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Effect of Alloying Elements on Toughness of Rapidly Heated

and Quenched Steels

Synopsis:

Takeshi NAITO and Yasutada KIBAvAsHI

As reported previously by the authors, the hardness and toughness of steels which were heated rapidly
to the optimum austenitizing temperature and quenched after holding at that temperature for a short time
(“rapid heating’) were higher than those of steels which were slowly heated .and quenched after holding

for a longer time (“slow heating”’).

In this report, to clarify the effect of alloying elements on the toughness of steels treated by “rapid heat—
ing,” static bending test and metallographic examination in electron microscope were carried out by using
low alloy steels containing G, Ni, Cr, Mo, and Si which had been treated by ‘“‘rapid heating” or “slow heat—

ing”’.
The results are summarized as follows:

1) The statical bending characteristics of the steels without Ni, Cr, and Mo treated by “slow heating”
were deteriorated with increasing carbon contents in martensite matrix.

2) The statical bending characteristics of the high—carbon—nickel steels were improved by

“rapid

heating™, because the dissolved carbon in martensite matrix were decreased by this treatment.
3) Ni had a very small effect on the toughness of high carbon steels treated by ‘“‘slow heating” but had

a large effect on that treated by ‘“‘rapid heating”.

4) From the above results, it was found that the carbon contents effective for the mechamcal properties
of steels containing Ni was below about 0-6% in martensite matrix. .
5) It was clarified that high hardness and good toughness could be obtained by the combination of
““rapid heating” and high carbon steel containing Ni, Cr, and Mo.
(Received Apr. 14, 1972)
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Table 1. Chemical composition of steel used (%).
o Si Mn P S Ni Cr Mo
$45C 0-46 0-26 0-73 0-022 0020 0°10 012 0-02
SK7 0:71 0-24 0-42 0-014 0-009 009 0-10 0-01
SK5 0-90 0-27 0-42 0-011 0-005 009 0°08 003
SK3 1-07 025 0-51 0-008 n-010 006 017 0-01
SCr5 0-44 0-26 0°70 0-022 0-011 0-07 093 0-01
SCMS5 0-46 026 0-74 0-020 0-012 016 1-01 022
SUJ-2 098 0°24 0-38 0-015 0-011 0-05 1-31 0-01
SNCM7 048 0-32 0-99 0-014 0-006 044 046 017
SNCM9 0-48 0-24 075 0°020 | . 0-005 1-81 090 022
10 0-57 019 0-41 0-020 0-025 1-02 0-59 022
1 0°56 0-20 0-42 0°020 0-023 2-22 0°63 024
12 0°57 020 0-41 0-022 0-025 3-22 0-63 024
13 075 0-22 043 0-024 0-024 1-05 0°59 022
14 075 0-22 043 0-027 0-024 2-10 0-59 007
15 074 019 040 0025 0-025 3-00 0°59 011
17 0°51 1-26 044 0-021 0-025 1-08 0-57 006
18 073 1-20 0-38 0-025 0-025 1-09 0-59 001
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Fig. L
: carbon steels quenched and tempered
after austenitizing with slow heating.
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Electron replica micrograph of the Sk 3
steel spheroidized at 740°C for 4 hr.
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Fig. 2. Statical bending characteristics of the carbon
steels quenched and tempered after austeniti-
zing with rapid and slow heating. _ .
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Fig. 3. Statical bending characteristics of the silicon
bearing steels quenched and tempered after
austenitizing with rapid and slow heating.
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Fig. 4. Statical bending characteristics of the SCr 5
and SUJ-2 steels quenched and tempered
after austenitizing with rapid and slow
heating.
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Fig. 5. Statical bending characteristics and hardness
of the steels quenched and tempered after
austenitizing with slow heating. C
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Fig. 6. Effect of heating rate in austenitizing on '
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Photo.”2. Transmission electron micrographs of the
SK 5 steel quenched after austenitizing

with slow heating(a)and rapid heating(b).
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Fig. 7. Relation between carbon contents in
martensite and total carbon contents
in steels replotted from Fig. 6.
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Table 2. Hardness of SK5 specimens quenched and
subzerocooled after austenitizing with
rapid heating and. slow heating. (Hv)

Treatment As quenched | Subzerocooled
Slow heating - 829~-858 861~-876
Rapid heating 876~896 880~904
67 7
7T
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‘ 8
s £/
. L .//. /
~ g3 |Rapid s § .'
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E L \ / (o]
g 61 :
s /
o - I .
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7
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55 1 ! [ 1
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Slow heating ; quenched after austenitizing with slow heating,
followed by subzerocooling. Carbon contents in martensite
matrix are almost equal to the mean carbon content in steel.

Rapid heating ; quenched after austenitizing with rapid heating.

Carbon contents in martensite matrix were estimated from
Fig. 7.

Fig. 8. Relation between the Rockwell hardness
and carbon contents in martensite matrix.
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Fig. 10. Effect of heating rate in austenitizing

on fracture load of various steels.
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Fig. 11. Effect of heating rate in austenitizing

on fracture load of various steels.
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various steels quenched and tempered
after austenitizing with rapid heating.
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