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Abstract: We investigated the effect of Al,O; content on the viscosity of CaO—SiO,—AlLO;—8wt%MgO—1wt%Cr,O; (mass ratio of CaO/SiO,
is 1.0, and ALO; content is 17wt%—29wt%) slags. The results show that the viscosity of the slag increases gradually with increases in the Al,O;
content in the range of 17wt% to 29wt% due to the role of Al,O5 as a network former in the polymerization of the aluminosilicate structure of
the slag. With increases in the Al,O5 content from 17wt% to 29wt%, the apparent activation energy of the slags also increases from 180.85 to
210.23 kJ/mol, which is consistent with the variation in the critical temperature. The Fourier-transform infrared spectra indicate that the degree
of polymerization of this slag is increased by the addition of Al,Os. The application of lida’s model for predicting the slag viscosity in the pres-
ence of Cr,O3 indicates that the calculated viscosity values fit well with the measured values when both the temperature and Al,Os content are
at relatively low levels, i.e., the temperature range of 1673 to 1803 K and the Al,O; content range of 17wt%—29wt% in CaO-SiO,—Al,05—

8wt%MgO—-1wt%Cr,0; slag.

Keywords: slag; viscosity; high aluminium oxide; apparent activation energy; structure; viscosity prediction

1. Introduction

As a strategic element, nickel plays an important role in
economic development. Nickel is mainly present in nickel
sulfide ore and laterite nickel ore, most of which is obtained
from nickel sulfide ore. With the current shortage of nickel
sulfide ore, the exploration and utilization of laterite nickel
ore has boomed [1-2]. The processing technologies of later-
ite nickel ore are roughly divided into two classes: pyrome-
tallurgical and hydrometallurgical processes. The pyrometal-
lurgical process is the main process used to extract nickel res-
ulted from the as yet immature hydrometallurgical process.
Smelting laterite nickel ore in a blast furnace is a pyrometal-
lurgical process independently developed in China [3]. Later-
ite ore is a low-grade composite iron ore containing multiple
valuable elements such as Ni, Fe, Cr, and Co. Generally, the
mass fraction of nickel is less than 2.8%, while that of iron
varies from 9wt% to 50wt% [4]. Due to the complexity and
particularity of the composition of laterite nickel ore, the
Al,O; content in the slag produced during the smelting pro-
cess in the blast furnace is higher than 20wt% and may con-
tain some Cr,Os;, TiO,, and MnO [5-7]. Increases in the
AL O; content in slag can cause various problems, including
slag stickiness, larger volumes of slag, and slag with a low
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desulfurization capacity [8]. The presence of Cr,O; can fur-
ther degrade slag fluidity because of its high melting point
[6,9]. As the slag performance has a crucial influence on the
smelting of laterite nickel ore in a blast furnace, it is import-
ant to study the performance of Cr,O;-bearing blast-furnace
slag with a high AL,O; content to ensure the stability and pro-
ductivity of blast-furnace operations when smelting laterite
nickel ore.

There have been many studies focused on the viscosity of
high-Al,O; slag, but relatively few related to the viscosity of
high-Al,O; slag containing Cr,0s. The effect of Al,O; on the
viscosity of CaO—SiO,—Al,0:—9wt%MgO—1wt%Ti0, (mass
ratio of CaO/Si0, is 1.2) slag was studied by Yan et al. [10].
The authors found that the viscosity increased with increas-
ing Al,O; content in the range of 16wt% to 24wt% due to the
polymerization of the aluminosilicate structures, followed by
a decrease in viscosity in slags with Al,O; contents higher
than 24wt% due to its effect as a network modifier. Zhang
et al. [11] studied the effect of Al,O; on the viscosity of
Ca0-Si0,—AL,0;-MgO-TiO,—FeO blast-furnace slag with
Al,O; contents ranging from 14.84wt% to 23.84wt%. The
authors found that the slag stability gradually worsens with
increasing Al,O; content due to the increasing degree of slag
polymerization. In the study by Yao et al. [12], the viscosity
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of high-alumina CaO-SiO,—Al,0;-MgO blast-furnace slag
was investigated, and the authors found that the slag viscos-
ity could be increased despite higher Al,O; contents at a fixed
Ca0/Si0, mass ratio of between 1.1 and 1.2. Kim ef al. [13]
investigated the effect of AlLO; on the viscosity of
Ca0-SiO,-ALO;—10wt%MgO slag and proposed that a
higher Al,O; content could also increase the slag viscosity at
a fixed CaO/Si0, mass ratio of between 0.8 and 1.3. The am-
photeric behavior of AL,O; in CaO-SiO,(—MgO)-AlL0; slag
was investigated by Park et al. [14], who concluded that the
viscosity increase by the influence of AL,O; was due to the in-
crease in the degree of polymerization and the incorporation
of the [AlO,]-tetrahedral into [SiO,]-tetrahedral units, with
the viscosity decrease attributable to the decrease in the de-
gree of polymerization by the increasing relative fraction of
[AlOg4]-octahedral units.

Due to the difficulty of measuring the high-temperature
viscosity of slag, many empirical models have been de-
veloped to predict the viscosity of molten slag. Urbain’s
model [15] is based on the Weymann—Frenkel equation, with
the slag components divided among glass formers, modifiers,
and amphoterics. Similar to the basis of Urbain’s model, Ri-
boud’s model [16] classifies slag components into five cat-
egories. The slag structure is associated with the modified ba-
sicity index (B;) in Iida’s model [17-18], based on the Arrhe-
nius equation. The optical basicity model (NPL) [19-21] in-
troduced the concept of modified optical basicity (4°") for
calculating the parameters in the Arrhenius equation. Na-
kamoto’s model [22-24] is based on non-bridging oxygen
and free oxygen ions in the silicate structure. A structurally
based viscosity model was proposed by Zhang et al. [25], by
which various oxygen ions are classified to describe the slag
structure based on the metal cations with which they have
bonded.

To better understand the effect of ALLO; on CaO-SiO,—
Al,0:-MgO—Cr,0; slag, the viscosity of pentabasic slag was
measured under the following conditions: mass ratio of
CaO/SiO, is 1.0; contents of Al,O;, MgO, and Cr,0; are
17wt%—29wt%, 8wt%, and 1wt%, respectively; high tem-
peratures. The apparent activation energy was obtained to
analyze the structure of the molten slag.

2. Experimental
2.1. Slag preparation

The samples were prepared using the analytical reagent-
grade chemicals CaO, SiO,, Al,O;, MgO, and Cr,0;, which
were dried at 378 K for 12 h before use. The chemical com-
positions are listed in Table 1. The content of Al,O; was in-
creased from 17wt% to 29wt%, and the CaO/SiO, mass ratio
was set to 1.0. Precisely weighted mixtures of 125 g were
thoroughly mixed in an agate mortar and then were kept her-
metically sealed for subsequent viscosity measurement.

Int. J. Miner. Metall. Mater., Vol. 28, No. 5, May 2021

Table 1. Chemical compositions of the slags

Composition / wt% Mass ratio
Sl 0 S0, ALO; MgO Cr0s  of CaO/SiO,
No.1 370 37.0 17.0 8.0 1.0 1.0
No.2 355 355 200 80 1.0 1.0
No.3 340 340 230 8.0 1.0 1.0
No.4 325 325 260 8.0 1.0 1.0
No.5 31.0 31.0 290 8.0 1.0 1.0

2.2. Experimental procedure of viscosity measurement

The slag viscosity was measured using the rotating cylin-
der method. As shown in Fig. 1, the experimental apparatus
consisted of an RTW-10 viscometer connected to a molyb-
denum (Mo) spindle suspended on a Mo wire. The furnace
temperature zone in the corundum tube (inner diameter = 53
mm) is strictly controlled by a computer program, with the
temperature measured from 0 to 1873 K by a Pt—10%Rh/Pt
thermocouple connected to the bottom of the Mo crucible.
Before each measurement, analytical-reagent-grade castor oil
with a known viscosity was used to regularly and precisely
calibrate the viscometer.

Motor and digital

. Computer
viscometer Mo suspending wire
1 goolin watelr) outlet
] orundum tube
Refractory brick — H [
| MoSi, heating element
Slag melt Mo crucible
Mo spindle Furnace themocouple
Carbon cylinder
Cooling water inlet
Crucible

themocouple Ar gas inlet

Fig. 1. Experimental apparatus used to measure slag viscosity.

The blended slag sample was loaded into a Mo crucible
(inner diameter = 39 mm and height = 60 mm), which was
nested in a graphite crucible. The set of crucibles was placed
inside the furnace temperature zone, and the furnace was
heated from ambient temperature to 1823 K by the MoSi,
heating element. To ensure the complete and homogeneous
melting of the slag, the temperature was maintained at 1823
K for approximately 3 h. The furnace was then raised and the
Mo spindle was immersed in the molten slag to approxim-
ately 7 mm from the bottom of the crucible, and the viscosity
of the slag was then measured continuously after the Mo
spindle began rotating steadily at a fixed rate of 200 r/min
while cooling at a rate of 3 K/min. After the viscosity meas-
urement, the slag was reheated to 1823 K for water quench-
ing. Each measurement was performed in high-purity argon
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atmosphere (99.999%, 1.0 L/min) to prevent oxidation of the
Mo crucible and spindle during the measurement process.
Some of the crucial measurements were repeated to confirm
the reproducibility and reliability of the viscosity values.

3. Results and discussion

3.1. Effect of AL,O; on the viscosity and critical temper-
ature

In Fig. 2, the viscosities of the CaO-SiO,~AlLOs—
8wt%MgO—1wt%Cr,0; slags with different AL,O; contents
are shown as a function of temperature. We can see that the
viscosity of the molten slag gradually increases with de-
creases in temperature, and also increases with increases in
the Al,O; content. This indicates that Al,O; continues to ex-
ist in the form of acidic oxides in this slag system, with the
structure of the slag becoming complex and the migration
resistance of the complex anion groups in the slag increasing
with increasing AlL,O; content, thereby increasing the slag
viscosity.

4.0
—=— ALO;: 17.0wt%
35F —e— ALO, : 20.0wWt%
30k ALO; : 23.0Wt%
> —v— ALO, : 26.0wt%
g5t $29.0wWt%
220t
EREL
>
1.0}
0.5+
1600 1650 1700 1750 1800 1850
Temperature / K
Fig. 2.  Viscosity of the CaO-SiO,-ALO;-8wt%MgO-1wt%

Cr,0; slag as a function of temperature with different Al,O;
contents.

Fig. 3 shows a graphic comparison of the viscosities of
CaO-Si0,~ALO;—8wt%MgO—-1wt%Cr,0; (mass ratio of
Ca0O/SiO, is 1.0) slag and CaO-SiO,~ALO;—9wt%MgO-
1wt%TiO, (mass ratio of CaO/SiO, is 1.2) slag at different
temperatures. Reported by Yan et al., the viscosity of the typ-
ical titanium-containing high-Al,O; slag was to increase with
the addition of AL,O; up to 24wt%, then decrease with Al,Os
contents higher than 24wt% [10]. However, in this study, the
slag viscosity increased gradually with increases in the Al,O;
content from 17wt% to 29wt%. This indicates that Al,O;
serves as a network former in the slag system.

The Cr,0; in CaO-SiO,~ALO;—8wt%MgO—-1wt%Cr,O;
slag has a high melting point. As shown in Fig. 4, increases in
the Al,O; content decreases the temperature of Cr,O; precip-
itation. The generated solid phase has a greater effect on in-
creasing the slag viscosity, such that the slag viscosity in-

creases with increases in the Al,O; content at high temperat-
ure. This means that Al,O; has different mechanisms for in-
fluencing the properties of CaO-Si0,~Al,0;-MgO slag and
Ca0-Si0,—AL0;—8wt%MgO—1wt%Cr,0s slag. It also means
that the presence of trace oxides in the slag results in the slag
performance being affected by more influence factors and
more complex influence mechanisms.

Present study:
Ca0-Si0,-Al,0,-8wt%MgO-1wt%Cr,0;
1.4 | —#—1823K -®—1798K —4—1773K
~¥-1748 K —4-1723 K 41698 K
Reported by Yan ez al.[10]:

= 1.2 Ca0-$i0,-ALO,-9wt%MgO-1wt%TiO,
2 #-1793K - 173K -@-1753K
S1ot

2

20.8F

Q

Z

=

5
N
T

o
~
T

16 17 18 19 20 2
ALO; content / wt%

122 23 24 25 26 27 28 29 30

Fig. 3. Effect of AL O; on the viscosity of CaO-SiO,-AL,O3;—
8wt%MgO-1wt%Cr,0; slag at different temperatures.

Sio,

Ca0O 90 80 70 60 50 40 30 20 10 ALO,
<«—— (a0 content / wt%

Fig. 4. Phase diagram of the CaO-SiO,-ALO;—8wt%MgO—
1wt%Cr,0; slag system.

The critical temperature is the minimum temperature at
which the fluidity of the molten slag experiences a sudden
decrease, the slag exhibits non-Newtonian behavior, and the
activation energy changes significantly [26—28]. This point is
determined by the intersections of tangent lines with slopes
equal to 1 on the viscosity—temperature curves shown in
Fig. 2. As shown in Fig. 5, the critical temperature of CaO—
Si0,-ALO;—8wt%MgO—-1wt%Cr,O; slag becomes higher
from 1612 to 1668 K with increases in the Al,O; content
from 17wt% to 29wt%. Consequently, we can conclude that
the critical temperature of CaO-SiO,—AlL,O;—8wt%MgO—
1wt%Cr,0; slag can be significantly affected by the addition
of Al,Os, whereby the more is the Al,O; content, the higher is
the critical temperature. It also indicates that crystalline sub-
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stances easily precipitate from the CaO-SiO,—Al,0:—8wt%
MgO—-1wt%Cr,0; slag, which causes the slag performance to
be more unstable with increases in the Al,O; content.

1670 |-

1660 |-

1650

1640

1630 |-

Critical temperature / K

1620 |-

1610 |-

16 18 20 22 24 26 28 30
AlLO, content / wt%

Fig. 5. Effect of A,O; on the critical temperature of the
Ca0O-SiO0,-AL0;—8wt%MgO-1wt%Cr,0; slag.

3.2. Apparent activation energy for viscous flow

The viscosity of silicate melts can be expressed as a func-
tion of composition and temperature, which is correlated with
the degree of polymerization. Variation in the activation en-
ergy can indicate the changes in frictional resistance to vis-
cous flow, which reflect the change in the slag structure
[29-30]. Assuming that the slag component remains con-
stant during the experiment, the activation energy is con-
sidered to indicate the degree of polymerization, which can
be obtained using the Arrhenius equation as follows:

= Age B M

where 1, Ay, E,, R, and T are the viscosity, pre-exponent con-
stant, apparent activation energy for viscous flow, universal
gas constant, and absolute temperature (K), respectively.
Hence, it is possible to obtain the apparent activation energy
E, by plotting Inu vs. 1/T.

The Arrhenius plot for CaO-SiO-ALO;—8wt%MgO—
1wt%Cr,0; slag is shown in Fig. 6 as a function of reciprocal
temperature and the Al,O; content. In the figure, we can see
that Iny linearly increases with increases in 1/7 in the Newto-
nian viscous flow region. The apparent activation energy is
calculated based on the slopes of the lines in Fig. 6 and is lis-
ted in Table 2. It can be observed that E, increases from
180.85 to 210.23 kJ/mol with increases in the Al,O; content
from 17wt% to 29wt%. The variation of the apparent activa-
tion energy with the Al,O; content, as shown in Fig. 7, is very
similar to the change in the critical temperature. This also in-
dicates that the structure becomes complex and the degree of
polymerization increases with increases in the Al,O; content
in Ca0O-Si0,—AL,0;—8wt%MgO—1wt%Cr,0; slag.

3.3. Effect of Al,O; content on the structure

Fourier-transform infrared (FT-IR) spectroscopy was used

Int. J. Miner. Metall. Mater., Vol. 28, No. 5, May 2021

0.6
04l " AlLO,: 17.0wt%
| e ALO;: 20.0wt%
0.2 a ALO,: 23.0wi%
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= (.
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12}
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Fig. 6. Arrhenius plot for CaO-SiO,—ALO;—8wt%MgO-1wt%

Cr,0; slag in the Newtonian flow region.

Table2. Apparentactivation energy of CaO-SiO,—ALO;—8wt%
MgO-1wt%Cr,0; slag

Sample Al,O5 content / wt% E,/ (kJ-mol™)
No.1 17.0 180.85
No.2 20.0 188.35
No.3 23.0 208.91
No.4 26.0 209.28
No.5 29.0 210.23

215+
210 .
205 +

E,/ (kJ-mol™)
)
o S
S 3

—_

el

(=)
T

185 |

180+ ¢

16 18 20 22 24 26 28 30
AlLO, content / wt%

Fig. 7. Effect of Al,O; content on the apparent activation en-
ergy of CaO-SiO,—ALO3;—8wt%MgO—-1wt%Cr,0;3 (mass ratio
of CaO/Si0;, is 1.0) slag.

on the water-quenched slag to clarify the influence of Al,O;
on the slag structure, and Fig. 8 shows the results for
Ca0O-SiO,—ALO;—8wt%MgO—-1wt%Cr,0; (mass ratio of
Ca0/SiO, is 1.0, and Al,O; content is 20wt%—26wt%). As
can be seen, the strong broad band from 1200 to 750 cm " is
generally related to the symmetric stretching vibration of the
[SiO4]* tetrahedral units, the weak band between 750 and
630 cm™' is assigned to the asymmetric stretching vibration of
the [AlO,]’ tetrahedral units, and the band near 500 cm™ is
believed to be that of the [Si-O—Al] bending vibration. We
can see that the bands for the [SiO4]* tetrahedral units be-
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come deeper with increases in the Al,O; content, whereas no
major change is observed for the [AlO,]” tetrahedral units
and [Si—O—Al] bending. Therefore, increases in the Al,O;
content in CaO-SiO,—Al,O;—8wt%MgO—-1wt%Cr,0; slag
increases the relative fraction of the [SiO,]* tetrahedral units,
which increases the viscosity of the molten slag. Moreover,
the peak valley of the [Si—~O—Al] bending vibration moves to
higher wavenumbers, which means that the distance between
Si/Al and O becomes shorter, which indicates that the net-
work structure is polymerized, as put forth by Badger’s rule
[31-32].

—ALO;: 20wt%
—ALO;: 23wt%
—ALO; : 26Wt%

Transmittance / a.u.

A0
 [Si-O-Al]-bending

1200 1100 1000 900 800 700 600 500 400
Wavenumber / cm™!

Fig. 8. FT-IR transmittance of CaO-SiO,~-AL,O;—8wt%MgO—
1wt%Cr,0; slag quenched from 1823 K.

3.4. Viscosity prediction of model

To predict the viscosity of CaO-SiO,—Al,03—8wt%MgO—
1wt%Cr,0; slag, we applied Iida’s model due to the pres-
ence of Cr,0O;, the expressions for which take the structure in-
to consideration and are as follows:

w=Apget’B (2
A=1.745-1.962x107T +7.000x 107’ T 3)
E=11.11-3.65x107°T 4)

where 4 and E are parameters determined based on standard
reference material for high temperature and viscosity meas-
urements, respectively, B} is the modified basicity index, and
Lo 1s the viscosity of non-network-forming melts, which can
be approximately calculated using the following equations:

Hy = Z#oixi v
i=1
L (M (T, e R
p— 7 :
Hoi =1.8x10 (Vm)iZ/3e[H,/R(Tm),] @
H,=5.1(Ty)" o

where M is the formula weight, V7, is the molar volume at T,
X is the mole fraction, and the subscript i represents the com-
ponent. This model is related to the modified basicity index
B;, which can be expressed as follows:

_ Z (a'iWi)B + a'l*:ezO} WFe;OJ
Z (ai Wi)A + 0/21203 WAI;O; + a/j]:iOz WTiO:

where « is the specific coefficient, ¥ is the mass percentage,
the subscript A represents the acidic oxide, and the subscript
B indicates the basic oxide or fluoride. o is a modified spe-
cific coefficient that can be expressed as a function of the slag
component and temperature and indicates the interaction
between the amphoteric oxide and other components in slags.
The value for a}, , in the CaO-Si0,~ALO;-MgO system
was determined based on the measured viscosity data of 34
different slags [33—34], which can be expressed as follows:

*
i

®)

@py,0, = aBi+bWy0, +¢ 9)
a=120x10"T%*-4.3552x 10T +41.16 (10)
b=1.40x107T?-3.4944 x 10T +0.2062 (11)
c=-8.00x107°T? +2.5568 x 1072T —22.16 (12)

where a, b, and c are the temperature-dependent coefficients.
Table 3 lists the values for ; and K;. The viscosities were
then determined using lida’s model at the temperatures 1673,
1723, 1773, and 1803 K and compared with the measured
viscosity data shown in Fig. 9. We determined the perform-
ance of the viscosity model using the following parameters:

Table 3. Values of @; and i, for different oxides

Ho; / (mPa-s)
1673 K 1723 K 1773 K 1803 K
Acidic oxide  SiO, 1.48 3.76 343 311 292

Amphoteric — Ap0. 010 795 702 636 5.89
oxide

Oxide a;

CaO 153 2382 20.67 17.83 16.15
Basic oxide MgO 1.51 39.66 34.01 2896 26.03
Cr,0; 0.13 18.14 1592 14.07 13.11

5= Hcal — Hmeas « 100% (13)
/’lmeas
1 N
A= N;wwloo% (14)

where 1, is the calculated viscosity, 4, is the measured vis-
cosity, and N is the number of viscosity data. The parameters
¢ and A imply the relative difference between calculated and
measured viscosities.

Table 4 shows the calculated § and A values, which clari-
fy the relative difference between the calculated and meas-
ured viscosities. It can be seen that the ¢ values generally in-
crease with increases in the ALL,O; content in the CaO-SiO,—
ALOs—8wt%MgO—1wt%Cr,O; slag within the temperature
range of 1673 to 1803 K. We can observe that the lower is the
temperature, the better is the agreement between the calcu-
lated and measured viscosities, and the lower their deviation,
as observed in Fig. 9. This indicates that the calculated vis-
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Table 4. Values for 6 and A obtained based on the calculated and measured viscosities of the CaO—SiO,~Al,0;—8wt%MgO —
1wt%Cr,0; slags with the Al,O; content from 17wt% to 29wt%
0/ %
Temperature /K¢ 17Wt%* 20wt 23wt 26wt 29wt AT%
1673 —-16.1 -13.6 -15.7 -2.9 5.8 10.8
1723 -30.5 -31.0 —34.2 —35.2 —34.5 33.1
1773 —40.0 —43.2 —47.5 =52.7 -53.3 47.3
1803 —45.3 —49.2 -53.9 —58.0 -61.5 53.6

Note: * menas the Al,O; content in the slag

2.0

gl w1673K A=108%
_ T e 1723K, A=33.1% .
216 a1773K, A=47.3%
S 4l vI803K, A=53.6%
>
zlar .
2 10F
> L ]
8 08 r [ ]
- [ )
%’ 0.6 F o ®
Q [ )
3 04} 'A

A
02} woey

0 1 1 1 1 1 1 1 1 1
0 02 04 06 08 1.0 12 14 1.6 1.8 2.0
Measured viscosity / (Pa-s)

Fig. 9. Comparison of measured viscosity with the viscosity
calculated using lida’s model.

cosity values obtained using lida’s model conform best to the
measured values when both the temperature and Al,O; con-
tent are at relatively low levels, i.e., within the temperature
range of 1673 to 1803 K and the Al,O; content range of
17wt%—29wt% in CaO-SiO,—ALO0;—8wt%MgO—1wt%Cr,O;
slag.

4. Conclusions

The viscosity of CaO-SiO,~ALO;—8wt%MgO—-1wt%
Cr,0O; (mass ratio of CaO/SiO, is 1.0, ALO; content is
17wt%—29wt%) slag was experimentally measured to de-
termine the effect of Al,O; content on the behavior of penta-
basic slag formed mainly in a blast furnace when smelting
laterite nickel ore. The apparent activation energy was ob-
tained to clarify the role of Al,O; in changing the structure of
the molten slag. lida’s model was used to predict the viscos-
ity relative to the content of Cr,O; in the slag. Our conclu-
sions are summarized as follows.

(1) The viscosity increases gradually with increases in the
Al,Os content within the range of 17wt%—29wt%. The critic-
al temperature also increases from 1612 to 1668 K with in-
creases in the Al,O; content from 17wt%—29wt%.

(2) The apparent activation energy increases from 180.85
to 210.23 kJ/mol with increases in the Al O; content from
17wt% to 29wt%, which is consistent with the variation of
the critical temperature. This indicates that the structure be-

comes complex and the degree of polymerization increases.

(3) The FT-IR spectra obtained for the water-quenched
slag indicate that the slag structure becomes polymerized
with increases in the relative fraction of [SiO,]* tetrahedral
units and the higher wavenumbers of the peak valleys of the
[Si—-O—Al] bending vibration.

(4) Tida’s model can be applied to predict the viscosity of
Ca0-Si0,~ALO;—8wt%MgO—-1wt%Cr,0; (mass ratio of
Ca0O/Si0, is 1.0, and Al,O; content is 17wt%—29wt%) slag
within the temperature range of 1673 to 1803 K. Moreover,
the better consistency between the calculated viscosity and
measured one can be obtained with lower temperature and/or
fewer Al,O; content.
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