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Control of Uneven Solidified Shell Formation of Hypo-peritectic Carbon

Steels in Continuous Casting Mold

Hiroshi MURAKAMI, Mikio Suzuki, Toru KITAGAWA and Shinobu MIYAHARA

Synopsis :

Surface cracks tend to occur in continuously cast slab of hypoperitectic carbon steels. The surface
cracks are originated by an uneven solidified shell formation in the continuous casting mold. Mechanism of
uneven solidified shell formation at the initial stage of solidification was investigated by dipping of water
cooled chill plates in the molten steel. The dip test showed that, (1) the shell of hypo-peritectic carbon
steel has a hexagonal depression pattern and these depressions form air gap between the shell and the chill
plate and results in the uneven solidified shell formation, (2) the chill plate with a fixed interval lattice
grooves was most effective to prevent the uneven solidified shell formation. Nextly, the casting tests using
a small-scale continuous caster were performed to investigate the measures for prevention of the uneven
solidified shell formation. The mold with a controlled uneven heat extraction method was essential to form
the even solidified shell at the initial stage of solidification.

Key words : continuous casting; continuous casting mold ; uneven solidified shell; hypo-peritectic carbon

steel ; mold with lattice groove ; d-7 transformation.
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Fig. 1. Schematic view of experintal apparatus
for dip test.
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§ i { S (mm)  |3+5,10,15,30
| H © | Groove Width
’[ ? ] W (mm) |0-3,05,10
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I J : l D (mm) 05
(A) (B) (Cc)
Flat  Longitudinal Lattice
Groove Groove

Fig. 2. Test conditions of grooves on the water
cooled plate.

Table 1. Experimental conditions of the dip test.
%C % Si % Mn %P %S % Sol. Al
Composition
0.05~0.50 0.2 0.5 0.02 0.02 0.5
Molten steel
Temperature AT=30+10K
Mixing Power off (Induction furnace)
Material Cu, SUS304
Water 15~90 I/min
Water cooled plate Surface Flat, with longitudinal groove, with lattice groove
Thickness 8~10 mm (Surface-water)
Speed 416 mm/s (Upward, downward)
Dipping time 2~30s
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Photo. 1. Appearance of shells containing
a; 0.054, b; 0.146 and c; 0.276wt% carbon
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Fig. 3. Evaluation method of unevenness param-
eter of shell Ad/l.
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%5RF. Ad/lx CEAEA 0.10~0.18% D#HFTK
étﬁ%%Lt.:mmm@’“gm#ﬁotm%%%

obtained from dip tests.
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Fig. 4. Effect of carbon content of shell on
unevenness parameter of shell Ad/l.
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Fig. 5. Change in the interval of depression on
surface with dipping time.
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surface

Outer

surface

Inner

Fig. 6. Effect of heat resistance of water cooled
- plate on unevenness parameter of the shell obtained
from dip tests.
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a : Flat plate

b : Plate with longitudinal grooves (S=5mm, W=0.5
mm) -

¢ : Plate with lattice grooves (S=5mm, W=0.5mm)

Photo. 2. Effect of surface conditions of
water cooled plate on shell formation of
hypo-peritectic carbon steel (Dipping time

50mm

=9.0s).
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Hypo - peritectic carbon steel
Groove interval 2=5mm
100+
o o © o
3 o oo
50 mm > e e
—_ ; | ﬁ_‘eﬂ_ﬁ_‘&ﬁ— A
Z A
a: Flat plate b : Plate with longitudinal grooves o A
¢ : Plate with lattice grooves o
Photo. 3. Longitudinal cross section of shell. % sol. %
= —A—
g
§ 0.20 I " -A&- Flat plate
c Hypo - peritectic C steel 8= ”&(‘\ﬁ:'ggrg:fve
4 Dipping time =10 sec A -o— Lattice groove
52 0.15+F W=0.5mm (W=0.5mm)
O 1 !
| 0 5 10
Time (sec)
- O.10}
~
lg Fig. 8. Effect of surface conditions of water
cooled plate on heat transfer rate.
| oost
[72]
(7]
g
c groove
g 0.00 1 1 L 1 Il r *
w O 5 10 15 20 25 30

Groove interval S (mm)

Fig. 7. Effect of interval of lattice grooves of of
water-cooled plate on unevenness parameter Ad/l

(W=0.5mm, D=0.5mm).
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7-#ME W=0.3mm & 0.5mm O FiER & KGHD
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T, KGWMOEEIRAEZ X - TRIEWH O BF R ATK
MR B0, EAE KGR EHOEEGICE, PRI
NTHFEFAKE L, SHEOKSGWOPTRD Ad/l
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SUHFERARDREL L oL, INETFREE Y 2 UH
T B L KEME ¥ = v & OB BAF & 2 0 $RERA
MET57:0THLEEZOLNS.
2-2+4  WALESR DA — SR OB & 6
Photo. 4 (2 Filft S KWL AW 2RO v = VK

5mm {

a : Appearance of outer surface of shell
b : Solidification structures beneath the shell outer surface

Photo. 4. Solidification structures of cross sec-
tion parallel to outer surface of shell.
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Table 2. Numerical values used for calculation of
various heat resistance in mold.

A,=21.5(W/m-K), Ac,=258.0(W/m-K)
A=0.0272(W/m-K), A,=0.628( W/m-K)
&=0.95(—), £§=0.95(—)

£,=7500(kg/m"), Latent heat AH=271 960(J/kg)
D=23.0/t—1.50(mm), ¢ : Solidification time(s)
h,=0.0267- R"8- P73 (A, / de)

de : Equivalent diameter in cooling slit (m)

Re : Reynolds number(—)(= U, de/vy)

Pr: Prandtl number(—)(=4.41 at 313K)

U, : Velocity of water(m/s), v, : Kinematic viscosity(m?%/s)
T=TL.—Q D,/A,, Q=p, AH-K,/2,/ T - (60/1000)
T,=323(K), T;,=1793(K)

By ALl %b. £/, ZHEATRKIND L, ZHO
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A —GE OYEEEIL, Fig 10 I0RT L1025
N%. Fig. 10 a) IR+ X9 BB TIERD 6-7 %
BEICHE D IUHR 12 & » T2 = WK Y 3K 2 A8 SR © 4
LRSNDI-ORITEMBORK YR 7%, ¥ x
WAL 8o 723B5r DIRBIE T LEREER L 5. #
Z T, Fig. 10b) IR Lz &) ic— MM S Tiifflagic
Tl 72 2B % 4E O BURUR 2 KT & € % & Z2BRER 5 0 Bk
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|0‘2:
i 7
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3 L
¥IO'3_L
S
§ C ri~t
E T @i -
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E \r3~Dcu
i /
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%
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Fig. 9. Comparison of each heat resistanse be-

tween molten steel and water cooled plate.

a) WW/ED WW’ /d> Y

Uneven growth‘

Water cooled plate & - 7 transformation
+
thermal contraction

Solidified shell )
Fine crack

b) W@WS 7 = WW/, > W//
Even growth

Fig. 10. Mechanism of schell growth in hypo-per-
itectic carbon steel at the early stage of solidifica-
tion on flat plate a) and on the plate with lattice
grooves b).
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WAENIST F— T 4 WA ENLEERT T 2 VIEK
WCEEARITT I ENTELNE D) b i /NRERE
TR ¥ — % HW 78S 2T > TIRREL 2.

EERICH 2N BRBGE SRR 0 e ARk & BUBR SR
4% Table 3 127”7, 280 kg A H % A& SH SIS
BELSE L. BRERNGELAVY IR L)
B0 R b o X—ORAZHRAE L. SR E L TH
RIRENESEN LT AEE1E, FHEUHoEHER
Bk ) 0.5mm IEORTFETLEMORAL DY,
MR EFRS LEELLIIRENTE b ol %
=T, Fig. 11 [ZR L&) CrEMRokfi#E (8 W
=1.0mm, ES D=1.0mm OEFKIE) © L2 Cu
Do ERfELIETFETHBS R Lz, 4, 1
TEBEED 5D LT HiEHEATEERDICLD,
RbLY—7 2 VAL 10mm FEE L2, /857
¥—% v 2574 v VT TCORBEMBIBRBEERDLGG
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Table 3. Casting conditions for small sized test
caster.

Molten steel 280 kg
Machine type Vertical
Size 80 X320 w
Mold
Type Flat, lattice grooves included
Casting speed 0.8 m/min
Steel grade [C]=0.120~0.152 wt%
AT in ladle 455K
A man=1.2p, T,,m.=l418K
Powder
Man=1.2p, Tmp=1293K

Plating layer Lattice groove

Fig. 11. Copper plate of mold containing lattice
grooves for casting test.
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r r = correlation coefficient
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Shell thickness (mm )
)
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1

S 4
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o} 100 200 300
Distance from meniscus (mm)
Fig. 12. Evaluation method of unevenness param-

eter of shell, r and S, measured from sulpher print.
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— = Casting Direction

a: Powder A; crystallization temperature = 1418 K
b : Powder B crystallization temperature = 1293 K

Photo. 5. Effect of combination of a mold contain-
ing lattiice grooves and CC powder on improvement
of uneven shell formation.
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Fig. 13. Effect of plating layer thickness and

groove width of test mold on ratio of heat transfer
rate of ¢, to g, in the mold.
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