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Metallurgical Aspects of Hot Rolling of Heavy Plates from
Continuously-cast Slabs

Naoki OKUMURA, Michihiko NAGUMO, Tohru INOUE, and Koichi YAMAMOTO

Synopsis :

Significance of hot rolling to produce heavy plates from continuously—cast slabs with low carbon and
low alloying elements is analyzed from metallurgical point of view, special attention being paid to the in—
fluence of solidification structure on the mechanical properties of plates. The major conclusions are as
follows ; a) Brittle fracture characteristics (v77s) is not affected by microsegregation existing in either
columnar dendrites or equiaxed grains. b) The appropriate reduction ratio in terms of mechanical
properties in the thru—thickness direction is approximately 1.5-3, depending on the rolling shape factor
which is a function of slab thickness, radius of rolls, and reduction per pass. c) Some elements such as
S, P, Mn, N, and C are detected by an Auger electron microscope on the surface of center porosities which
can be annihilated by hot rolling. Based upon the results it is suggested that combination of fine initial
austenite grain, large rolling shape factor, and low total reduction ratio is a sufficient condition to procure
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sound mechanical properties of heavy plates manufactured from continuously—cast slabs.
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Table 1. Chemical composition of the steels (wt%).

Steel C Si Mn P S \% Al
A 0.14 0.28 1.35 0.020 0.011 0.028 0.020
B 0.18 0.18 0.74 0.016 0.020 — 0.016

30mm

Photo. 1. Solidification structure of continuously-
cast slabs. A: STEEL A. B: STEEL B.
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Fig. 1. Relation between reduction of area mea-
sured in as-cast condition and location in the thru-
thickness direction of slabs.
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Photo. 2. Fish eyes observed on the surface of
tensile test specimens taken from continuously-

cast slab (STEEL A). (a) Low magnification
view (b) High magnification view.

Photo. 3. (a) Ductile fracture surface of Charpy
impact specimens (STEEL B). Note columnar den-
drites can be seen on the photograph where the
primary dendrites are vertical and the secondary
ones are horizontal. (b) Ductile crack initiation
from manganese sulfide inclusions observed in the
tensile test specimen prior to total failure (STEEL
B). Direction of tensile stress is vertical.

sr% Table 1, BE#EME% Photo. 1 TiRd. Azt
BREBHRAEYELTWS. BEIIRBTL25 70D
HEFHICERY M T % B c#EE5 3T M BT
BrIRABA (JIS 4 540, P15 106) % AML »
oL, EERTCRVELZRE L (BHREE 3x10-4/
s). Fig. 1 wR$ X 5 e EMEE Tl 60% o
B ER AT ARLEEE TN 20% wETT 5. &
ODFRD HERER L7 B _Bicix48 5 (Photo, 2(a)

— 67 —



218 #% L

570 4 (1984) 2%

(b)) EhD. BELAe YT 4% PLIZO AR
DTWB T E, KEREBEETHSZ LuERTS &,
ZhboBETEr VT 4 HOKEOEERZT TR
hiorExbhs. LI L) BRI TRYE
METFT LTV AEARISIERHEEI T v F 7 A bR
Bigshs Uz oghzd sy v P4 REER &
FT5). FYIFIL L REENE S FFEOSVBHIT
IhEEZETHS (Photo. 3 (a)). FVYIFF4+DO—K
BIVP®k7 —2DWBLOEENBEIRS. FU V¥
4 B LA TE MnoS » DIEMHEZENFEETS
T EHTERT A DRI IR E Ui IR R
W% BEEE LK 3% B2 L7 (Photo. 3(b)). &
Hehgaffio MnS O H EHUNRFBEL T 5.
LLEoF b var—Re v T 4 ETVF
I4 B LT MnS 238E ¥ M OEKESL
BERTHHZ Ehbh5b.
2.2 HHICELET IIORFOER

FYFIA VEDAHCIREBAMCHEETS I 7 2R
W 5 x 5 EA R~ Fig. 2 s InITE
MBEHERRAL, r MELXHiZ, I 7 v@T0BELYE
ZTCHMEZXRIE L. RART(b) (d)DBERITETH
SOFEXKE L. =»F v /XD EEESBYHEEL
LABEYXE~1 7 e 755 4% (EPMA) C# 10
mm FEELT I 7 e @iy BiEL%. Fig. 3 kize
RITAIERR, Fig. 4 v+ v e—RBERERTY.
FEIEH & EITH T 0Trs, vEs( = V7 =2 & =)
ELREND DV EEMOFIMBER TS, I 7 =@t
DEETIIY + VE—HHRIPBEIhZVWC EAEMRS

1
1270Cahe S 1000°C

ny ofhe e

600°Cxihw i

IWQ Iwa Wwa.

(a)

1250°Cxibr K!)p'c

QS5hr

(b) @

Fig. 2. Diagrams of heat treatment employed to
assess the effect of homogenizing microsegregation
and hot rolling on Charpy impact characteristics.
I. W. Q. : Agitated ice water quench. W. Q. :
Agitated water quench. A. C.: Air cooling. (b)
(d) : reduction ratio 3.
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Fig. 3. Effect of heat treatment on homogenization
of microsegregation measured with an electron

probe microanalyzer. Heat treatment should be
referred to Fig. 2 (STEEL B).

20
-2
16
-40r /2 ?12 I
oo} W )
£ @ gl
> >
801
O Equiaxed structure 4r
400 lI Cclu'pnar §tructu|re {‘ , \ R
@ B © @ Y@ B @ @

Heat Treatment Heat Treatment

Fig. 4. Effect of heat treatment on Charpy impact
characteristics. Heat treatment should be referred
to Fig. 2 (STEEL B).
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Photo. 4. Microstructure of hot rolled plates with
different reduction ratio (Longitudinal section of

Photo. 5. Solidification structufe with different
reduction ratio (Longitudinal section of STEEL
A).
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Fig. 5. Influence of location in the
thru-thickness direction of slabs and
reduction ratio of hot rolling on the
shelf-energy determined by Charpy im-

STEEL A). Reduction ratio: (a) 1.5, (b) 2,
(¢) 3, (d) 6.
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Fig. 6. Effect of reduction ratio and heating tem-
perature of slabs on FATT (v7Trs) determined by
Charpy impact test (STEEL A).
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Fig. 7. Effect of heating temperature of slabs on
austenite grain size prior to hot rolling (STEEL
A). :
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Fig. 8. Auger spectrum obtained on the surface
of center porosities of continuously-cast slabs. As
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Fig. 9. Profiles of segregation adjacent to the sur-
face of center porosities determined by ion sput-

tering with an auger electron microscope (STEEL
A).
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Fig. 11. Change of density of specimens taken
from mid-thickness portion of plates as a function
of reduction ratio (STEEL A).
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Erbhs, OTEERIIErvT 4 ZHBRIEHR
E S DRHHERY I S h 5.

(7)) HEMEC XBHw w7 4 ZEBOHBRIRE, E
HEA Y &0 =Ny m— VEBCKEL, ETHOHRTE
BECX V. ETEPA—THNIR T 7EFEVE
He vF 4 BRCHERETHZPI LTI

(8) #mvy ., HRCENEERLEEISET
RFE 70Tk ) BB ML Tk r Mok
CESTHS.

LAEDEEBRERVRAT 5 &, MHEFERCER, 2
oAy, BIEME 40~50 kg/mm? LR HTH %
A5 70 BT 5 O/ B I BEEER A0 v K
DAL B EA 5 FERmME, TN ofFH), &K
WD DEE T HEEDCH L EH R b5 EEETH
HEMEREIND.
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