-Ni-
0.6Cr-0.14Mo-V-B steel (steel 2).
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1. Optical microstructures of 0.8Mn-

Cu-Ni-0.4Cr-0.4Mo-V-B steel (steel 1).

(2) as direct-quenched in water
(b) as reheat-quenched in water

Photo. 2.

Extruction replicated microstructures of

6mm thick plates of 0.8Mn-Cu-Ni-0.4Cr-0.4
Mo-V-B steel (steel 1).

Photo. 3.

(a) as direét q;xenched in oil
(b) as reheat-quenched in oil

Extruction replicated microstructures of

0.8Mn-Cu-Ni-0.4Cr-0.4Mo-V-B steel (steel 1).
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Fig. 6. Enhancement of strength and toughness
by direct-quenching of 0.8Mn-Cu-Ni-0.4Cr-0.4
Mo-V-Bsteel (steel 1). 4TS=TS(DQ)-TS(RQ),
AvTs=vTs(DQ)~-vTs(RQ).
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Fig. 7. Enhancement of strength and toughness
by direct-quenching of 1.0Mn-Cu-Ni-0.6Cr-0.14
Mo-V-Bsteel (steel2). 4TS=TS(DQ)-TSRQ),
AvTs=vTs(DQ)-vTs(RQ).
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Fig. 8. Method for evaluating the increase in
hardenability by direct-quenching (steel 1).
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