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Effect of the Penetration Depth of the Casting Stream in the
Crater on the Accumulation of Large Non-metallic Inclusions
in the Continuously Cast Slab by the Bow Type Machine

Synopsis:

Yasuhiro Habu, Hiroshi YosHi, Hidenari Kitaoka,

Yoshiharu Tipa, Takuo Imai, and Tunehiro UEDA

In order to understand the mechanism of the accumulation of large non—metallic inclusions under the

upper surface of the continuously cast slabs by the bow type machine, slabs, casted by two kinds of sub—
merged nozzles designed to make a different penetration depth of casting stream, were investigated in re-

gard to the distribution and content of large non-metallic inclusions.

The results obtained are as follows.

1) By use of the nozzle with the shallower penetration depth of the casting stream, the position of max—

imum amount of large non—-metallic inclusions in the accumulated zone and the end point of the accumulated
zone shift toward the upper surface and also, their accumulated amount decreases.
2) Total large non—metallic inclusion content in the accumulated zone increases in proportion to the

area of “entrapping zone’’ corresponding to the liquid core between the perpendicular circumscribed with
the solidification front at the upper side and the position of the penctration depth of the casting stream in the

longitudinal section of the strand during casting.

(Received Dec. 7, 1973)
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Fig. 1. Profile of submerged nozzles tested.
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Photo. 1. Flow pattern of resin particles in water pool.
Table 1. Casting conditions of slabs tested.
‘ . . Specific . . B
. Temp. in| Casting . Composition of steel in tundish (%)
Nozzle Slab size tundish speed cfvzl;:rg
( mm) (°C) | (m/min) (L/kg) o] €i | Mn P S |Alsol| Of
Ordinary type |260x 1700 1545 0-61 1-20 0-14 { 020 0'66{ 0-011f 0-015{ 0-001| 0-0040
I'? Bottle type 26()><l7001 1545 063 1-18 0-16 | 0:20 | 0:70 | 0-012| 0-014] 0-002| 0-0040
Y& — FRAEDTH o7 fErhRE XOERERIC BT BDELFMD 50k Lot
32 & R HNnEms iz Fig. 4, T oRFESH% Fig. 5 i,
3.2.1 [EHKHHT

TNENTRT.

AT TEBIZBT B S-spot DEL LRSS E Fig. 3, EYRDBE, S-spot 1Ix 5 7 FE{IEG» S 10~
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. 2. Distribution of extracted large inclusions

classified by size in molten steel in tundish.
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Photo. 2. Classification of large inclusions observed as “S-spot” by chemical composition.
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Fig. 3. Effect of nozzle shape on the distribution
of “S--spat” in slabs.
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Fig. 4. Distribution of extracted large inclusions
(=50p dia.) in center and edge of slabs.
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Fig. 5. Distribution of extracted large inclusions
classified by size in center of slabs.
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Fig. 6. Distribution of “S-spot™ in transverse

section of slabs.
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Table 2. Penetration depth of particles, “S-spot”
and casting stream with various nozzles.

\NOZZIC ‘Ordinary Bottle
Estimated by type type

Water model 2°'4m 1'4m
S-spot distribution 43 m 24m
Cast structure 54 m 2:'9m
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O%E, Y BD 54m iz, A FABCIE2'9m
T /2 o L 5.
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FEEBRUANEE LT OMENAEL kY, F7-, &
ASNDHNEWD 55, SR icitEIh 5850 kEL
BELTWAS.

T TV EnpE & & [mER Biha & PN BSESS e 3
FAENENEBRBRCOVCOBRITZHL 5. HEEBRHFD
BREEZERCRT E Fig.7 0k 5k s, X,
P80 o> b IS G St & 48V & DBEE B X 0 8|3k 5
Al EE{AMEEB I S W TE LR RO N ED SRR X
T ERMEREET 525, TOEBEEIE®RV Y
DEROEBIZ A RUNEMES S MTEKREL,
NRNMEWORARE, Lis D TEHRAROBAISEN
WEWEMT 5.

4, BARDBAFRS 2EEONE : XXX & Li-
WA, CNEERV I LEGEENT CEEA S
I BXX'——Zhe “DRiIRE S X s—oH
Bl Tkooh 5.

A ZyE R ( mm?2)

260 mm

\ ==\ Solidified layer
‘;5") To

Fig. 7. A schematic profile of solidification process
in continuously cast slab.
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Fig. 8. Relation between area of entrapping zone
and penetration depth of casting stream

in crater.
Va=53k#EE (mm/min)
re=A7 FhLDAEFE  (mm)
t=mpR (min)
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Val @] it (3)
Te
d 2161/ 7 —4°0412 (mm, min-~1/2) (§FAIAN)
- (4)
L7ch3>T, (2) K& ¢t TS L, sin —V;“t '——.—p:dt
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Te
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( e (5)

7o=10000 mm, Vd=600 mm/min % (5) It AT
Bz rizky, t=05min &7, L7H>T, dg=
11(mm), lp=300(mm), Og=3x10-2 (radian) 23155
ho.

ThbbNEMEROBA T, HREESIZ
<Hh, T3 2RRLACEAHEE XL —FT5.

o E i REEER (6) X TRIH 50TH, Zh

2/3

1l mm

2 (1) FZRA UCEHE LS 5t & 852k
BAEZIZOWTHRT 5L Fig. 8 L% 5. HiEEs
MEREIIBAEEZI 2500mm FCI, XL i
PRABTHEAL, $ 2500mm LLECIE, (ISESN
THRT 5.

d=21'6y"; —4-04 (mm, min-1/2) [<600
d=31"4v7¢t —13-8 (mm, min-1/2) lgGOO}
~(6)

—%, A7 7 EEENCERI U7 S-spot 35 X UHRHA
EWzehth (7), (8) RCXEHEL, LOEE
i ERE T S UNT S-spot ZpFR A B3R D - EEAF L L
LiZ S-spot ORAFEE» LB LN BHHIRESHEE &
stHER % Table 3 o XSz 5.

£ S-spot B=3(HEFWELED S-spot ¥)
= (7)
EHHMENEDE=Z(ERTEEOHMENED
E2-REROHMENEDR) - = (8)

W/ ZWVOERMNEWMEDH (F VB Y &) 11,
S-spot %% 0-40, 3 NERL 0°44 TH Y, ITIFFRIE
EWi B, Tibb 25 7 LN © KENEDERE
W, F MR IVoFERicX o Y B 7 Xroiy 40
% LT B EBbrb.

—7. GEMEE X S-spot SAinbRDIH /X
NOFRESGEEREOL K VB Y B) 1, +h
Zh 045, 0°40 TH b, XM, XDERSHh
it 0°40~0-44 WiZF—FT 5. zhb & Fig. 5o
L BB ONEWRES Fils O BRI ER THIZ X
hicy v— 2 —NOBRNARITS E 5, 25 7 _LHEE
KAEDIERT HRRIKOL SITHHEX NS,

S X BEDEHARIT I DOTI/ v—42 —RNITWA I Hh
TN EPITIE IR & & DIEBIL, BHmRs s L— % —
NE THETRFTHET RN IR TAICE LA
B ERT DY e R 5 o _LHERIGEERTE
# ERTHBETCE L L CREB CHEEHIEINS. &
DIFE, FTHARDOBAPBIEVCITEE “HIRE S Sk

Table 3. Total inclusion content in accumulated zone and area of entrapping zone of slabs.

Total inclusion content

Area of entrapping zone (mm?2)
estimated by

Nozzle Fxtracted inclusion
S-spot (number) xtrac (mlgn)c usto Cast structure S-spot distribution
Ordinary tyge 582 409 5-4x 108 4:4x 105
Bottle type 230 178 2-5x 105 1-8x 105
0-40 0-44 0-45 0-40

(Bottle type )
Ordinary type
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Photo. 4. Secondary flow formed under primary flow.
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