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In view of the great importance of the
viscosity composition relationship of the slags both
from the point of view of theory and practice, there
has been considerable work on the subject 1-21
including
attempts to correlate viscosity and
compositions of slags. In this work, the criteria used
by in some of the correlations for viscosity cited in
the literature have been adopted to evaluate the data
on viscosity of blast furnace type of slags with a
wide composition range.
2 - Important O>rrehffidug&'or the viscosity
The influence of temperature on viscosity
slags (YJ) is usually expressed by the Arrhenius
equation:

1 - Introduction
It is well known that slag viscosity play an
important role in various metallurgical operations
such as iron production blast furnaces, pre-treatment
of pig iron in ladles, steel refining, continuous
casting etc. For example, in the case high alumina
burden in blast furnace practice, the resulting slag
has high viscosity at normal tapping temperatures.
Hence the furnace operation has to be done at high
temperatures, which results in high silicon contents
in the pig iron and higher coke consumption. In this
case, one has to find ways and means to reduce the
viscosity by addition of other oxides.Addition of
MgO in the form of dolomite as flux in the blast
furnace charge composed of high alumina ores or
sinter, should enable operation at relatively lower
temperatures leading to lower coke consumption
and better control of silicon content of the metal 1l.
Fluid slags in general decrease metal losses in
slag phase2l, improve reaction efficiency in addition
to improving slag-metal interface promoting higher
efficiency of mixing. The variations in the slag
compositions resulting from the
transport of
different ions through boundary layer of the slag
phase with the metal as well as transport of reaction
products into the slag and the temperature have an
important influence on the viscosity which, in turn
determines the mass transfer coefficients for
boundary layer control.
In general blast furnace slags are composed of
CaO, SiOz, Alz03 and MgO ( 95 %) with varying
contents of other oxides like Ti02 ,etc. depending
upon the type of ores and fluxes used in the process
. Hence viscosity of such slags can be estimated
approximately considering the quaternary systems of
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The preexponential coefficient (A) and (E),
activation energy for viscous flow (FJR = B), are
complex functions of the composition of the slag 'and
there have been several attempts to develop
correlations relating these parameters with
composition.
The correlation of these parameters with slag
composition exrpressed as molar fractions of
components as given by_Riboud and Larrecq 14l was
developed on the basis of Frenkel equation by
regression analysis considering,
Nsio2 = Nsi02 + NP2os + NTi02 + Nzr02
Ncao = Ncao + NMg0 + NFe203 + Nr-1no + NB203

(2)
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5.82 NCaF,

+

+

1.73 Ncao

7.02 NNa,O

+

(3)

MOLTEN SLAGS, FLUXES AND SALTS '97 CONFERENCE - 543

= 0.99

B = 31351
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68833 NAf.,O, - 23896 Ncao

+

(4)
- 46351 NCaF, - 39519 NNa,o

The equations (3) and (4) are valid for the
composition range: 33 < %Si02 < 56, 12 < %Ca0
< 45. 0 < %Ali03 < 11 , 0 <, %Nap < 20 e
0 <% CaF2 < 20.
Another important correlation proposed 15· 16>
relates viscosity and corrected optical basitcity .

1

A

e

=

0.15

- 0.44 A,0 ,

)

Regression analysis for parameter B gave the
same coefficients as in equation (4) The discrepancy
in the first tenn obtained for the preexponential
factor A as per equation (7) as compared with
Equation (4) should be attributed to the large
nwnber of data analyzed in this work and also the
composition range of the slags covered. However the
first term in both the equations is only sightly
different. Mills 121 reports for this first term. a value ·
equivalent to - 17.51. The same data was analyzed
with the computer code on the basis of optical
basicity concept and the following equations for A
and B resulted:
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The parameter, corrected optical basicity (!\,") used
in the above equation takes into consideration the
cations required to balance the ionic species AIO/
with cations in basic oxides in the following
hierarchy namely: Li 20 > Na20 > K20 > MgO >
CaO > (SrO), (BaO).

3 - Results and discmsion
A computer code was developed to evaluate
slags as a
experimental data on viscosity of
function of composition and temperature using a
statistical program (Minitab). Criteria that fonn the
basis for the equations 2-4 and 5-6 have been applied
to evaluate the experimental data on viscosity of
slags of wide ranging compositions 1.1o. 12· 1718> having
20< % Si02 < 60, 9.0 < % CaO > 50, 0 < %Mg0
> 40 . JO < %Al 20 3 >35, A total of more than 1000
slag compositions were considered in the statistical
and regression analysis. The following expression
for the preexponential factor (A) resulted, with the
application of the criteria of Riboud et al 14 '
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Viscosities of the slags can be expressed by
equation (1) substituting for A and B in the above
equations and the confidence limit is given by ( F
test= 11235
FT(95%, 1,1059) = 3.95)
Equations 8 and 9 are different from those
proposed by Mills 15· 16' . This is probably due to the
large nwnber of data analyzed and also the rang~ of
compositions covered.
viscosity
Figure l gives the variation of
slags with corrected optical basicity predicted by
equation (1). Variation of preexponential factor and
activation energy with corrected optical basicity are
represented in Figures 2 and 3

lnA = - 19.791 - 35.75 NAt,o, + 1.73 Ncao + (7)
+

5.82 NCaF,

+

7.02 NNa,o
Corrected optical hasicity

FT test= 1146.21

FT(95%, 1 .159) = 3.95 and R2

Figure I - Variation of viscosity (11) with corrected
optical basicity of blast furnace slags.
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multiple regression analysis of the data gave
satisfactory results with (R2 = 98.8.) in comparison
with the use of equations 1 and 2 together with
expressions for A and B proposed in this work
(Eqns. 8-11 )
CQ1,o

lnTJ

= -

+

46.8

+

0.281Alp3

+
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0.482Ti02 + 0.168Mg0 +
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+ 31.8 + 31.8Ll,h

Corrcctc<I optical hasicit)

In the above equation, ~ signifies theoretical
optical basicity of the slag.
Figure 2 - Variation of B with corrected optical
basicity.

4 -Conclusion
Criteria for correlations for viscosity in the
literature were applied to analyze experimental data
for wide range of compositions of blast furnace type
of slags. The resulting correlations between optical
basicity and viscosity were slightly different from
to ones proposed in the literature probably due to the
wide range of compositions considered. However
they seem to be satisfactory from the statistical point
of view for predicting viscosities of slags of wide
ranging compositions.
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5 - References
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Figure 3 - Variation of preexponential factor (A)
with corrected optical basicity
It is also possible to develop a correlation,
assuming viscosity is given by equation (2).Analysis
of the same data in this case resulted in,
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A and B can be substituted in equation 2 to
calculate viscosities of slags. The confidence limit
for the detennination of viscosities was found to be
quite satisfactory (F test = 106.5 FT(95%, 1.1059 )
= 3.95 )
For blast fi.U11ace type of slags 20J containing
titania (17-23%) the following equation obtained by
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