$% & $8 Tetsuto-Hagané Vol. 89 (2003) No. 7
— -

FT_LL.J:OTQ‘*L/Z_EE?’%H]7I7'( k-
X a4 a0

AFE ER* -

RIR  REE*

- RIFOF

Properties of Warm-rolled Steel Plates with Ultrafine-grained Ferrite and Cementite Structures

Akio OHMORI, Shiro TORIZUKA and Kotobu NAGAI

Synopsis : A novel rolling process characterized by multi-pass bi-axial reduction at warm temperatures without a fairly large reduction per pass was pro-
posed to obtain ultrafine-grained ferrite structures for steel plates. The process was applied to 0.15%C-0.3%8i~1.5%Mn steel. Steel plates
with a thickness of 18 mm, a width of 75 mm and a length of 1100 mm were obtained. The ultrafine-grained structures composed of ferrite

and cementite were obtained in most part of the bi-axially rolled plates, while the coarse deformed structures composed of elongated ferrite

grains or subgrains remained in many part of the uni-axially rolled ones. The bi-axial reduction likely enhanced the formation of high angle

boundaries. The average sizes of the newly evolved ferrite grains were approximately 0.6 m and 1.2 um at the rolling temperature of 773K

and 873K respectively. The evolution of the ultrafine-grained structure through the process increased the yield strength from 330 to 780 MPa

and decreased the fracture appearance transition temperature (vIrs) below 77K. Severe warm rolling at the lower temperature, however,

caused the development of a deformation texture and enhanced {100} and {111} ferrite grain colony bands causing “separations” on the

fracture surfaces of the Charpy impact specimens with eventual deterioration of the Carpy impact value. The bi-axial reduction was effective

for controlling the microscale texture and suppressing the separation.

Key words: low carbon steel; plate; warm rolling; ultrafine-grained structure; ultrafine grain; separation; mechanical properties; ferrite; bi-axial rolling.
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Table 1. Chemical composition (mass%).

C Si
0.15 | 0.31

Mn P S N
1.49 | 0.009 | 0.001 | 0.0019
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Warm-rolling Pre-heat treatment ‘
at 873K or 773K (Quenching & Tempering) waQ wa waQ
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Fig. 1. Outline of the process.
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Fig. 2. Details of the warm-rolling.

4, BRRBSIUVER

4.1 I/0O8K

WTFROEEREIZBENTY, REEOEHhEZEDRKR
M@ OEELRD , A DA Shih o7, ELE
BOFROTHIZ, FEEEICL3ENVIZFEAEEL,
1 EE THAE 128X B 110X & £ 91100 (mm), 275
FIE THHE 17.9% 1889 75X £ X #9800 (mm) Tdh - 7=,

BHROWE B8 I & vk % Fig. 3% X U'Fig. 4
IR, TDA A (BRIEJ5IA) 1 FEE & Wik % LU (Lon-
gitudinal section), RD A (FEEEAIA) (< FEHE Wi % T W
I (Transverse section) & 3%, Fig. 31Zm LA 1 ARAETHE
MEM O LI m RIS, RDAFEISHER L 72RO okl 57
B AV a4 MPRF2S A5, THE TIEIHSEHIRO ok &
TDHHICHELZ7 254 PRAREL TBHE S h-,
T B ES 5 R IE L 728 o iR (AFRKIE) X, 773K
FEFENE T 0.57 um, 8T3KEEEM T1.0um TH - 7=,

—7%, Fig. 41T & D12, 2HEE T O S B
oL e XY 24 MRTA25%D, RDAAICHEL
oking L EEahs, LrLads, | FAEEMIZH
NBEEERD 30T XX PHOPNX D aRiBSBLY,
RS TWEERIC BT ZOBOSEHEFICBR I T
WEEE 2 5 H5E L2 FBETHOFY akifE (A
%) &, 773K EHEM T 0.59 um, 873K EEM T12um TH -
7zo THBIETHM& D EEFETRENKZEVDIR, EEER
RENEHLUTIKFEEE ko EIOND,

Fig. 5123 2 J7 L T 4 ORI i Se# D 4 & TEMIC &
DTD AR BB L RERETRT, SEMIZk - THERZ
N7 4B o KA TEMBIERIC K > TR MR S Mz,
BN ETOERMIREL T =800, Bl L S0
B THHABIEIEAERD O EL 572, KEMTLIZ

12 IHAETEEBMEYE (o VIHIRE, o BFMT) | =23 In(a/a)=2V3In(120/12)=2.66, 2 FEE T K N E | e=REHFAE +RIFHAE

=2v3[in(120/18)+ In(90/60)] =2.66



# 768

$% & 8M  Tetsu-to-Hagané  Vol. 89 (2003) No. 7

Rolled at 773K Rolled at 873K

Longitudinal section

Transverse section

Fig. 3. SEM microstructures of the steel plates rolled uni-
axially.
(1/2t-position; at the center of the thickness)

Rolled at 873K

Rolled at 773K

I

Longitudinal section

Transverse section

Fig. 4. SEM microstructures of the steel plates rolled bi-

axially.
(1/2t-position; at the center of the thickness)
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Fig. 5. TEM microstructures of the steel plates rolled bi-
axially at (a) 873K and (b) 773K.
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ND
= L - A {111)<110>
RD v {111§<112>

6 :misorientation (c) - {112)<110> (d)
Fig. 6. Boundary maps with EBSP analysis for the plates Fig. 7. {100} pole figures showing the textures of the
rolled at 773K, (a) uni-axially and (b) bi-axially plates rolled (a) at 873K uni-axially, (b) at 873K
(1/2t position, L-section). bi-axially, (c) at 773K uni-axially, and (d) at 773K
bi-axially.
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Fig. 8. Orientation imaging maps and inverse pole figures
with EBSP analysis for the plates rolled at 773K Fig. 9. Orientation imaging maps and inverse pole figures
(identical position with Fig. 6, 1/2t-positon, L-sec- with EBSP analysis for the plates rolled at 873K

tion). (1/2t-positon, L-section).
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Fig. 10. Hardness distributions in the direction of the plate
thickness.
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(a) uni-axial reduction
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Fig. 11. Nominal stress—nominal strain curves.
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Fig. 12. Charpy absorved energy. (N EAMBRBRENERD LTz »2bo T, &

77K 158K 193K 233K 283K 313K
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uni-axial

bi-axial

(a) rolled at 873K

TD
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‘luni-axial

bi-axial

L-directional specimen
Fractured temp.= 77K
vE=12J

Fig. 14. SEM micrographs of fracture sur-
faces of a Charpy impact speci-

(b) rolled at 773K

Fig. 13. Fracture appearance of the Charpy impact specimens (L-direction).
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i) men fractured at 77K, (a) at low
magnification, and (b), (c) at high
magnification showing (b) dim-
ples and (c) separations.
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N =Y g YOREZHH E TS, Zhid, X&EEET
CEoTHIEENS w2 o EAMBOBE DA T
<, {100} F 72 {111} 2 HET oI m=—DKRE X,
¥, e, BEELE, I70LRXLOREEHNSHES, ©
N =Y g YREEIZKRESHEL TSI L ERET S,
ZLT, oliau=—-2RDAFMIZHEL TS Z &I,
RDAMD LISV = g VOREEBBIZTEIEI2K-
T, Yy N —FRREORTUOBERD DL kb LE
Abhs,

72, 3LV g VOREITE, FREERIKETS
R s BB EIZ & - C, WMEHRADIBIARET S Z
ENRURTH B, BREELMIELES L EDEHE
B, ZOBHERETSIIELEBLTCESL—V 3 VD
REICHETILELONS, FHEED FFIX, okifF
ERMEEZZLICKDEMLNIEZETEES, Thrt
NV =¥ g YOREEIIFEI LTI H B,

AHRIZHNT, LEEofcORF4EEMIZET 2
ZEBELY, L2LAMS, 2HFEAETR, 370X
b 0§ & 5 R0 53 A6 (microscale texture & 5 U 12 microtexture)
EEEEBRZLI&k-T, HERIZEISL -V 3 VDR
AEERL, BRI L 2N T 20817 - 72,
REEERR OO > 5, EHER S KX 2EE
IC3EEIONBDIE, FLLWESL -V 3 VORET
H55, ¥V = g VOWFNCBEEL T, v uk kU
I L NAOEAMBHEOBE» S, EHAMNTOR
FRBIZ DO T LK DEIICRET T2 0 ELH 5,

5. ©8

(1) E#HNIZH T 280 o SRR 7oz &L
TRELZ2AFAETIRBZ 7S AELE % 0.15%C-0.3%Si-
1.5%Mn#IEA LT, 18mm/E8REAEL 72,

(2) ST3KEEETHI 1.2 um, 773K EHETHI 0.6 um D Fy
RFED B aki & Bl * V&4 VR T2 5 5 Rk
2, WERHED SREP O E TIRITH—IcB o hiz,

(3) DB IIFEEFEIZHREL TWE S, KAK
RicHzh7=2S#HRO ok 3BD I, 2HEETFIZE S
TEDEGHHEML 7=,

(4) okBHMILIZk D, 83KELET550MPald |,
773K FEHE T 780 MPa Ll EDFE{RE & & 77K KL T D B i B
IR (vIs) % K L 72, ‘

(5) YYAE—BREIZEBEDO LIV - 3 VHARE
U, BIRT XL EF-AMETF L7, Zhid, BRIEEIZED
RELZ0}B LTI} AND efiae = — L BfRL
TW380LEZLND,

(6) 2HEETEEIIE, vIsZE T8 E 81,
SV =T g VOREEWEI L TR T R L ¥ — Ak X
B 53R EAD 5Nz,
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