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Study on the Quenching Structure of a Plain Carbon Steel (5th Report)

On Formative Condition of Low Carbon Martensite

Takashi Fukur, Yoshio TokiHirRo and Torao TAMURA

Abstract

It wés generally believed that the mechanical propertiés' of carbon steel were remarkably changed

by heat treatment. But, generally speaking, in the case that the carbon content was below 0.2%

it was difficult to expect the effect of heat treatment.

In this paper, the present investigators, therefore, made a study of the effect of the quenching

temperature and coolant on formatitive condition of low carbon martensite in the mild steel with

carbon 0.07% preceded by normalizing at appropriate temperature through means of hardness,

impact and metallography test.

A summary of the results is shown below :

(1) Except for spindle oil, in order to produce the maximum quench hardening effect it is

necessary to quench after keeping 10 minutes about 900°C, and it is unconcerned in coolant.

(2) 10% NaCl solution is best for coolant.

(8) Factors affected on Charpy’s impact value on the quenched mild steel are not hardness but .

its structure and austenite grain size.
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Table 1 Chemical composition and hardness of the normalizing specimen (wt %)
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Table 2 Quenching temperature and coolant
Coolant Quenching temperature (°C)
Water (2°C) 900, 950, 100 1050, 1100, 1200
Water (20°C) - | 900, 950, 1003, 1050, 1100
109 NaCl solution(2°C) | 900, 950, 1000, 1050
10% NaCl solution(10°C) 900, 950, 1000, 1050
Spindle 0il(20°C) 900, 1000, 1100
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- Fig 2 Shaﬁe and dimension of test piece for

Charpy’s impact test

B TERERL, 2OTER b o THIBEE LI, %
e oV T, Fig. 2(b) oL SRER S % A
AU

3. ERERLIUBR

3.1 MEEREEREICoWT
Fig. 3103 e LTk (2°C) BLT 10% ¥



Fl RSO BEA RN BE T 2 BI9E (85550

500}
400 |-
(21 eZOmm
0/_—5_m1N
é 300 |
2 . ()
g
)
R
= 200 \ 10min__
© omin 9
-—0- - =Q—0- :
L —~O—0O— | Water _ — | 10% NaCl.
10;0 O0—0O ](ZQC) —0Q ] (2C)
——— -8—6—
1 L : 1 i
900 © 950 1000 1050

Quenching temperature (°C)
Fig.3 Relation between hardness and keeping
time of specimen quenched at various

temperature

K (2°C) AL T, BBEARE OV TEEAMB
B EREREOBRERT, Chbdbhs ki,
SHFTE MBIRIC, 105RE 0L 0 BodFhd
900 °CiT BT HREDBFEATFR 2RL TS, ULb
U, SoEGEEC20TIIE, K (2°C) »BHIFEE
UTHALZRHTIZ, 1000 °Cit s TESBEAEE
ERIERIUEE 270, 10% A K (2°C) 1220
Tid, 950°C I BN TREFEAFEL L1, b TFHED
5 0 HRRE COREBE 2700 TV A, LIk
%X 5I1T, KEIOBAHEIKOBIBESID:EIZ L2 3D
T, WHEBEIDKEWVI10% AEIKDOMEE, BEAM: %
L2 EROHAROFENS, BEALESE LN
SHBEND/N I ORHTIEAS SR O XA LS BEA M »>

RHYBELTOALDEELNS, i 10/aﬁi’é7j<
(2°C) AN T2 OB, TXTOBEARE IC

WTK (2°C) &b, B ADITEVEEE 250 T
305, CThuzK (2°C) & 0% AHEK (2°C) 0B
HEEN2E2 THB L, I DE-TW B L ST,
18°C DIKDEHIBETI % 1.00 & -HUT, BEAMLIR TR 3
AW@UNC~ﬁOCK 31} ZBHBENN, ZhFh

0635 L TN1.96E 5o Tk b, HINEWRI TOBMEAL
Mﬂ?@~®ﬁ~x%+4rmﬁmaofmé%ﬁm

(81) 203

i, Pilling® OF o TV ABANDOBRIC ST 2 BER
TO3IEFED > bE 1M, T/0bbERERIERS
B THEbNIBHDIFHITE 2 W IFMBZL < 5
INsrzd b s, TTIHEAREL900°C T, §
NTOBHIRC OV THELGE L E Lo T 305,
L Fig. 4 5bd 3 L5, HEOEMICIER
SN BEMLEEERH5950°C L b REFRI ORI &
WCEDEITIE L, U b & IR R s —E DAk
EHRE TARE N 2B LEEEIE E RSB 5 1k hh
KWT & &b, COBYEBEOERBBEANDBED
SHIDE 1 BT B %, 754 5 H»OHER TR
SEBIDHERbNBD, FEHICOVTIZSHRODIZE
£ 5,

sk
41 1050°C
3_

950C"
2;—

900C @

Oxide weight (mg/cm?)

@
—
0
L 1

10 20

Keeping time (min)

Fig.4 Relation between oxide weight and

keeping time
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Fig.6 Microstructure of maximum hardness at various coolant
(@) Heated at 900 °C for 10 min and quenched in water (2°C)
(b) Heated at 900 °C for 10 min and quenched in water (2°C)
(¢) Heated at 900 °C for 10 min and quenched in 10% NaCl solution 2°C)
(d) Heated at 900 °C for 10 min and quenched in 10% NaCl solution:(10°C)
(e) Heated at 1000 °C for 10 min and quenched in spindle oil (20°C) .

Magnif. : x400
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Fig.7 Microstructure of minimum hardness at various coolant
(@) Heated at 1050 °C for 10 min and quenched in water (2°C)
(b) Heated at 1050 °C for 10 min and quenched in water (20°C)
(¢) Heated at 1050 °C for 10 min and quenched in 10% NaCl solution 2°C)
(d) Heated at 1050 °C for 10 min and quenched in 10% NaCl solution (20°C)
(¢) Heated at 900 °C for 10 min and quenched in spindle oil (ZO°C)’
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Fig.8 Microstructure of quenched in water
(20°C) after heating at 1200°C for
Magnif. : X400
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