\\‘N

= g o S T
2N '// e A /g/ /;{
1824

T e ¥
/ s // &

& L @ W 56 £ (1970) ¥14%

HigShE v Ly b OERNEYICEET BB

#*

N
N
SV

EE“:FI {EFE]*** . SF‘}%{ EE;% gk

Large Inclusions in Continuously Cast Carbon Steel Billets

Hisashi MORI,

Synopsis:

Nobuyoshi TANAKA and Masazumi Hiral

Effects of various factors on large inclusions (greater than 0-05 mm in dia.) in plain carbon steel billets were

investigated, and following results were obtained.

1) The numbers of large inclusions in Si killed steel billets are decreased with decreasing total oxygen con-
tent or Mn/Si ratio, with increasing amount of carbon or soluble Al in the billets or amount of Ti added to low
Mn steel; whereas the numbers of entrapped scum are increased with decreasing Mn/Si ratio and addition

of Ti to low Mn steel.

2) The numbers of large inclusions are increased with addition of slag powder into mould if a submerged

nozzle is not used.

It was found by EPMA identification that they were originated from slag powder.

The

numbers of large inclusions are decreased by use of a air-tight submerged nozzle and slag powder.
3) Large Mn-silicate inclusions are occasionaly detected in Al killed steel billets in the case of open nozzle

and oil casting.

4) Sodium is detected in mould scum when glass powder is added into the tundish.
5) The numbers of large inclusions and ratio of very large inclusions (greater than 05 mm in dia.) are
decreased with increasing billet’s size from 80 mm square to 160 mm square, but slightly increased with in—

creasing from 160 mm square to 260 X 370 mm.

6) The effects of these factors are discussed from the view point of a) cleanliness of molten steel in tun—

dish, b) air oxidation of pouring stream to mould,

c) entrapment of mould scum, d) possibilities of loat—

ation and coagulation of large inclusions during solidification process.
(Received Apr. 18, 1970)
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Table 1. Billet size.
. -
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CC machine } 6 strand ordinary bending ‘ 1 strand, vertical
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A example of very large inclusion on polished cross section of billet.
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A : Submerged nozzle and powder casting
B : Open nozzle and oil casting

Fig. 10. Effect of submerged nozzle and powder
casting on number of large inclusions in
Si killed 100 or 145 mm § billet.

KA L7k 51T, 38~509% Si0,, 20~60% MnO, 2~
40% AlLO, e XX bicsn. Al 2 Ti OfhnE N4
Bz onT, ALO; 2 TiO, OEH EL MY 5.

Si Ll ) O E XMW O MnO/SiO, 1%, Fig. 18
IR X A TR Mn/Si HEhmZ D3 TRENN T B i)

M B, Mn/St B LWL RLVTE, F—-F
2 80~113 mm § $ - DAL MnO/SiO, iz
T, @it s Zov - 160 mm § ~ i SERWim ikl & ¢
nas, X DB D endbius. Fiz, $HRINZR A
LD MnO/SIO; 12 e Ty BAA (MO FAL K D 4T

ol 5 X9, EAROZERE L L kA i O HLEkK
L TAELL & Ffid S MnO/SiO; I D & FeO 54
O MnO 129 Estc, @it/ X vl ORI (e, #
— 2 TR AAE, A B A DNRIC MnO/SiO,
HNE otz LR D

WA Ca FRIREER A2 S+ 5 &, R i
2~402, o CaO p3, A H Ll 2~15% & CaO 2>
BHXNG. SifEoLo s CaO G, 2

— 45 —



1832 # & 9 # 56 £ (1970) Fl45

Dia. of
inclusion
‘e s I <0 2mm
b [ 02~05mm
B >0'5mm
e 10
5 R
S of
\ —
s 8f _ |
‘n
e — . —
g r
& el
=}
S S| — _| |
3 ]
E 4
=1
z ]
3 -
n
2H AU B
% 7/
! ]
%Y % A 7 77 ]
] 4 g %
Nozzle AB{BC|AB|ABC|{ABC AC|[AC|[ABC|AB|AB
Mn/Si 31 |29 |29 |16 27 {30 |27 |27 1'6 |I'6
C% 072{070{042|041 |037 {037(022] 02! [0'19 O‘I?
A : Submerged nozzle and powder casting
B : Submerged nozzle and oil casting
C: Open nozzle and oil casting

Fig. 11. Effect of submerged nozzle and powder
casting on number of large inclusion in
160mm f and rectangular bloom.
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12. Effect of Al-wire addition on large
inclusions in 80~113 mm § billet.
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Fig. 13. Effect of powder addition on large inclu-
sions in Si-killed 0-624C 80~113 mm §
billet with open nozzle.
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Fig. 14. Effect of Ti addition on total number of
large inclusions. . '
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Total number of large inclusions /{00¢m? in billet with submerged nozzle and pow-
Fig. 15. Relation between total number and ratio der.
of very large inclusion (Si killed billet).
Table 2. Composition of large inclusion by EPMA.
= _ - S . -
: Composition of inclusion Composition of billet
Photo. Billet size Condition of deoxidation and CC
No \ | ] (mm)
AlL,O; $i0, MnO | FeO | CaO lTiOz @ ‘ Si | Mn | T.Al
= ! ‘ i
2-a |Marrix 22 47 25 10 10 {017 [ 0°28 | 0°50 145 Si-killed, open nozzle
2-b |Matrix 8 45 47 01 — 0741028 | 0:79 807 7, 4
2- ¢ {Matrix 1" 33 65 — 017 1036 | 075 1007 7, ”
2.4 Matrix 36 39 14 1°0 0-73 | 0-24 | 0-49 807 "o ”
ppt 99 — 0 —
— |Matrix 1 39 60 0-2 — ‘71 1036 { 0°75 1007 7, ”
Matrix 34 33 31 08
3-a 17 1 0°28 | 0'64 | 0007 1136 | Si-killed, Al wire 50 g/t
ppt 98 141 07
Matrix 36 39 14 0-5 -0 ‘82 1 0°21 | 0°82 | 0006 807 4 , Al wire 50 g/t
3-b
ppt 99 0-2 05 .
64 | 0°25 | 0°53 | 0-010] 967 # Al wire 100 g/t
3- ¢ Matrix 70 15 1] 26 |
i N ‘ -
4 Matrix ‘ 15 44 32 <1 160 *83 | 0°27 | 0°50 | 0-010 1137 Si-killed, Ti 135 g/t in ladle
- . : . I . _
5-a Matrix | 51 | 22 06,18 0:63 | 024 | 0-52 | 0-007 13§ Si-killed, powder 80g/t Al wire 100g/t
5-p Matrix 1 10 4 5 0308 62 | 029 | 053 | 0-011 137 7, powder 40g/t Al wire 100 g/t
#n o3g | s 02l 05
— ‘Matri.\' 42 ‘ 7 ; 0-62 0°29 | 053 | 0-010 1137 # , powder 40g/t Al wire 100g/t
‘ i
‘ 1 X 28 ! 40 24 10 05 " ' ! '
6-a [ latris ‘ - 46§ 0°25 ° 0°78 ' 0025 260370 Al killed, submerged nozzle and powder
ppt 99 07,03 ! |
Matrix ! 65 ‘ <l ‘ <l <l 3 { ‘
6-b | 004 | 0024 \ 0-71 1 0-028" 260x370 ” s ”
ppt (VI 0 : | :
6-¢ Marrix 70 13 10 1'4 15 S 044 10724 1 0771 [ 0°028, 260370 “ ”
6-d |Matrix . 14 l 19 34 [ 15 0 ‘[ 47 1 0715 | 0°90 | 0-020, 210350 7 , open nozzle
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%100

X400 (4/7)

a, b : Single phase Mn-silicate ¢ : Crystobalite precipitated Mn-silicate
d : Corrundum precipitated Mn-silicatee
Photo. 2, Large inclusions in Si-killed billet.
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0 020 040 060 080 1'0G s Mn/si ratio in steel

Mn %
Fig. 18. Relation between Mn/Si ratio in steel

Fig. 17. Relation betw kind of inclusi d
'8 clation between kind of inclusion an and MnO/SiC; ratio in large inclusion.

Mn & Si% in Si-killed steel.
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xlOO

%400 (4/7)

a b c d
a,b, and c : Corrundum precipitated Al,Oj3 rich Mn-silicate d : A3O3 cluster

Photo. 3. Large inclusons when Al wire was added into mould.

SO Co%D D 1l LT, Sifiift 80~113 mm § Al% DI DAL TE A T AR S HL T 4. C
$; OB S, Fig. 20 10RT X510, %3 X0 sol Al Oz, RHIICE ol 0% 0
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L AOUATE L WD, C 9% i ER b
BERAML T, O C%A VT EBLIFR
SEEA % <, Sopt sulphide+silicate D THE
(LIFRICHEND IO TH S
1.4 NEDOREIFTHICNDSREFAD

Pk

Al BiEEEE R 12T, SiT R EESE T3 Fig. 22
TR L9, 10~50p OXBIER LRI
OEEBE . I LES HROGHTOVTD
S I T B2 G T VLS I S T A A AE A
ERLE S X AN TEIERES L TS0,

0o A0S R URERAE O LG LT 5.
Photo. 4. Large inclusion in Ti deoxidized billet.
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Photo. 5. Large inclusions when powder and Al wire

were added into mould.
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a : Corrundum precipitated Al Oz rich Mn-silicate b : Al;O3-+CaO
¢ : CaO rich Al,Oj cluster d : Mn-silicate
Photo. 6. Large inclusions in Al-killed billet.
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Fig. 19. Relation between area fraction of oxide

inclusion and total oxygen (160 mm §
billet)
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Fig. 21. Relation between area fraction of sulphide
inclusion and sulphur 9 in steel.
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Fig. 22. Transverse and size distribution of micro

inclusion (Submerged nozzle and powder
casted 160 mm § and rectangular bloom).
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Fig. 24. Relation between C9 in Si-killed steel and
v number of large (>50y in dia)
in bomb sample.
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EMBCRILDEVEAINLNWT EEEETD L, &E
PO 2WIRBERNBEOREIT/ NS WEZEZLNLD.

BB AW R F — X v 25 4 UV BRIEEVTD
& Mn D% 9 BERNAEWMEES £ VBRI, & Mn
$OE MnO/SiO; HMEMDITE D M REEN BIFIR 2D
tE2oND. NEWEERE ofREEk 113E MnO/
SiOy NAEMDIT D H3/N X Vv O T, B FHNTIEH
MnO/SiO; AFEWIDIFE 5 SEEMMBTE N T LIRS 25,
& MnfROE S BHIER© MnO/SiO, s EHT5 2
L X BHBERIBE RO TP REELZMEL TV 5
DTHAY. HEETIE MnO-Si0; FORIEXO%
Fig. 26 Z/RL TH<.

o sol. Algg sz > TE AN EDEK 2
WO T BEEE, Bk L OEA O total O%HK
<, BREAIT 2 RBLEEE B AME R L Ted Fo D AW
MBAEK L7 WZ Licdh X B, sol. Alg I -oh
T ALO IWEDE ) r— bic/a b, DT ALOy
Y5 AR —EILT B LD NN OBREMEDZEILA L
BHERTH S R END.

2F iz, CCHLMEICkT oREIFHOERLD
IR YA ZOEEITO>NTELTHILD.
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PR TSR 4 XA K E WVIE EEEHOBERNEMELL
MEEINT B EMEE LA OT WS, ZDXSLHpT
OFEE>ED LS CHBEEINLD.

SHREE CRIBT IR A 500~1000mm D F — % —TH
b, OB XE 2~3m OF — ¥ —-Th 5. EEYIH
ORI EIRE T B\ T, BRI X HERIE A
W7 BIHENE D72 I EA SR OB RTEM G
HCEFELET S, HSVIE{EL & L C Stokes A& B F L T
HE, BMEE,S Sm OESHPLREETCELT S
CET ARG, ERATEMEED 2002 OFEIL 38
min, 400 O34T 009min L7c b, FERSERM
R T E D, X S ITEEHSEST L TSR TR E
BEEAIC 7L D &, EERIZIERIEE T 5 Vo SR ENIC
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X OOVEIL B S ER sk S, BRI R SN D
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ESESS L VEEILE, SHERERRSARVIZE—
—F LA REVIEE—F DRI (LD,
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FTIIIBETRIC X D EEEIRRT 20T, MEMO
F VG T 5.

—%, ARBHEHO CCEORMEL T, 1) RERE
XH i < GEMERFRAEE Y, 0) R R <M
WENTE VY, N) SHREESECZ E8HT N5,
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5ETRERINDS.

7k, SiERIFE S AT S —F v A7 1 v T
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HAHS. JOE < EESREERSRE L s Th D25, #
BIPRA S IEAIC X0 TBE» LI cm DR S E Tk
BL <IN TED, FEAINT,L (R L
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BTz REWBRRLE VD THAD.

1
e

B, AN NS F kv AT 1 VBRI EWTD
T Mn/Si 55 DE 5 BEANEWNSEE L, »OKIA
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