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Origin and Removal of Large Nonmetallic Inclusions Occurring
during Continuous Casting of Wide Slabs

Yasuhiro HaBU, Hidenari KITAOKA, Yutaka Yoshit,

Toshihiko EMI, Yoshiharu ItDA, and Tunehiro UEDA

Synopsis:

Contribution of tundish slag entrainment, reoxidation, and refractory errosion, to the amount of large
nonmetallic inclusions occurring during teeming in continuously cast slabs has been determined with
tundishes of varying design equipped with different type of nozzles. Reoxidation taking place during
teeming from ladle to tundish, travelling in tundish, and teeming through tundish nozzle, has also been
evaluated separately. The fraction of large inclusions occurring from the entrainment of tundish- or
mould-slag has been examined by use of La,Oj or CeO, as tracer. Most of large inclusions has been
found to be of exogenic origin arising mainly from air reoxidation and tundish slag entrainment.

On the basis of these observations, a combination of specifically designed tundish and tundish nozzle
has been developed to virtually remove inclusion accumulation in the upper quarter thickness of
continuously cast slabs for deep drawing-ironing strip steel and control-rolled high strength strip steels.
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Fig. 1. Water flow pattern in model tundishes.

Table 1. Percentage of inclusions removed in

tundishes of different design.

Bath depth Ordinary Tundish with
( mm) tundish double dams
900 96% 9925
700 92¢y, 979,
500 879, 949,
300 67% —

W tkE X, 900 mm EXT 99%, 500 mm T3 949%
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Fig. 2. Motion of resin particles in water pool.
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Fig. 3. Method of teeming from ladle into
tundish.

Table 2. Teeming conditions for casting experiments.

Heat Ar gas | Teeming Tundish

No. shroud spout Depth Dams
A X hes Shallow Pl
B X O 4 X
C @) O ” X
D b X Deep X
E X O U X
F X X 7 O
G X @) ” @
H @) O # O

(Qeeeeee equipped, X eereee not-equipped)
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Fig. 4. Effect of the methods of teeming on the
amounts of and CaO- and La,O,-content
in large inclusions.
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Fig. 5. Effect of tundish nozzle on the distribution of large inclusions (=50p¢) in slabs.
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~NEASRBE, RO X SEELE 21T, sol Al 237HE
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HDETHB SN D BAIRRIY D D sol Al R EHE
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FEROEHETTY T 1 v ¥ 2 NEHHPD sol Al T
OWTHENEE &5 E(1)REE5.
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Table 3. Penetration depth of teeming stream into the crater,

_ Nozzle _
— Invert-Y type
Teeming Off-center teeming Bottle type Twin type
] Normal
Evaluation, Shifted side Reverse side
From solute redistribution 5.4m 3.2m 7.2m 2.5m 2.1m
From dendritic structure 5.4m 3.8m 5.3m 2.9m 3.2m
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1
[Al]=[A1]L-—A[A1]a—-;(]{s_;.](f) ...... (2)

WITHIEL B) DA F 4 v o2 - 7 ZNDEBHEMDRE
TCICIEFRE NS sol Al &, 4[All, 13(3)RiT X v 5HE
T5.

ATAN,=ATANT ¢ — ATALRL  woeennees (3)
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L rekbE & T NRILE 2 Table 412 L.

(1) B - 27« v ¥ HlOEGELE (4[Al],)

BEAEDEARFOELSE{LREIC D W Thkx Table 4
PHORDISKEZDHZENTED : TTEAELER
{EEABEAEE T, NTURED 0.8ppm & A/ { BRAER
BRI EENTWB EE LTI V. TEABTDOL A
B URREARETE, TAREKETORL (41ALD) BE
ETHHOIEL, F—PAEADERITE BICHEAR
OETRE D TR B 1 & 2F  CoBEL(J[ALL)
Bhnbb. LinhoT, BinEomi{bzoss, 84—50=
34ppm 23 A[ALJS TG L, B EOBLEDE, 149
—84=65ppm 2 (J[ANI+Ks/w) TN T 5.

ZTTC, BAROERELTIEN & O RKTRIN A4
L2EZLLhHDT, NERED» SHEM UFRFRR
PHELNE RHON R - BREERAEARZER LTO
W& HEET B HEET 4[AL, 4[AL 2k 5.

BHEONBREZE LT (4) X8B3 5.
dZN KN( )(c‘, Cp) mereermsremsinsenns (4)
22T, CF, Cn:%&xiEiHAToNBRIEELE N
B, Kn: NIBWEESS, F: X - BREREGRER,
% il 5

—7%, BHEO No-0, EEFALLO0RELT
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7ﬁ2=F:KOJ%2m"““"“um”“um“”“(5)
T, Vo, R O fkEL, Ko : OWIHEE £,
Po,: Oy HFE

(1), (5)RX2FH L, Ci=440ppm!®, Ky=1.0x%
10-2cm/ sect®, Pg,=0.23 atm, Ko=0.26 cm30,/ cm?-
sec-atm!® ZFHW3 &, HEEAROERELE 40
ppm BF(6)RTEXHLNhS.

40 (ppm) = (2.81 X 103%) log (440— C3)/ (440— C %)

.ee (6)

C&C‘%ﬁ%%klvkmwﬁ%¢NﬁF@mm

()R X D REFRABED 40 kD5 E, ZTHEA
BOHERHA LI AREOES 0ppm B850, “h
B ALO;, i b L{EE LT JAL iitE 35 ¢ 33ppm
T, £OEHIED 34ppm LEHEDTIL—FT 5. Kic
A—FUoEADEER 40 X 51 ppm, LA DOT
4[All, 13 S7ppm L7c%. 40 A[Alli=34ppm % F
WheE “EOIET CToEE{bER, 4[AlII=4[All,—
d[A1=23ppm THbH, ZhIIFARREOMBILE
AIALS T 5.

(ii) BMEME 4 = FYHTOBLE (K/w)

TEARKOEGRELEF T via - 7795 2AD%
Axhik Uiz, AT LEEICGEAPFRET ST 581
WA NITHEY TS, T/ Table 4 225 Kj/w=
50ppm Al T¥H 5.

(i) FAFEC Xo>TEAENR:-T S jﬁzkotzoi’ﬁx
{bid (Ky/w) “

F—FLUoFEADEBLENS 4[All, & K/w %5

Table 4. Averaged total amount and origin of reoxidation in tundish.

- ] \
- - Number of | Total amount of reoxidation | Amount of N f—
Test No. heats : [AA[*] (ppm) absorbed (ppﬂl) Ongm
A ? 4 % 50 a 0.8 i K.jw
! ! |
I [
| 7 | 84 9.6 | a1Ang, Kofw
| P
C E 11 ! 149 ‘ [Al] e [AU
| ,

| 16.5

Ksfw,

AAL==[AL], —-CAlp

nd
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Wizh D Ki/fw THY, Ke/w=42ppm Al 275%.

(iv) 2271 v/ ANBEDCXHE8BILE

(41A13,)

) ANMBEEZIBEDE T4 v ¥ 2080 E R T
THOF sol Al BAOER IO EHNERIRED g
Table 5iZ/Rg. Wih b AR, Xovico TN
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Pl XS Thkdiz, Barbx T4 v o %
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% Table 6 =% D7,
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FTDHEL, ROTEZUT 1 v v NOBEWMEME 74 =
UMD B0%, BT 4 v a7 T v I ADERAD 25
Yo, 7/ XVIEHEWA 109% DIETHS. O X 5 THEMR
DREEICITIE, ERELLE2 VT v 27T v IR
DERAD KD HEENARE L, TRITRRRDO KBANTED
T BB T4 v 275 o7 ADERAD
HEOREVWEELRET 5. (2 TCKENEDDOEIR
R B REEILOFIEICEED B L EDNFETH 5.

(2) KBNEMCHTEE T4 92275 90X
DOEHEHER

LD ML —H—FEBRT, KBNEDCTE LT 1 via
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7o b L—4—® La,Oy 1MLFEHCIED THET, I8
b D VIENEY & ER D LIREE LTHET IR
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v I R ENFEWRD La,0s IRE O D LA
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Table 5. Reoxidation arising from nozzle erosion.

¥
Nozzle material Nl;]mber of Tota}ez:r{rilgzﬁ;n of Al;no‘fl‘)ng of N | 4[All7/s 4[Al],
cats 1AL/ (ppm) | *Psorbed(PPm) | (ppm) (ppm)
F.S 9 25.5 2.5 0 15.4
A.G 2 10.1 2.0 0 0
* Average value
Table 6. Reoxidation from different sources.
Tundish flux | Entrained Air-reoxidation during teeming Erosion of
& lini fl
g ux Stream surface Fall pot Total nozzle
4[O)ppm 44 37 30 21 51 14
(4[Allppm) (50) (42) (34) 23) (57) (15.4)
Ratio (%) 30 25 20 15 35 10
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Fig. 6. Influence of the inclusion penetration depth

(inset, from water model exp.) and stream
penetration depth on the amount of large
inclusions in the upper quarter thickness of
continuously cast slabs.
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Table 7. Effect of the method of teeming on rejects during DI-processing.

Test No.| eoming from 1 ryndish type Tundish nozzle Teea‘;%cf;:mp' Reject index
A With spout Ordinary Invert-Y 15-25 100
With spout & Deep bath with .
Ar shroud double dams Twin 15-25 4.75
C Same as B Same as B Same as B 30-40 0.69
. Table 8. Effect of the method of teeming on UST defects of API-X60 tubes.
Test No. 15&?2?%1331‘31 Tundish nozzle Tundish nozzle Defect index
A With spout Ordinary Invert-Y (A.G) 100--
Same as A ?;;2 bath with double Same as A 16
C :}le:)ﬁ;pout & Ar Same as B Same as A 8

Penetration depth of particles (m)

"5 10 20 30 50'iqloo
Vo 14Sin0Yy7 W’
w—w)( ;1)(%0)

Fig. 7. Penetration depth of particles under varying
casting conditions.
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Fig. 8. Effect of machine type on the through
thickness distribution of S-spots.
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Fig. 9. Ciritical cleanness of slabs for strip for line
pipe (API-X60) and DI can use.
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