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INTERACTION BETWEEN NON-METALLIC AND SOLIDIFICATION FRONT

The process of steel solidification in the CCS crystallizer is accompanied by a
number of phenomena relating to the formation of non-metallic phase, as well as the
mechanism of its interaction with the existing precipitations and the advancing
crystallization front. In the solidification process the non-metallic inclusions may be
absorbed or repelled by the moving front. As a result a specific distribution of non-metallic
inclusions is obtained in the solidified ingot, and their distribution is a consequence of
these processes. The interaction of a non-metallic inclusion with the solidification front was
analyzed for alumina, for different values of the particle radius. The simulation was
performed with the use of own computer program. Each time a balance of forces acting on
a particle in its specific position was calculated. On this basis the change of position of
alumina particle in relation to the front was defined for a specific radius and original
location of the particle with respect to the front.

Physically this phenomenon describes a system of forces acting on a particle and
from which we have a velocity vector. In a situation corresponding to the conditions of

COS crystallizer, the following system of forces acts on a particle:
, 4 3
— force of gravity: Fg =3 (Pm = Pcz)- &

— viscous resistance force fd =6-7-u-r-Vp-0

Coefficient © depends on the direction of the particle and its distance from the front

h:for particles distant from the front: 6 =1, for particles approaching the front: 6 :ﬁ, for

particles moving parallel to the front: 6 = m(%)
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— Saffman force: 'S =646 41"V \/;
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— Mukai force: fm =—7-7-r
3 Oz

Particle movement near to crystallization front may be described with the following

mathematical model:

dv dVy
~=a ) — - =a,,
F(F.F,.F,v) dr dt
a:
4rrp, v, (t=0)=1) v, (t=0)=v,

I, =|F, 2+‘Fd2

g

Resultant F,, force are calculated:

14 /

] ~

. /
208
v

3 —— gradient0,00001

—— gradient0,0001

06 / / gradient0,000001
0,4 / /
v /

0 ;

0 0,002 0,004 0,006 0,008 0,01 0,012 0,014

Fig. 1 Influence of local gradient of velocity on the movement of particle of radius 100 um

The analysis of movement of a particle in the neighborhood of the solidification front
allowed authors to distinguish a few cases of interaction. The pushing of particles towards
the front was applicable mainly to large gradients of velocity, also the pushing of particles
towards the front was observed only for high gradients; however the flotation of inclusions,
especially at a very small gradient of velocity, was considerably smaller. The most
complex case was the interaction of particles moving towards the front. In this case the
high gradient did not favor assimilation of particles by the solidification front, especially in

reference to small inclusions.
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HaumoHanbHas MeTannyprmvyeckad akagemmd praI/IHbI, ,D,HeI'IpOI'IeTpOBCK

®YHKUNOHAJIbHO-OPUEHTUPOBAHHbIE TEXHOJIOT'MYECKUE MNMPOLIECCHI
U3roTOBJIEHUA BOOOOXNAXOAEMbIX MEOHbIX U3OENUA B METANNYPIUN

Ona obecneyeHns  TEXHOMNOrMA  BbIMMAABKW  YyryHa, cTanu W Opyrux
MeTannyprmyecknx npoLeccoB MPUMEHSAIOT arperatbl, B KOTOPbIX LUMPOKO WCMOMb3ylT
pasnuyHble TUMbl KOHCTPYKUUA N3aenni n3 Mean n MegHbIX HU3KONermpoBaHHbIX CMiaBoB
— 9TO oxNnaxgawLime nNNnTbl, Pypmbl ANs nevyen JOMEHHOro AyTbsl, HAKOHEYHUKM PypMbl
ANS KUCMOPOOHbIX KOHBEPTEPOB, 3reKTpoaoaepKaTenn U KOHTaKTHbIX KneMMbl, COOpHble
KpMcTannmMsaTopbl NMMHWUIA NS HENPEPbIBHOIO NUTbSA U T.N. OTO 06yCMNOBMEHO HEe TONbKO
BbICOKUMW TEMMO- N 3NEKTPONPOBOAHOCTLIO, HO 1 BbICOKON YCTOMYMBOCTBIO K KOPPO3UK U
NNacTMYHOCTBIO Meau, YTO NO3BOMSIET UCNONBL30BaTh €€ Ans KOMMNeHcaun pacluMpeHmnin n
CKaTUM  OrHeynopHowm (yTEepoOBKW, BbI3BaHHbIX 3HAYMTENbHbIMKM  AedopmMaumsamm
xonoauneHblx kKamep [1].

fetann wn y3nbl MeTannypruyeckux arperatoB paboTaloT B CNOXHbIX
9KCMMyaTauMoHHbIX YycrnoBusix. [lpy 3TOM OHM WCMbITLIBAIOT ~ MHOXECTBO Harpy3ok,
BO3HMKAKOLWNX U3-32 TEPMUYECKMX BO3OEWNCTBUN, LOENCTBUS KOHTAKTHbIX HanpsKeHun,
BO3HMKAOLWEro CAOXHO AePOpMUPOBAHHOIO COCTOSAHMSA Y U3HOCA NMOBEPXHOCTHbLIX CrOEB,
MUKPOBO3AEWCTBMIN YacTuy, MbliK, MNecka W ApYrux 9MnemMeHToB. OTW BO3OENCTBUS
oTpuUaTenbHO BUSAKOT Ha 3JKCMfyaTauMOHHble CBOWCTBA MeaHblX usgenui. [Moatomy
paspaboTka MeponpusSTUA MOBbILWEHUS WX HAAEXHOCTM Ha OcHoBe obecneveHus
3aJaHHbIX, TpebyeMmbIX UK npeaenbHbIX CBONCTB (DYHKUNOHAMNbHbLIX 3N1EMEHTOB U34enum
N Meau gaBnsieTcs aktyanbHon npobrnemon. OcobeHHO BakHbIM 3Tanom MPOU3BOACTBA

3TUX n3gennn aensieTcy paspa60T|<a n peann3auna TexXHOJNIoOrm4ecKoro rnpouecca ux
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