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Abstract: The rolling process was studied to produce the plain low carbon steel plates with ultra-fine grained ferrite
in surface layers. The results of hot-simulation tests by the compression of cylindrical specimens show that for plain
low carbon steel (w(C) 0.16%, w(Si) 0.19%, w(Mn) 0.56%), under the suitable conditions, the strain induced
ferrite transformation occurs and the ultra-fine ferrite can be obtained. Then, the test in the laboratory shows that
the ferrite grains of the 9 mm thick, air cooled plate can be refined to about 7 pm (ASTM E112 No. 11), which is
similar to that of hot-simulation specimens, and that the yield strength of the plates is up to 350 MPa. Finally, trial-
production was carried out with continuously casting slabs with 0. 13%-0.16% C, 0. 20%-0. 25% Si, 0.5%-0.7%
Mn, 0.01%-0.02% P, 0.005%-0.01% S in wt% on 3500 mm mill of Shougang in China. The plain carbon steel
plates of 28 mm in thickness are characterized by ultra-fine grained ferrite of 5 ym (ASTM E112 No. 12) in the sur-
face layers, The yield strength is in the range of 310-321 MPa, and the tensile strength is in the range of 440-450
MPa with 34% elongation.

Key words: plain carbon steel plate; ultra-refinement of ferrite grains; trial-production

Vol. 41, No. 4
April 2006

HAT, A2 RIEPRML S R 1, RN
MBEIER BAR B R ELER T Z, LR
N EEREALRHRESANARBRLREEN
BT, BN AL BT R T
REHBIE T KF, B EES R KR i
BBREHSHLEREAR T E LB E I AN B
BE. @ARRNATHRELRE KM L
BB TARF B BORD) . SR, 5 48 Tk B B BT R
R WS NER™ R, TE 55 LR E K
Fa KR KT G W ] R A AL )5 AR 2, W
BREENE S ML, SZHE, B TP ERE™

EEWE: AARATREH 2 ¥ BHM H (H013610320111)
M. WREXA970-), B, B+, BETEN;

E-mail: fijiw_biam@ yahoo. com. cn;

VAR B B AGRR B FL I YR R B RS L T R A
RAHEEEER, FER S HL R B, 5T
EASMRERD . XIRI3IA 4 T £ H 3300 mm
AL E#fT B R ERN T L RBFR, 12 mn
BERPRKRERNERFED 9L, RELH
BAE—ERENEL, HEREHRNERX
. BXE MTHRRABEREN YRR,
BEMEMEFFGEL, TEEFFREYT—K
R RRLILF AR AT B, ML B R EH L WA H L
RATMHRKNY . AXRENBTURBRNIEARKL
FRANREALBRLPERLHTZNART

#iTH#: 2005-07-04



EAM

WX F R R R R E A Tl iR c 41

fE, B #3500 mm FLHL L RIELGIBRERER
MR EEHRAW 28 mm BEHNRK.

1 RBHMHBAFRT T &%

1.1 REMAEEITRE

HPER BB BERE T AEEERE TR,
FERAH w(C) 0.16% ., w(Si) 0.19%.w (Mn)
0.56% .w(P) 0.014% .w(S) 0.016 % , i L $10
mmX16 mm EAiRXEE ., FH GLEEBLE2000 3£
PLEEAT A HURE . B e R #8900 CLL E
AR 10 min BRI, ZFEL 15 C/s BEELRH
ARFERERERELEER 50%, MEERE 15577,
BIIE DZI K . ¥ R4 7 1)@ o O BT
ool & G, B 40 BRI R R MUB Bl 5 ZE S B
BETUEMBHLA., FRETREXNHE4H4%
BHER., K, RASGERESH AL, FRARN
KA B A,

EHEMEFELTREAMITERTLELE
AIEHEH., TRELP %A SETHRNLEF
B, B 40 mm X 140 mm X L mm H88,
THERR. B RKEAREF1LI000~1100 C,
AR 2 ) P ¥ B R X R R A X (750 ~
850 CH#FTELH , RELEW KA H  WREERN 9
mm, ALHBARBLT L EALRICRBEENE
A AR #HAT, LFERSH w(C) 0.13% ~
0.16% .w(Si) 0.20% ~0.25% ,w(Mn) 0.5% ~
0.7% . w(P) 0.01% ~0.02%.,w(S) 0.005% ~
0.010% /) 220 mm EEHEHBNREBENR
1150~1250 C, MM 5 H EH TR EILF,. Z
JEHEL1000~1100 CHATHL KB . AHAFRE
BEBRE50~750 COHTHEIL . BILEEHEN
0% L REERAREEEEERRALRA,
KRB R 650~700 C, K EAKEN 28 mm,

1.2 FHEHRAAAREERE

REHWEM AR, GH&SHER, 56
WRAE, 42 R BRTE N V5 Y o S5 L ZR M LR
¥ iR ASIM E112-1996 (% R T E #5GB/ T6394-
2002) , 3R i £ EH LECO-Lx31 & & & & H W {GH#
TRPEEER, 25 HEF AR H MEF3 8
LEICA B4 Hi GETTHMA LA,

Xt LB = A Tl iR AR HEAT L P i .
RIS BATHR¥E GB/T228-2002, 7EA [A) ¥ B #4749\
B ed iR e, KRS VA 10 mm X 10 mm X
55 mm; AT AR R GB/T229-1994; I B HL B 5

IB-30B, &R AR A JICDRR % .
2 RELEX

2.1 AEIABHR

PERAE R BB ALNAE 1 fra. 750
CAR G KL KB AR KIS NS AR
R (G5~10 pm BRIE) , BLAMEA M A I (K 4k
BRAL, E 1) fiR. BT 15 C/s B AT,
WAREAR Ar, BEMIE, FAERNEEEHE
%. MR 750 CERE T AR BRERR 25 s, M m
B 1)z . MRAR P N Kk . SRESEEMN,
98 5 min JFAKE, A 1) i, KEAE A4 R
OREAS. HE 1QMNEHEERBNERETN
B1PRERE N EKENE, XMHFREHE
BRESBFEAGRERRKREWHEE, ZFKE
SEP, BHRREEENKEHTHDREME,
Hit, ¥ £ E R —REEHERE EEERRE
HBERBREASALTARERS, M HRESRE
ERASEPEE NTIEHERESBRRET
REE—KEEEE MEEXESMAE, Bk, A 1
(QPFERBREVTEFRREMEN=Y, B
FHET AT IR E A5 B i, kR R R GZH A .
800 CAEFLEIZIK B KB AL, KRB &R A
NEKE . SEREAR, B LD FR. BERL 2
C/s EBAHE 7150 CABWAHAAGEERER
L, MRR/ DREER M, E 1(e)fin. $EE
750 CH#iR 5 min J5, N K&/ D REBTFERER
BRIl 1D PR, Bk, 5 750 CTERE LM,
800 CEMAERERTFEFME. Mo, LEE 1
(DMDTR, BFEHSHEREREREETH
A5 A B B R R SRRLAE /N R AR ORI MR b
Ft,EEHAMAERER, SRR &R, EHL
BN, WA BBRERETRSHENRELER,
FAES CHEA.

FEROHRMHES SR, ME 2 fin. A
H2aR, MR ERREREE, KL RZRARER
RBEMEEYW. FiEE K E M,k
ML RER .

LW A FRETE 1 s, E KA & 15% 5, 880
CUTAE, RALRNTF 20%, HHELSRERS
BARNATLLAR AR BB  ARBL AR
2., B, ERELSE S, B FEKIE R E
&, B TR R, A AER AL B C R B4 &
XAR . WEaEE L6 . ERERAEAL,E



e 42 o m

% FUH

(a) 750 CAE K% s
(d) 800 CTHERKY

(b) 750 CAET 5 FEMI R R BE R 15 25 s G K¥
(e) 800 CAEFBLL 2 C/s BWHIF 750 THEAY;

(c) 750 CAR G FEM R E R #F 5 min FKE;
(£) 800 CAEIETE 750 CR# 5 min JFKE

H1 #HEEEREETSO CRESETHEAARE

Fig.1 Microstructure of deformed specimens followed by keeping some time at 750 C and water cooling
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Fig. 2 Static recrystallization of test steel
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Fig.3 Microstructure of plain low carbon steel plate rolled in laboratory
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Table 1 Ferrite grain size and mechanical properties of experimental plates rolled in laboratory
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Fig.4 Microstructure of usually rolled plain low carbon steel plate of 20 mm in thickness
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Fig. 5 Microstructure of trial-produced plates of 28 mm in thickness



B4aW TR 0% - 2 48 40 R B 4 P R Y Tl i <45 .
£2 ILRHNESERERNENHESERBRER
Table 2 Ferrite grain size and mechanical properties of trial produced plates
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Fig. 6 Charpy impact energy at various temperature
of trial produced plates
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