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The Effect of Ingot Size and Capping Time on the Distribution,

Composition and Type of Non-Metallic Inclusion in Large Rimming Ingots

Koichi AsaNo, Tetsuro OHASHI and Yoshio NURI

Synopsis:

The following results have been obtained through the study made on the subject.

(1) Large non-metallic inclusions distribute mainly at the bottom part of an ingot. Whose com-
-positions are (Fe, Mn)O, MnO-Al,O; and Mn-Silicate. From the fact that larger inclusions have
fess value of MnO/FeO, coming closer to the composition of scum, it is estimated that large inclusions
stem partially from scum through rimming action. Since Ca is detected in the aluminate and silicate,

they are considered to have origin in slag, refractory and deoxidation products.
(2) With the “ingot parameter ” Y-which is defined as ingot width/ingot thickness+0-02 (ingot
height-width), relations between ingot dimensions and inclusion distribution and its composition can be

.clearly shown: when Y becomes bigger,

total amount of inclusions and amount of large inclusions

(more than 100 ) increase and the inclusions have less value of MnO/FeO.

The parameter Y is considered to have some relationship with thickness of viscous laver at the bo-
‘ttom part of ingot and with state of flow of rimming steel in the mold. Y therefore, is a good index
to explain conditions of scum movement along rimming action, scum trap and precipitation of (Fe, Mn)O.

(3) With shorter capping time, increase in total amount of inclusion is observed, but the amount

-of large inclusions decreases.
This result is explained as follows :

When capping time becomes shorter, more oxygen, which would be otherwise eliminated through
rimming action as CO, remains to react with iron and manganese which results in higher amount of

‘inclusion.

Growth of inclusions is hindered as rimming action is terminated earlier, which results in less amo-

unt of large inclusions.
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Table 1. Ingot making conditions.
T fmetNe |y B c D E F G H
Mold type Open top Bottle top
Ingot weight(t) 12-1 16°6 220 13-2 11-8 7:0 11-9 16-1
C 0-07 0-06 0-05 0-07
Mn 0-30 0-28 0-29 0-30
Ladle analysis (%) Si 0-01 001 0-01 0-01
P | 0-012 0-011 0.012> 0-007
S 0-017 0-011 0-013 0-014
Al adding in the mold (g/t) 60 59 55 60 68 70 55 44
Capping time (min) 26 30 27 27 26 18 37 45
Width 1030 1425 1860 1030 1030 1135 1105 1500
Mold dimentions (mn) | 7t | 875 | 870 | 80 | 775 | 775 | 527 | se0 | 830
Height 2250 2200 2200 2700 2350 2000 2050 2100
Ingot height ( mm) 1800 1900 2150 2600 2300 1700 1900 1900
(2) fhOFEC < B THBLERER: O Wi, L% <TH5.
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(1) Specimen (anode)

(2) Wire netting (cathode)
(3) Beaker (81)

(4) Bakelite cover

(5) Brass bolt

Photo. 2. Apparatus used for the electrolytic
extraction of inclusions.

(6) Specimen holder
(7) Thermometer
(8) Electrolyte
(15% FeClyaqueous
solution)
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Fig. 1. Changes of oxygen content from the surface to the center of the top, middle and
bottom positions of the tested ingots.
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e ) Heavy segregated zone

Photo. 3. Microscopic appearances of non- metalllc inclusions extracted from various

positions of rimming steel ingot.
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Fig. “2. Distribution of non-metallic _inclusions extracted from the tested ingots.
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Fig. 10. Relation between the parameter Y and
the amount of the extracted inclusions
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. Photo. 5. Analysis of inclusions by the electron-prove microanalyser.
: Co X592 (2/3)
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Table 2. Results of E.P.M.A. of inclusions, refer to microstructures shown in photo. 4.
Corrected composition (wt%) Mn 23-5 30-3 (MnO)
Numkber |Element 10 ge g; {732 Egeo(% ) 89"
r : : raOg
Element Compound Total Al 99:7 427 (ALOY
Mn 17°9 231 (MnO) . ]
Fe 156 l 20-0 (FeO) 1 Mn | 6772 | 808 (MO | o4
1 Ca 9-4 * 131 (CaO) | 945 Fe (FeO)
Si 15:9 | 340 (Si0,) ]
Al 2-3 43 (ALOy) Mn 30-0 38-7 (MnO) |,
‘ A Fe 1-4 1'8 (FeO) |
2 Ca 57 | 80 (CaO) | 79'5 Al 1'6 ] 3°0 (ALOy)
Si 3-0 6'5 (8i0y) |
Al 10°7 | 20°0 (ALOjy) | Mn 2007 | 26°7 (MnO)
13 Fe 8:0 102 (FeO) 87"
Fe 6-2 8:0 (FeO) .
3 | ca 09 | 12 (Cad) | 892 Mn | 297 | 383 (MnO)
Si 1-1 2-4 SiO < ’ ' € .
: 10 * | ca 129 | 181 (CaO) | S8
4 Fe 264 41'5 (FeS) 92-7 :
S 366 Mo | 229 | 296 (MnO)
15 Fe 8-4 10°8 (FeO) 80"
5 Mn 277 357 (MnO) 926 Al 21-2 39:9 (AlLO»)
Fe 44-4 56-9 (FeO)
! 16 Mn 514 66:3 (MnO) - 91-
| Mn 31 50 (MnS) Fe 193 | 24:7 (FeO) -
6 Fe - 577 90-5 (FeS) 95'6 -
S | 369 Mn | 345 | 44'5 (MnO)
17 Fe 5-8 7'5 (FeO) 80"
Mn 24-3 | 376 (MnS) Ca 62 86 (CaO)
7 Fe 365 573 (FeS) 94-9 Si 9-] 194  (SiOy)
S 39-1
Mn 53-7 | 83-2 (MnS)
8 Fe 6-4 10-0 (FeS) 93-2
S 30-8
Mn 612 79°0 (MnO) .
9 Fe 12:5 | 16°0 (FeOy | %9
Table 3. Relations between the three types of inclusions and its position in the ingots.

a) Ingot B

Number of the

Type of the inclusions

Position of sample inclusions used .Sizf of the( )
for examination nclusions | p 1 I il
Middle : 134 100~ 150 45 o | 955
Rim ’ 190 50~100 26 1°6 95-8
Bottom 158 100~150 32 06 96-2
22 > 200 45 0 95°5
370 Total 3:0 11 95'9
Top 26 100~ 150 88-2 3-8 80
-Core . v
Middle 142 <50 0 100 0
Bottom 124 100~ 150 0 0 100
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b) Ingot G
Number of the . Type of the inclusions
Position of sample inclusions used Srizf of the( )
for examination raclusions (p I 1 I
36 <50 ‘ 0 0 100
24 50~100 ! 0 0 100
Tep 167 100~200 ; 0 0 100
7 >200 [ 0 0 100
234 Total | 0 0 100
Ri 62 <50 0 0 100
’m Middle 18 50100 55 0 945
20 >100 0 0 100
100 Total 1 0 99
443 <50 0 0 100
Bottom 140 50~100 0-7 0 99-3
22 100~200 27-0 0 73-0
605 Total 1-1 0 98-9
117 <50 0 38-0 62-0
T 234 50~100 0 14-7 85-3
°P 14 100~-200 0 0 100
365 Total 0 20-2 79-8
85 <50 0 31-8 68-2
. 16 50~-100 0 6-3 93-7
Core Middle 20 100~ 200 5 0 950
121 Total 08 23-0 76-2
99 <50 0 0 100
21 50~100 0 0 100
Bottom 9 100~200 0 0 100
65 >200 0 0 100
194 Total 0 0 100
Table 4. Relations between the positons in the ingot and the compositions of inclusions
by electron diffraction analysis.
Component .
(Fe,Mn)O| ALO; | 2Ca0 |5Ca0 | 2810s| 3FeO | GaO Si0,
Position @M1 A0, | Si0; | -Si0; [3ALLO; | H2ECQ | 381On - £ieOs | Quarts )
! 28 2 2 M3 25810, | 3810, | -25i0, |\cristobalite
of ingot
. Top O @ O O O
Rim zone Middle O O O
Bottom O O O O
i Top O O O O O
Rim core | priggle O O
jungtion Bottom S o
Top O O O O O
Core zone | Middle O O
Bottom O e @)
Heavy segregated 20ne O O

T, FERNEDOBBEGELLT, BLIBLWENE
MOWBRRLIZL b‘%#%@kﬁﬁbf:%%}k@%#frg

fB3bz LTl

I YA RS — VARG 7

%DaAI ) AR I~

W, 30°C T 9Omin FHFIERET S,

BREBREGE NayCO,, K GO, Borax 75 %58
AHITEBRL, 5T B, BRSO RBEET, BEL
b D2ASE RCO BRI WhFE ok oiicits
5. NEDFOFICHIRESERRIEL LS & ol
THELO—MBEET D720, MRS IIRE
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b) (Fe,Mn)O, ALO,

c) 3Fe0, Al,Os, 3Si0;

Sample aA—MnS (ASTM)
I d d 171,
m.S 306 302 i3
v.S 2'60 26l 100
S 1'82 185 48
M I"61 1'58 6
M 1'49 I'51 19
mS 1'30 I3 8
Somple FeQ,Al.0; (ASTM) | MnO, AL.O, (ASTM)
1 d d I/, d I/1,
s | 288 287 70 292l 60
S i 44 1'43 90 1"4600 45
v.s | 245 245 100 | 2492 100
m.S I'67 1'66 20 I'6862 20
s I'57 I'56 90 1'5896 40
m.S I'22 123 10 12596 h
Sample 3Fe0, Al.0s , 3Si0:(ASTM)
1 d d /]
m.S 4°06 404 30
m.S 203 204 10
m.S 135 ‘ T
m.S 1"02 o2 10
m.S 289 2‘873‘ 40
m.S 144 144 20
m.S 1'83 1'87 30

S : Strong v.S :very Strong M : Medium m.S : medium Strong
Photo. 6. Typical extraction micrographs and electron diffraction patterns obtained

from the extracted inclusions.

{Igd. ZTORH il X 5 RERENTHIE LS
PIFRITIIERES S CLAEIBLNEDT, FAEC
X0, % Ekwav s s —AECI VESNT:
BRI ZEAPOLMIELI. 20X L TELN
To MRS SR SRR, AL AR X OV RIEERNIC Table 5
L7z,

(1) BN ALLE OEMMLL & B 35 X O,
FERHHOBR

Table S5~ c RO NEMHGITRERICE D L, ) LE
FHESTIL FeO, MnO 254 <, SiO;, ALO; A7
B ABRLES X OEEICAE S & Si0;, AlLO;, CaO
MUV ERL, FeS,MnS 238+ 2. FeO+MnO
OfEVE Y LECIE 50~60% THRIEIC X h FNIsE»b

X 5000 (1/2)

57 ps, MnO/FeO b3V A BUEEE TlEE L <& <
10~20T 3 % 2%, [EERTIIEKL 2~3 BETHS. 27
HRBHER 3 X OVRIE AT 4 T 13 FeS, MnS 2N EFINIICE <
NI T 80% Ll ZLDTWAHD, I 7EA YR
B XOELRIC B & LEEWic SiOg, Al,Oy, FeO, MnO,
CaOEMLIE L0 5. EHETIE SiOg; 15%, AlOg;
20%, FeO+MnO X 50% 1275, & L CHi{bipix
M EFCTETTS. 22T, SABRTAES, hhIRcix
MnO/FeO AR TEERIZA S E MnO/FeO (3/Nz 7
DTG, Fhehr L T CaO RBRohi kot H
ENTVWB L LRSS ETHD. RICHEBE S
i S/, B LSRAEDC oW T ORI ZE L& 2
THb. MNAEII X5 Si0;, ALO; (Fe,Mn)On
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Table 5. Chemical composition of inclusion in various positions of the tested ingots.
. : Chcmical composition of inclusions (%)
h]ngOt Position of ingot silgf;lgsfio(ns)
o SiO; | AlLO; | FeO | MnO | FeS | MnS |CaO etc.
Middle Mean 8-1 18-7 18-8 518 2:2
Rim <100 120 13-8 | 28-2 414 3-7
Bottom >100 20°6 23-8 28°3 236 2:5
Mean 19-6 22-5 26+3 30-1 25
A -
Top Mean 7-9 3-7 22:6 7:8 361 21°0 0-6
Middle Mean 4-1 1'4 | 159 14-1 26°5 37-0 06
Core
<100 14°5 12-6 286 424 1-9
Bottom > 100 14-1 85 29-8 44'9 2-8
Mean 14-4 11-1 29-1 43-3 2-1
<50 87 11-5 4-6 58-8 9-3 29 4-0
Middle >50 104 9-6 1-1 547 136 41 2-1
Rim Mean 9.5 | 10-8 2:7 | 582 | 117 34 44
<50 216 24-2 9-2 33-1 9-2
Bottom 50~100 12-5 27-6 9-4 42-4 56
o 100~200 20-0 17-5 26-7 20-0 142
Mean 17-1 24-9 14-1 32-8 84
C
<50 3-4 1-0 1-1 159 50°1 264 1:7
Top 50~150 7°6 2-1 1:2 /| 157 414 301 2°4
Mean 7-0 3-0 27 12-8 54-7 153 36
Core Middle Mean 14-6 6°4 4-6 22:3 268 19-7 53
<50 56 230 13-1 44-2 77
50~100 14-3 16-3 10-0 45-1 9-3
Bottom 100~150 14-5 11-9 17-7 37-4 16-0
150~200 21'9 13-3 218 26-2 13:5
Mean 14-3 22+5 13-3 35-7 8-5
Top Mean 6'5 13-8 548 14-2 8-6
Middle Mean 11-2 18-2 295 37-4 34
Rim <50 14-8 | 188 | 326 | 315 2:0
50~100 17-0 213 32-9 26-2 2°1
Bottom >100 14-9 209 28-3 32-4 27
’ Mean 15-4 19-4 30-4 31-3 20
|
B <50 64 10-4 16-1 8-0 30-8 26-8 0-9
T 50~ 100 1:2 8-4 119 16-8 34-2 264 06
op 100~ 150 63 13-4 132 | 225 | 21'9 | 206 15
Mean 5-3 10-5 14-8 12-2 29-9 256 1-0
Core Middle Mean 6-0 4-5 10-5 12-9 246 38-2 17
50~100 , 10-3 11-6 44-4 30-4 2°0
100~150 2-5 27-8 31-0 37-7 0:4
Bottom 150~.250 14-7 16-4 30-0 33-4 43
>250 17-7 205 24-5 34-7 1-6
" Mean. 13-4 16-8 314 33-4 3-8
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| . Chemical composition of inclusions (%)
Ill{‘gom | Position of ingot iSrllzTugifo(n?) ‘ s
| Si0; Al O, FeO MnO FeS MnS ICaO etc
|
Middle Mean 86 56 25-0 60°0 09
le ] '
Bottom Mean 167 23:9 238 33-4 2:0
B :
| Top Mean 10-3 3-2 159 7-4 27-8 33-8 1:0
Core Middle Mean 9-4 45 10-3 47 30-3 369 1°5
Bottom Mean 6°2 11-2 35-4 46°2 0.3
Top Mean 8-9 17-3 35-3 33-2 36
Middle Mean 11-3 167 345 309 4-4
Rim
<50 11-2 17-4 356 33-0 2:4
B 50~ 100 11:0 155 31-0 375 40
ottom 100~ 200 143 21-2 34-7 25-4 3-8
Mean 11-9 17°7 33-5 327 3-4
D - —
<50 12-4 166 21-3 24+ 1 13-2 74 3-5
Top 50~ 100 12°1 85 14:9 10-4 25-8 21°7 | 37
; Mean 12-3 15-3 20°3 219 153 97 , 35
Core Middle Mean 11°5 12-4 154 24-9 9-4 22-9 26
k 50~ 100 11-.9 ! 17-4 280 38-4 3-2
; 100~200 49 ' 99 620 22-1 1-2
Bottom 200~250 14:8 © 19-1 271 355 L 275
250 21-8 18-4 235 336 P2-2
Mean 15-8 166 334 31-0 o244
Top Mean 10-8 22-3 28-2 35-4 31
Middle Mean 166 253 30-4 24-7 28
Rim <38 . 161 | 17°0 | 351 | 385 | 929
38~50 136 193 30-0 33-2 26
: Bottom | 50~100 13-3 18-0 352 30-2 2-3
: ‘ > 100 10-8 11-9 60 4 13-3 2:2
: Mean | 129 20-5 333 311 2:2
F : <38 2-7 24 182 86 | 366 | 29'3 0
T 38~50 46 84 19-2 10- 4 508 22-2 -3
oPpP Mean ! 36 62 19-2 9:5 434 239 ‘]
Core Middle Mean | 45 | 209 | 154 | 89 | 338 | 295 | I3
<50 7-7 17-9 486 23-2 20
50~200 169 14-8 32-3 34-1 1°5
Bottom 200~250 11-8 ; 102 56-0 18-3 1-8
Mean 13-8 - 14-8 39-1 28°9 1-7
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Table 5. Chemical composition of inclusion in various positions of the tested ingots.
. Chemical composition of inclusions (25)
Ir&goot Position of ingot isriztljus?gr(ls# ) i
Si10, Al,O; | FeO MnO FeS MnS |CaO etc.
<104 18-1 16:9 11-1 38-5 7-8 59 3-7
Top >104 158 17-9 8-9 34-6 12-4 18°1 2-3
Mean 15:0 17-9 10-4 22-7 9:2 91 3-1
Rim <104 262 256 11-6 22-7 62 47 3-0
Middle >104 193 19-0 23-2 256 6'5 51 1-3
Mean 256 25-2 12-4 22-9 6:2 45 3-2
<104 115 20-8 30-2 24°1 81 2:2 3-1
Bottom . >104 16-7 13-4 43-4 19-2 5'9 01 1'3
Mean 13-4 19-5 32-4 23-3 78 18 1-8
<104 3:9 12-6 23-9 28'9 18-9 95 2-3
To >104 7'5 23:8 14-7 304 13-8 51 47
p Mean 46 14°8 | 22:3 | 293 18:0 82 2-8
<104 158 159 16-6 232 9-2 162 3-1
C . 104~147 160 28°6 13-4 200 126 72 2-2
G ore Middle >147 159 | 286 | 2007 | 147 | 137 | 48 | 16
Mean 158 169 16°5 22-9 9-5 53 31
<104 17-3 210 20-9 30-8 1-4 50 36
Bottom >104 17-3 30-8 23-3 23-0 17 14 2:5
Mean 17-3 23-1 21-4 29-2 15 4-3 3-2
<104 5-4 17-7 8-2 215 26'6 18+7 19
Top > 104 14-3 23-6 116 21:2 17°1 94 2:8
Mean 5-7 18-0 83 215 264 17:3 2-8
Core <104 79 16-0 135 279 19-2 13-0 25
(center) Middle >104 10-4 16-1 385 18:0 61 8:6 2-4
Mean 8:0 16-1 143 27:6 19-0 12-7 2:3
<104 12-8 16-2 550 101 3-2 06 2-1
Bott 104~~208 16-7 23-6 28:0 268 1-8 1-1 2:0
ottom > 208 13°3 | 175 | 226 | 36°1 2:9 1-0 66
Mean 13-4 17-3 484 14:9 2:9 0-7 24

WEBEDERXPLYIKREVD, WTFRND (Fe,Mn)O33% <
[Bi0;, AlLO; & HiZ 30% UTFTH5. DRI Fimst
TUMBALE I X 2 MW OZE S s <, HicB
BIUCCHEIRTIY, ZOZIBRKRELLZDTWS. Th
X DA ONEMMROAIE I X 5 EENI MR IR
EHELTCNDEEZEZLNLDTUTEOHRITDOWTELE
35, ETHRE NEONE HKOZELE ALO,,
Si0,, (Fe,Mn)O %z Fig. 13~(a)(b) (¢) RT.

LEHNCH T ALO;, (Fe,Mn)O oOZEEHISHDHT
KEV. ALOs W ol MBESRTEV. D,
E, F R EEORVEANALEL X5 AlLO; OZENL
WD B, B, COXS5HIEDOAEVEETIE, 58

IRAHTALO; R E LD TUEL T2 TE D, FHANE -

WX BEBA FDHTREV. SiO; 1TOWT b AR
fEMMBH S, BREIE ENEDTO SiO; T

55, CRVBORVERIZEZOE(LRITKRE . 7
7ZL, SiCe OZ{bIE AlLO; iz K BAUNE WDID, =
DOIE@MEENITERD X 5 Ty, (Fe, Mn)On sl
13, AlLO;, Si0O; OFHLEKL D, V) LETIIMMBLE L.
BERLILDDIL B, 37 FCRIECHMBELT S
EiNLTWwa. Lard, ZOBALLITVIEDE R
BELDOELEKRE. DEDRHEREFHBERINCE 2 CH
5L, ) ARBCRAEWIEL LT, AlLO,,SiO,, (Fe,
Mn)O »57% 02Tk, Y AFBEKTIX(Fe, Mn)O
BEAL, SiOs, ALO; BEINTS. ZhicxlL, a7
BT, SR, PREFTIX FeS, MnS M@ 7wz,

5102, AlLO;, (Fe,Mn)O L L3 IX DfEILE L x> T

Wh. L ZAPSMBMERICIS & FeS, MnS pistdni-

15572 Si0;, AlOs, (Fe,Mn)O » 41z 7 dDffijrk
ELLDTVE. LALEEMCOWTEHSED RIS
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" Size of (p)!

Chemical composition of inclusions (%)

Ir{goots i‘ Position of ingot inclusions |

: : | $i0, | AlLO;| FeO | MnO | FeS | MnS |CaO etc.
<104 124 | 132 | 292 | 298 3-2 89 3:3

Top >104 159 | 222 | 244 | 162 114 4-8 61

~ Mean 13-9 | 17-2 | 27°1 | 24-1 66 7-2 41

Rim L <104 161 | 24-2 | 1671 | 2204 | 73 | 89 | 50

Middle & >104 104 | 202 | 238 | 253 7:9 | 94 3-0

. Mean 154 | 237 | 171 | 228 74 1 89 47

|

© <104 16°4 | 260 | 11:0 @ 29°1 64 69 42

Bottom >104 12:3 | 12:3 | 49:3 | 11°1 85 0-8 57

Mean 16°3 | 257 | 119 | 287 64 67 4-3

| <104 117 | 185 | 145 | 162 | 16°4 | 2001 | 26

T 104~.208 63 95 | 354 | 21°2 | 11°4 | 1376 2-4

P oP > 208 149 | 17°3 | 29-4 | 21-4 49 8-3 3-8

Mean i11-7 | 17:8 | 17°5 | 17°0 | 14'8 | 18'3 2:9

H Core Middle Mean 41 28 40°9, 45 | 131 33-4 1-2
<104 82 | 228 6:7 | 46°5 4-1 79 3-8

Bottom > 104 155 | 230 | 116 | 358 47 2-4 7-0

Mean 9-4 22:9 7-4 44-9 3-5 66 58

Top Mean 6:0 | 151 | 153 | 12:8 | 26°7 | 22'8 1-3

e ery | Middle Mean 51 | 80 | 15°9 | 89 | 274 | 324 | 23

<104 58 9-4 | 482 | 230 7-9 3-3 2-4

Bott 10d~147 | 13-9 | 20°0 | 27°3 | 259 59 1-7 53

ottom >147 16°6 | 236 | 28°3 | 20-8 54 1-1 4-2

Mean 7-9 | 186 | 374 | 253 7:4 2:9 1-0

Bt 5, MBERICADE SOy 2L, AkOs, T LB L ST 4 — & — Y DN O T, N

(Fe,Mn)O zithnd 5. &< (Fe,Mn)O DiEns

L. ZOZERL LT, BORCEHICLDITE
KELIED LM AL, ZOELOFRTFEZERD

It e, Figo 14 @0 X Disb.

Wiz, TR OB NZE (bR & g TR & OBtk
IONTIRAS.

BTN XS RN o PR R IE O
N IR E 2 T RS, TR BN T
— 2 =Y Zx9, InLORNEEL > S L O L
ALO;, Si0;, (Fe,Mn)O =27, ML
MARZELE Y - Of{R% Fig. 15
T L A mtEJDO
DT ETHY, ALO; L L <z SiO,,
BRBE ) D/ NBEE 23 L

TR L.
FTE AL O (R AT
(Fe, Mn)O O

-

Bl fE T LA 2

MBI L ERNZ L2 TWL K9 THhALNS. &<
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Table 6. The ratios of chemical compositions of
inclusion at various positions in ingots.

ngot .. . Si0, MnO MnS
No Position of ingot /A 2O, | /FeO /FeS
. Middle| 0°43 2:76
Rim Bottom| 0°-87 114
A Top 2-14 0-34 0-58
Core | Middle| 2-93 0-89 1-39
Bottom | 1-30 149
. Middle| 1-53 240
Rim | Bottom| 070 | 1-49
B Top | 3-22 | 0-46 | 1-21
Core | Middle| 2-08 0-46 1-23
Bottom | 0°55 1:31
Rim Middle| 0-88 | 21:60 0-29
! Bottom | 0-69 | 2-32
c Top 2-33 4-75 0-28
Core | Middle| 2-28 4-85 074
Bottom| 0-64 2-68
Top 0-52 0-94
Rim | Middle| 0°68 0-90
Bottom | 0-67 0-98
D
Top 0:'80 1-08 0°63
Core | Middle| 0-:93 1:61 2:44
Bottom | 0-:95 0-93
Top 0-47 0:26
Rim | Middle| 0-62 1:27
Bottom | 0-79 1:03
E
Top 0-62 0:50 0-87
Core | Middle| 1-33 1-23 1:55
Bottom | 0°80 1-06
Top 0-48 1-25
Rim Middle| 0-64 0-81
F Bottom| 0°:63 0-94
Top 0-58 0-49 0-55
Core | Middle| 1-55 058 0-88
Bottom | 0°93 074
2TWK.
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Fig. 18. Relation between parameter Y and SiO,/
Al;Oy at top and bottom portion of core
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Fig. 19. Relation between the parameter Y and
(MnO/FeO) at rim and core bottom
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Fig. 21. Relation between the parameter Y and
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Table 7. Ratios of MnO to FeO of the extracted
inclusion positions in the G ingot.

Size of
I&_goot Position of ingot irzc/bu)sion (M7]F(‘)eO)
<100 3-5
Top >100 39
Mean 35
; <100 20
Rim Middle | > 100 11
Mean 1'8
<100 0-8
Bottom > 100 0-4
Mean 0-7
G

<100 2-6
Top > 100 1-8
Mean 2-5
<100 2-0
Middle > 100 0-5
Core Mean -9
<100 0-2
Bottom 100~200 10
otto > 200 16
Mean 0-3
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Fig. 22. Change of composition of scum during
rimming action.
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Table 8. Results of electron probe microanalysis
of scum, refer to photo. 7.
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ber ments Elements | Compounds| Summary
[ Mn 26:78 [34:55(MnQO)

] Fe 42:08 [53-86(FeO) 96-79
Ca 1:53 2-14(Ca0)
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Fe 6-00 7-48(FeQ) .
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