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ABSTRACT

Purpose: The objective of this work is experimental determination of temperature dependences of 
viscosity of the molten CaO-Al2O3-SiO2 system and assessment of impact of CaO on the viscosity of 
this system.

Design/methodology/approach: The ternary oxide system CaO-Al2O3-SiO2, which represents  
a simplified basis of the casting powder, was chosen for the experiment. Dependencies of viscosity on 
the concentration of CaO and on the temperature were determined experimentally. For this purpose 
were prepared a concentration series with additions of 3, 6, 9, 12 and 15 wt.% of calcium oxide. 
Experimental measurements of viscosity was performed with use of the high-temperature viscometer 
Anton Paar FRS 1600.

Findings: Viscosity of the studied systems decreases exponentially with the increasing temperature. 
Viscosity decreases with the increasing addition of CaO. Viscosity reaches its minimum value of  
0.447 Pa.s (at T = 1723 K) at the basicity of CaO/SiO2 = 1.13. Viscosity increases with the further addition 
of CaO (CaO/SiO2 > 1.2). Influence of addition of CaO is more pronounced at higher temperatures.

Research limitations/implications: Viscosity in molten oxide system is determined by the internal 
structure. Exact clarification of the change of structure of the oxide system caused by the increased 
content of CaO requires additional analyses, such as Fourier transformation infrared spectra and 
Raman spectra.

Practical implications: The choice of an optimum slag mode influences not only the main 
metallurgical processes, but also the values of technical-economic indicators of the whole steelmaking 
process. Viscosity is an important factor affecting the service properties of slags, as it plays an 
important role in the area of mass transfer at chemical reactions in metallurgical processes.

Originality/value: The viscosities of CaO-Al2O3-SiO2 system were measured under conditions of 
CaO/SiO2 = 0.78-1.44, 47.20-35.98 wt.% SiO2, 36.90-51.90 wt.% CaO and 15.90-12.12 wt.% Al2O3.
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1. Introduction 
 
The ternary CaO-Al2O3-SiO2 slag system is very important 

technologically in a wide range of applications that include 
ironmaking, steelmaking and ceramics processing. The change in 
the compositions of this system has a dramatic impact on the 
thermo-chemical and thermo-physical properties, including heat 
capacity, density and viscosity [1-3]. Understanding and 
controlling these properties is essential for determination of the 
efficiency and cost-effectiveness of the overall process operations.  

Viscosity is one of the most important physical properties of 
slag, in view of its direct effect on kinetic conditions of the 
processes. Transport of mass and heat, solubility of slag formers 
and additions, separations of metal and slag are improved by the 
viscosities. But on the other hand low viscosity of aggressive 
slags increases corrosion of the refractory material of 
metallurgical vessels [4-6]. 

Viscosity depends mainly on temperature and on chemical 
composition. Viscosity in metallurgical slags is determined by the 
internal structure. Higher concentrations of acidic oxides consume 
free oxygen ions (O2-) to produce increased bridged oxygen (O0) 
and polymerize the slag producing complex silicate structures, 
which increase the slag viscosity. Higher concentrations of basic 
oxides (e.g. CaO, Na2O, MnO) provide (O2-), which reacts with 
the (O0) in the silicate melts to produce a non-bridged oxygen (O-) 
and depolymerise the network structure of the slag [7-9]. 
Amphoteric oxides, such as Al2O3, can behave as either network 
modifiers or network formers, depending on the presence of other 
strong basic or acidic oxides. In case the amphoteric oxide Al2O3 
is added to low basicity silicate melts, six oxygen ions coordinate 
to an Al3+ ion and form an octahedron. In this case, Al2O3 acts as 
basic oxygen, so called network modifier, and thereby the silicate 
network is broken down and the viscosity is decreased with the 
increasing Al2O3 content. On other hand, in the case of high 
basicity silicate melts, four oxygen ions coordinate to an Al3+ ion 
and form tetrahedron like SiO4. In this case, the viscosity change 
is very small or it increases slightly with the increasing Al2O3 
content, that is, the Al2O3 acts as the acid oxygen, so called 
network former [10,11]. 

Experimental investigation of viscosity of melts is very 
difficult, namely because of the need to operate at high 
temperatures. The oscillatory and rotary methods belong to the 
most common experimental methods used for studying the 
viscous properties of melts. While the oscillatory method is used 
mainly for study of rheological properties of pure metals and 
alloys [12-14], the rotary method is used most often for measuring 
the viscosity of the oxide systems [15-17]. 

The aim of this work was to determine experimentally the 
dependence of viscosity on temperature and on concentration of 
CaO for the ternary system CaO-Al2O3-SiO2. Although the 
viscosities of CaO-SiO2-Al2O3(-MgO) slags were measured by 
several researchers [18, 19], the range of basicity in these studies 
was limited to approximately CaO/SiO2 0.6-1.3 in view of tapped 
slag composition. Therefore, in the present study, the viscosities 
of CaO-Al2O3-SiO2 slags were measured to understand the 
viscous behaviour of slag under condition of  
CaO/SiO2=0.78-1.44. This system is the basis of casting powders 
used for continuous casting of steel. Experimental study was 
realised with use of the rotary method. 

2. Experiment 
 
 
2.1. Preparation of the samples 
 

The ternary system CaO-Al2O3-SiO2 was selected for the 
experimental study. A concentration series with the addition of  
3; 6; 9; 12 and 15 wt.% of CaO was prepared for an assessment of 
the influence of CaO concentration on the oxide system viscosity. 
The systems were prepared from pure components. Individual 
samples were synthesized using the following reagent-grade 
chemicals: CaO (99.5 pct), Al2O3 (99 pct) and SiO2 (99.5 pct). 
Chemical composition of samples is shown in Table 1. 
 
Table 1. 
Chemical composition of samples  

 SiO2 
(wt.%) 

CaO 
(wt.%) 

Al2O3 
(wt.%) 

TS 47.20 36.90 15.90 

TS + 3 wt.% CaO 44.96 39.90 15.14 

TS + 6 wt.% CaO 42.71 42.90 14.39 

TS + 9 wt.% CaO 40.47 45.90 13.63 

TS + 12 wt.% CaO 38.22 48.90 12.88 

TS + 15 wt.% CaO 35.98 51.90 12.12 

 
 
2.2. Measurements of dynamic viscosity 
 

The viscosity measurements were carried out by the rotating 
viscometer Anton Paar FRS 1600 [20,21]. The experimental 
instrument is shown in Fig. 1. This viscometer is a combination of 
laboratory furnace and measuring head DSR 301 on the basis of 
air bearings. The rheometer is air-cooled in order to protect its 
electronic components from overheating. The measuring system 
consists of a graphite spindle (cone shaped) mounted on a long 
ceramic shaft connected to the rheometer head, and of graphite 
crucible, which is fixed to the lower side of the ceramic shaft. 

This instrument measures the torque of graphite spindle 
rotating in graphite crucible filled with oxide melt. The speed 
range of the spindle is 0-200 rpm. A high temperature furnace 
system with a maximum temperature limit of 1873 K monitored 
by a Pt-13%Rh/Pt thermocouple was used in the instrument. The 
graphite crucible containing 55 g of the oxide system was placed 
into the furnace. In order to avoid the oxidation of graphite 
crucible and spindle, the nitrogen gas (purity > 99.9999) was used 
at a flow rate of 250 l/h. The furnace was heated to 1673 K at the 
heating rate of 15.3 °C/min and held for 30 min to stabilize the 
temperature and homogenize the oxide melt. The graphite spindle 
was then immersed into the oxide melt.  

The viscosity was measured during heating up to 1873 K at 
the heating rate of 3.3 °C/min and then during cooling to 1673 K 
at the cooling rate of 4.4 °C/min.  

On the basis of measurements of viscosity dependence on the 
shear rate an optimum shear rate of 85 rpm was chosen for the 
viscosity measurement. 

 
 

Fig. 1. Viscometer Anton Paar FRS 1600 
 
 

3. Results and discussion 
 
 
3.1. Normal force 
 

Individual samples weighing 55 g were heated in a graphite 
crucible to the temperature of 1673 K at the rate of 15.3°C / min. 
During this heating normal force was measured while acting on 
the surface of the investigated systems. The course of dependence 
of the normal force on the temperature for the basic ternary 
system (TS) is shown in Fig. 2. 

It is evident from this Fig. that within the temperature range 
from 873 K to 1233 K the normal force increases due to the 
volume expansion of the sample. At the temperature of 1653 K 
the normal force decreases to zero, it means that the system is in 
the liquids phase. Similar courses of temperature dependences of 
normal forces were obtained for all the samples of the whole 
concentration range. It was determined from these dependences 
that while the basic ternary system (TS) was melted throughout its 
whole volume at the temperature of 1673 K, the remaining 
systems of the concentration series were melted at the temperature 
of 1703 K. 
 
 
3.2. Flow curves 

 
Mathematical expression of the flow properties of liquids are 

rheological equations of the state, which usually express the 
relationship between the deformation shear (tangent, viscous) 
stress  and deformation of fluid. Flow curves are their graphical 
representations. From the shape of the flow curve it is possible to 
assess Newtonian of non- Newtonian behaviour of fluids. 

The following Fig. 3 shows the flow curves of all the 
investigated systems. It is evident from the course of flow curves 

that the studied systems, with the exception of the system 
TS + 15 wt.% exhibit Newtonian behaviour. Such liquids are 
generally referred to as Newtonian fluids, the viscosity of which 
is at any moment independent of the stress and strain state of the 
fluid. Dissipation of energy occurs in these liquids due to the 
viscous properties of the liquid, i.e. that mutual interaction takes 
place between relatively small molecules of the considered liquid. 

 

 
 
Fig. 2. Temperature dependence of normal force of the ternary 
system CaO-Al2O3-SiO2 during heating to the temperature of 
1673 K 
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Fig. 2. Temperature dependence of normal force of the ternary 
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Fig. 3. Flow curves 
 
 
3.3. Dynamic viscosity temperature 
dependence  
 

The temperature dependence of viscosity of the basic ternary 
system (TS) CaO-Al2O3-SiO2 during heating (1673 K - 1873 K) 
and cooling (1873 K - 1673 K) is shown in Fig. 4. 

 

 
 

Fig. 4. Temperature dependence of viscosity of CaO-Al2O3-SiO2 
system (TS) during heating and cooling 

It is evident from this Fig. that viscosity decreases 
exponentially with the increasing temperature. The experimental 
values of viscosities obtained at heating are higher than the values 
obtained at cooling. The values of viscosity were during heating 
in the range from 1.57 to 0.312 Pa.s and during cooling they were 
in the range from 0.314 to 1.37 Pa.s. Lower values of viscosity 
during cooling of the sample were caused by change of the melt 
character after its re-melting. 

Temperature dependences of viscosity for all the measured 
samples of the concentration series are shown in the Figs. 5-8. 
Fig. 5 shows the temperature dependences of systems with 
additions 0; 3; 6 and 9 wt.% of CaO (TS, TS+3 wt.% CaO, 
TS+6 wt.% CaO and TS+9 wt.% CaO) measured during heating 
(1700 K - 1850 K). Fig. 6 shows these dependences for systems 
enriched with 12 and 15 wt.% of CaO (TS+12 wt.% CaO, 
TS+15 wt.% CaO) measured during heating too. It is evident from 
these graphs that viscosity of the systems decreases exponentially 
with the temperature. In the systems with additions of 3, 6, and 
9 wt.% CaO viscosity decreases with the increasing CaO content. 
 

 
 

Fig. 5. Temperature dependence of viscosity of the CaO 
concentration series during heating 

 
The systems with additions of 12 and 15 wt.% CaO exhibit 

higher viscosities than those with a lower content of calcium 
oxide (TS+6 wt.% CaO and TS+9 wt.% CaO), see Fig. 6. 
Viscosity of the system with addition of 12 wt.% CaO is in the 
interval from 0.83 Pa.s to 0.35 Pa.s. Comparison with the 
viscosity in the system with addition of 6 wt.% CaO, which is in 
the range of values from 0.64 Pa.s to 0.181 Pa.s shows an evident 
increase in the values of viscosity of approx. 0.2 Pa.s. At higher 
temperature (T=1740 K), the viscosity values of 
TS+12 wt.% CaO also exceed the value of viscosity of the system 
TS+3 wt.% CaO. Viscosity of the system enriched with 
15 wt.% CaO varies also within higher range of values (0.62 Pa.s 

- 0.35 Pa.s) than that of the system TS+6 wt.% of CaO, however, 
on the other hand we observe a decrease in the viscosity values in 
comparison with the system TS + 12 wt.% CaO. 

Fig. 7 shows the temperature dependences of systems with 
additions of 0; 3; 6 and 9 wt.% CaO measured during cooling.  
 

 
 

Fig. 6. Temperature dependence of viscosity of the CaO 
concentration series during heating 
 

 
 
Fig. 7. Temperature dependence of viscosity of the CaO 
concentration series during cooling 

It is obvious from this Fig. that similarly as in the case of 
heating, an exponential increase in viscosity values occurs with 
the decreasing temperature. Decrease of viscosity values with the 
increasing CaO content is also preserved in these systems. 

When comparing Figs 5 and 7 it can be seen that similarly as 
in the basic system (TS) the viscosities of these systems shift to 
lower values during cooling. For example, in the system with 
addition of 3 wt.% of CaO the viscosity is during heating in the 
interval from 1.12 to 0.24 Pa.s, while during cooling the viscosity 
varies in the interval from 0.22 to 0.78 Pa.s. 

Fig. 8 shows the temperature dependences of systems with 
additions 12 and 15 wt.% CaO measured during cooling. The 
trend of the viscosity temperature dependence is in these systems 
preserved as well. When comparing Figs. 6 and 8 it is evident that 
in both systems the values of viscosity are during cooling higher 
than during heating, which means that and opposite effect takes 
place than in other systems of the concentration series. In the 
system with addition of 15 wt.% CaO the viscosity values are in 
the second half of the temperature range higher than in the system 
with addition of 12 wt.% CaO. 

 

 
 
Fig. 8. Temperature dependence of viscosity of the CaO 
concentration series during cooling 

 
 

3.4. Influence of CaO content on dynamic 
viscosity 
 

Dependences of viscosity on concentration of CaO are shown 
in Fig. 9. It compares the viscosity values in dependence on 
different concentrations of CaO at the constant temperature 
(1723 K, 1773 K and 1813 K). It is evident from this Fig. that 
viscosity decreases with the increasing contents of CaO systems 
TS, TS+3 wt.% CaO, TS+6 wt.% CaO and TS+9 wt.% CaO. At 
the content of 12 wt.% CaO (TS +12 wt.% CaO) a sudden 
increase in the viscosity value occurs, which again with another 

3.3.  Dynamic viscosity temperature dependence 
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with addition of 12 wt.% CaO. 

 

 
 
Fig. 8. Temperature dependence of viscosity of the CaO 
concentration series during cooling 

 
 

3.4. Influence of CaO content on dynamic 
viscosity 
 

Dependences of viscosity on concentration of CaO are shown 
in Fig. 9. It compares the viscosity values in dependence on 
different concentrations of CaO at the constant temperature 
(1723 K, 1773 K and 1813 K). It is evident from this Fig. that 
viscosity decreases with the increasing contents of CaO systems 
TS, TS+3 wt.% CaO, TS+6 wt.% CaO and TS+9 wt.% CaO. At 
the content of 12 wt.% CaO (TS +12 wt.% CaO) a sudden 
increase in the viscosity value occurs, which again with another 
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addition of CaO slightly decreases. The effect of CaO addition on 
viscosity of the investigated systems decreases with the increasing 
temperature. 

Concrete values expressing the dependence of viscosity on the 
CaO concentration are given in Table 2. 
 

 
 
Fig. 9. Dependence of viscosity on concentration of CaO at the 
constant temperature 
 
Table 2. 
Dependence of viscosity on concentration of CaO at the constant 
temperature 

wCaO   [Pa.s]  

[-] 1723 K 1773 K 1813 K 

0.369 0.954 0.588 0.421 

0.399 0.894 0.469 0.313 

0.429 0.566 0.360 0.261 

0.459 0.447 0.279 0.198 

0.489 0.730 0.574 0.382 

0.519 0.615 0.461 0.360 
 

Influence of basicity, i.e. of the viscosity ratio CaO/SiO2 of 
the investigated systems at the temperatures of 1723 K and 
1843 K is shown in Fig. 10. It is evident from this Fig. that 
viscosity first decreases with the increasing basicity, while it 
achieves its minimum value at the CaO/SiO2 ratio = 1.13. At the 
values of the CaO/SiO2 ratio > 1.13 the values of viscosity again 
increase. The basicity influence on the slag viscosity value is 
much more pronounced at lower temperatures. This effect is 
reduced with the increasing temperature. 

Effect of basicity on the viscosity of molten slag can be 
broadly interpreted as follows: the higher the viscosity is the 
larger the size of complex anions. 

The basic building unit of silicates, aluminium silicates and 
other modifications of SiO2 is the tetrahedron SiO4

4-, which 
consists of small central atom of silicon, surrounded by four large 
atoms of oxygen situated at the vertices of the tetrahedron. Those 
tetrahedrons can exist in the structure of silicates as independent 
structural units, or they can be mutually interconnected into more 
complex formations, while connection of tetrahedrons is realised 
by sharing of one atom of oxygen, the so called oxygen bridge, by 
two adjacent tetrahedrons. 

Anionic units of the type [Si2O5]2-, [Si2O6]4-, [Si2O7]6- and 
[SiO4]4- occur in the silicate melts [22]. These anionic units 
contain 3-6 atoms and they can exist for example in the form of 
chains. Influence of the SiO2 contents on the viscosity of molten 
oxide systems can be generally interpreted in the following 
manner: the larger is the size of complex anions, the greater is 
viscosity. Their size conditions mutual interconnection of adjacent 
layers of the melt and therefore also the internal friction in the 
melt. According to the work of V.P. Smoljarenko [23] the 
condition for creation of isolated tetrahedrons SiO4

4- is the ratio 
O/Si  4. In our case, the basic system (TS) achieves the value of 
this ratio 3.42. According to this assumption it is obvious that 
network structures are being formed in the melt. 
 

 
 
Fig. 10. Viscosities of CaO - Al2O3 - SiO2 system as a function of 
the basicity at 1723 K and 1843 K 

 
Breaking of compound silicate complexes to simpler ones 

causes on the contrary decrease of viscosity reduction [24, 25]. 
However, at higher temperatures a defragmentation influence 
associated with modification effect of CaO on silicate bonds is 
less pronounced as a result of partial defragmentation of silicate 
complexes. For this reason, the influence of the CaO content on 
changes of viscosity values is lower at higher temperatures, as it 
can be seen in Figs. 5 and 7. 

According to the above statements increasing content of CaO 
in silicate melts should thus always lead to declines of the 

viscosity values. However, the experiments show that viscosity 
decreases with the increase of CaO content (with the increasing 
basicity) only to a certain limiting concentration of CaO. 
Viscosity reaches its minimum value at the ratio CaO/SiO2 = 1.13. 
Another addition of CaO leads to re-increase in the viscosity of 
melts. In this case it is necessary to take into account also the radii 
of individual ions present in the melt and the strength of covalent 
and ionic bonds within the individual oxides. 

It is generally valid that the higher is the positive charge of 
the ion, the smaller is its radius. Moreover for atomic radii it is 
valid that in the periods the ion radius decreases, since the 
effective charge of the core is increasing, which causes a higher 
concentration of electron envelope. This trend applies also to the 
ions of the same valence. Within the frictional forces between the 
particles (assuming their spherical shape) the particles with larger 
radius necessarily increase the value of melt viscosity. According 
to the above rules ion radius increases in the following order: 
Si4+  Al3+ Mg2+  Ca2+. If we omit the associated character 
of the melt, then increasing of the CaO content must necessarily 
lead to an increase in viscosity. We therefore meet within the 
studied system the two opposing effects - CaO decreases the 
associated character of the melt due to influence of its 
modification effects, or it reduces the viscosity melt, and at the 
same time it increases the viscosity by effect of its ionic radius. 
On the basis of the realised experiments a break in its influence on 
the overall viscosity of the melt occurs at the basicity value 
around CaO/SiO2=1.13. 

Comparison of our experimental results with those obtained 
by other authors is very difficult because of the wide variability in 
composition of oxide systems, which form the basis of 
metallurgical slags and casting powders. Even a slight change in 
the chemical composition greatly influences the value of 
viscosity. For example, authors of the article [19] studied the 
effect of basicity on the viscosity of oxidic systems  
CaO-SiO2-Al2O3(-MgO) only at the ratio CaO/SiO2  0.6-1.3. 
Although other authors dealt with experimental measurement of 
viscosity dependence on basicity at the ratio CaO/SiO2  1.15-1.6, 
they investigated, however, a different oxide system  
CaO-SiO2-Al2O3-MgO-FeO with different chemical composition 
[18]. The results of the experimental study presented above were, 
nevertheless, compared with the results described in the work [26] 
and good agreement was found in spite of the fact that some 
differences existed in percentage representation of individual 
components of the investigated oxide system.  
 
 
4. Conclusions 
 

The results obtained by experimental research can be 
summarised as follows: 

Viscosity of all the investigated oxide systems - CaO 
concentration series - decreases exponentially with the 
increasing temperature. 
Dynamic viscosity is highly dependent on the chemical 
composition of the oxide system. Mutual ratio CaO/SiO2, i.e. 
basicity affects significantly the viscosity. Viscosity first 
decreases with the increasing basicity, while it achieves its 
minimum value at the ratio CaO/SiO2 ratio = 1.13. At the 
values of the CaO/SiO2 ratio > 1.13 the viscosity values 
increase again. 

Effect of basicity on the viscosity value of slags is much more 
pronounced at lower temperatures. This effect is eliminated 
with the increasing temperature. The viscosity measured 
during heating of individual oxide systems is higher than 
viscosity measured during their cooling, in case of the 
systems with additions of 0; 3; 6 and 9 wt.% CaO. This fact 
has been confirmed in these investigated samples and it was 
probably caused by de-polymerisation of the silicate structure 
during heating. In the systems with additions of 12 and 
15 wt.% CaO a reverse was observed opposite effect, i.e. the 
viscosity values measured during heating were lower than 
during cooling. 
Analysis for exact determination of the change of the silicate 

structure and chemical composition during thermal load will be 
performed in the next step for confirmation of this assumption.  
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viscosity of the investigated systems decreases with the increasing 
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Fig. 9. Dependence of viscosity on concentration of CaO at the 
constant temperature 
 
Table 2. 
Dependence of viscosity on concentration of CaO at the constant 
temperature 

wCaO   [Pa.s]  

[-] 1723 K 1773 K 1813 K 

0.369 0.954 0.588 0.421 

0.399 0.894 0.469 0.313 

0.429 0.566 0.360 0.261 

0.459 0.447 0.279 0.198 

0.489 0.730 0.574 0.382 

0.519 0.615 0.461 0.360 
 

Influence of basicity, i.e. of the viscosity ratio CaO/SiO2 of 
the investigated systems at the temperatures of 1723 K and 
1843 K is shown in Fig. 10. It is evident from this Fig. that 
viscosity first decreases with the increasing basicity, while it 
achieves its minimum value at the CaO/SiO2 ratio = 1.13. At the 
values of the CaO/SiO2 ratio > 1.13 the values of viscosity again 
increase. The basicity influence on the slag viscosity value is 
much more pronounced at lower temperatures. This effect is 
reduced with the increasing temperature. 

Effect of basicity on the viscosity of molten slag can be 
broadly interpreted as follows: the higher the viscosity is the 
larger the size of complex anions. 

The basic building unit of silicates, aluminium silicates and 
other modifications of SiO2 is the tetrahedron SiO4

4-, which 
consists of small central atom of silicon, surrounded by four large 
atoms of oxygen situated at the vertices of the tetrahedron. Those 
tetrahedrons can exist in the structure of silicates as independent 
structural units, or they can be mutually interconnected into more 
complex formations, while connection of tetrahedrons is realised 
by sharing of one atom of oxygen, the so called oxygen bridge, by 
two adjacent tetrahedrons. 

Anionic units of the type [Si2O5]2-, [Si2O6]4-, [Si2O7]6- and 
[SiO4]4- occur in the silicate melts [22]. These anionic units 
contain 3-6 atoms and they can exist for example in the form of 
chains. Influence of the SiO2 contents on the viscosity of molten 
oxide systems can be generally interpreted in the following 
manner: the larger is the size of complex anions, the greater is 
viscosity. Their size conditions mutual interconnection of adjacent 
layers of the melt and therefore also the internal friction in the 
melt. According to the work of V.P. Smoljarenko [23] the 
condition for creation of isolated tetrahedrons SiO4

4- is the ratio 
O/Si  4. In our case, the basic system (TS) achieves the value of 
this ratio 3.42. According to this assumption it is obvious that 
network structures are being formed in the melt. 
 

 
 
Fig. 10. Viscosities of CaO - Al2O3 - SiO2 system as a function of 
the basicity at 1723 K and 1843 K 

 
Breaking of compound silicate complexes to simpler ones 

causes on the contrary decrease of viscosity reduction [24, 25]. 
However, at higher temperatures a defragmentation influence 
associated with modification effect of CaO on silicate bonds is 
less pronounced as a result of partial defragmentation of silicate 
complexes. For this reason, the influence of the CaO content on 
changes of viscosity values is lower at higher temperatures, as it 
can be seen in Figs. 5 and 7. 

According to the above statements increasing content of CaO 
in silicate melts should thus always lead to declines of the 

viscosity values. However, the experiments show that viscosity 
decreases with the increase of CaO content (with the increasing 
basicity) only to a certain limiting concentration of CaO. 
Viscosity reaches its minimum value at the ratio CaO/SiO2 = 1.13. 
Another addition of CaO leads to re-increase in the viscosity of 
melts. In this case it is necessary to take into account also the radii 
of individual ions present in the melt and the strength of covalent 
and ionic bonds within the individual oxides. 

It is generally valid that the higher is the positive charge of 
the ion, the smaller is its radius. Moreover for atomic radii it is 
valid that in the periods the ion radius decreases, since the 
effective charge of the core is increasing, which causes a higher 
concentration of electron envelope. This trend applies also to the 
ions of the same valence. Within the frictional forces between the 
particles (assuming their spherical shape) the particles with larger 
radius necessarily increase the value of melt viscosity. According 
to the above rules ion radius increases in the following order: 
Si4+  Al3+ Mg2+  Ca2+. If we omit the associated character 
of the melt, then increasing of the CaO content must necessarily 
lead to an increase in viscosity. We therefore meet within the 
studied system the two opposing effects - CaO decreases the 
associated character of the melt due to influence of its 
modification effects, or it reduces the viscosity melt, and at the 
same time it increases the viscosity by effect of its ionic radius. 
On the basis of the realised experiments a break in its influence on 
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