DO*®

$% & $R Telsuto-Hagané Vol. 94 (2008) No. 6

SHOEREHE <& (T 5 HE ARG & PHASEE H4

b Bz * - il B - A SRR - EA

= YA ]
El,

Mould Lubrication and Control of Initial Solidification Associated with Continuous Casting of Steel

Toshiyuki KANTANI, Wataru YAMADA, Hideaki YAMAMURA and Masamitsu WAKOH

Synopsis : In continuous casting of steel, it is important to provide stable lubrication for a solidifying shell that is kept as uniform as possible in an oscil-

lating mould, because this improves not only productivity of the process but also surface quality of cast slabs. In the first part of the present

article, mould lubrication is reviewed with an emphasis on infiltration of mould flux in the channel between a solidifying shell and a mould.

Theoretical understandings of the phenomenon are described in comparison with experimental and empirical knowledge in casting operation.

Next, development of uneven solidifying shell is discussed from not only thermo-mechanical behavior of the shell but nucleation and growth

during initial solidification at cast surface. This reveals importance of heat transfer control between the shell and mould. For this reason, the

discussions are extended to crystallization of mould flux film that provides stable reduction in the heat transfer. Effect of the crystallization

on conductive and radiative heat transfer through mould flux film is discussed as well as change in thermal resistance at interface between the

flux film and mould wall. Then, recent studies on crystallization of cuspidine (3Ca0-28i0,- CaF,) are also referred. Finally, current knowl-

edge of mould flux infiltration, control of initial solidification and heat transfer in continuous casting mould is briefly summarized.

Key words: continuous casting; mould flux; lubrication; deformation; nucleation; heat transfer; crystallization; cuspidine.
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Fig. 1. Trends of research and development on mould lubrication and initial solidification in continuous casting of steel.
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Fig. 2. Definition of specific periods in mould oscillation
(a), and their effect on stress in a solidifying shell
(b) and mould flux infiltration (c).
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Table 1. Theoretical analyses on mould flux infiltration.

Reference Type o.f Analysns‘ Profile of flux channel |Film thickness of mould flux Mould oscillation
(Equation, Experiment)
Kor (1981)* Navier-Stokes parallel boards constant included
Bland (1984)*9 Reynolds parallel boards constant included
Anzai (1987)*7 Reynolds non-parallel boards  |constant included
Nagano (1988)*®  {Navier-Stokes parallel boards empirical function of casting velocity not included
Risteski (1990)°”  |Reynolds non-parallel boards  |constant included
Nakajima (1992) ' [Navier-Stokes parallel boards empirical function of casting parameters  |included
Ttoyama (1996)°2 [Cold Experiment non-parallel boards  [constant included
Steinruck (1998) ** Re?'nolds, Beam bending of calculated calculated as a solution included
solid shell
Yamauchi (2002) *” {Navier-Stokes non-parallel boards calculated, but partially given as an included

empirical function of casting velocity

Ogibayashi (2002) **|Reynolds non-parallel boards  |calculated as a solution not included
Meng (2003)°9 Navier-Stokes, Continuity paralle] boards constant included
Okazawa(2006)°"*® |Reynolds, Motion of solid shell |non-parallel boards  |calculated as a solution included
Kajitani (2006) 0 |Cold Experiment non-parallel boards  |varied and measured in the experiment included
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Fig. 3. Thermo-mechanical behavior of a totally solid body (a) and a solidifying shell (b)—(d).
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Table 2. Recent studies on crystallization of mould flux and artificial slag.

Category Diagram or Index Method Chemical Composition Ref.

3Ca0-28i0,- CaF,-CaF, 152

Static Phase Diagram DTA(Pt capsule)  |CaO-SiO,-CaF, 153

3Ca0-28i0, " CaF,-CaF,-NaF 154

Mainly Static |Breaking Point Viscometer Ca0-S8i0,-F-Na,O 155
TTT Diagram Hot Thermocouple |Commercial mould flux 158,159

CCT Diagram DTA & Dip Test |Commercial mould flux 138

CCT Diagram DTA(Pt capsule)  [Ca0-Si0,-TiO, 171

Kinetic Critical Cooling Rate of Laser Microscope |Commercial mould flux & 160

Crystallization Ca0-Si0,-Na,0, Li,0
Cry. ratio in Iso-thermal Annealing  |Annealing - XRD |CaO-Si0,-CaF,-Na,O, Li,O, K,0 161

Crystallization Temp. during Heating [DTA
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