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On the Macro Structure of Carbon Steel Slab Produced by S
Type Continuous Wide Slab Casting Machine

Moriyuki ISHIGURO, Kiminari KAWARAMI, Masaharu 116, and Shunkichi Mivosur

Synopsis:

It was observed that the macro structures of carbon steel slab produced by S type continuous wide slab
casting machine were asymmetrical, that is, columnar crystal was generated in the upper site of the slab
and branched columnar crystal or equiaxed crystal was generated preferentially in the under site.

In order to clarify the cause for above-mentioned asymmetric feature, various investigations, model
experlments with water and many operation tests were carried out.

The results obtained are as follows:

(1) The formation of macro structures of continuously cast steel slab was intensitively affected by “In-

bRl

clination of strand (d.h. gravity)
sideration.

and “unsolidified steel convection in the shell”,
The formation process of macro structures was able to be separated into three zones.

In view of this con-:

(2) Branched columnar crystal formed in the under site of C. C. slab is different from branched columnar

crystal formed in steel ingot.

B

(3) - Conditions of equiaxed crystal formation in continuously cast steel slab are formation of lots ‘of nucleus
in liquid steel contacted by copper mould and transport of them to the zone of slow freezing rate inside

the liquid crater of continuously cast strand.

(4) The formation of center segregation is independent of contact of columnar zone in the center position of

continuously cast slab.
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Table 1, Casting conditions.

Case 1

Case 2

C Si Mn

P s | ¢ | si Mni P i S

Ladle analysis (%)

0-12. 0-21 | 066 ' 0°013 0-013 1013 0-20

0&ﬂ00mkam9

i

Tund. temperature (°C) 1550 1520
Cast. sbeed {(m/min) 0-65 0-60
Secondary spray intensity (I/ kg) 0-78 0-78
Slab size (mm) 250 1900
Case | Case 2
Under site -— Upper site
Columnar Columnar
% erystal crystal
—F Branched i Equiaxec: I
crysta
i columnar crystal ' Branched
columnar crysta
Colurg;]c:;a' Columnar
Y crystal
Upper site Under site
Photo. 1. Macro structures of transverse section of as-cast slab,
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Fig. 1. Changes of secondary dendrite arm
spacing illustrated in Photo 1,
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Fig. 2. Distributions of components in as-cast
transverse section of C. C. slabs illustrat-
ed in Photo I.
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Fig. 3. Comparison for macro structures of Longi-
tudinal as-cast sections of inclined-cast in-
got and. vertical-cast ingot.
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Photo. 2. Representative macro-structures of C. C. slabs at casting stop test (Case 1).
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Fig. 4. Schematicidiagram?showing~macro-struc-
tures of longitudinal as-cast sections of
C. C. slabs at casting stop tests.
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Fig. 6. Schematic diagram showing differént flow ‘patterns of molten iron in the
C. C. strand (Results of modelling test).

EXOKRRNSSZ2F v 7 EFNEREELEIEL, Kk
B NS mECOBRMIRELZHR T 5EBR2T
VAo Y rall

Fig. 69 iz, BREY - VAFRENHRRD / Vi X B3%
ZRLIC. EDO/ XVOREDS, 2 Xk HOERE,
SBRIEAMICIER R 2E Tt L, IERRERFT
DI ERED, BN ELS ORhBR AN DL D RN
H5H. v RO ERFEENL, RN OEERT HRE
L, FTOHhDEE, WRLiiho 2 5z ELRA
T H*
3.6 DEBERBERCRETS 2 VABREBHOZE
50 ¥ o A% Case 1 LiZIEM—#HELMT, F
—Fyv—UDE L, E22A 72 FiT, Bicoer s
X LR , ANVERY DT, 5F v — U ORBEEY
fIlsor. Btk EFRHFEREBOHR XD, £2 75

2 eFLEERIEY, Fig.5 OHBERERIY, “RIHOBIZES
BHELIZET S, #955m &ith, Fig. 5 ® RI L X 3EHBO
ERREBBAES L, YOO TILIN—HEZRLIE.

v oMt shiEsr by FurktiolL, 25 7F
WX R EOEKEIAES ZBIE Lic. TOFEHE|
& (1) K&, FlEFERAEPEREESRD 4 =2

) 4]
T T
AN

T
N

from meniscus (m)
|
AN

Start pt. of formation of
branched columnar crystal

(@]

! )
2 4 6

Mixing depths of molten iron
from meniscus (m)

(@)

Fig. 7. Relation between mixing depths of mol-
ten iron from meniscus and formation
of branched columnar crystal of C. C.
slab.

— 152 —



&

5t BIKIE A 5 7 EEH R OREMBIZoWT

HADPLDEXZRD A =AW AP LOMEBAFES &
DOBRETS L, Fig. ToX5iksd. TOROR
DOUEMBAESIE, 3-4 HTRLALFEC X DRDID
DOTHB. HlEFEREAE, 7 Zovd SORENE IS EN
EENBRERINS. £ LT, s Zvogah,
WEDITIEHIE T B AP BFETEH, v F s ZT
X, TEMRA X VAT BIA LCwB. shil, #iR off
MoOFBCLELDLHEXILN, K/ X VvOMmEHK
SICHYT 5 ERIAE (208) TR, v ¥/ ZvDx
o (24F) kR, EMORELFTeL L, WBoE
WERELBILZEETRLTNS.

4. & ®

PEphALESE 2 5 T O PSR OERTCH S L THOIE
M OBRR & S,icT 5720, FIEO X S iiEkE
DRER, FEETL, 2FOX S EEREEL.

(1) SFoLETHEICKTZHEEE R XORTIRE
SV IR VRS ST, IR R AT D
FERE LT, ETFEOEENEE I I O IR o 55 ik 5
SHEEY FIFHZ EETER .

(2) SRS OEKFEBERSRF NCRST 51
SRENE, S OEMORE LT, BTSN
miREOTHHCE RShs.

(3) EHH SEMFF O 2 Mo X D, il
HEOBEDBENOEREL KX L FY, RBOEENTHE
W2, O LAEHALOMREIRTAAHEE L5 THE
MeKEEhs X 5CRZFT 5.

(4) RGBS NITI T 2 EMRENOFHEHE T,
SR TEIZIA, 2 AR, SREEREI X D RLD, &
5z, BFFYRhOBEEI X AHihoBe X hiEY
EL B ERE X, MEERIKNOHER TIRE & T
Ay, BAAZANALIDS~6mDLETATHS. T
TorLr—4— . 22 FETE, BRASHEISOBERIGT
FORERZIT, BROENMOBEERELZT DD
DEFZHLND.

PESE, MMMEOSHEMBEOLEN 2 h = X 5 BT 5%
X, ST bLT WA, I bR R OL
FEFDOHREE VS EED LR, BHERHICURIIIC
EFEHHEED, BEAFOBEE»OrrbY B>
W, BiRIEE D5 E2EDX SIS,

Tk S FESEOSRE HEREA~DORER, TV
v, @ ENE I 3 5 ESOREK X ) XESh,
ZFO@EEVE, BREFHICES T SRERESRS I OVRE
AFC L OoTIRES NS, £ LT 7 o@iEsktfis, B
MO &, FEfuA O, RMUBMOFSH LD =

891
; BT s<
F Vi BPBEE % 59 O 3+ e
R X B — iR
RETE ’
FAED DB e
a 15O IR EY
s SaZo BRRR
F A FD— gm,g&— w
A FlLicboD
A & <
b T TR B J5 [ HEL
TR T nBk®iik _
VA i AR 1k
i & [—
O FEdh Dk
TR S b
Uk i % §7 O R} i
R I XSG dh
@7v T \shomon FoBw
5 A | s g
RL~ s |EROERN
)
@QEEMmMT
vFEZA
%)
showering

2 ofgRRIC X Y RELEFELZT L LI TND.

WEE IR AEEMEE D, ESEF O TERACZ K
oI EIR S E R VT, &k b =2 aik, EET (1)
~(4) DFEFICHESI P ED, BT E K EF
3 Livrg .

SEEF D4 WAEIKSVE, SR EED B D RS & 1T
DEDHTRLDOT 5. OMEOIEKRFrE, SHIE_EE
RSN, EHER O AR EE T
REND. QFEOIEKEE, HREPEEEECE
BEL, Bk 27cbDTRRXEDT F74 +
BRI AR S & BRAY T ERE LTV B 2%, EERH 4 I
ki, HiRGEoxEo ke, oo 7r s K
4 FBTPAIC B BV LI OLERE LTHD, TO
FRG ERRESE L2 TVS. Ls2T, o
S EIRER, R OUB ERFRODH S # b= X AT
£C7DHDOTHY, PBREBLEIBLDTWS.

Zhehy, EHA O L THOIERHMEBEEE LD
SRS ESWSOER A A= X a4E, FOX5hD
DTHA DD

TER DI R LU S BIOFHEFE T X T, ik i
LEMGE, LA DO GRN OBE), TS EV-ER
WhHBEEMLTED, BEORGHS ZOFE SR D%
B BELEERZCA DTV Z Ebh 5

LOFESA OEKXRITRATD 523, EHFH T, BR

— 153 —



892 & & @ #® 60 £ (1974) 75
/ Meniscus Upper site
Columnar
Molten iron crystal zone

Sclidified shell

Crafer end

Tg : Vanish point of forced convection of molten iron.
TEg : Start point of formation of equiaxed crystal zone.

Fig. 8. Schematic diagram showing influence of
strand inclination and mixing of molten
iron on formation of different crystal
structures of continuously cast slab.
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