1152 % & @

% 67 4 (1981) 8 =

LTI e

W X

LTI T TN T

UDC 621.746.047 : 620.192.45: 669.18.046.5

BGEEE B T 2 M REAFEY ORI & Z O XTIR

N BEY BN
W ' B

g KBS BUBAY - BB fEE
- R SR A IR

Source of Exogeneous Inclusions and Reduction of Their Amount

in Continuous Casting Process

Tadanobu Komar, Kou MIvAMURA, Masahiro O0saK1, Akihkike KusAno,

Satoshi YAMADA, Isao SHIMAZU, Norie SATO, and Tomohumi YAMAMOTO

Synopsis :

Investigations to produce clean steel for draw and ironing cans in continuous casting process were car—

ried out.
Results obtained are as follows :

(1) Inclusions which cause flange cracks in manufacturing draw and ironing cans are 50~150 gm in size
and CaO-Al,O; in compositions, which can be fairly well detected by the magna—flux method.
(2) CaO-Al, Oy inclusions are originated from slag which is deoxidized by Al in molten steel, the con—

tent being about 0.005% or above.

(3) Main source of the above-mentioned inclusions is tundish-slag, which is spattered into molten
steel by the stream of the next ladle in continuous casting.
(4) Good clean steel for draw and ironing cans can be produced by means of either large tundish with

dams or reladling method (LLTM process)

(58) The theoretical model to explain the effect appointed out in (4) was proposed.
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Table 1. Chemical composition cf steel.

c S M o P S sol.Ag

. :
1 0.03~" _ 0.20~|_ 0.030~
. 005 | =002 <0.025/<00156

wt 0.30 |50 : 0.150

Table 2. Dimensions of casting machine and casting
conditions.

Casting machine A | B
Machine type Curved type
Machine radius (m) 10.5
. Width (mm) }1800~-2080 1700~ 1800
Slab size -
Thickness (mm) 200 245
Middle position min 1.4 1.3
Casting speed : e? i — (m/ l_ )
Connecting position (m/min)[ 1.1 ~1.4 1.3
C it t 60 15
Tundish apactty S, e
| Bath depth (mm) 1200 500
Intermediate | Capacity (ty | — 250
ladle | Bath depth (mm) — 2,950

3, Table 2 R & 51V b HEEE 10.5m
DOHIMEA S 7 REEETHDH, EEEREAL 60t &
BO KM vTF 4o vk BL, —5HEEEH B
LRIAR (250t) oFREBFEL-bDTHS. (DT
LLTM p:eE3.) Tihbb, #kE (LTM RER
T.) R TIITAIRI, IREA-2 v F 4 v ¥ o [HD

Photo. 1.
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IOTHELL. ook EETsFREL
TR B R AT,

(2) SBEITBRTONEWDOET

BB, £ v 4 VBB XOHER X VERLL
RENHAT A 2ECIOTNEDEHE L, TOEK
YKL, ERRMESHONEGARE X,

(3) 45k WIT 5N EDORABE
BT 5 X5, RIEGHWCHFEETDNEWIBMHA 5
IREREEL bRB T EMnD, BMAT 7 (BEBAS
J, RVTF 4y Ve AT YY) Bl b v—¥%— L LTRER
AtrmyvF,varHRNL, ZTOEEK 2WTHAEL
o, bz, thb0HERA S 7 DEERBIZOWT,
s = ANFE AT RIGER T2k

(4) EBREFEE

AR O HSEHA L JOBROWTORBEDRKE L5
S DR R /K M T B X 0 CFHE L 7.

Inclusions originating frange cracks in draw and ironing.
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Table 3. EPMA analysis of inclusions at the
defects.

Kind of Chemical composition (%)
defects | ""Ca0 | AL,0, | S0, | Mgo Na,0
Frange : :
. Cracks | !8~30 | 65~85 | =36 | <10| (2~8)
magna-flux ..
defects | 24~34 | S5~T3 | <10 | 1.0 | (7~14)
40}
—~ 30¢
R [ ]
=
Q
&
g 201
2
w
10
L 3 1 1 ! 1 1
50 7090 110130150 |70
Inclusion size(tm)
Fig. 1. Size of inclusion detected by the magna-

flux method in tin plate.
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7O WRE (3 170 pm) o 30~90% % 5% 5.
3-2 FHEITRTO Ca0-ALO; RHNEYDEE
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L Table 4 1R L & 6w CaO-A1LO4-810, F0 3

Table 4. Classification of inclusions in cast slab of
low carbon Al-killed steel.

Type Composition of inclusions F’reg}tﬁncy
A Ca—Al—Si—(Na)—0 25|
B Ca—AI—-S_i(—(Na)—O Ié N
c Ca—Al—(Na)—0 26
D Si—Ti—Ca—Al-Mn—0 32
E Si—0 8

Si0,+MnO+FeO

Ca0+MgO

Al,O4(wt.%)

Al;0,

Fig. 2. Phase rclation of inclusions extracted from
cast slabs.
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Fig. 3. Change of size distribution of C type inclu-
sions during continuous casting process.
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Fig. 4 3 X ¢ Fig. 5 wgMWABEv £ —dio SrO
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rOr v—y—ERTIREREARK L L b (SrO0%)
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Time from start point of
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Fig. 4. Change of (SrO¢%,) in mould-slag and tun-
dish-slag in the case of experiment I.
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Fig. 5. Change of (SrO9%) in mould-slag and ladle-
slag in the case of experiment II.
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Fig. 6. Change of occurence of magna-flux defects

in cast length.
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Fig. 7. Change of number of slag-inclusions in
molten steel of tundish at a connecting position
of casting.
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Fig. 8. Effect of sol. Al ¢4 on change of Si 9 in
molten steel and slag composition through slag-
metal reaction.
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o 0.028~0.032

®| 0.070~1.68

K

AV LY
CaO+MgO 12Ca0 + 7A1,0,  Al0,

3Ca0 - A0,
WEIGHT %

Fig. 9. Change of slag composition by slag-metal
reaction in relation to [sol, Al] ¢4, in steel.
(Laboratory test)
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Fig. 10. Change of elements in molten steel by a
reaction between slag and Al in steel.
(Laboratory test)
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Fig. 11. Rate of magna-flux defects in tin products
comparing without tundish dam and multistage tun-
dish dams.
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\31 100 //)— -0
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Fig. 12. Change of slag thickness in tundish and
intermediate ladle in continuous-continuous casting.
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®:LLTMProcess
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~No. | charge+No.2 charge-!—No_a charge -+
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Index of magna-flux defects

(@)

Fig. 13. Rate of magna-flux defects in tin products
comparing LTM process (15t tundish) and LLTM
process.
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0.1
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Si=0.35 %
°'0|E '
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0w
(o]
0.001
0.0004f
0000w .
0.001 001 004 0.1

(% Al

Fig. 14. Calculation of activity of [SiO,] in slag in
relation to [sol. Al] ¢, at 1580°C.
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Photo. 2. Typical inclusions found in ladle after
deoxydation by aluminium addition.

— 118 —

d_



WSS BT DARENEDORIR L T ORI 1159

bk B L ERS D CaO-ALO; F% (3Ca0- ALO,, 12
CaO-TALO) AR &N D & LB L. LAsL,
WO NEW it BEtA o CaO-AlLO;, CaO-2A1,0,,
Ca0-6ALO, MTD Hhte. T, IR BRI
5 AlJEINEE D Al AT 5 B CMPic BB Licls
FEA5 7ERRIGL, ERED CaO-ALO; RAFEMH
AREh, ZhieHBERYD AlLOs 2k b ALO,
PN LSS 0 CaO-ALO, RATEW E £ 01 d
DEEZLIRL. ZThbONFEMY, TEMABHIIC K
TFTIER LTV 58F% Photo. 2 wiRrd. CaO-
ALO; ZNfEE o ABIC ALO, 73 Az -2 Rb
hBzEnDERD X 5 el cEmmso CaO-ALO,
BANEDHER LTS Z EHBAFT T35,

4.2 2STERNHEPDOBBPICEITS ZFLECOOTO

zZ8

REEERMIIEE LTAT DI E AR IVE
ALt 100 ym BEOANEDTH Y, FHCHRACH
Hhtc s LIZBBD LR D THS.

% 72, 100 pm BE O A EWIIFE LE E » 0.3 m/min
BETHYH, HHATIREEALEESEELE R\ EHE
FEINB®, Lan2oTIhbRkEXIONEDLROT
WILA S 7 Ofcte & & RFIE ML THMPCcOFE LD
A RETLNENDS. LELKEDERFEDR VT
4y Va2 CREBBEARONLODE YT 4 » ¥ 2 KR
o CEEETHEITET ALY, £V T4y vald
DRI, Ty RAR—A LD, = OFDEEREA
D5 /7 4 o ¥ 2 RIC BT % AR OFHEL T
B L D /NETs ) EHEOBECNEYISER AL
TLESW, L 100 pm BEDONFEWIS VT 4 »
YLD VT 4y ¥ 2 B E TOEERRESES
BETHH, FOHBEIEE LI IHERRL MO
ENRETHD.

FLTR YT 4 v ¥ AOBMOMERELS s 100
pm BEOHKMED DT Lo EOBREEET D%

|
(7*=hy) ‘4]

Y=STXP(r)-dr 1

. [T
u !
\ Inclusion @& ih

Probability, P(z)

Fig. 15. Calculation model of floating out of inclu-
sion in tundish or intermediate ladle.
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Fig. 16. Distribution of staying life of molten steel
fragments in law of perfect mixing tanks.
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HELES.

Yy — :*/?p(g).dg .............................. (4)
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NEHOIF LSBT BRI KR E L, kL LHRE
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Fig. 17. Relation between floating velocity and

diameter
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Average staying life of

molten steel in tundish(min)

ratio of inclusion flowing out into mould.

18. Influence of z-distribution in tundish on

10

b

w o | 2
o @
pres el
© x
53 2
-— -2 '
_g £ 10 lo. 9
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R=3] <
“w . Casting £
o5 machime —
o0 © 10 ot
2 A (dam.P) | 10,01 %
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B
10 .
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JE— "/ T

Fig. 19. Relation between r*/7 and ratio of inclu-
sion flowing out into mould.

DHERTRRTHHM, 05 ies LE S Eigims
Rl FECR T HUE, s D SERIA DI R A WA L 5 &
EDHETEZI B,

KBZ 74y va GHEFHEA) 3 XU Gligh
HB) OHE D /7 & Table5 73, = Ofi% Fv
T Fig. 19 WHEHEABRT LIATE V549 vad
Bifr, 46 XU LLTM 335 o\ TREM LS K G
DFRLE L /7 LOBRERER L. T, NMEDR
% 100mBEEL LT o* #IIE LA, Eige5Fan
PHEE LIREREE CHIAER LT b, SEHEQITH
Pl le_"Tnht 4~8 BEWCIRY T2 0 515 & Cat X
NIcRER, WREEXIED BENBL Lick HESH
5. 7 LLTM %\ T 0 pfinaisss & bic
WO ARFEIERIC X 292 bR E <, MBEERIG
DREPBD LI DEHETE S,

Table 5. Estimation of z*/7 values in tundish and intermediate ladle.

. Bath Slab size( mm) Casting | Casting
Position Capacity depth speed | rate ¥ T | ¥z
(t) (m) | Width | Thickness | (m/ min) | (t / min) |
Middle ; i
position 60 1.2 200 | 1950 1.4 8.5 4 7.1] 0.56
Tundish
Connecting -
position 40 0.8 200 1950 1.1 6.7 3 6.0 | 0.50
Middle 250 2.95 245 | 1780 1.3 8.8 |9.8 28.4]0.36
Intermediate P | ‘
ladle Connecting ‘ ‘: i
position 140 1.5 245 1780 1.3 8.8 5 15.9 l 0.31
¥ : h/u 7 : average staying life
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5. &

EWiERH Y ERT S DIGHEN S BETEEL
THRET A HM A TSI T 5720, EBOAERXT o
B kD Lot

(1) DI &I O 735 vodh ERi 50~150
pm BEDOE L LT CaO-ALO; ROMMISAED TH
5. COBREFEE LT, WHEGEZ TS RERE
" H 0.

(2) GCaO-AlO; ZANFEME, BMA 7 /D@
FEAFNRM|E Al X oTC BT ERh, HEBLERDO
ALO; L&tk Li- bDTHB. = OHEIL sol. Al 23
0.006% LAETHRETHLEZ Bh%.

(3) GCaO-ALO; RNEHORERL, 2T 4 » ¥
a2 AT INBBOBMMIC X o Tkl Ehb T
X HEHEERENFE.

(4) H4gbw x5 HERDS 8 REREKEL
TE VT4 v va® KELE BB X5 FLIGE,
BHBHIE PR E Lz kB O SEHRT HD
LLTM (i k2> C EROMMIc M EDRKEY & Dl &
WTFh L BEERREO R ERHER I .

i

oA,

(5) FEEAEE LTBERORENHOILEER,
SAEOBELNRTHHATE 5.

B0 tlasd, AHEOETICH > THB IE
PENTC AL R S R L ¥ 3.
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