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Entrapped Scum and Pinholes in Continuously-Cast Carbon Steel Billets

Hisashi MORI, Nobuyoshi TANAKA,

Synopsis:

and Masazumi HIRAI

An investigation was done on the entrapped scums and pinholes in continuously-cast plain carbon

steel billets of 80 to 160 square and 260 by 370 mm section.

follows:

The results obtained are summarized as

1) The number of entrapped scums in the billets cast with open nozzles and oil was increased with
decreasing manganese-to-silicon ratio and carbon content in the steels, excess addition of aluminum
wire in a mold, addition of titanium to a low manganese steel, air oxidation of teeming stream in a

mold, and increasing billet size.

2) Utilizing submerged nozzles and fluxing powders remarkably removed such scums.

3) These observations are discussed in terms of the melting point,

the amount of scums formed.

fluidity, interfacial tension, and

4) The number of pinholes in the billets cast with open nozzles and oil was decreased with de-
creasing carbon content of the steels, by using strong deoxidizers such as aluminum, calcium-silicide, or

titanium, protecting air oxidatior, drying ferroalloys, and with decreasing billet size.

The use of

water-free fluxing powders perfectly prevented the formation of pinholes.
(Received Nov. 7, 1970)
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pinholes of 80~113 mm square billet.
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Fig. 16. Effect of Ca-Si addition to tundish on

sub-surface pinholes of 80~113 mm
square, 0'69,C Si killed steel billet.
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Hik o4, 60 cycle/ min X 9 % 100 cycle/ min
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SRR ST FeO% 2@V old, AN, B
IO/ unZ2BEOMOBREBELLIDDTHSS. .
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(p) L

(a) 0°319C, 0-269Si, 0°71%Mn, 100mmd billet
(b) 0°62%C, 0-24%Si, 0.5296Mn, 260370 mm bloom

Photo. 5. Examples of clean surface with sub-

merged nozzle and powder casting.
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a: 0°6%C steel, 113 mm square billet
b: 0°39C steel, 100 mm square billet

Photo. 6. Examples of double skin by use of

powder with excess fluidity.
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Fig. - 18. Relation between Mn/Si in steel and
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square billet.
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Fig. 19. Phase diagram of MnO-SiO; system.
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DEWL, AlEEEOEA % 18%E L T, MnO-5i0;-Al,0;,
STHRAERZ Fig. 200 7R3. SR Al BiKnE
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> Low Mn/si steel
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Fig. 20. Phase diagram of Al;O3-MnO-8iO,
system.
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Fig. 21. Effect of Al,O; content (%) on melt

flow temp. of scum (MnO/SiO, in
scum=0"4~0-8).

Impurity content FeO 7~10%,
MgO 0°7~29
CaO 1~39,

T, MnO-Si0O;—Al,0;+FeO+MgO+CaO £47THRD
BRA N LERIEL, TREMERB LY » PO
MBEZRAEL-E 5, Fig. 21 KRT X 51T, ALO;
SHENH 15% oMK TBmBEESE/MEZRTZ &
DERDELNIz.

ZOXST Al BIRMESHLIREE T/ ph 2
Ly ROTHEEIH5) 25 T OREXH X
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Fig. 22. Phase diagram of MnO-SiO,-MnO -
TiO; system.®
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Kb/ Mn/Si gicii coBED Ti itk 2T R
HEOMEBETTHZ 8, L oh IRFEL
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BILEAOEE 2 X V3G ZT 5D LENEN 5.

RO E —~DLREIRINC X DT/ vh IBELLBIST
SEmE, KB SORENED X WIBRV Y £~ h A
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Lo 2 5 CHETEDLTHSS.
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KA FAE T DAREMNGERE, TS <
OMFECHEBLNB X ST, Pces Pu, Pu, EDEH
HADFELEEPIBPHOHL L KAE DML DT
RWMEPERL, ChEHCET BT TH5.

AP OSERFIFTIE, 2~4ppm Hp, 35~40ppm
N BETH»2»5, 6 $i~OHEIUNDIBEHES,
Ky=703x10-4, Kny=13x10-3 LF 3% L0, EER
@ Pu,, Px, 13¥NFh 0°08~0°33 atm, 0°07~0-1

atm ¢FIEIND.

BN Si-Mn fifgoga, SRFERETE Si-Mn dk
FRARIRIC X o TCO L AKX T Peo ¥E 1 atm
DTFTHhd0En LT, BREMCENTIEERTIRC
-0 EFC X2 TOVrNBREER Tl D, RENRT
MBITORTOL~NAE Si-Mn JEERCEET S XS
Wiy, FREEEGEBRFD Pco BEWVZ EBHMD
htvd. o C%BEL ks ik 2h TAEEED R
THZEE, EEMICE-FELTWS

Lo LEBRCEHED Al $EET 0T, C-O K
ICB ST 5 0% FMEICHIET 2 2 LEMETH 55,
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BB E ER L7 WiEii / A - 98 —F 4y 2F 4
TTRECLAHEPEEL THEWT EL S, BFTON
23 L CO FEDOHTHAHMBRFEERES, Pco<0°57
~0°85 atm XS5 Z &ITB.
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BiEEgit, e ko hil, PRl EEE Ly Z 2T
roT, AdEBLEESDHEFLILNG.

R 2D 5 BT, SO AER LT EDMrb
3 Py, OEENRDIAEL, LLRAF v RMRE
TixHHE 6~8ppm 127 % LkERBOREBSIFEL L,
ER 4RO BEDIE S AREARE L 2T\ & OHEN B
B A 110~18),

BETIRIT X D TEHRARD Lic Z 13, &4hd He
EHEOBWDIC X VHPHE AT IR/ /ADTHS 5.

FEBUN AL SRR X2 TSRHEMBHLSTH &0, %
< DIPEITH SN BHIO™ID. Lk ic LB Al B
hig & LT, HorbeEn 590k 140 mm fgkH ¢ 200 g/
t LTk, AEBRITIHITS 80~113mm FEHHTD
50 g/t B XOURFRIFESFFICIT S 100~150g/t /s
HIHEIEIE—FHLTVD. #iR Y4 X kEWTE Al
MO AEMNT 2B AV, KETEE ESHGREX ST
<, BIAOFENNSI /LB THAS.

D Si% TV Tk, DonNaLDsoN 519038 iAK
Z Si% BETLAMMBERET 2EmMEEHTED, St
P25 029 LITFIC/? ERimhBREL2T s, 02
~0°49,S5i% OB TIE Si% OFERRED LAV T &
WsEPSH®, Si13025% BETCHSLKEIS5THS. =
7= Brown 51913 Fe-Si &ftd iz Ca-Si # I
ATSELREMRBLTH L2 EEL TWoH, Ca D
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RIS 35 X VE TSR & RS, TEAR O SR
YL =% AT 4 TR E DN, EREICHERS
N7z, '

s o H N, SBEPEEERECEET DA L5588
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FICAIRE NS
fmosEE, MHpH, O, N, i Ao EXE L
5 VIEHBHO SR L 5 Hy 35 X B ROZED I
POoTHEENEIDEEILND.
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