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Relation between Fine Ferrite-Pearlite Microstructure Produced by Con-

trolled Rolling and Cooling and the Subsequent Rapid Spheroidization of

Medium Carbon Steel

Yutaka KANETSUKI, Masaaki KATSUMATA and Tsuyoshi INOUE

Synopsis :

In the process of making structural parts, spheroidization treatment of the rolled bars is applied to

obtain good cold forgeability.

In this study, the effect of using controlled rolling and cooling process on

the subsequent spheroidization behavior of medium carbon steel was investigated using a hot deformation

simulater and transmission electron microscope.
The following results were obtained.

(1) By controlling the cooling rate to 10°C/s immediately after controlled rolling, the post dynamically
recrystallized fine austenite grains did not grow and transformed to a fine and globular ferrite-pearlite

microstructure.

This microstructure revealed an extremely high volume fraction of ferrite compared with

a microstructure transformed from coarse austenite grains.
(2) By using transmission electron microscope, fine ferrite-pearlite microstructure transformed from

fine dynamic-recrystallized austenite grain was observed.

It was found that the extrinsic grain boundary

dislocations were inherited from residual strain due to rapid cooling during the post dynamic recrystalliza-

tion state.

Furthermore, cementite films, which suggest an enhanced diffusion of carbon along the non-

equilibrium boundary structure, were formed along each phase boundary.

The discussion is also made about the enhanced spheroidization during intercritical annealing on the basis
of the behavior of grain boundary dislocations during reheating.
Key words : medium carbon steel ; dynamic recrystallization ; spheroidization ; grain boundary dislocation ;

ferrite-pearlite ; controlled rolling ; controlled cooling.
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Table 1.

Chemical composition of steel used (wt%).

Steel C Si Mn P S Cr

0.45 0.21 0.71 0.020 0.013 0.12
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(A) Thermomechanical treatment
(B) Spheroidization heat treatment

Fig. 1. Schematic illustration of experimental
procedures.
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A-D : Deformed at 1 100°C
E-H : Deformed at 850°C
A, E:0.4°C/s B,F:3.3°C/s

C,G:10°C/s D,H:20°C/s
Photo. 1. "‘SEM micrographs showing the effect of
hot deformation and cooling rate on the fer-
rite-pearlite microstructure.
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Fig. 2. Post dynamic austenite grain growth at
850°C.
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Fig. 3. Effect of hot deformation temperature and
cooling rate on the ferrite volume fraction of
transformed ferrite-pearlite microstructure. The
deformation temperatures are indicated in paren-
theses.
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Photo. 2. fine fer-
rite-pearlite microstructure showing cementite
films at ferrite-ferrite boundary and small ce-
mentite precipitation in the ferrite grains. Arrows
indicate cementite film at ferrite-ferrite grain
boundaries. '

SEM micrograph of the
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RIS HIE L TE YD Photo. 3 IZRT XD I2/85— 5

A:10°C/s B:0.4°C/s

Photo. 3. TEM micrographs of ferrite-pearlite
microstructure transformed at cooling rate of
10°C/s and 0.4°C/s after hot deformation at 850°C.
By rapid cooling (10°C/s), shape of grain boundary
became irregular and cementite films were formed
at each grain boundaries. (a) and (b) indicate
cementite films at ferrite-pearlite grain boundary
and ferrite-ferrite grain boundary respectively.

Photo. 4. TEM micrograph showing grain bound-
ary dislocations at ferrite-pearlite boundary and
ferrite-cementite boundaries of pearlite.
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Photo. 5. TEM micrograph showing cementite
film at ferrite-ferrite grain boundary. Arrows in-
dicate cementite film at ferrite-ferrite grain bound-
aries.
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A : As transformed
B : Heated up to 740°C and cooled without holding time
C : Heated up to 740°C. and held for 30 min

Photo. 6. SEM micrographs showing the sequence
of spheroidization behavior of fine ferrite-pearlite
microstructure.

A : Dissolution of cementite film at grain boundary
B : Dissolution of pearlitic cementite in pearlite colony

Photo. 7. TEM micrographs showing early stage
of spheroidization process of fine ferrite-pearlite
microstructure. Specimen was water-quenched
without holding time at 740°C.
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Temperature, x100 ¢
Fig. 4. Thermal expansion curves of the fine fer-
rite-pearlite steel produced by thermomechanical
treatment.

Photo. 8. TEM micrograph of ferrite-ferrite and
ferrite-pearlite boundaries which was reheated up

to 600°C.

BEHAKEG L72REHC oW T TEM B8 %17 - -5 %
RLTWA, Photo. TA X7 4 VAREX ¥ 14 bDgy
BOFZRTHDOT, MABERIBECF—27F1 b
LB HEICHETLTED, ZOZEHFERFMOBER A
BHBE I LT\ %, Photo. 7B 13/5— 5 4 FRIAD & % >~
YA MNEDFRHOKETFEARLTEY, Sl & FRICHERE
BHHEITL T B, LLEORSR A R 1 ML
H—EEEZ D ERRAL ZRE L T B, 20 EAHAL OB
BDOF—=RFF A MDD /=54 bao=—ER
ThHGELRECRLRDLETHEY.

ZIT, MR oRERLEEE T 5 BT, AR
A% HE L -2 % Fig 4 12, F 788t ®at

T 57:% TEM B8 L - 45 % Photo. 8 IZ7/R¥. Fig. 4
THEBME LTEELMA 2 ENRESH 2 H W
7z, HBAMIZIEE A CERNZELLERL, # 400°C
BT HREREREE 1.31 X 1075/°C ThH B, Fhic
L, BEINITH# 10°C/s THHILZBE, # 400°C %
TIZHEAM &L Fl— DB L EIR L T 5 %%, 400°C LLET
HTACREL, REOLALEBIZZDEEIKREL LD
M ARD SNz, GHIEED 10°C/s &0 b BVES
(0.4°C/s) I DBEMIZIZEALED LN b o 7.
600°C & TEABMIA %2 ML 2%, BH LA
TEM BEE % Photo. 8 IZ/R L TV A AT, ZHERIFEEL T
WCR T3 IR L A EHEBL TUu A I BB LR
7z. L72%%5 T Fig. 4 ® 400°C L LT o ELRKD
FiF Varn 57 ATRLTWA XS IT, ERERICL )&
A SRR AFEE & B IR EEA~BETER
LEAEMRL-Z kB EELLND,

4, % %

ARFFECRBEICEEY L REH BT A HEE
iE, HIEEHIORIRIRERD R I o C, HIEELE, H)
HWEHIZ X > THOND M7 274 b-/3—5 4
RO THERHLAR & & SRR o b 2R & A%
fLICEBR L THRE 1T o 7. 2 ORE, EREBOMMIC
DVTKRD L) LIEMARD LN, Tabb, (1)8)
BTG LT, 10°C/s TEW LA ICBMM 4+ — 2 7
FAMRIZZFDOREDET T 7274 b= 5 4 MERE
L, BRZDO7 2714 POBKREFRRFLIMTAL L
Voo, (2)TEM BIESO#EE, 7254 Fi—
FAMREABET 72547274 PFREICIIRF
HMETANLKEA 74 PHPBHENDE Z L 2RD
5% (WAl

WINT7 = 74 POFIK, AL OfG&FHERCo W
TIHERRZEFTTE L DL H 57, F 7-HIMEED
7 =74 MO T HEIRICONTHH 2 T8
S oFEsH 5. LS IMIT7 = 714 FOFIRIC
EHL, 74 VaRBXUCBROBERLICRIFT 4+ —
AT F A MREEORE & T L HAENTIC X o THRET L
ToRER, FMATERTSE7254 bOF—ZAFF 4 i
MEHEN) T POBRBIZEIAZEEFRBL, FOE
HELTA—ZTFH A FORFOFFESICEF LTS
ELTWwWA, $7-, Hl21F Kaseer 5% 3HHTILIC X 5
TT7 294 VERMMEHES N, 7274+ OFRFERHE
myazex®BE LTS, 8BILS ORI ROHEE
PERBICEELRITLTVWL I EEREBLTEDY
Kasper 5 DERIZF— X7+ 1 b OFKREEADTEIK,



WL, SESHIC XA hREMD 7 274 b3~ 54 MG & BRIRLIRER R O RSk 79

BREEICKESEELTVWAI L ZRBL TS, AE
BRERICBWTOIN 7 2 94 FOFIK, BEEOVT
IC DWW TERIRE, GRSt cE L CEILT A
BN EWKEAEBRCHVIHREMTIZ
10°C/s TH LW 7 =54 b DEEROEMI D b
7. SO EIHHEEN 10°C/s KVBVEHEXD D
N—F 4 MANDORZEOLSH L BEEERLTBY, K
FOWHE EE LA, MABEOLBEE~NDTFS
HELLCKREVWHDLEZOLND, 72, I 7254
FHOIARIZ DV TH 2 iE Swme® IZRIR TR T 5 %
2HOTKEFNFROFRHO T A NVF—IZEHRLTWY
HIEERLTBY, RAEEIRE LB RZLT
Wh. 70, BRI O 72 o o BN R FERALE
HRLMRTOE A ¥4 bOSEIFRESND Z &AW
b ot FiEREBEORFROEEIZO VT Varn® i3 2
Fr L2 RAVEEGPORFIC OV TERBE T
W, BEAZASRIRIC AR LRLRERNL % TER L 72 R T DR
REBELTWA, £/, EHENTME LRI OH
WBAE T AT L 2R, RREM ORISR OMET
0.36~0.42 Tm CRIAHZIEETWMELTVBRY., o
BRI 4 400°C TH 1, Fig. 4 THONZFFER LTI
ELTWwA, L7zhio T, RIFFETRD S h ok fien
LB RS SR RAT L 2B AR R & L TK
HEfR DK S L7z b O THAIELIC X » TEA DA
XWTHE I 5 - E2 5N 5. Fig 5 UL EORKRIC
onT, 7154 POBKBLUREOBELILHZEE
BLIESAOEEOBRELBEAMIIRILALDDT,
Photo. 3 Dl IZ kD X ) ZBBETHE s D L
LCHE@EnE. Thbb, 7274 POERICX
DHERR s - REFR T HEAOKRF T HIEFORFIC
BoTH#LIBICT I VvaRKREX Y F A4 PEFRLTY

(A) (B) (8))

Pearlite

>\

(A) Nucleation of ferrite
(B) Precipitation of cementite film
(C) Nucleation of pearlite

Schematic illustration of the sequence of
Arrows indicate

Fig. 5.
ferrite-pearlite transformation.
the diffusion of carbon atoms.
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