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Effects of the Intercritical Rolling on Structure and Properties
of Low Carbon Steel

Susumu GOHDA, Kunio WATANABE, and Yoshio HASHIMOTO

Synopsis:

Recovery and recrystallization behavior of ferrite during and after intercritical rolling have been
investigated in low carbon steel, using laboratory mill. The results obtained are as follows:

(1) Dynamic recrystallization of ferrite occurs in the intercritical rolling with such a high reduction
as about 80 per cent.

(2) Dynamically recovered ferrite structure formed during the intercritical rolling is very stable as
compared with that formed in the rolling below Ar,.

(8) Fine ferrite-pearlite structure is obtained from austenite worked in the intercritical range.

Making use of these beneficial effects of the intercritical rolling, strong and tough steel can be
produced by heating at reduced temperature, followed by the rolling both in the lower temperature
range of austenite and subsequent intercritical range where the fraction of transformed ferrite is less
than that of non-transformed austenite. It is also necessary, for this purpose, that the rolled products
are air cooled or heat treated at the temperature below Ar;. The total rolling reduction being kept
same, the properties of steel obtained by intercritical multipass rolling are nearly equivalent to those
obtained by single pass rolling.
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Table 1. Chemical composition of testing
material (wtg;).

C Si { Mn P S {sol.AllinsolAl] N
0.1310.3411.3210.017{0.011{0.010/0.005{0.0032

1250C X 15min

Holding

730C X 30min Holding

700

Intercritical -
Rolling

Reduction in thickness
15, 30, 50, 80%

Fig. 1, Experimental | process on the study of
recovery and recrystallization during and
after intercritical rolling.
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Photo. 1. Microstructures of specimens water
quenched after intercritical rolling at
730°C,
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Photo. 2. Microstructures of specimens air cooled
to RT after intercritical rolling at
730°C.
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Fig. 3. Change in the fraction of the grains
containing  subboundaries with heat
treatment temperatures after rolling in
a-range with various rolling reductions.
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[Glover and Sellars: Met. Trans.,, 4
(1973), p. 765]
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Fig. 5. Effect of temperature on the rate of

recrystallization of zone-refined and
vacuum-melted irons.
[Glover and Sellars: Met. Trans.,, 3

(1972), p. 22711
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Fig. 8. Relation between rolling temperature in
r-range and mechanical properties; (a)
yield point and tensile strength, and (b)
Charpy FATT.

EoE T o TETHAL, vIits 13{EL 3. B,
1100°C PUFCik —100°C LT o RBIFEELE bR
5. —7, 1250°C T HIEBENKE VAR
Xy BRI KRERIRETH Y, 800°C 40% o 7
REIE T2 78 r OMPREAER Bhig\ied & & %
bha.

3:2.2 yHoOEEZESKEOFE

7 O EEBIAIRE &8, WHEOBIREY EERER
BRPRAEFREN 600°C DBF oW T Fig. 8 iR
T, BRAEZ rBoFEERECE T ONTET LA,
vIts (MET3%. rBoEEREGMEEE L LD
TREREIEM OB K & BT D0, il rBo
AR bR X O X R REROBEINCEE < a DL
YA b OWINC X B a OfBNILICESS D EELD
ha.

3.2.3 BRERDEESRMGDOHE

EHEIREERT DS BARFHRE & 7 3RAABR(E - JPEOBS
%% Fig. 9 it 2T, EEMOERRIFRAD
REYE—cT5E/HT 30min 7oC%. ZOKT

— 51 —



1406 D

% 65 4 (1979) B2

—
() P Rolling (b)
— eating 7 TTa a
S o— Holding, 600 X 1
= 3o FESEIT ETOMEA CIreyoRza SOV
2 28t
= El 77" e
g —~
o~ 20p o-" -0
= >
Z 65F onno. = -0f-
E: o TS @ o
= 60F e——e 70 e
= oL, =
= ssf Y -100f°
2 5 oa _YP -120
5 b 0 9 i e
g 600 640 680 720 760 800 600 640 680 720 760 800
el

Holding temperature before intercritical rolling('C)

Fig. 9. Relation between holding temperature
before intercritical rolling and mechanical
properties; (a) tensile properties and
(b) Charpy FATT.

WAREIREEDE TR 30% —E& L, EEEHEDOEIML
LT Zedhirh 600°C 1 h fRFF e 224 E 0 2 &0
PEEBERRLTVS. o2 L, FEMSEMAREE 600
°C OB aREETHD, FRBEORD rBDOAR
TEE L 800°C 0B /R L. EERESETT
5L, ZEHEEFTRBRE BIEERIN BB,
600°C 1 h R DBAIBIVNE, MONTEERE
DIETI O TN 50, Z OBEITEEROLE
SAEDEELIZ LA YT, —TF, B r oL THE
IEAET LEBAw T, BRERNL 40% o 730°C
TEET % & vIrs OfERREW. Lrl, LI
W 670°C i b S EES RN LA ETIRSRY,
XLRBENTNS E vIs BFEMMET T8 0%BE
Trtr— g VORENE LRI =R FMETT
% (670°C : vEo 7.7kgm, 640°C vEo 6.2kgm). WKi<,
Fig.9 L F—&MC, TREREERRIFRE 0L X
% r—a BEEOEIE & KEEA MGRhC O\ TSR
% Fig. 10 R, vIrs 23R s K< 75 730°C D%
gEy 409 BETHB. LT, WEEEDR
WLASERE TN T S iz 7 A BAEKT A a DENRK
%<, JEIERFDORLERE r DEIAEN 50% D kd sz &
LEThHDLEELDILS.
WICTEREIRE TR & RS, 5IRBIE LOEH0D
B%% Fig. 11 &, ETFREPEOBEFRY Fig. 12 1€
T kL, FEZO ZUui 600°C 1 h 5T
ZelyEE L L, Foflud EELME R0 & L. BR
G, BIEEMASIIZES E £ CIIE TR 30% % Culging
LH 509 T T B ot L, 600°C BT
EFZEAETCoOR THETT 5. i, MOHRE
L oEaY R, Wk LT, vEoETER
309, % ClIEEIh BN, Shi x5 LR MERZR
L, > 0RERZEE % ¥R E L, ZEaH % 600°C 1h 2

[Heating [ Rolling | Holding |
[850C X 1hr{ 800C , 40%] 600~760C X 30min |

“\\\

vy
b2 oo [=3
(=3 2=} =3
T T T

austenite to ferrite and pearlite (%)
-~
T

Transformation fraction from

D>
=]

0060680 720 760
Holding temperature before
intercritical rolling(‘C)

Fig. 10. Relation between transformation fraction
and holding temperature before inter-
critical rolling,

Heati Rolling
eating 7 P

- 950°C X 1hr| 800C , 40% |730TC ,0~50%
N 32 N
3 28 e -
x|
M2 e— Holding 600C X Lhr
E
£ - o--- AC
N 20
o0
£ 65
2 eof em GO
ot o.>\l\.__:8
[_(
15
=)
[« 9} -
50 o

45 h’{“/;. e

0 10 20 30 40 50

Reduction of intercritical rolling in thickness.

Fig. 11. Relation between reduction of inter-
critical rolling and tensile properties.

- Rollin
Heating i Ta e—Holding, 600CX1h
950 X 1h |800C , 407]730C,0~50% o--=AC
_60 L
12t —
g O _gok
2 - =
RN
= “o | E-100k
Lg B
> 4 i
-120p
0

1 1 1 L 1 1 L 1 1
$ 2530 30 40 50 0 10 20 30 40 50
Reduction of intecritical rolling in thickness(%)

Fig. 12. Relation between reduction of inter-
critical rolling and vEo(L), vTrs(L).

MBS HEINRB L5 THDH. —F, vITsid
FEFHEE ED—BETL, EBEGDNELGOFE
WHIE A E T\, FREIBRIEIER: O R s BT BRI
=R AK L BBREOWELERTNE ThH%S. Photo.

— 52 —




L e

EREBEMIC I 5 r>a ERBELEHNR O EBRENTRE 1407

0% 15%

Reduction of intercritical rolling

30% 50%

Photo. 5. Change of microstructures with rolling reduction.

heated 950°C x 1 h-»402, reduction at 800°C—>held 30 min
at 730°C—sintercritical rolling—held 1h at 600°C—AC

5 (a)~(d) It ETFTREEL S LB E OIEHEMBM
AR, ETENOD 50% it s & a ORE
FBHy 11.5 BEEND 12.5 FEER /LS. %1,
FRREEIE 1o X ) TR RETD L BD bR
5.

3-2-4 LRERIELER OGN - BYLE KO E
AREIR R IE 1 D BULBE Sk ORI B ks XIS T3
& Fig. 13 it BESHTEESGESRH EL,
FEIERIZ AR R LU0 —BER E cReEiEd &
L% 300~700°C Cff-ofc. BLEEES 650°C 2 5
500°C FCIE T35 &, Z2BRPRE - BLIELMED
WRER S, SRR X 100°C Y4 &) 5 kg/mm? EH§
5h, DRI S EME RS, Mo
BREE LMo B(bERRT. Ff, vIrs 13 600°C LI 0 #
MBI LTk B efEx w33, 650°C Ll ECiisb
LT\w5. AEREOFEESZ D Ary 513 630°C fFiTie b
D, 13T 630°C LITFTEMETS Z EXRF Y
BAHIDCHETHS.

3:2.5 BABETOHE

P EDEBRTIL IR, FREE A1 AEEEL,
FRNENDOFERELEDOFEL X HETEMIL L, L
L, I AFEE#EWT AR 0% £v-5 X 57K
ETkEDo L3RR E03% L, ALEETELHE
BIDTIINECETRTEAAFEEI RS DOHEBT
BB, Lichot, EREEEEREZ ERLT5D
3, INVEERIENEZ 7 - Ay Yo —RANT,
1 RAFEECH Sh b RABBE T 2T
BoRDINE S DORFBBETHD. £DKD, EE

© rollin Holding
(a) Heating Y I _gy+a {Tempering) (b)
6k 950C X 1h [800C, 40% l730.C . 50%]300~700C X 1h
R .
= 32t \ o—Holding
5] El X x=Tempering
28 o -60t
24t xt o
e g s
= - "o $N
£ TS = .
& 601 X4 2 ','
P XN E - 100} !
) ke
& S0 YP ° gyt
= 2 -120f
= ol . . e L R A . .
& 304 400 500 600 700 300 400 500 6060 700

Holding temperature after rolling('C), 1h

Fig. 13. Relation between holding temperature
after rolling and mechanical properties;
(a) tensile properties and (b) Charpy
FATT.

BifGEE A 730°C, sx@EH 1 ~8 SAATEETERMN
34~36% cic b [FIEERZITO%k. EESRMER L O
BREEREY Table 2 wiRd. 2 TRABEBLIID
MEEEER L LT ARESETIE & EERE#H
EE % C, TrhbhbLlRAE R TN % & L2
BT bhb. 0w, 36% 1 S ADHERERNT 22
A BT s A2 513 ERRRE - FIEREBIE
HB¥z., Linl, MOkl Az20BHE% BoTUER
22, WD 2 A ADBEERVCTIRERED VL
BbH., COERNORD L, BRIROL AAAEER XD
BENEA TS LRSI OTH, WIS ETHE L
7 BEETOREIR—OETED 1 RAFEEDHE
HHIBEHRTETEDE VL LS.

— 53 —



1408 g &

5% 65 4 (1979) 4% 9 =

Table 2. Effects of multipass rolling on mechanical properties.

Heating Rolling Reduction| Number| Total Tensile test Charpy impact test
temperature|temperature| per passjof passes{redution|yp (L) ITS (L) [ El (L) | vTrs(L)| vE of L
°CX1h °C % % |kg/mm?*|kg/mm* % °C kgm
950 |730-645| 5 8 |34 45.6159.8(26.5| —82| 7.8
950 | 730-685| 10 4 134.5]42.9|58.3|25.5|—72| 7.8
950 |730-710| 15 3 |33.5]40.7|57.5|26.5|—76| 7.3
950 |730-715| 20 2 136 39.9]56.5] 27 —86|12.1
950 | 730 36 1 |36 45.7161.0] 31 —177)| 8.4
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Fig. 14. Metallurgy of intercritical rolling in low carbon steel.
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