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Ferrite Grain Size Refinement by Heavy Deformation during Accelerated Cooling in Low-carbon Steel

Yoshitaka ApAcH!, Toshiro TOMIDA and Shigeharu HINOTANI

Synopsis : It is well established that the ferrite grain size of low-carbon steel can be refined by hot rolling of the austenite at temperature below the non-

recrystallization temperature (7, ). The strain retained in the austenite increases the number of ferrite nuclei. In present study a C—Mn steel is
heavily deformed by compression at temperature below the determined T, for this steel during accelerated cooling. Compression experi-
ments are carried out at various cooling rates before deformation and temperatures. The ferrite grain size and the ferrite/bainite phase frac-
tion are extensively examined. It is observed that heavy deformation during accelerated cooling widens the range of transformation tempera-
ture of austenite to ferrite. If cooling rate before deformation is set to be high (~50K/s) and deformation temperature decreases down to
530°C, the attainable fraction of ferrite increases instead of decrease of bainite. Ferrite could be a predominate phase transformed from se-
verely deformed austenite at significantly low temperature (down to 530°C), in which, unless deformed. bainite commonly forms from

austenite. Enabling the transformation to ferrite at very low temperature leads to a progressive reduction of the ferrite grain size down to

1 um. Possible mechanism of the strain assisted low temperature transformation to ferrite is discussed.

Key words: thermo-mechanical treatment; low carbon steel; ultra fine grain; ferrite; bainite; large strain deformation; supermetal.
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Table 1. Thermomechanical treatments to obtain fine fer-
rite grains in low carbon steels.

Grain refinement through
recrystallization

Grain refinement through
transformation

0.17C-0.44Si-1.32Mn, d=0.66 2 m"’

0.17C-0.3Si-1.5Mn, d=2.2 2 m'”

73%, 7150°C
AL

e AC
90%, 700°C
AT

0.14C-0.33Si-1.1Mn, d=1~ 1.5 m'®

(10}

IF steel, 0.5 « m

Acl

50%, 500C  50%, 500°C

claddin: claddin, claddin,
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Table 2. Chemical composition (mass%).

C Si Mn P S Sol. Al

0.20 0.01 0.83 0.004 0.001 0.002
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Fig. 1. CCT diagrams for 0.2C—0.83Mn steel. (a)~(c) Optical micrographs showing microstructures formed at the cooling rate
given inside.
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Fig. 2. Deformation temperature dependence of microstructure.
Cooling rate before deformation; 50K/s, Reduction; 70%.
Deformation temperature; (a) 530°C, (b) 590°C, (c) 700°C, (d) 800°C.

lx#m Ium

Fig. 3. SEM micrographs showing fine ferrite grains with grain size (a) less and (b) more than | gm in diameter.
Cooling rate before deformation; 50 K/s, Reduction; 70%. Deformation temperature; (a) 530°C. (b) 590°C.
Arrows display that the second phase is discrete carbide for (a) and pearlite for (b).

Deformation Cooling rate prior to deformation
temperature S0K/s 10K/s 1K/s
700C
I(/rm 10 m Im
570C
']' . m
530C

Fig. 4. SEM micrographs showing microstructures.
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Fig. 5. Effect of deformation temperature and reduction ratio on microstructures.
Cooling rate before deformation; 50 K/s.
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Fig. 7. TEM micrographs showing fine
ferrite grains.
Cooling rate before deforma-
tion: 50 K/s. Deformation tem-
perature; 530°C. Reduction
ratio; 70%.
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Fig. 8. Comparison between conventional TMCP and new
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* Strain assisted low temperature transformation to
ferrite(SALT).
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35 2L AMET S L, MRS TR S =7 1 b
LHEDVE U B A GERT, 47—k —F4 M &
BEAE U0, T bbb, BB X7 lum{ERKwO A —
2FF A4 MEBIEZS T4 NDT AT -RIBEFECA —
Hel B2 emb, 72740/ —F 1 P DERIZ
RABETH D HMTE Ay 24 b BT H I &I240D
ARFIE DGR (Fig. 3(a)) &AMk E 4 5.

—F., kA &4 FNONHIBREOELE, T2 T4 MK
RERE ORI EBH S TERE TS, FHo, w7V
4 b OBERTHAT S £ A Y 24 OLERE L
LTERTS, 774 PEEBRESIGRETSEY v v
TT7 x4 FPHERTEIENHSGRATNEY, vy T
T34 VLT YA P EREFBEREIHHERILU TS
D OREAEAHICEEL TS TIEREICTH S, L
L. w7 yH 4 O EEIERE EHRETE A
Va4 BT A4 AT ZANHEETSD
LT, vwi T 7 I FHOENEEIINHE X
VA4 NOEBRTHYA ME T4 PRRELDETHA
5. FOME, X2 4 MOERFHY A FELTE,
2T YA PHTIET AN, T AERAPFET S DICK
LT, 977274 PRTRERRROAE 55 &M
AXND, TxI4 PRROARIZEA Y 24 FHBHLL
MRk K cEE IR T = 7 4 ML (Fig
3(a)) EHPT 5.

P boEETE, K754 bOE M, 27—
KOIS—F 4 MIZEDH-T, BITHET S X 24 b
(divorced pearlite) & 72 2B LT, 7274 b ORI
e b — AT F A FEMO/NEL D S OITERERE
ORIz E 55 72 74 N EREBBOEL AR L2
P, BRESECIRmAAE A, O HMITEX S, 7274 MHPOK




FHAMBRNCEE L Codiug, BE0SIIEANL O,

APFIMZH W=7 = 54 P FOMBEKRFZEDEZN 2l
ERBRIZDONDTERIOBES TG L 720,

AR5 L, ERElLds—57T, B -HOMBIKT
UCHMETERE Ml umdA T e 5 L —MUORTRIZL S
EWs 2MED L I THE 2, 6 URi{E T, HMEMR

KO LMD S5 23, B—MUHB R & NFERIIZE

HERMNZ S FE SN T B Y,) L=his T, #akibic &
5D Y — MO OIK T A EEMBSILIc L oEMEhsZ &
PHFEEND, LA2ALAAS, lumEFT7 274 MR
MHtd 2L, BT 2L bR, S—=F 4 b
RIATUHA MIERLEOZ EBHL AL L
75T, SHOBIBEE LT, £ X2 24 DTS
K5E - UODm EANOHEIMEL L IZEE Lk A &
1 MRifE, RFEEREZE OIS,

AT TIEIMs i & XA F 4 [ EREFHAIR D ET 3
W —BERERE (A — 27 7 4 | O & KR ICHY) T
M43 Z & AHOILATO G HEE % 5S0K/s & S 44t
ICREL 2, TELEELZBES, 50K/s &0 GHEeE
FWETH D, RAHISLEN S, AL ¢35 &
LT, HRIE 10 mm OFfI 3 L THRIEO M HIg THE 5
NEmRDHHBRE TH 2 20K/ BETF SRS, LR
DG EOREE T HXHEE LT, CCTHIME H BRI
AT L 22RO H A AW 7R nEEh 35, Bkl 7
EIIZT7 274 - X ERERMENC T B
A, BEERPTOMTIZE ST T 2 94 FAREAFBIETX
BEDWEENRH DI 06, KFka @l 28
7294/ —XDONETHHEILESFEAEETSZ L0
LrHEhs,

5. %

ROFTEAMIIZ X BRE L um L TN IR AL %
0.2C-0.83Mn# & X RIZ, BT LU FTOMR E2H7-,

(1) BHEGHBOX—-257 54 FETOMIIZL DS
BTB7 274 XA T4 FOMBEIELL, MTHE
EEOHLI L&D T 2514 MEADHESYNTS, Zh
&AL F A P PERTHIKRKTEMA 7 254 MH
D, PR EISEAIRED A -2 F F 4 5T 2T
A MEENLELC S,

(2) A—=27F4 PETOMIEEOKELIZED
7 x 74 MR L L, 530°C T & 0 k%
12um& %%, (KRE TOMI % & ISR Fio&%
REDF —2F T4 b 26D T = T4 FIHE A [RIFF 2 ERK
T5T LK DEMEERS At BHEINT 2 Z & Ak
fto—KHeEZENS,

(3) 7x74 MRRdHZVIIERIREIZXDHE My
R, 2umiZd 50 IH600°CLLETHERT S 7 = T 4

LB B A KOFAM Iz KB EM 7 = 7 4 F &5 R ORISR L

FOETHIZ N T4 ML TumiEdH B 500°C 1 TE
KETB7274 POF MItsr 24 1TH5.

KE. AFZISHEES . NEDO» & DIFXEEIZ L ¥
ELZ8DTH2I A LEAEHLEYT. /4. A
FRAZIZOWTEM L T A —n— X 2 )L (g
) WFRAROERRITRH L 3 iRl EEOMEI D
HiJpa=7220 = FIHE FIRIZEE OS54 Kb L E T

X £

1) Proc. of Ist symposium on super metal, R&D Inst. of Met. and
Composites for Future Industries (RIMCOF) and The Japan Res. and
Development Center for Met. (JRCM), Tokyo. (1998).

2') Proc. of "98 workshop of Structural Materials for 21st Century. Na-
tional Research Institute for Metals, Tsukuba. (1998).

3) S.Takagi and Y.Kimura: Proc. of "98 workshop of Structural Materi-
als for 21st Century, National Research Institute for Metals, Tsukuba,
(1998), 28.

4) T.Maki: J Jpn. Soc. Heat Treat., 37 (1997), 5.

5) M.Fujioka, Y.Abe and Y.Hagiwara: Proc. of Ist symposium on super
metal, R&D Inst. of Met. and Composites for Future Industries
(RIMCOF) and The Japan Res. and Development Center for Met.
(JRCM), Tokyo, (1998). 205.

6) S.Torizuka, O.Umezawa. K.Tsuzaki and K.Nagai: CAMP-iSIJ, 11
(1998), 565.

7) T.Hayashi, O.Umezawa. S.Torizuka. K.Tsuzaki and K.Nagai: CAMP-
1S17. 11 (1998)566.

8) KHE o, WIS MG - O R RITEINE . Bk
Hil JERRE L1l WIE 92 22 A 005 AR RS FRGIAL BB 2 i LD AR B £
230OH0HC, (1991), 9.

9) Y.Saito, N.Tsuji, S.Tanigawa and H.Utsunomiya: CAMP-ISIJ. 11
(1998), 560.

10y KEFIZ -0 AN SR LG 0 PR R L gk
Bl R L W] BF 5 2 SRS OO A5 WoR B BHIAL O 2ol 1 AREB 1

2L 40, (1991), 28.

1y KgAC 20131 - 320 L0 S R AR I 2y, o
nt, (1989), 97.

12) PH.Shipway and H.K.D.H.Bhadeshia: Muter: Sci. Technol., 11
(1995), 1116.

13) K.Tsuzaki, T.Ueda, K.Fujiwara and T.Maki: New Materials and
Process for the Future, ed. by N.Igata er «l.. Soc. of the Advancement
of Mater. and Process Engineering (SAMPE). California, (1989),
799.

14) H.Yada, Y.Matsumura and T.Senuma: Proc. of Inst. Conf. on Phys.
Metall. of Thermomechanical Processing of Steels and Other Met.
(Thermec ’88). ed. by . Tamura. 1S1J. Tokyo. (1988), 20.

15) PD.Hodgson. M.R.Hickson and R.K.Gibbs: Marer. Sci. Forum,
284-286 (1998), 63.

16) K.Fujiwara, S.Okaguchi and H.Ohtani: /S/J /nt.. 35 (1995), 1006.

17) M.Hillert: Decomposition of Austenite by Diffusional Processes, In-
terscience Publishers, New York. (1962). 197.

18) H.Hanemann and A.Schrader: Atlas Metallographics, Verlag von
Gebruder Borntraeger, Berlin, (1927-33).

19) R.A.Grange: Trans. Am. Soc. Met.. 35 (1947). 879.

20) S.Kinoshita and K.Hirano: Bull. Jpn. Inst. Met., 8 (1969). 268.

21) HR7ZYY L SRR, TR LSS L, 9008, (1969), 34.

22) N.Matsukura and S.Nanba: Proc. of 1st Symposium on Super Metal,
R &D Inst. of Met. and Composites for Future Industries (RIMCOF)
and The Japan Res. and Development Center for Met. (JRCM),
Tokyo, (1998), 229.

23) N.Tsuchida and Y. Tomota: Proc. of '98 workshop of Structural Mate-
rials for 21st Century. National Research Institute for Metals, Tsuku-
ba, (1998), 60.

24) K.Tsukada, K.Matsumoto, K.Hirabe and K.Takashige: fron Steel-
maker, 9 (1982) July, 21.

627 IR




