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Effect of Controlled Rolling and Cooling on the Spheroidization
Behavior of Medium Carbon Steel
Yutaka KANETSUKI, Masaaki KATSUMATA and Hiroharu SAWADA
Synopsis :

The medium carbon steels have been used for structural parts. In process to make these parts, sphe-
roidization treatment has been applied to obtain good cold forgeability. In this study, the effect of control-
led rolling and cooling process on the spheroidization behavior of medium carbon steel has investigated us-
ing hot deformation simulater and actual rolling process. Following results were obtained.

(1) By controlling the cooling rate immediately after controlled rolling to be 10°C/s, the dynamicaly re-
crystallized fine austenite grains did not show further grain growth and transformed to fine ferrite-pearlite
microstructure. This microstructure revealed high volume fraction of ferrite compared with coarse austen-
ite grains.

(2) During the spheroidization treatment, fine ferrite-pearlite microstructure showed rapid spheroidiza-
tion.

(3) The bars controlled rolled and cooled by actual rolling process showed good upsetting limit.

It has been discussed that rapid sheroidization is caused by enhanced reaustenitization occurred at fer-
rite-pearlite interphase boundary and increased carbon content in pearlite phase due to the increasing of
ferrite volume fraction.

Key words : medium carbon steel ; pearlite ; controlled rolling ; controlled cooling ; spheroidization ;
forgeability.
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Table 1. Chemical compositions (wt%).
Steel C Si Mn P S Cr
A 0.45 0.21 0.71 0.020 0.013 0.12
B 0.47 0.17 0.73 0.021 0.021 0.11
C 0.47 0.19 0.71 0.015 0.019 0.13

Hot deformation
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£:10/s.

1100t

(I) : Controlled rolling type
(II) : Conventional rolling type

Spheroidization
740t,30m. Aca

Temperature

Time

Fig. 1. Schematic illustration of experimental con-
ditions.
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Upper : Controlled rolling A; 0.4°C/s
Lower : Conventional rolling E;0.4°C/s F;3.3°C/s
f : ferrite p: pearlite

SEM micrographs showing the effect of cooling rate on the ferrite-pearlite microstructure.

m : martensite
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Fig. 2. Effect of cooling rate on the relation be-
tween Gh No. and Gf No. of controlled rolled
medium carbon steel.
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Fig. 3. Effect of cooling rate on the volume frac-
tion of ferrite of conventional rolling type and con-
trolled rolling type.
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Upper : Controlled rolling A ; As cooled (10°C/s)
Lower : Conventional rolling D ; As cooled (10°C/s)

Photo. 3. SEM micrographs showing the microstructure change during spheroidization treatment

of fine and coarse ferrite-pearlite microstructure.
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Fig. 5. Change in volume fraction of ferrite in the
cross-section of the conventional and. controlled
rolling type bars.
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Upper : Controlled rolling and cooling A ; Surface
Lower : Conventional rolling D ; Surface

B; D/4 C; Center

E; D/4 F; Center

Photo. 4. SEM micrographs of the rolled bars of controlied rolling and cooling type

compared with conventional type.

Upper : Controlled rolling and cooling A ; Surface

Lower : Conventional rolling D ; Surface

B; D/4 C; Center

E; D/4 F; Center

Photo. 5. SEM micrographs showing spheroidized structure of controlled rolling type

bar compared with conventional type bar.
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Fig. 6. Hardness distribution in the cross-section
of the bars of controlled rolling and conventional
rolling type.
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Fig. 7. Effect of controlled rolling and cooling on
the upsetting limit.

RICEEBRDONEOFEEF B LUy~ ATO
HIRILL DB ST % Fig. 6 12, % 72 BIEMERERKS
R% Fig. 7 R, GIEELE, SIHG 8% EE
MICHANBEFR NI ERL TS, —F, HRILHRD
WESMAWEIZLALHA—THo I Lh b, HEELE
« 45 EV B 00 N A > B V3 SB H TE R 12 He T 0
RILRBEOUE LB 20 L E L OND.

4. % =

BB O HEL LT, ThETKEHITCo
DFEDEBRTVD, —D L L LY LT v 1 b
HERIZ L7122 Aqg BT CRETAFETH ALY,
DOFiETIEH— 2RI MBI BSOS D, L L, 0B
BREsE<, BESREsShTwA kR, RERT
w7294 beri—5 4 MMEE Ac, H EITINEAR
BIarhHETHAL ZOHFEE T4 b F—RFTF
A P ZHEBNER TS — T A4 PRSI — AT F A b
AT EIEVREFEEX AT —ZATF A4 PRAEB S,
FOBROBERICEELIEA Y4 FEZICLTE R
vE A P EBRRCHE S A HETHS. ZOKETH
BEL A0kt AYE 4 MR LG TEE S—-51 b
BN BAEETH S, FRIICLEEERE % s k3 5
BlczoEENN—F4 FOHBEBRIET A L RERET
H5.

ARFZERE R T, RIEEE- SIS ok 20
BORRIEBBY L OB ERET L7225, 2OFR, 7=
A4 b= 4 MAROBMILE Z0oERELTD
7 274 b OEEROEIMAERIRLZLEE o fiiBg b ic K
ELRFENHL LD Lo T, PTIZZ
NODOBABRIZOWVWTEET S,

Photo. 3 {23\ T ZARBICINEAREF L Cvw A RICH
Z HHEEZAL % #ET L 7-. Photo. 3 DR 2 HEAAIC
RL7Z-OM Fig.8 Thh. 7, Fig. 8 DAMIE7 =
FSA R N—F 4 FBIIA—ZFFA1 FOHBHILOE
LR ERETRLTWVS, A —2FF 1 PRIV TH
ABICINEELLE =54 P ELOHEL.

F¥Fw s UCHIBELE - fEEENIC X 55
MR AR DS, 7 x5 4 b OBRRERIGIZER RO AR
HITFEV 20 30 min DRFFED 72 714 b OKIER
FIEEAEELL TRV, L L, #EEECLsH
KM OEE, Photo. 3F IXRT LI, 72914 ¢
M (BCRZBE5) ML TH 0 MEEIR LD
HThbH. KD S—5 4 bDF—2FF 1 MED#F
21X Sperch 1 k2TC, FAHREHOTILTA -
N—F 4 NBEOF— AT F 14 MEDOBARBIZO W TR

— 116 —



oh R F M O EFRARILEEN S RUT T HIBELE, HlHSHozhR 1185

(A) Coarse grain ,‘-,",1._ - b
THHTER
l.lt" BRI
e &
\ NS
\ SINYT T2 F P |A
\ \\\\/’//
\ BN e [ 7
\'-'l.lil'-l,/
il F A
(B) Fine grain
00, F P
..I,//.
> 7
/AN
o ' F A

Fig. 8. Schematic illustration of the pearlite dis-
solution behavior of fine and coarse ferrite-pearlite
microstructure and the change of volume fraction of
ferrite, pearlite, and austenite during intercritical
annealing.
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