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Study on the Quenched Structure of a Plain Carbon

Steel. (1 st Report)

Effect of Quenching Temperature and Heating Time on the Quenched

Structure of a Plain Carbon Steel,
Takashi FUKUI and Yoshio TOKIHIRO

Abstract

On structure and mechanical properties of plain carbon steels were quenched from
appropriate quenching temperature have already studied by many investigators for varied
composition.

But, there were little studies on structure and mechanical properties of plain carbon
steels which were hardened by quenching in water from Aj; to As arrest point.

In this paper, the present investigators carried out quenching in water frcm 760°C to As
arrest point and studied the effect or relationship cof heating temperature, heating time
and influence of decarburization on quenching structure in commercially steels with carbon

0.105, 0.208, 0.32, 0.49 and 0.64% preceded by normalizing at appropriate temperature

through means of hardaness test and microstructure.

The results obtained zre as follows :

(1) Until heating temperature is 780°C, the quenching hardness is unconcerned in heating

time.

(2) The longer heating time is, the lower quenching hardness for low carbon steels are.

(3) Until heating time is 2 hours, the quenching hardness has not an effect on heating

time at appropriate quenching temperature for high carbon steels.
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Table 1 (IFERIOILERT 2R LICEDTH 5.
AN TR D196 ORI M R F8E, S10C, S20C,
S30C, S50C# X orSK7 2H LT, EEO~ER,
BT X A HBOARIE— %72 T bt NTic

WT 4, ZbETRELILOT, FOER HE3 X 0109 x20mm ITEFEL T2,
5.

Table 1 Chemical compos:tion of specimens (wt %)

Specimen ‘ C ‘ Si { Mn P S Cu Ni Cr

A (5100 0.105 | 0.28 0.50 0.017 | 0.013| 0.01 0.01 0.11

B (S200C) 0.208 | 0.27 0.51 0.047 | 0.027 tr — 0.15

C (5830 0C) 0.32 0.27 0.70 0.022| 0.027 | 0.14 0.05 0.06

D (S50 C) 0.49 0.27 0.71 0.018{ 0016 | 0.02 0.01 0.27

E (SK 7) 0.64 0 25 0.44 0015 0.008 tr 0.04 0.31
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BEOCHR L, ORI 1R REFL 7288, 2R
(13520°C) WHRIL Tz, IRBCANEIE R TR AR
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BRI EP P AFIDIC X 0, Akl o Table 3
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Table 2 Normalizing temperature of
specimens,
Specimen g A jB 10 ]D E
Normalizing { 1
°C) | 900 | 880 | 853} 800 760
temperature ! ‘

Table 3 Quenching temperature of

specimens

Quenching temperature (°C)

900, 380, 860, 840, 820, 800,
7o, 760
850, 860, 840, 820, 800, 780,

760

860, 840, 820, 800, 780, 760

Specimen

800, 780, 760

miY O w

790, 770, 750
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(E)

“Fig. 1 Microstructures of specimens which
were air-cooling from normalizing
temperature

Heated at (A) 900°C, (B) 880°C, (C) 850°C,

(D) 800°C and (E) 7€¢0°C for 1 hour

Magnif, : x320
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Fig. 4 Microstructure of quenching

specimens A
Fig. 3 Microstructure of quenching (a) Heated at 880°C for 0.5 h and water-

i A
specimens quenching from 880°C

(a) Heated at 900°C for 0.5 h and water-
quenching from 900°C (b) Heated at 880°C for 1.0 h and water-

(b) Heated at 900°C for 1.0 h and water- quenching from 880°C
quenching from 900°C , (c) Heated at 880°C for 2.0 h and water-
°C for 2.0 h and ter—
(c) Heated at 900°C for 2.0 h and water quenching from 880°C

quenching from 900°C _
Magnif. : %320 X Magnif, : %320
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Fig. 5 Microstructure of quenching

specimens A

(a) Heated at 840°C for 0.5 h and wateri
quenching from 840°C

(b) Heated at 840°C for 1.0 h and water-
quenching from 840°C

(c) Heated at 840°C for 2.0 h and water-
quenching from 840°C

- Magnif . : x 320

Fig. 6 Microstructure of quenching

specimens A

(a) Heated at 800°C for 0.5 h and water-

quenching from 800°C

(b) Heated at 800°C for 1.0 h and water-

quenching from 800°C

(c) Heated at 800°C for 2.0 h and water—

quenching from 800°C

Magnif . : x320
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(b)

(c)

Fig 7 Microstructure of quenching
specimens A

(a) Heated at 760°C for 0.5 h and water-
quenching from 760°C

(b) Heated at 760°C for 1.0 h and water-
quenching from 760°C

(c) Heated at 760°C for 2.0 h and water-
gquenching from 760°C

Magnif, : x320
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Fig. 8 Relation between hardness and heating specimens B
time at quenching temperature of specimens (a) Heated at 880°C for 0.5 h and water-
B quenching from 880°C

(b) Heated at 830°C for 1.0 h and water-
quenching from 880°C
(c) Heated at 880°C for 2.0 h and water-
quenching from 830°C
Magnif, : x320
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Fig.10 Microstructure of quenching
specimens B

(a) Heated at 860°C for 0.5 h and water-
quenching from 860°C

(b) Heated at 860°C for 1.0 h and water-
quenching from 860°C

(c) Heated at 860°C for 2.0 h and water-
quenching from 860°C

Magnif. : x320
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Fig.11 Microstructure of quenching

specimens B

(a) Heated at 880°C for 0.5 h and water-
quenching from 780°C

(b) Heated at 78)°C for 1.0 h and water-
quenching from 780°C

(c) Heated at 780°C for 2.0 h and water-
quenching from 780°C

Magnif. : x 320
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Fig.12 Relation between hardness and Fig.13  Microstructure of quenching
heating time at quenching temperzature specimens C
of specimens C (a) Heated at 840°C for 0.5 h and water-

quenching from 840°C

(b) Heated at 840°C for 1.0 h and water-
quenching from 840°C

(c) Heated at 840°C for 2.0 h and water-
quenching from 840°C

Magnif . : x 320
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Fig.14 Microstructure of quenching

Fig .15
specimens C

(2) Heated at 760°C for 0.5 h and water—

Microstructure of quenching
specimens C

(a) Heated =t 800°C for 0.5 h and water-

quenching from 800°C
(b) Heated at 8J0°C for 1.0 h and water—
quenching from 800°C

(c) Heated at 800°C for 2.0 h and water-

quenching from 7¢0°C

(b) Heated at 760°C for 1.0 h znd water-
quenching from 760°C

(c) Heated =t 760°C for 2.0 h and water-

quenching from 800°C quenching from 760°C

Magnif, : x320 Magnif, @ %320
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Fig.16 Rczlation between hardness and heating time at

quenching temperature of specimens D,

Fig 17 Microstructure of quenching
specimens D

(a) Heated at 800°C for 0.5 h and water-
quenching from 800°C

(b) Heated at 800°C for 1.0 h and water-~
quenching from 800°C

(c) Heated at 800°C for 2.0 h and water-
quenching from 870°C

Magnif, : %320

WK TS R ey



54 - & P e B 8L | OB

35 HBEICDOWT

Fig. 19 IC & MENEEIT 3317 2 I B3 2 5
BOENERUIZ, Chdbbind X dic, MEVRE
DERNTTI0°CE Tid, Fig. 1EF UL 5 iceER
BTENT, §TRTFELTOWIRARE A Y 24 O
VRO DT FEIDE S & DI, 23720 OB
3% X 5T, FDTDITIEDEE & 130T I
BOEW DBREFGVEERZRLTVNS, OF IS
TREEDS 790°C 1T/ 5 &, $CIK0.5 B D MEk ¢ 3 K
REAY 24 MEZA—~RAT 74 PHIRET C 5, B—
RA—=ATF4 MTIESTWVWABEELZ BN, DL
Lix, Fig 20k kX Fig. 2105 35783175, ik

90

)

z gl ® ®
v ©
8 (o)
-
= ®
= 0—0 0.5 h
(b)
o O—o© 1.0 h
o)
—®2.0h
70 ®
I I 1
760 780 800

Heating temperature (C)
- Fig.19 Relation between hardness and

heating time at quenching temperature

of specimens E

(c)

Fig.18 Microstructure of quenching
specimens D

(a) Heated at 760°C for 0.5 h and water-
quenching from 760°C

(b) Heated at 760°C for 1.0 h and water-
quenching from 760°C

(c) Heated at 760°C for 2.0 h and water-
quenching from 760°C

Magnif. : x 320

Vol 18, No.l1 (1967)



R TREMOPEAFRRT B 258 (BB 13R) 55

(b)

(c)

Fig.20 Microstructure of quenching

specimens E

(a) Heated at 790°C for 0.5 h and water—
quenching from 790°C

(b) Heated at 790°C for 1.0 h and water-
quenching from 790°C

(c) Heated at 790°C for 2.0 h and water—
quenching from 790°C

Magnif, : x320

(b)

(c)

Fig.21 Microstructure of quenching

specimens E

(a) Heated at 750°C for 0.5 h and water-
quenching from 750°C

(b) Eeated at 750°C for 1.0 h and water-
quenching from 750°C

(c) Heated at 750°C for 2.0 h and water-
quenching from 750°C

Magnif, : x320
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