it g 3L

% & $® Vol 80 (1994) No.7

SRHERNDAEHLSFET S
BRI O T DIES) &R E R EIC & iR

migE A

* e AR

k—"—*Z

Motion of Small Particles in Solution with a Interfacial
Tension Gradient and Engulfment of the Particles by Solidifying Interface

Kusuhiro Mukar and Wei Lin

Synopsis : In order to clarify the behavior of small non-metallic inclusions and bubbles in liquid steel in front of an advancing solid
_liquid interface, the force acting on a particle, and the velocity of the particle, due to the interfacial tension gradient

between particle and solution, were investigated theoretically and experimentally.

The force and the velocity are

theoretically described as a function of particle radius, viscosity of solution and interfacial tension gradient. The velocity
of small bubbles in a water solution with C,sH,,SOs;Na concentration gradient was observed. The theoretical equation

derived in this paper can describe experimental results of the velocity.

The critical solidifying velocity from particle

pushing to engulfment by the interface was evaluated qualitatively by combining the effect of interfacial tension
gradient induced by concentration and temperature gradient formed in boundary layer in front of the solid-liquid
interface with the treatments developed by the previous investigators based on the wettability of the particle with the

solid and liquid.

Key words : motion of small particle ; liquid steel ; solution ; non-metallic inclusion ; interfacial or surface tension gradient ; engulf-

ment ; critical solidifying velocity.
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Fig. 1. Columnar particle at the interface of solu-
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Fig. 2. The coordinate system used for calculating
the force acting on a particle due to inter-
facial tension gradient.
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Fig. 3. Forces acting on a particle under the condi-
tion of interfacial tension gradient in hori-
zontal direction.

37

SRS DR T 5 AR ORI T OES) LEREIRE - & sHiz 529 M

LIca’- T, Fpold QUORTH LGN B,
Fo=67 7 RVi[1+(9/8)(R/H)]
2:3-2 REENDE L 2FEBRPORFOERE
a) K¥ERT, K EHED» BT Y 33546
(143 & (17) X & Newton D IR M » 6,
—(8/3)7r R* K —67 n RV.i—Ca(4/3) 7 R*0:(dv:/dt)
=(4/3)7 R*op(dVy/dt)
IIT, p3RTOEETH Y, EBOEZHIE, KT
EE L > TH BROBERLINMEEDETH Y, KT

VT2, ZOESDERMES N TEENT LI LERE
T 5, CLIZVEERE L Xidh, BBNIZ1/2L3nT
w312, Zoty, 2RI
dV/dt+97V./[{ o1+ 20s)R?]
= —4RK/[(017F20p)R?] ++-reeeerreenmeaininininiin. (22)
s, VICOCTHEL L,
Vi=—~URK/99){1—expl —97t/(o1+200)R?]} ------ (23)

ST, tRRFASERI LI LD TH L OEHITH 5, (23)
K D99/(01+200)REDEIE, —fRICIEFE RS V2 &
W, BB DAL OKL DA, p,=7.00X10°%kg m™2, op =
3.99%10%kg'm™3, 7#=4.6X10"3N-+s*m2'9, R=5X10"5
m & T g,

97/ (014 208)RP= 1.1 X 1OY(1/S) ++rrververmeremvmsneanenns (24)
L2’ T,
exp[fgm/(pﬂuzpp)RZ]qO .............................. (25)

TLhbb, MFIZEHLIEUD TH» 6, #4.2X1073 LI

#eR I (B R E)

DIYBIZET 5, V,OFBIIXKD KA L KM TH b, FEE
TOECLEIA»LRCEZIA~ERID I,
b) K»WEKT, BTV EEHROEEIECSA

a) LAMRLHET, QDR EQORL Y, #HEE,

V= —(4RK/977) [1+(9/8)(R/H)]" .................. 27
LS,
c) K¥EKT, Mo EHROEED LECIHE

15) K ANR X v, #HEEW,

V= -(2/3,7 Rz)/:RRXO(X)dX ........................... (28)

d) KPEET, NP EEROBEIECEA
(15)XE 200 & b, #HEEW,

Vi= —(2/37 RO[1+(9/8)(R/H)]~! f :xa(xmx -+ (29)

3. REQEHAFHEITDIERTOMNIZOE
EIDEFE

3.1 SKERHE
3-1-1 BELEPEEFECALET 5858

FEERIT OWIE ¥ Fig. 41287 L TOME® 2 DFAT 2
# o AW (E3X1072m, #34.2X107°m) T2 W15, *f



# & $AVol. 80(1994)No. 7

(] ]
: Water
—0
Glass
plate |o| Bubble
Light )
Microscope Video camera

+0 —
o Wire

Dc power supply Water solution

Fig. 4. Experimental apparatus in the case of verti-
cal concentration gradient of C,;sH,,SO;Na.
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concentration gradient.
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Table 1. Critical solidifying velocity and particle

behavior.
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Fig. Al The coordinate system used for calculating
the force acting on a particle due to inter-
facial tension gradient with the Laplace
equation.



