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The Air Reoxidation and the Formation of Large Inclusions
m Contmuous Casting Process

Kichinosuke MATSUNAGA Chikakazu NAMIKI, and Taiji ARAKI

Synopsis:

A study was made of non—-metallic inclusions in medium or high carbon steel billets which were cast by
the six strands S—type continuous casting machine of Kokura Works, Sumitomo Metal Ind., Ltd. The way of
avoiding large silicate inclusions was also investigated.

As the result, the reoxidation by air during casting was found to be detrimental in producing high quality

steel grades by continuous casting.

Many kinds of large silicates even if they are chemically unstable can

exist in large quantity when the tundish stream was not protected from air.
In order to avoid those silicates, it was shown that the oxygen content of the atmosphere around the stream

. .must be maintained under 0-8%,.
On the .basis of:the test results.
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The mechanism of the silicate formation and its growth are discussed
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Table

1. Casting conditions of preliminary test billets.

Ladle analysis (%)

Ladle add.
(kg/t)

i Temperature (°C)

Si

Mn

P

Strand| Nozzle

Al

Ti

End
Pt.

No

used

‘ Tap

Ladle

Tund.

Cast speed
(mm/ min)

0-44

0-24

0-018

04

S 02

1665

1 660

1600

1515
to

1520

2 Open

3100 to 2 700
(Av. 2 400)

5 [Submerged

2200 to 2400

(Av. 2300)

\ cut W€
_-Inside radius side
(1

(2

ES Sample number

2 of micro inspection
té

10} ¢
™\ Outside radius side

Sampling method for inclusion inspection
of cast billet.
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Fig. 2. Distribution of macro inclusion in a cast
billet —— Open nozzle casting
(Black spots show macro inclusions)
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[ Globular silicate

—~ Open nozzle casting Alumina cluster

Submerged nozzle casting
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Fig. 3. Inclusion distribution counted by species
(Inclusions inspected by 400 mag., through
55 fields)
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Fig. 4. Inclusion distribution counted by . sizes.
(Inclusions inspected by 400 mag., through

55 fields)

Microscope (X 200)

Photo. 1. EBS images of inclusion (1) (x800)
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Microscope (X 200)

Photo. 2. EBS images of inclusion (2) (x300)

Table 2. One example of chemical comosition of
large inclusion in cast billet analyzed

by EPMA.
A1203 MnO T].Oz SiOZ
Matrix 27°6 30°6 67 37°1
Precipitate 406 4-1 60'3 1-3
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Photo. 3. EBS images of inclusion (3)

Table 3. Result of three steps sand mark test
(50 mm¢ forged billet).

. Test surface Sand mark
Casting method (diameter, mm) ratings*

I (48) 0-0-(0)

Open nozzle I (35) 18-6-21-4-(2)

S (28) 4-2- 6:3-(2)
1 (48) 0-0-(0)

Submerged 1 (35) 1-4-1-4-(1)

I (24) 0-0-(0)

* JIS Method : Numbers show the number of sand marks in
100 cm?2, total length of sand mark in 100cm?2, and the
maximum length of a sand mark in mm respectively.
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Quter surface

Photo. 4. Inclusions extracted by “slime method”
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>420, 420 to 250, 250 to 105, 105 to 63, <63y
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Photo. 5. Sizes and shapes of inclusions extracted from open nozzle

cast billet by ‘“slime method” (x35)

BSE (x 100) SC (x200)

Photo. 6. EBS images of inclusion (4)

Table 4. Casting conditions of test heats.

Ladle analysis (%) Ladle add. (kg/t) Temperature (°C)
Heat Casting method

C Si Mn P S Al Ti |Ca-8i| Tap |Ladle|Tundish | Mold

A 063|020 048 |0-024]/0-019] 035 | — | — li655]|1610 |1 %93/ |1480p | Open, Submerged,
1 528 & Propane

. . ) ] . ) . 1523/ 1505/ ..
B | 037|024 | 081 [0-029]0°015| 040 | 0:30 | — |1680]1635 350 | ' 520) ibid-
G |0'39] 021 | 068 |0-018/0-016( 040 | 0-30 | — |1680 1615 [ 30/ | — | Open, & Submerged
o | 0-28/| 0 20/] 0-52/0-017/0-011/| 0-08/| _ 4.0 |1665//1600//1500/ |1475/ Open, Submerged,
$ | 0-47'| 0-30| 0-87 | 0-031 0-021{ 0°11 17000 1625 1555 | 1493| Propane, & Ar or N,
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a) Simple shrouding by propane gas b) Bellows-type Ar shrouding ¢) Duplicate steel pipes with window
for Ar shrouding

Fig. 5. Apparatus for gas shrouding tundish stream.
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Fig. 6. Large inclusion content in the inside radius side of cast billet, related
with casting method or casting atomosphere in mold.
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Table 5. Result of inclusion extraction by “slime method”.
. . Size distribution (%)
Heat Stand Ra_dlus Casting method Solved Inclusion
No side wt (g) (ppm) < 420 420 to | 250 to [ 105 to <63
#l 250p | 1054 63 p #
4 In Onpen 3622 33-8 0 19-8 59-8 18-5 1-9
Out pe 3270 95 0 | 23 | 685 | 250 4-2
In 3317 15-4 8:0 45 5 41-2 4-7 0-6
B | 6 | ou | Propane 3 589 05 | — — — — —
In 2794 4-3 0 19-4 60-2 12-6 78
> | Out | Submerged 3 544 17 | — - — — —
4 In Open 3554 82-4 17-4 46°3 349 1-3 01
Cc
In 3144 I-1 — — — — —
2 Out Submerged 3675 0-7 . . - o o
In Ar 1499 99 3-2 47-8 42-6 45 1'9
Out (O3 : 6%) 1771 06 — — — — —
F 5
In Ar 1 661 2:0 — 28-1 62°5 9-4 —
Out (05 :0°6%) 1716 04 — — — — —
In 3745 9-4
2 Out Submerged 3719 0°3
In 1 839 89
* | Out | Submerged 1 837 0'8
G
5 In Ar 5293 52-2
Out (0Oz:1 to 2%) 5095 2-3
In 1817 125-8
6 Out ‘Open+ Powder 1879 2-3
H 5 In Ar (0O, : 0:69) 1951 06
I 9 In N, 2060 05
Out (O : 0-29,) 1 693 06
J 2 In N, 2062 0-1
Out (O2:0'6 to 0-82%,) 1 806 0-2

YT = MIEBO TR T WHEHECH BT b b bHT
NEWI VIR TR TERES Or 25 6% DHoL
1~29, DHOWEF o0 — 0k g BL, Oy 23
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LR IRHIRETR LTS, A EDOK E XRS5
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TOBET KB ROSED LB TELZER TL
7o
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SHBEZ TR T 5D TH DL,
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AR ORI —EOFERK R, D, i cFET B X
ISR SRS, SFEI PN TR L 7B LA K I hs K
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DA Z AMEC LT, NEMOL KL% 2 54
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Fig. 7. Changes of oxygen content in metal.
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AAE Al BiBERICIE T VEF O S AE LAY
D — FARETFTVWAEESBE O, LD LadE
FEEICERE Lol Es PR Ch b, vy
) — MEIEEAETRCAMONERESITHE T &
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PR THD. ThOSORBANENORIRSE, BhcE
BRiC X > THL X S THHRN~DIEARDEREEL
HERMTHOT, BEPICE Ui 2 WREBERN T H I
WZ LI EER N TO LRRREI ST SEHTES. 2O
XS NEMOHFEILIEROEREC X >TCEE L
WHE TR B2 BRTHOT, Blik, 2% %
PESERFEEC LA OBEERMESA L V2 5. A
RNEDZEED XS Dk XIS TEEREEORlc B
WTEL DIFEMSLINTE D, =& XiEHE Y 1T sol.
Al % 0°005% DL ETHEWIF VT FRILRD L%
AL TEERICE VT EALPOZEREILIZYR
ZH5bDTHSLH, ERBEOHHLERVELOF
v U ARFHFEZBRTWS Z L CGECERRIYET
Hriickb, KENEDIZEELI S5, H5WiEL
HEPC REREEB~ZELTEDE Fxzonsb. L
BOTHMBEAONEMIE EAEPEEHEO SO TH
5. HETISERSE T BT DEE LSBT, ANED
B LT R IR D 3R R TR IR I RS A U
Lz llitiB. o :
DTS EE s o DEREE L LT
EMDEREMHIT DOV TESEMRETFOEE LT DT
b, ’ ‘
FFIAMMSZERFRORRE & Bl LS a0BERISI
DWTEXTHS. WEFOBEMBEIC SV CIERORE
ERTHPOBELFEHTHHELHD L LT, Al S,
Mn OER{LARPD T ERLT X225 DI O RE
EEAFETHILNTES. BAEREETILMLAT
WE k5 (1)R, BXU(2)RTEx2BNhS.
’ “I=Aexp (—AGHJET ) eerereeeennioniinnninn (1)
FA L, 1 BEERGEE (B om?/ sec)
A JEERT
AG* RO TEMAL T F oV —
kR < 2 ’

) 16 = o3M? 1
AG* — 5T RTI ST (2)
72 l, o : BR{LIATAE O R E < 2 v F —

o b EE

R : W AEK

S EEFIE (=C/Cg)

C: JUSHMBEORER

Cs : [F_EEERER

T LCRISERM E LT ALO,, FeO-AlLO,, FeO.

MnO.SiO,% & %5 & TurpIN 59D 5 2 TWARME T *
WEEFEERTF AR LCHETE 5. MHRS & LT
Al:0°005 & 0:010%, Si:0-°409%, Mn : 0-50% &3
5 E A REEE Y Table 6 1T T X SR L 5.
FlEd SEE L OEAHHBALTHE LT/ E W Si, Mn iz
X AEMEREERI L Db RERMELEO>TVWS. §
BARBICTR LT WV REAIRE LTy ) B, #3
L4 b, Al REHTLIUH LU ) e MR ER
AoNhBH. ZhbwThd RRCE R REE 2
FTHECTHDS LR FHICHETES. D EorEL %
Q& Bl L7 ISR 35\ TV & OB LA k% 2
UBahEr 32Tk D, ChoDAEEGKGTE
DIZRFE~ DI X > T4 ET 5. Lo L TURKDOGAN
OMFHFED BARLTWB XS, ZOESEERT T
14 EOFAETED b X 57 100 ¢ Bl EOKBIALE
T i D 2inw. Lieds 2 TERNEWHS AT 5
itz 5> —o0EEER, ThbbBthRECE
B IHBEFEZRIELLEV. ZOEBRIETY ©
BT 59 DI R» LA CTHLAEMDOFR LR OEEH
AREOEELBERTHS. THRICBRRE5FECTHS
2, AL ROBIRIN OF X THEAMDE T A TET
BIEEIRT LWEERB B Z 2TWB Z EANED
OEEDEEELEL LTWDS. —F, TT~AZE
s WORABEANZE L LIcAEDS L ZTHEWITEE

Table 6. Rate of nucleation of oxides in-air oxidizing reaction.

Oxide Density Iﬂtg;{g‘;‘;;:;rgy A Co** D “E‘af)izer § ok [ Fx
ol . _ 0°005 | 2-6x107 108
ALO, 40 2000 10 | 101x10-1s | Al | 01003 2Ox 0L | 10
_ , ‘ , _ 0:005 | 2-8x108 | 104
FeO-AlLO, 40 1 200 0= | oxi0-r | AL glle | FEN0 | 10
"FeO.MnO-SiO, 35 700 105 | 48x10-10 | S 930 g0 | 10m

* Frequency factor. **  Equilibrium concentration product.
*¥4%  Rate of nucleation (nuclei/cm3/sec). -
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LAV, A AL ORBETRC & ZERTHY
BERN~NBATS. 2AvAbr—H— EROBERE»D
150 4 DA EDAFERDOKRE S HY & OEFFI X 2> TAREIL
LichDEEXLRDY.

Lo X Sic, BRELEZT BT Al BiEgss
T XN EEERENCIE TV FRRENEW THOTL
PHU )~ RS BIAERT IEGITHD. Lok
2T Si REBEHOBESE— v Hrv )V r— D&k
RBBHCLD. LDOERSEIOERER (Fig. 6) »
LLTHMLLTHS. —K Fig. 6 OfERICKB L,
0'63% COBRERMIBA — T 7 X THRBNEDD
DI hote. KERIEL L E— FORTHDRD, &
NETORRD L LFESIC 0°4%C L 0°62%C gATIX
S0 ZOEEBFEET S, £ 2C Fe-C-8i-Mn-O
FRCOV ) — MEMREFREEZE X TH D,  Kor-
BER-QOELSEN'® D3k 7z Fe-Si-Mn-O ZROLEE{LE
{HiR, BELLY D 7RL7# @sio, & Si L0BHR, LT
Fe-C-O RO FHEMRRD L &2 EHC LT, Mn 2ZF
L7 C-Si E#ixEicid & Fig. 8 0Xxdicks. [
T A, B CRLAADEFERTOEKEMEPRE
MORESTHD. CORPLHTECH05% K bne
5L UTREAEMME DL, BRERTRY Y ¥
— MIREELRSE. L Ladb, ZoOBEGROA»S
Fig. 6 KR LA EOARES L EEZHHAT S LIxEH
IS5 Bbhs. i SIERndo X 5 AL-Si T
LA AEERTHEY )y — MBS EFET 2
LThHb. £ ITHERERMOELS, ErCEATAE
ZLELTC DO LORGEENDS. LRERIFICK
T HRBS SIRAEEL C A8 1% ik wi—%
xR L, HRBEDCIZITI00% BERCHEIRS. £
LT C % 04% BITiC/ % & &ELHRIIROMKT A
B,
KEBHDEHZEZLNTVS. $hBA, RFNOEHHR
i3 Al Si BEFEELAVWOTHEELICSRRNOBE L
BT 52 LETERVD, CLIOMEEE L ORGEER

1O F
 —— Mn=0%
Oo5pF---- *+ 03%
: —-— + O5%Heat BraF/i o4
—— . 08%
= " (at 1500°C)
< i Stable region
7 Ol |- of silicate 4,
F / " Unstable region
005 - / A‘/' of silicate
f2 '
R ,//
ooz ‘ ! I L1 |
ol 02 03 0405 07 10

C (%)
Fig. 8. Equilibrium relation of C-Si-Mn system.

Thix C oA AREA~OIEEEDOL(L

B, TREGPHEOR CAMAELX I DT EBTHE
hs. #7-d5—20RFE LTRIGERMS C-0
ORFETREERTH 5728, SHRNEHOEMY 2K
KR EITHEEST 57D BP0 ODITHE L DR
{ERIGIEC-OR S B LV EMGISh s Z LiTih s .
DECERERTH S, I L-FHEKPOBRRE & ¥
Yoy — MEFEOBEIZOWT EXLTHDL. KL 2, 3
DL ISIC D2 WTBEREE 25kd, WTIhORIG b
KEUBEREEY b O LR L. L LIOHE
EATBIRY, FRKDOBESENESKOBIERE
SEETCTRLARTNER—OBAEREERZ LD &I
7w, BRLAEZOI Y o — VIZEREETREREC KD
TFEE E£LCD. L ABRZOAERT SAE-TERAE
CRTBBEETH D, ABRAIHRE OLIIE LTSV Y
AR EN, ERTETHA. OV T~DRIH
B LBERBFTRECHENLTYE, L2 THK
OBEBEEDETTS. &5 LTHEAR» SRE~DOB
EORMEE LI BEEREDONT VA LLEATRUD
TRECHBILEBSERT B LT s, FELWIIK
-7 BREATKERSSEELBLAZELLT Cr,
Mn, Si, Al 2&6T 5ASEREICAERT HE(LIEIC D
WCHEEI L. Fhic X % LAKEKGERBS T DT L
Fe S WEE LI o A LA R, ¢ R RD, X DL E
DNV o EREE, [0l BEL RS Tihbb, FHED
Wid 5 KERSET TR BMC 8635 B cEORE
AL SHERICE ST, BLED £RT 50D FEKX
[Ol: EBRTFEL, [Olf LAKEIKFTELOBIT—ED
ESEENTFET D LI LTVS. I TZDELS
% Op-Ar EERKCHDERATES LT 5L, &AERTH
ko IBARASCR LCRRIT [Ols & po, DEAFRD
HEL, BMSEHALER LTV (BERES
T LEROER L SHERE LTVw SR  [Olr 1T
ETHIEDTELBESEOHEITITERILMER
T5zliwhksd, Al RREERTX EMEREIZ T VT F
LOEMEEIHHDT, FHAFHRESEZTTTLT
VT FOERCELTERERBRS I ELNEH, £K
LT AR TELV. —HY Y — ORI
LT LR [OlefEc B LAWK SIBRERSEZRB LR
EXwz tickhs. SEIOERRTY Y 7 — bOAEKE
FHIETE BEBEHSEHLSKE D, ZHBFI8XI0O3RET
HHLENZD. '

i

5. &
SENESEG ST X o TS LB oEeBTTEMO
ERBICDOWTIRN, AR ) — MAEBDESIE
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AR Lic. TORKR, ERSHFETS VW TIEIHALR
DEZBRILPRENLBE LB IXEFT 2R L. £
LTx ZICERT 2N EWIMBLS & OTFHER & 134
BRI b S BHEEL S D EBEHTHS. Lr
b R CERME T OEZER W LIZR B A5 50O
ZAK X D REMLT B EMICHS. ERBLc XoT4E
KEDBRE ) — MEBIET 5003 AL TOE
FIRBRRIRE %7 0°8%LATiIC a2 ba—it 50 EH
PHEERVHE LA
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