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Evaluation of viscosity of mold flux by using neur-
al network computation
M.HANAO et al.

A new estimation method of viscosity or solidifi-
cation temperature of mold fluxes was proposed by
applying the neural network computation. In this
evaluation system, the viscosity and the solidifica-
tion temperature of mold fluxes can be evaluated
from the analytical compositions in multi-compo-
nent systems of Si0,-Al,0;~CaO-MgO-Na,O—
F-T.Fe-Zr0O,~TiO,~BaO-MnO-B,0,-S-C without
any conversion of S or F to sulphide or fluoride.
It was found that the calculated results of the
dependence of viscosity on temperature and compo-
sition agree with the experimental results more
precisely than some conventional physical models
for viscosity. Furthermore, viscosity of mold fluxes
can be estimated precisely in the wide range of SiO,
content.

(cf. ISIJ Int., 46 (2006), 346)

Viscosities of Ca0-Si0,-AL,0,~R,0 or RO) melts
S.SUKENAGA et al.

The effect of adding R,0 (R=Li, Na and K) or
RO (R=Ba, Mg) on the viscosities of CaO-SiO,~
ALO, (Ca0/Si0,=0.67, 1.00 or 122, ALO,=
20 mass%) melts has been measured by rotating cru-
cible viscometer. In addition, structural characteri-
zations of these quenched vitrcous samples have
been investigated by Al and *Si MAS-NMR
spectra.

The viscosities of Ca0-Si0,~Al,0,-R,0 quater-
nary melts decreased with increasing the additive
content of Li,O or Na,O. However, the viscosity of
the melts increased with increasing the additive con-
tent of K,O. In the case of CaO-Si0,-Al,O;-RO
quaternary melts, the viscosities of the melts with
Ca0/Si0,=0.67 decreased with increasing the addi-
tive content of BaO or MgO, however, the viscosi-
ties of the melts with CaO/SiO,=1.00 and 1.22
increased with increasing the additive content of
BaO.

In the case of CaO-Si0,-A1,0,-R,0, the analysis
of YAl MAS-NMR spectra and 2Si MAS-NMR
spectra indicated that the degree of polymerization
of silicate anions in the glasses decreased with the
addition of Li,O or Na,O, and that the degree of
polymerization of aluminosilicate anions in the
glasses increased with the addition of K,O. It was
estimated from the results that the increase in vis-
cosities of Ca0-8i0,-Al,0,-K,0 melts was depen-
dent on increase of aluminosilicate anions in the
melts with the addition of K,O.

In the case of CaO-Si0,~A1,0,-RO, the analysis
of YAl MAS-NMR spectra and ?Si MAS-NMR
spectra indicated that the degree of polymerization
of silicate and aluminosilicate anions in the glasses
decreased with the addition of MgO. The degree of
polymerization of aluminosilicate anions in the
glasses increased with the addition BaO. It was esti-
mated from the results that the increase in viscosi-
ties of Ca0-Si0,~-Al,0,—BaO melts was dependent
on increase of aluminosilicate anions in the melts
with the addition of BaO.

(cf. ISIJ Int., 46 (2006), 352)

Development of a quasi-chemical viscosity model
for fully liquid slags in the Al,0,-CaO-FeQ’-
Mg0-Si0, system. Part 1. Description of the
model and Its application to the MgO, MgO-SiO,,
Al,0,-Mg0 and Ca0-MgO sub-systems
A.KONDRATIEV et al.

A structurally-based quasi-chemical viscosity
model for fully liquid slags in the Al,0,~CaO-
‘FeO’-MgO-Si0, system has been developed. The
model links the slag viscosities to the internal struc-
tures of the melts through the concentrations of vari-
ous Sips0, Me%,0 and Mef;Si;,sO viscous flow
structural units. The concentrations of these struc-
tural units are derived from a quasi-chemical ther-
modynamic model of the system. The model de-
scribed in this series of papers enables the viscosi-
ties of liquid slags to be predicted within experi-
mental uncertainties over the whole range of tem-
peratures and compositions in the Al,0,~CaO-
MgO-Si0O, system.

(cf. ISIJ Int., 46 (2006}, 359)

Development of a quasi-chemical viscosity model
for fully liquid slags in the Al,0,-CaO-'FeQ’-
MgO-Si0, system. Part 2. A review of the experi-
mental data and the model predictions for the
Al,0,-Ca0-Mg0, Ca0-Mg0-Si0, and Al,0,-MgO-
Si0, systems

A.KONDRATIEV et al.

A structurally-based quasi-chemical viscosity
model has been developed for the AlLO,~CaO-
‘Fe0’-MgO-Si0, system. The model links the slag
viscosity to the internal structure of melts through
the concentrations of various anion/cation Si, 0,
Mej;O and Me')Si;,sO viscous flow structural
units. The concentrations of structural units are de-
rived from the quasi-chemical thermodynamic
model.

The focus of the work described in the present
paper is the analysis of experimental data and the
viscosity models for fully liquid slags in the Al,O,—
Ca0-MgO, Al,0,-Mg0O-8i0, and CaO-MgO-SiO,
systems.

(cf. IS1J Int., 46 (2006), 368)

Development of a quasi-chemical viscosity model
for fully liquid sags in the Al,0,-CaO-FeQ’-
MgO-Si0, system. Part 3. Summary of the
model predictions for the Al,0,-Ca0-Mg0-Si0,
system and its sub-systems

A.KONDRATIEV et al.

A structurally-based quasi-chemical viscosity
model for fully liquid slags in the Al,0,~CaO-
‘FeO’~-MgO-Si0, system has been developed. The
focus of the work described in the present paper is
the analysis of the experimental data and viscosity
models in the quaternary system Al,0,—CaO-MgO—
Si0, and its sub-systems.

A review of the experimental data, viscometry
methods used and viscosity models available in the
Al,0,-Ca0-MgO-SiO, and its sub-systems is re-
ported. The quasi-chemical viscosity model is
shown to provide good agreement between experi-
mental data and predictions over the whole compo-
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sitional range.
(cf. ISIJ Int., 46 (2006), 375)

Viscosity and surface tension measurements of
RE,0,-MgO-SiO, (RE=Y, Gd, Nd and La) melts
FSHIMIZU et al.

The effect of RE,O; (RE=Y, Gd, Nd and La) on
the viscosity and the surface tension of 45.2MgO-
54.85i0, (mol%) melts have been investigated with
rotating crucible viscometer and ring method, re-
spectively. Additionally, structural characterizations
of these quenched vitreous samples have been inves-
tigated with Infra-Red spectrometer.

The viscosities of RE,0,-MgO-SiO, melts were
found to decrease with increasing the content of any
rare-earth additions, which suggests that rare-earth
oxide behaves as a network modifier of complex sil-
icate anions in high temperature melts. The viscosi-
ties decreased in the order of cationic radius of rare-
earth; from Y,0,, Gd,0,, Nd,O, to La,0,.The sur-
face tension of MgO-SiO, binary melts were found
to increase with increasing the content of any rare-
earth additions. The surface tensions obviously in-
creased in the order of cationic radius of rare-earth,
which the change of with rare-earth addition is di-
rect antithesis of that of viscosities.

The decrease of the absorption band of
RE,0;-MgO-Si0, glasses at 1 060cm ™" (Si,,03"")
with the attendant increase of the absorption band at
930 cm™" (Si,057). These variations with rare-earth
oxides content means that the degree of polymeriza-
tion of complex silicate anions become smaller with
rare-earth oxide additions.

The viscosity of rare-earth containing silicate
melts linearly increases with cationic field strength
of RE**. The surface tension of rare-earth contain-
ing silicate melts linearly decreases with cationic
field strength, except Y,0, additives.

(cf. ISLJ Int., 46 (2006), 388)

Measuring and modeling of viscosity and surface
properties in high temperature systems
L.HoL4pPPA et al.

In order to be able to understand and model the
kinetics of heterogeneous reactions and transport
phenomena it is necessary to have experimental data
of physical properties like viscosity, surface energy
and interfacial energy. In this study viscosity of
high-melting slags containing chromium oxides
were measured. Central results and observed rela-
tionships and modelling are described. The results
showed that addition of chromium oxide into the
slag decreases the viscosity but the influence be-
comes weaker at high CrO, contents. The viscosi-
ty-composition relation was evaluated by a modified
lida’s model and a good agreement between the ex-
perimental and calculated results was observed.

Interfacial phenomena between liquid metal
and slag with gas bubbles entering through the
metal-slag interface were investigated by X-ray
transmission technique. Bubble behaviour at metal—
slag interface and dispersion of metal droplets
into the slag were measured as a function of interfa-
cial tension, gas bubble size and slag viscosity.
The effect of different parameters on metal entrain-



ment is discussed.
(cf. ISLJ Int., 46 (2006), 394)

Evaluation of surface tension of molten ionic mix-
tures
T.TANAKA et al.

A thermodynamic model was derived to evaluate
the surface tension of molten ionic mixtures by con-
sidering the ratio of the radius of cation to that of
anion. The present model reproduces the following
characteristics of the composition dependence of
molten alkaline-halide ionic mixtures precisely.

e almost linear change with the composition in
common cation systems:

e large concave of the composition dependence
in common anion systems.

The present model can be applied to evaluate the
surface tension molten ionic mixtures with complex
anion such as sulfate as well as molten SiO, based
binary systems considering effective ionic radii for
complex anions.

(cf. ISLJ Int., 46 (2006), 400)

Influence of slag composition on slag-iron interfa-
cial tension
H.Sun et al.

Interfacial tensions between liquid iron and slag
were examined for CaO-SiO, binary and CaO-
Si0,-Al O, ternary slag systems. The influences of
FeO, MgO, B,0,, TiO,, BaO and ZrO, in slag on the
interfacial tension were also investigated by varying
these oxides from 1-30 wt% in the CaO-SiO, bina-
ry or CaO-Si0,~Al, 0, ternary slag systems.

The interfacial tensions were determined by the
sessile drop technique under argon atmosphere at
1853 K. An X-Ray radiographic technique was em-
ployed to image the profile of molten iron drop in a
slag bath and the interfacial tensions between slag
and iron were obtained from the drop shape
analysis.

In examining the effect of slag composition on
the interfacial tension, the oxygen in liquid iron and
its impact on the interfacial tension was taken into
consideration. The interfacial tension was found
slightly increased with increasing CaO/SiO, ratio in
Ca0-S8i0, slag, and with increasing MgO content in
the slag. A decrease of interfacial tension was found
with increasing FeO in slag. Only minor changes in
the interfacial tension were observed with varying
the slag composition in the Ca0-SiO,~ALO,
ternary slag system and the influences of B,O;,
TiO,, BaO, and ZrO, in slag on the interfacial
tension were found insignificant.

(cf. ISLJ Int., 46 (2006), 407)

Lattice and radiation conductivities for mould flux-
es from the perspective of degree of crystallinity
S.0z4w4 et al.

The lattice and radiation conductivities have been
determined for commercial mould fluxes in glassy
and partially crystalline states as functions of the de-
gree of crystallinity to confirm whether or not more
crystallisation of mould fluxes is always effective in
slow cooling in continuous casting. Lattice conduc-

tivities, refractive indices and absorption/extinction
coefficients were measured on glassy and partially
crystallised samples from commercial mould fluxes.
The lattice conductivities of mould fluxes increased
with increasing the degree of crystallinity at temper-
atures around 773 K and more prominent increase
was observed where the degree of crystallinity ex-
ceeded about 20 %, which would be due to the con-
tact between crystal grains precipitated. However,
fluxes having higher degrees of crystallinity showed
negative temperature coefficients in the lattice con-
ductivities, particularly at higher temperatures, and
thus there was a case where the lattice conductivities
decreased with increasing the degree of crystallinity
at higher temperatures. On the other hand, the radia-
tion conductivities tended to decrease with increas-
ing the degree of crystallinity and became almost
constant where the degree of crystallinity exceeded
about 15%. As a consequence of this, more crys-
tallisation does not always lead to slow cooling in
continuous casting: the degree of crystallinity
should be controlled to be about 15% where the
partially crystalline phase exists around 773 K.

(cf. ISLJ Int., 46 (2006), 413)

Thermal conductivity of the Ca0-Al,0,-Si0, sys-
tem
Y KANG et al.

Thermal conductivity of the CaO-Al,0,-SiO,
system, which is one of the most important silicate
melts in iron- and steel-making processes, was mea-
sured using non-stationary hot wire method in the
range from liquidus temperature to 1873 K. Mea-
surements were carried out at various compositions,
and iso-thermal conductivity line of the CaO-
Al,0,-8i0, system was drawn in iso-thermal sec-
tions at 1 673K, 1 773K, and 1 873 K. Thermal con-
ductivity decreased with basicity increase, when
Ca0/SiO, ratio is smaller than unity, whereas it
showed constant value when CaOQ/SiO, ratio is larg-
er. In case Al,O; content was varied at constant
Ca0y/Si0, ratio of 0.39 and 0.90, thermal conductiv-
ity showed maximum at 15-20 mass% Al,O,, sug-
gesting that Al,O, behaves as an amphoteric oxide.
In the temperature range of interest, the thermal
conductivity of each composition decreased as tem-
perature rises. Temperature dependence showed de-
viation from linearity with the reciprocal of absolute
temperature, which was considered to be due to the
thermally-induced depolymerisation of the silicate
structure at higher temperature. Also, thermal con-
ductivity was found to conform to an exponential
function of 1/T during deploymerization with the
apparent activation energy.

(cf. ISLJ Int., 46 (2006), 420)

Application of square-wave pulse heat method to
thermal properties measurement of CaO-Si0,-
A0, system fluxes
K. NIsHIOKA et al.

The square-wave pulse heat method was im-
proved to measure thermal properties of vitreous
samples by considering radiation heat transfer be-
tween the front and back faces of the samples, and
the measurement accuracy of the method was exam-
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ined.

Thermal properties of CaO-Si0,~Al,0; samples
were measured by the method. Thermal diffusivities
of the crystalline 40Ca0—408i0,~20A1,0, (mol%)
sample are about 1.5-2.5 times larger than those of
the vitreous sample. Specific heat of the crystalline
and vitreous samples shows almost the same tem-
perature dependency, except the highest measure-
ment temperature due to crystallization of glass.

Finally, we investigated the reason that the ther-
mal conductivity values measured by the improved
square-wave pulse heat method differ from those by
the line source method. As a result, crystallization
of glass during the measurements would cause the
difference of the temperature dependencies of the
values measured by the two methods.

(cf. ISLJ Int., 46 (2006), 427)

Estimation of heat transfer of a front-heating front-
detection laser flash method measuring thermal
conductivity for silicate melts at high tempera-
tures

H.OHT4 et al.

The thermal conductivity of silicate melts at high
temperatures was determined by applying a differen-
tial three-layered laser flash method. In this method,
the correction for radiative heat transfer was indis-
pensable to obtain accurate thermal conductivity of
the melts at high temperatures because, at 1 500K,
the uncorrected values are 20 to 40% larger than the
corrected ones; further, the corrected values strongly
depend on the absorption coefficient of silicate
melts. Recently, we applied the front-heating front-
detection laser flash method using a short initial
time period immediately after laser pulse irradiation
for silicate melts. This method was considered to be
unaffected by the radiative heat transfer. However,
the amount of the radiative effect on thermal con-
ductivity was not estimated. On the basis of heat
transfer theory, the temperature responses of this
method were numerically calculated by considering
radiative heat transfer. The result revealed that the
radiative effect is less than 4.4% even at 1 743 K.

(cf. ISLJ Int., 46 (2006), 434)

Crystallization of Ca0-Si0,-TiO, Slag as a candi-
date for fluorine free mold flux
H.NAKADA et al.

The time-temperature-transformation ~diagram
(TTT diagram) of CaO-SiO,~-TiO, slag has been
determined by using differential thermal analysis
(DTA) in order to investigate the crystallization of
the slag as a candidate for fluorine free mold flux.
The incubation time of CaOSiO,TiO, in
Ca0-Si0,-TiO, slag is as small as that of cuspidine
(3Ca0,8i0,CaF,) in commercial mold fluxes. This
finding indicates that the CaOSiO,TiO, crystallizes
rapidly in the slag film between the mold and the
steel in the continuous casting machine, similar to
cuspidine in commercial mold fluxes. CaOSiO,TiO,
in Ca0-8i0,-TiO, slag is substituted for cuspidine
in commercial mold fluxes. The thickness of the
crystalline layer of CaOSiO,TiO, is smaller than
that of cuspidine. In order to improve the heat trans-
fer control of CaO-Si0,-TiO, slag, it is necessary



to decrease the incubation time of CaOSiO,TiO, at
high temperature.
(cf. ISLJ Int., 46 (2006), 441)

The ability of slags to absorb solid Oxide inclu-
sions
M.VALDEZ et al.

The capture rate of solid oxide-inclusion particles
from molten steel by molten slag depends on the
rate of steel film drainage (which occurs at certain
particle velocities), interfacial separation, and disso-
lution into the slag. In this study the capture of com-
mon oxide inclusions of sizes 2.5-200 ym and with
velocities ranging from their terminal velocities to
0.3m-s™! approaching the interface between molten
iron and slags with chemistries corresponding to
ladle, tundish and mold slags are investigated. Cal-
culations, based on a model available in literature,
show that film drainage (when applicable) is rapid
enough to be ignored. A sensitivity analysis based
on the slag properties show that the interfacial ener-

gy between slag and inclusion is the most pertinent
property that could hinder interfacial separation.
However, the interfacial tension needed to achieve
this has to be a minimum of 0.41 N/m which is un-
reasonable for the case of common oxide inclusions
such as ALO;, MgO, ZrO, and MgAl,0O,. The final
step of dissolution was found based on studies with
Confocal Scanning Laser Microscope experiments,
to be significantly slower than the other steps. For a
100 um particle, in the slags/inclusions investigated
a correlation between slag viscosity, n [Pa-s] and
super saturation, AC [kg-m™>] with inclusion disso-
lution time, 7 [s] was shown to be, 7=2.04-10"%
(/.

(cf. ISLJ Int., 46 (2006), 450)

Dynamic oxidation of the Ti-bearing blast furnace
slag
L.ZHANG et al.

The effects of the dynamic oxidation on the phys-
ical chemical characteristics of the Ti-bearing blast
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furnace slag, on the selective enrichment, precipita-
tion and growth of the Ti component and the drop of
metallic Fe from the slag have been investigated. Air
was blown into the molten slag as oxygen resource
through a lance during the dynamic oxidation
process. It was found that the TiC, TiN, (Ti,0,), Fe
and (FeO) in the slag were oxidized, and the temper-
ature of slag increased and the viscosity of slag de-
creased. These were not only in favour of the selec-
tive enrichment of the Ti component into the per-
ovskite phase, but also in favour of the precipitation
and growth of the perovskite phase, meanwhile pro-
moted the coalescence, growth and drop of the
metallic Fe droplets in the molten slag under an air
agitation condition.

(cf. ISLJ Int., 46 (2006), 458)



