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The Origin of Large Nonmetallic Inclusions in the Continuously

Cast Steel Billets

Synopsis:

Toshio SHIRAIWA, Taiji ARAKI,

Nobukatsu FujiNO, and Fumio MATSUNO

The origins of large nonmetallic inclusions in continuoulsy cast plain carbon steel billets have been investi—

gated in relation to the mould scums.

Three kinds of synthetic scums containing tracer elements of La,

Ce or Ca individually are added into the liquid plain carbon steel in the continuous casting mould poured
by means of an open nozzel, and inclusions in the billets are analysed in electron prove microanalyser. The

results obtained are as follows.

1) In the inclusions larger than about 150 x in diameter, tracer elements are observed, but none in

those smaller than about 100 g in diameter.

2) The compositions of large inclusions are similar to those of mould scums.
3) From these results it is concluded that most of large inclusions originate from mould scums.
' (Received Jan. 22, 1972)
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Table 1. Chemical compositions of
added synthetic scums.
Synthetic) \no | 80, | La;0, | CeO; | CaO
A 54-0 36-0 10°0 — —
B 1°54'0 36-0 — 10°0
G 45-9 39-1 — — 15-0
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Fig. 1. Schematic illustration of schedule of
experiment.
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Fig. 2. Schematic illustration of the distribution

of large inclusions in the billet (open
nozzel, oil casting).
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1:SC (x880), 2:S8i, 3:Al, 4:Ti, 5:optical (x100), 6:Fe, 7: Mn, §:0 (5/9)
Photo. 1. Electron scanning images and optical micrograph of lage inclusion in 110 mmg
Si killed steel billet. (Open nozzle and oil casting).

1 : BSE (x220), 2 : Mn, 3: Al 4:La, 5:Ca, 6 : Fe, 7 : Si, 8 : Ti, 9:Ce 3/
Photo. 2. Electron scanning images of mould scum obtained before the addition of synthetic scum ‘A’,
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1:8C (x220), 2:Mn, 3:Al, 4:Ce, 5:Fe, 6:8i, 7:La, 8:Ca (5/9)
Photo. 3. Electren scanning images of mould scum obtained during the addition of synthetic scum ‘A’.

1:8C (x220), 2 : Si, 3: Ca, 4 : La, 5:Fe, 6:Mn, 71 Al 8: Ce (5/9)
Photo. 4. Electron scanning images of mould scum cbtained during the addition of synthetic scum ‘B’.
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Table 2. Results of quantitative analysis of
mould scum obtained during the

addition of synthetic scum B.

45-8 | 34 | 390 04 35 0-1| 80
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7 : Al

6: Mn,
Photo. 5. Electron scanning images of mould scum obtained during the addition of synthetic scum ‘C’.

1:8C (x220), 2:Si, 3:Ca, 4:La, 5:Fe, 8: Ce (5/9)

Table 3. Results of qualitative analysis of inclusions by EPMA.

Added synthetic scum Billet No Dij&:)ncnlitseit;)r(l)f () Composition of inclusion
A 290 Mn-Al-S8i-La-O+Si0,
. 272 Mn-S8i-La-(Al)-O+SiO
MnO : 5% 3 54 Al-Mn-Si- (TiJ - (Ca) -O-S
PRt 28 Al-Mn-Si- (Ti)- (Ca)-O
23 21 Al-Mn-Si- (Ti)-(Ca)-O
168 Mn-Si-Ce- (T1)-O+ SiO,
B 195 Mn-Si-Ce- (Al)-O+- SO,
MnO : 54 6 78 Mn-8i-Al-(Ti)-O+Si0,
Si0, : 36 44 Al-Mn-8i- (Ca)-O-(8)
CeO,; : 10 37 Al-Mn-8i-(Ca)-O
14 Al-Mn-8i-(Ca)-O
C 147 Mn-8i-Al-Ca- (Ti)-O 4 Si0O,
MnO : 459 10 32 Mn-Al-Si-(Ti)-O
Si0, : 39-1 28 Mn-Al-8i-(Ca)-(Ti)-O
CaO : 150 15 Mn-Al-8Si-(Ca)-Ti-O

( ) : Minor element
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s T B 8 . 2
1:8C (x220), 2:Fe, 3:Al, 4:Mn, 5:8i, 6:La, 7:Ca, 8:Ti, 9:optical (X100) (5/9)
Photo. 6. Electron scanning images and optical micrograph of large inclusion
observed in the No 3. billet.

1:8C (x220), 2:Si, 3:Al, 4:Ce, 5:optical (X500), 6:Fe, 7:Mn, 8:Ti
Photo. 7. Electron scanning images and optical micrograph of large inclusion
observed in the No 6 billet.

5/9) .

— 159 —



2084 & & #©3

w58 4 (1972) E14%2

1:8T (x220), 2:Si, 3:Al 4:82 (x880),

5:TFe, 6:Mn, 7:optical (x500), 8:Ca, 9:Ti (5/9)

Photo. 8. Electron scanning images and optical micrograph of large inclusion

observed in the No 10 billet.
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1:5C (x880), 2:Mn, 3:Al, 4:Fe, 5:8i, 6:85, 7:Ti, 8:Ca, 9:La, 10: optical (x500)

5/9)
Photo. 9. Electron scanning images and optical micrograph of small inclusion
observed in the No 3 billet.
Table 4. Results of quantitative analysis of nonmetallic
inclusions observed in the No 6 billet.
Size-in diameter MnO Al O, SiO, FeO TiO, CaO CeO,
195 p 508 29 365 1-8 1-3 0-3 6-4
78 p 580 6-4 311 0-8 2.7 0-2 —
37 p 280 40-0 26°1 19 2-9 1°3 —
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1:SC (X880), 2:Mn, 3:Al, 4:Fe, 5:S8i, 6:8, 7:Ti, 8:Ca, 9:Ce (5/9)
Photo. 10. Electron scanning images of small inclusion observed in the No 6, billet.

a L e By AR 1 - - 5 —— e — .' i " i
1:8C (x880), 2:Si, 3:Al, 4:Ca, 5:optical (X500), 6:Fe, 7:Mn, 8:Ti (5/9)
Photo. 11. Electron scanning images and optical micrograph of small inclusion

observed in the No ‘10 billet.
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