=] st=EA4I71853X], M 31 A 45,2022
Transactions of Materials Processing, Vol.37, No.4, 2022
http://data.doi.or.kr/10.5228/KSTP.2022.31.4.207

207

QAHLIO[EFO|A 2E2f WZt £ E7 SCM415 X EFAZES|
o|M==Z1} AXo o|x|= A&t

ol Zelt. o|mdY

o|mH?.

P EIEE

upy s

Effect of Austenitizing Temperature and Cooling Rate on Microstructure
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Abstract
In this study, variations in the microstructure and hardness of a low-carbon SCM415 steel with austenitizing temperature
and cooling rate are investigated. When the austenitizing temperature is lower than the A; temperature (738.8 °C) of the
SCM415 steel, the microstructures of both the air-cooled and water-cooled specimens consist of ferrite and pearlite, which
are similar to the microstructure of the initial specimen. When heat treatment is conducted at temperatures ranging from the
A; temperature to the As temperature (822.4 °C), the microstructure of the specimen changes depending on the temperature
and cooling rate. The specimens air- and water-cooled from 750 °C consist of ferrite and pearlite, whereas the specimen
water-cooled from 800 °C consists of ferrite and martensite. At a temperature higher than the A; temperature, the air-cooled
specimens consist of ferrite and pearlite, whereas the water-cooled specimens consist of martensite. At 650 °C and 700 °C,
which are lower than the A; temperature, the hardness decreases irrespective of the cooling rate due to the ferrite coarsening
and pearlite spheroidization. At 750 °C or higher, the air-cooled specimens have smaller grain sizes than the initial specimen,
but they have lower hardness than the initial specimen owing to the increased interlamellar spacing of pearlite. At 800 °C or
higher, martensitic transformation occurs during water cooling, which results in a significant increase in hardness. The
specimens water-cooled from 850 °C and 950 °C have a complete martensite structure, and the specimen water-cooled from
850 °C has a higher hardness than that water-cooled from 950 °C because of the smaller size of prior austenite grains.

Keywords: Low carbon steel, Austenitizing, Cooling rate, Microstructure, Hardness
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950 °Ce] 7} oA 2 AIZF Bt A ElE AAlst
Aok A48 = 7+ A F4(air cooling)¥} 4
(water cooling)S 77t A AJ8}S1aL 200 °Coll A 30
Ry § FsithFig. 1). EAE A3 -9
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microscope, OM)¥} A} 28 w] 7 (scanning electron
microscope, SEM)& ©]&3t3laL, Wit AFH A7+
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Table 1 Chemical composition of SCM415 (in wt%b)
C 0.15 Cr 1.05
SCMAIS Si 0.24 Cu 0.20
M4l
(Wt%) Mn 0.75 Mo 0.20
P 0.03 Ni 0.17
S 0.03
1000 - 2hr
950 °C
—_— ] Stage 1T
O 850
~ 800 - %%%:I Stage IT
S [ \76‘;0] Stage T
2 600 -
E Air cooling (AC)
g_ or water cooling (WC)
400 -
£
()
[t
200 -
Heat treatment
0 (austenitizing)

Time (hr)

Fig. 1 Heat-treatment conditions conducted
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ZHUOER WEHEE 2wtk WHd 2% A
It A EEE Axe] Ao weh W,
SCM415 o A 3 A; £EE T A B 7
T TS, 9]

Sk
RZns

A, =723-10.7Mn —16.9Ni + 29Si + 16.9Cr + 290As +
6.4W (Wi%),
A, = 912-203\/C — 15.2Ni + 44.7Si + 104V + 31.5Mo +
13.1W —30Mn — 11Cr— 20Cu + 700P + 400Al +
120As + 400Ti (Wt%).

A7) AS =8 A" SCM415 ¢ A &%
738.8 °CO| 1, A; 2% 822.4 °Colt}h A, &%
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Fig. 2 Acalculated TTT diagram of SCM415 [10]

21 stage 1(650 °C, 700 °C)oll A= A4 +x9 W37}
ol A Ao mAEAY vy o"S 1

A A A I A % Abo] 7FQl stage
11(750 °C, 800 °C)+= AA &7} Wsk= 4
dEfo ]| E7L ALgE A HA] o] ES} @ AH| U] ER
HE) 7} 75 stth A 2% o] AF<l stage 111(850 °C,
950 °C)oll A &= A BEj7} HA S Q 2~H o] ExE
EASHA "k dAE ol F, ¥ F FEE st
A = ¥z S0 zpold uhel wA A o] thE
Al veEbdth(Fig. 2). Stage Il 9} stage 1l -3+ 2%
oA dAE F IS oW Hgo|ES HepolE
7} vebdh 38 s stage 1 9] 750 °Coll A=

o
fl
>

Fig. 3 Optical and SEM micrographs of heat-treated
SCM415 samples. The davy and dwidgth mean
average size of ferrite and pearlite colony, and
block width, respectively; yellow dotted line
indicates packet boundaries of martensite

Stage Il Stage 111

800 °C 850 °C 950 °C

dyy =59 pm d,,=55pm d,.=55pum




—e— Air cooling
—a— Water cooling

Stage [ Stage Il Stage Il1

Ferrite, pearlite colony,
martensite block width (um)

AR 650 700 750 800 850 950
Temperature (°C)
Fig. 4 Variation in average size of ferrite, pearlite
colony, and martensite block width with

austenitizing temperature and cooling rate
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(microsegregation) ©. 2 ¢la] UElUE Zow
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T ARG e 9AY exol os Feol=
4 240 Us He A4S % & vk e
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Mol A4Y 27)= AR 153tkFigs. 3 and
kA stage 11 oA 5l Al mjA|2H S B A}
diaol Ex WEjE = I Fejz St 3
mtEEIALOlES] W FEE 27 SAHUE
AXRY ol vlZEAlo]E packet E°] FA3}aL,
packet W]-of = block &= o]Fo{#] Jt}H[13]. €A
g 257l =&57E 27| S2HUolES A7|7t
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( ) 100 —e— Air cooling
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Temperature (TC)
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—e— Air cooling

90 —s—water cooling
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Temperature (T)
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—e— Air cooling
90 _=_watercooling

80 -
70 -
60 -
50 -
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04 a

AR 650 700 750 800 850 950

Temperature (C)

StageI  Stage Il  Stage III

Area fraction of martensite (%)

Fig. 5 Variations in area fractions of (a) ferrite, (b)
pearlite, and (c) martensite with austenitizing
temperature and cooling rate

of wj, I A LiHUolEE mEEIAOER W
BEng 750 °C 9 AlHdA = w2 EAL]ETL
Aol HFHA Zal H|to]Eet Hefo]Eo] wA|x
o] 7}z} 67.0%%F 33.0%2] &= EAjgh v,
800 °C T AlHA A= dH o] EL} nfE AL E 9]

exol W7t £x7F SCM415 A g4

el v AEA ) el WA g 211
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(Fig. 5). €A8 %7} =omA F¥3 3Lo] ¥zt
ey wE ﬁ°oﬂb A5F eAHUolEx AL
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Aol ER WHE H & T&o] Folx 100% vhE Ao
ER E73H15]. Stage Il 77HE Az 2% o]4to]
e g 22 dAE A BT QiEHUolER
HeEj gt o] uf, Y-S st Flto|Eet HupolE
2 Waled, 948 257 2555 AldEro] E ]
A ST Frhete] depolES T 1Mol
oA =& [16], 850 °C &8 A 950 °C &8 AlH
o] A#olE B&2 77t 34.2%<}t 38.3%E ULER
tHFig. 5b). whebA, stage I, 11, 11 &) E 2] FoF 34
Al HElolEe] WA &S dAF =7 mopd
5 S7leke AES HQAUt(Fig. 5b). W, F4S
st BE QH U EVE ntEHIAE Ao R
Het7] witell, 850 °C 4 AlH 3} 950 °C 58 A

Aol Al 2L 24 nfEdAte] EvE EA 3Tk (Fig.
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Fig. 6 Variation in hardness with austenitizing
temperature and cooling rate
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