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Fig. 1. (color online) Physical model of primary dendrites in continuous casting mold: (a) Casting process;

(b) solidification front.
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Fig. 2. (color online) Stress model of primary dendrite: (a) Dendrite prototype; (b) cantilever beam model;

(c) stress on cantilever beam.

166101-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 16 (2016) 166101

Pl?
M(x) = 5 (18)
md*

I = L 1
i (19)
96nvl>

Omax — TQE (20)

— U i AR R I B T AR R ARE [ 5 1) 7 3
SRR, EXBGRERE IS RERJBERNK
bt MR B AT d 5 AR B4R d, AR N 34E
A, W (20) B A IR N

~ 96nv (1 2rd\?
Omax — d (d) <dr> . (21)
3 &R 54
3.1 1RBVIGE
LCK fR MR 28] 7R 3R sh N 855 461 R, Xt
T A 2 Ui T DR RO ST A SR AR SR T SR i R g o A2
R AR TE R A B2 R e R, #odE X A

SCCA RN LGK AR Y 1 58 1R R iy A2 K st 2R 56
B SO AT 15 BN SR ER 0.3 mm 0.3 mm

TR O ALK, R L pm s R
438300300 AN el ASHF 78 BT S HE B E
P37 T 2 A SERRAIAR S SC ik 2029320 gl F3% 1.

B3 (a) NI FE A 6 KT BAS f kLK K it A
G i 2 o Bk AR K R DRI VA FEAELE, B LGK
BRI, B 2 o A KOl BN AR E; 1R CA
BRI TH BN, B — RO AR i A e A, g ] 22
A AL RA R, A O 0.5 s J5 AR KR TP A,
HEIE 22 1.25 I, PSRBT 45 B 4 il AR e AE
83.9 F184.8 pm-s™t, X U EAL N 1%, 4K
IR —F WAh, TR A BEEE G 1.25 s I
B R P E R R T 3 (b), WA EH2 K E
6 K, CABIRITHE S5 008 = T LGK B8, 6 K I 2
AAEE, WimT 6 KRG GUAE R, HEtEE R E T
PE T, 31X A R I ¥ FEE 164 IS S it R i AR 48, {5 2 iy
2 22 HIEAR A0, HLBARR, Sh e im0 A5 0 T B 25 3R
WAL/, 25 b CABR L LGK A2 45 JEIE A A
R, TR CA AR F T BB AN — IR i (R
A LI AR TE 5.

®1 BEMITHSH

Table 1. Property parameters for model calculations.

Parameters Unit Specific parameters value
Micro-Field liquid temperature T} K 1600
Liquidus line slope m1 K(wt.%)"! —78.0
Conductivity A W (mK)~! 33
Ds kgm™3 7400
Dendity
Parameters for heat transfer ol kgm™3 7020
Cs  J(kgK)?! 648
Specific heat capacity o)) J- (kg K)~1 824
Cm  J(kgK)?! 770
Latent heat L Jkg! 2.72x10°
Gas constant R J(K-mol)~! 8.314
Parameters for solute diffusion
Partition coefficient ko — 0.34
Parameter for anisotropy € — 0.04
Parameters for nucleation
Gibbs-Thomson coefficient r K-m 1.93x10~7
Viscosity of liquid steel n kg (m-s) "1 3.2x1073
Parameters for mechanical model = Flow velocity in meniscus area  vipns m-s—! 0.1—0.3
Casting speed Ve m-min~?! 2
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Fig. 3. (color online) Growth velocity of primary dendrite tip: (a) Effect of solidification time; (b) effect of undercooling.
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Fig. 4. (color online) Solute diffusion of primary dendrite growth: (a) 2 K; (b) 4 K; (¢) 6 K; (d) 8 K; (e) 10 K.
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lines of primary dendrites.
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Fig. 6. (color online) Growth morphology of primary
dendrites: (a) 0.25 s; (b) 0.5 s; (c) 0.75 s; (d) 1.0 s;
(e) 1.25 s.
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Abstract

The initial growing dendrite is influenced significantly by the complicated solidification conditions in continuously
oscillating mold. The uneven growth of dendrite causes some defects seen commonly such as internal crack, subsurface
porosity, subsurface inclusion and other defects of continuous casting billet. The induced initial defects in mold can be
expanded and propagated in the following process such as secondary cooling, straightening, rolling and other subsequent
handling procedure and then evolve into serious defects that can restrict the development and the quality refinement of
final steel products. The mechanical stress caused by mold oscillation and the melt flowing is a crucial factor that leads
to the uneven microstructure growth of initial solidifying shell in continuous casting mold.

In this work, we simulate the growth and the morphology evolution of primary dendrites in mold area by using the
cellular automaton (CA) method in combination with the actual conditions for continuously cast low carbon billet (Fe-
0.6 wt.%C). Further, the mechanical state of initial dendrite is analyzed by regarding primary dendrite as a cantilever
beam and its mechanical stress is calculated by combining thermo-physical properties and flow rate of steel based
on the principle of materials mechanics to shed light on the formation of initial defects formation in mold area of
continuous casting process. The results show that the solute concentration of initial dendrite tip gradually increases with
undercooling from 2 to 10 K, and the maximum concentration rises by 0.07% when the increment of undercooling is
2 K. The length of dendrite arm increases significantly with undercooling from 2 to 6 K. However, the length of dendrite
arm remains steady in a stable growth rate of 0.08 mm-s~! when the undercooling is enhanced from 6 to 10 K. The
increase of undercooling reduces the bending stress at dendrite root when the flow rate of molten steel is improved from
0.13 to 0.33 m-s™*, while the mechanical stress continuously increases with the growth of primary dendrite at a constant
undercooling. The bending stress of dendrite root has a high possibility to exceed its critical fracture strength under the
condition of undercooling below 6 K or dendrite grow up more than 1 s. The primary dendrite is likely to be fractured

and form initial defects of billet.

Keywords: continuously cast low carbon steel, primary dendrites, growth and stress, cellular automaton
method
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