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Development of Optimum Argon Shrouding System between Ladle and Tundish

Norifumi KASAl, Hiroaki Y AMAZOE and Manabu IGUCHI

Synopsis :

tinuous casting tundish. The following findings are obtained.

: Experimental investigation has been carried out using three kinds of pouring tubes to establish an optimal Ar gas seal technology for the con-

(1) The Ar gas seal effect in the pouring tube is dependent on the Ar gas flow rate and the distance between the Ar gas blow position

and molten steel surface.

(2) The performance of the seal of the pouring tube during ladle exchange is evaluated by the pressure of nitrogen, Py..
(3) When newly developed pouring tube of type-C is used in place of the conventional tube of Type-A, the number of inclusions in the
slab, of which diameters are equal to or more than 120 um, is reduced by about 50% at the steady parts and by about 40% at the ladle ex-

change parts.

(4) The deposit thickness on the tube wall of Type-C decreases to 1/3 of the thickness for Type-A. Accordingly, the pouring tube of

Type-C can be reused.
Key words : continuous casting; argon gas; pouring tube; ladle exchange.
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Fig. 1. Schematic drawing of shrouding system.

Table 1. Casting conditions.

Steel grade Medium Carbon steel
Tundish capacity 32 Ton
Through put in tundish 5.6~6.3 Ton/min
Conventional

([C]=0.09~0.16%)

Type-A) 2000 NI/min
.:Ar gas t:low rate Comparison 2000 Nl/min
in pouring tube (Type-B)
Improved S
. 650~1200 NI/min
(Type-C)

LT3,

AREERIIFEDS RGN E | 5 TIT - 72, EBREN %
Table 112789, Type-A & Type-BOEAE TIZArH A HRE
A32000 N/min 2% U T, Type-C D A& i3 650~1200
NUmin KB L =R F CEEE2TT> T35, Zhid,
Type-COFEABED Ar H AR E AL VB HIZREL T
D, $ERD Ar /i ZRE TIZBEIZ A 5 7 BIEEEL Tuovie
Wit BEADTREEOD RSB L, ArH AHHEDH
WEBKL TS,

2.2 YOTNVEBRARELURESE

Fig. 2IZ88EH D » T ULEREURIR & BRIk, &
WHREFTHE SN TS HREEL & N, B HIRIZ 4
VT4 oy VY aNESRINIZ B THEEY Y LA FRELL
INHIZDWTIEZE 55 H7, Total-[O]1Z Dy T E3 4r 12
EoT, TRZFhOEERD 7, 72, WYY 7 LR

20

1st heat 2nd heat 3rd heat
Ladle exchange Ladle exchange
Steady parts Steady parts Steady parts
Tundish
T-[0] ] o o
N o % o s o
Pouring tube
Gas
composition a o o
Mold
T-[0] o ] [
N <o <o o
Slab
Inclusion size
and number O O O

Fig. 2. Sampling timing of molten steel and gas, and slab
sample position.
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Fig. 3. Relation between Ar gas flow rate and P in pour-
ing tube.

WIZEEBAEND D, TOKRBMIFAE FRIZREL T
WABHREY v EBEROE A, S EMCHI AR TE D,
Type-A DIFAZIEAE D LA &1 EARO BT Ar # 2
EREAATWS I, WE AT ArH 2B TEAR
&> TREETHEDEREZ#B THEABNOES L Ar
HANREL #HE, RAEIh TGS Iz kB,
—77, Type-C TRREABTNEHMBEAE» O EAEH
BZ LT, HEAWICE B ArH R EBADOHEME, RESKE

12K, KDMRENIZEABT» SRS, /2,
Type-B Tid Type-A & Type-COHBIOIRHEIZH 5L E X 5
s, EBLAZELE2FT0ASLL, EAERNIZIBWT
=L HFE T AEIE, ArH AR EAKRLA D S EAE
NOBEMBmE COME (UTLERT) Lo THRES
N5LE5415,

IO = NMIIFHEST HHEM %, Ary —LAEMKE (L
Ty, eBd) LT, (1)RTEDLT,

TIT, SEEABWERM TS 5. LOKE b B KR

HLUTAIH AL = LHBFHTHY, O H—72LT5&,

(D)RDPEATH ALY —LOFHMI/ ST A -2 L LTAr# A
s (DT, 7, 8887) AERTEIENTE S,

N0 P P TR PR PPPPPP PP SR RRRRER (2)

ZZT, T, Ar A/ AR,
Qu: Ar Zukélé&(mjﬁf&)%o
(mﬁugjﬁﬁn FE v, AN EIEE T, 3
ELAED, VoLORBENRRVWENS ZEERLTWS,
Fig. 31Z/RL 7= Py & 0, DBAtRE T, THRM$ 5 &, Fig.
ADLEBDELD, EMEMITH B A A A Y — LORAL
T k> TEHiiT 2 Z LM TES, Type-CDMGA, V2
INENZETEKArMETEBIF A Y — L AR TE 2 L
MAEREL 7 5> T 5,

Vi At — VA AR

21

ARG - 7~ 7 4 v ¥ 2 B Ak & — MO R

(c) Improved

El
m“
£
X
2
e
0
0 0.05 0.10 0.15 020 0.25
T (min)
Fig. 4. Relation between T, and Py ..
50
" Type-A Conventional
40 [ ®:TpeC Diptype
[
g 30
£
g
-]
£ 20
B
2
10
0 10 20 30 40 50
[N] after secondary refining (ppm)
Fig. 5. [N] pick-up in tundish.
3.2 ERHICHUIARICK 3RMEROFM
Bl U7z & 512, EAEDOEEDENMIK > TArA A

kB Y - LDOBRBIIARESELDH,
HRODEZIDOWTIERRET %17 72,
FEAENIZB TS ArH 22X B Y — LOFE & EHIh
ANDINIDE 27 9 ThbaHlid5 &, Fig SOLkD &
&5, Type-A, BTIHEHERICEVTNIE Yy 77 v T3l
K10ppmBERD SN0 2 L T, Type-C TR K
SppmfEE TH D EEEMTIZH W TEHE S W 2FEOHER
LA VT 4y v A BT BEMO REEALIZAIRICSE

RO KA & 5

765 I



W 766

$% &4 Tetsu-to-Hagané Vol. 91 (2005) No. 10

MBI LGN B, Eb LS RIEFg 3, 41K L&
212, Type-COFEAEIZ QN EOIZEBH S FEND
PR E/NE L, AR AT AL — LIREDFEIR X h T
WBHZEE, BREIZREXC-EAA S Ar R 2 IKZ5A
728, BIEHIIZB O TELSFEARIZLEEZALD
REIZLS>TELBINIOY vy 27 5 FHEHIX AT 5
LDLHEREIND,

3.3 HERZMBFICH T B3THRS XAE

EUZZAREF I 3o o 5 E A B D TFB T A A ML Mifs R
6, At ALY - LORKEEFMT 2 Z & & HWICKRE
BT o7, BRI B W TEABATIE, FiRmE
MEND L TRADELAANRI 5, /2, HAFS
B9 2L THEITTRYT S,

518l D FERIZ Y 72 Type-B & Type-CDTEAEIZDNT
1, BERRRIBEFIZE W TS —ED Ar H AR AKX IAA
THED, BANDFEMTIIAr & R AREL T BIRREL
BoTna,

—%, FHKAH ZDH Y TR NThod AR 4
AFIZBCTER—METH D, ArH 2O XA LA E
BEAEIALASIZE->TRE D720, ArH AR EAAR
B2 O A2V TR O (LT, (&8d) &
Ou DBV FHK A 2D ¥ AR BT 5 P 15
ADWELILETSZ LT, BABNOBIGEIZKT 3
N (BT, py B89 ZHEEL 7,

Fig. 6 i3BEHCHWAEFLOMIEE TR L T\ 5, KT
TILDONR & % % iFE AR S Type-B & Type-C D Dip type &
Non dip type D 3FEHTH 5,

At I AR EABNERZ m S5 m,ThHO, HAH VT
O & TOREMNEZ R, 25 LIZHIET 3,

1L 2% Y TN BT % Py DB % Fig. 710K
FTH, IDKEL O, WNEVEERRDBAIZK BHEHR
RELBBZENDNSE, ZOBE»S, FIRAEAHBRK X
NIEABENDN, FIEEHEE T 572812, Fig. 61Im L7
REIZBENT, 120, #80HELLTO)ARLLT,, %
Kb 7=,

T =(SI)/Q)y +ervvveeeessmmmnrsessnniienesiiiit e (3)

T ZT, T \SEGASSHRIRIC 301 % i AE N K XU R B
THY, T WWPREVWZERKDBAIZLIHENAEAL
BBIELEFRT S, ()RR LET, EDBNIT, A
KRDOBAR LRI WT Y, 23K 3 FRE DO g L
LTLERAWEDIZXRLT, T, 32N TWAZ LIl
%,

Thbb, TXEAENERAZEBICL TArF 22k -
Ty=LENTBILhD, BADPIZ - HETHED
IZH LT, TW 3REPBEAT S Z & THELZIT 5 HH
ZSIELT, BABNDN, FEXIOXBEIZIH N THE %
BOLIRELTWBEIZH B,

Joint ring— Art+Air
Gas sampling position—
Pouring tube— =
m;, N
m;
m;

— » Molten steel

Fig. 6. Schematic drawing of Ar gas sealing analysis

model.
1.0
! (d
0.8 . g
m; Qar=670N)/min
’g 06 | Qa=670NVmin
&
204 | $
my
Qa=2000N¥min
02 |
0.0
50 55 60 65 70 75
1 (cm)
Fig. 7. Relation between / and Py .
0.9
m3
0.8
0.7
0.6
£ os n P = L62T 4y, + 0.27
3 04 |
<
03
0.2
0.1
0
0 0.1 0.2 0.3 0.4

T aic (min)

Fig. 8. Relation between T, and Py

Fig. ISR L 7=#iR %2 (3)RIck->TEBET S L, Fig 8
DEBDELRD, (4H)REHRD,

Py = LO2T 027 v emeeeesms s (4)



1.0
O=O : TypeA O
Aw/\ : Type-B S F
@=@ : Type-C (Dip type)
0.8 Dwe] : Type-C (Non dip type) QA=670NVmin
S : Ladle exchange start
F : Ladle exchange finish
o . Qa=1000NVmin
kS Ru
g LT Qa=2000NVmin
£ ot IUUTSTE
-A"‘"'—‘AF
0.0
0 50 100 150 200 250 300
SL (cms)

Fig. 9. Relation between SL and py..

TIT, Ty =0DBFZP A0IZA 5 KVDIE, B#EOR
MEMAEL B L&D D LRI NS A, Bdmic &
ZHEBIVTIhOFEABICEVWCEE—THEI I END,
T TIHRFIZEEL W,

X5, (HRDIELIZEZME S &(5)RNEH &N,

EAENOBEMBHIEIC ST 28FEAE X A THODp,,
& Fig. OITRTHEEB L &5,

P, = LO2SLIQ 5 A0.27 vsvvssssssssisssisssisisisis s (5)

Fig. 912 F T, BUEZZIRAF ICIZARDFEAN A 0 & &
D, 4V F 4y Y 2 NOBEMBAPTETSIEIZE-T
SLIZX AR U 2= &P CTEB) T 5 72912 Type-B & COIE
AETIE, SLAKEL BB Z LIV AMGmLEICE
Fap dkeEasfRehd, 72, Type-A DIEA
BOBA, BRI AT 2V - B fThbhin
Zenbp d@Ehi—EE x5,

L EOREHERY S, HERZHBRIFIZ B 21 FEABEND
AtH 2By = LOREEFHMET 5 &, Ar/i ADIKZ
AAROAAPTEAEHNOBIBE AEEArH AL — LD
FBEIIRL, 9 3/ NETHI LML LD,

3.4 BUATIREFICH T ZARICEK 25RO

BN S 22 B 12 5 1 B SRRV N VA P T-[O1HERE D — il &
Fig.10127R 3, Type-A & IR L T Type-C (Dip type) TIX T-
[O1DK v 27 v FIHNEEALRBD ENE W,

72, AT 2 A THNCEH R & HURZSIREEZ 51T 5 %
RINVERD T-[0] & [N]D ATl 5, B2 RO » &
Ty TREEML 2R A Fig111ZR Y, T[O], [N]DWF
NYRKUCKBBEHOBEREN B OFEBIZ 10T TH 5,
Type-C DL AE Tl Type-A, BOFE AR & i U THUEAAE
BREFIZ I DBEERPIF SN TWBE T A0 5,
3.5 AT 7ICHHFESMTMER

IR L7z& 912, BABANIZKT DA HFAIZES Y —
LOFEE XA H AR EABNEEEE TSI L2 T,
KIS 2 Z g o724, HESEIZEET S 2

23

GBI - 2 ¥ 7 1 v ¥ 2 B Ar Bl & — LR O B

g

=%

=] 0 O: Type-A  (Conventional)
= @ : Type-C  (Dip type) Ladie exch
= L

=

s

=207

g

% s

=

L

gl

P

o -

=3

E oo

Casting time  (min)

Fig. 10. Variation of total oxygen content in mold during
ladle exchange.

O : Type-A Conventional
A : Type-B  Comparison
@ : Type-C_ Dip type ®)

20F

(
O

T-[O] pick-up ratio

A L L
0 1.0 2.0
[N] pick-up ratio (-

Fig. 11. [N] and total oxygen pick-up in mold during ladle

exchange.
40.0 T
= @:Steady part
< O:Ladle exchange part
5 30.0 AN
() ~
- ~
2 ~
3 s
g 20.0 \‘ 6
.E
=3
=
et
E 10.0 6
E [ J
z o [ J @
0f s 4
1 L I Il
Type-A Type-C
(Conventional) (Dip type)

Fig. 12. Effect of improved pouring tube on inclusions in
slab.

I TRADORIEMN T HFHE AR EEREEZI SN 5,
22T, BTV TRICAEEE S5 20um M LD KX
RIS TEOE %, EHE 2 S CITHEREBRSIcE LT 5
25 TIZDWTCHAEL 72, fR%E Fig 121384, 120 um
PLEORBIGE O R IE Type-A & ¥ L T Type-C TIX

767 HEE



N 768

$%&$M  Tetsu-to-Hagané  Vol. 91 (2005) No. 10

QO ! Type-A
® : Type-C (Dip type)

(mm)

Deposit thickness of metal

Casting time  (min)
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