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Behavior of Non-metallic Inclusions and Bubbles in Front of Solidifying Interface of Liquid Iron
Kusuhiro Mukar and Wei Lin

The velocity of small particle caused by interfacial tension gradient in the boundary layer of concentration formed in

Using the equation, the behavior of Al,O; inclusions and bubbles in the boundary layer of concentration of Fe-O, Fe-
Ti, Fe-S systems was analysed and clarified in relation to solidifying velocity, bulk flow of the liquid iron and solute
concentration as well as radius of inclusion or bubble. The analyses predict that the small Al,O; inclusions or bubbles
move toward and contact solidifying interface due to the concentration gradient of the solute O, 77, S and the velocity

non-metallic inclusion ; bubble ; velocity ; interfacial or surface tension gradient ; oxygen ; titanium ; sulphur ; liquid iron ;
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Synopsis :
front of an advancing solid-liquid interface is derived as follows :
V= (4/97D.) (1—Kg) Co (da/dCL) RV X [1+ (9/8) R/ (x—R) ] -'exp[ — Vs (x— ) /D]
of the inclusions and bubbles increases with increase of the concentration of the solutes O, T7 and S.
Key words :
solidifying interface ; boundary layer.
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Fig. 1. Relation between K and x (Co=10"*mass?(,
Vs=5Xx10"*m/s, 6=10"°m, R=10"°m).
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Fig. 2. Relation between x and V; (Co =10"*mass%,

Vs=5%10"*m/s, §=10"*m, R=10"°m).
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Table 2. K{(N'm™2), V,;(m/s), do¢/dC.(N-.m!-
mass% ') and dC./dx (mass% - m™?) in Fe
-0, Fe-Ti and Fe-S system (Co=103
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m, Xx=6/2).
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Fig. 3. Relation between Vs and K (Co, =10"3mass?%,
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%,

COFRAT L K, EHARAROFREI I 2 T, s%107¢
mi BT 20, H5 B CL VREIZELILT,
210 mU T IC T, MEP R REm AT 28
BB 32 b5, 2268/ s T0UE, i
PRAIEIL, SOBOHRZAVYINLG L 2 2DT, REGEHS
BKIZ& 2 IR AAS 0, ZORRITE - Th, R~
EET AEE R 2B,

35 VICRIZTNMEDOEEROEE

NUEHOFENKREL BB E, HF KRS -T, |V
BRESS, LL, PEVRESLOVTEL L, ME
Widr 5 2 CTOHBEYEL o T, WHADKRE (LB
DT, EDEIEDFEL 2o T, [V, A > TS5,
Fig T\omR TR T T, HIR=2.5X10"°*m®D ¢ sV IZ&EK
LB, MEMSLIIREL LY, FOEENSFEBL S
L, MEYNIBELERS A L T 5 AWK &332 BmE
NS e B, TDFER, HBD3 - 68IZR~<3 & 512,
Fib sl k-T, BHEIV[IZSCITEL L5,
3+6 VIZRIZTHREREC,HEE

VI RIETIREC, OEE ¥ Fig. 8 (iR, Cod™4n 3

12— .
1. Fe—O/Al04
I 3. Fe-S/Al,O3

T T
2, Fe—Ti/AIZOT!

8f 3 _

-V, 10 2mys

1 1 1 L

0 10 20 30 40 50
R /107%m

Fig. 7. Relation between R and V; (Co, =10~*mass%,
Vs=5X10"*m, §=10"*m, x=4/2).




4 T T T — T
1. Fe-O/Al,O3 4. Fe-O/Bubble |
2. Fe-Ti/Al,04 5. Fe-Ti/Bubble
3l 3. Fe-S/Al,04 6. Fe-S/Bubble |
6
@{
£
¥ 2 7
2
=
1 1L ”’l/,i_,;ff;
///1//
/j,/f
0 2
0 2 46 8 10

Co /10°mass%

Fig. 8. Relation between C, and V, (R=10"%m, V=
5X107*m, §=10"*m, x=6/2).

ZoNT, |V bind 25, Fe-TiRkixgkld, Fe-0O, Fe
~SRIFESRIZHL T, HMORE»E L (3w, Fe-SRiA
SROMEH D D DRI L TH S K3 v, Fe-S/ALO R
Tld, ¥& £S=2X10"mass% 20ppm) LI Tz 5 &, S
BEDWA L E ]V [TRD Lk U, AEWOEERE R
~OIEFEIHNC AT 2 SIBE D ORI - & b LERNE,
Fe-S/SaRT I, ¥ & £250ppmbl FT SIRE DA DR
BELIL B,

FEEROMH Iz TH, SIREDHEME & b2, 7TvIisd
TEDOFEEHEMT 5 2 L MEINTVE2I, 260D
HFEW, SEEOHEMIMEIF, [V,|OBKIZLh 7 rIF
STEMP LAV EIERF I CER LT 2y, FEMECHR
ANBAAREEVEL 2 I LERTIOLEEZLLNS,
3.7 BEFHRENEY, NSOEEORE

XEIE S 1mO/KRFEEE DO BA, Fig. 9 (a)D X 512, ivfE
e RIIExBIO B HIM~EEV, TEIC, 272, FhiCx 3
BENEIE 1L, StokesHBIIz & - T, (9)XRTHLLNB,

Ve=2A0gR?*/97

2T, Aok, MEHRPRWEEMOEEETHY, E
DIETH 5. RE50umDBHr, Ve=4.35X10"°m/sTH %,
LIZHS» T, Vilze LTI TOERER» GG »
ko, KRPHROEEDEHET S, Fe-O, Fe-S, Fe-
TiRDBFA, AR R/EH sOMN I AL, K HERNDE
T EEV DRIV L OFLLREL R 5DT, 4

= S
S|L L
lgarticle ° L
—_ S
(a) Horizontal (b) Downward (c) Upward

Fig. 9. Relation between direction of solidification
and particle motion.
(a) Horizontal solidification (b).Downward solidification
(c) Upward solidification

45

BERDUEF FE AR I 31 2 M L Rio%¥%d) 537 M

Table 3. Critical radius R of Al,O; inclusinos and
bubbles in Fe~O, Fe-Ti, Fe-S system (Co=
10~%*mass%, Vs=5X10"°m, ¢=10"3m).
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Rc/10*m 1 0.80
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