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Abstract
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Introduction

Borosilicate [1-3] and borophosphate [4-6] based systems benefit from an important revival of interest in many fields
thanks to the development of new tools for elaboration, observation and analysis. This is the case of oxide glasses
which are used for nuclear waste containment [7-10]. These oxide glasses are also used in the biomaterials industry
[11-13] and are particularly useful for repairing bone and / or cartilage defects, deficiencies associated with
pathologies and injuries in the following cases: formation of bone tissue in a fracture, repair of bone defects such as
those due to the removal of a tumor or a cyst, treatment of dental or skeletal anomalies.

Borosilicate glass has been chosen as the basic matrix for its thermal stability, chemical durability and resistance
to self-irradiation [14]. It is therefore important to know the different physicochemical properties that characterize
them, both in the solid and liquid state.

In general, the experimental approach is essential to quantify thermodynamic quantities in binary or
polyconstituted systems. However, due to the multiplicity of constituents and the experimental difficulties related to
the nature of the constituents and the calorimetric methods, other complementary approaches are often envisaged.
This is the case of the analysis, with the help of models, of all the available data, with the aim of optimizing and
calculating the thermodynamic quantities of these systems.

It is within this framework that this study was conducted. The general objective of this work is to apply Van
Laar's thermodynamic model to glasses of the 0.8[xB,0s-(1-x)SiO,]-0.2Na,O system in order to reproduce the
experimental results; this with a view to estimating the enthalpies of mixing.

Materials and Methods
Elaboration of glasses

Glass manufacturing techniques [15-18] may vary depending on the initial composition, the type of glass, the
expected structure and the resulting application. For oxide glasses, most of them consist in bringing a heterogeneous
mixture of vitrifiable oxides (which can form a glass) to a melting temperature between (about 1200 and 1400°C) in a
crucible. The resulting molten liquid, called molten glass or melt, is properly cooled so that a vitreous liquid is
formed. This is why glasses are considered as frozen liquids [17].

Measurements of the enthalpies of mixing the glasses

In this study, the aim was to model the enthalpy of mixing of the system under study. The available thermodynamic
data were used for this system for achieving our objective. To our knowledge, the work of Ahoussou et al. [3] is the
only source of experimental thermodynamic data available for this system. These authors performed enthalpy of
mixing measurements by dissolution calorimetry at 298 K where different compositions of alkali borosilicate glasses
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of the 0.8[xB,03-(1-x)Si0,]-0.2Na,O system, 50 ml of the mixture HF (6M) + HNO; (4M) were used as solvent. In
order to facilitate dissolution, various sample masses of about 3 mg were dissolved. Seven different compositions
were studied. The corresponding experimental values of enthalpies of mixing are given in Table 1.

Table 1 Experimental data of enthalpy of mixing at 298 K for alkali borosilicate glasses

X Experimental data of mixing
enthalpy [3] AHm (kJ.mol™)

0 0.00+£0.33

0.15 -2.00 £ 0.27

0.25 -2.70 £ 0.27

0.50 -3.28£0.33

0.75 -2.19+£0.27

0.9 -0.87 £ 0,39

1 0.00 £ 0.33

Sub-regular solutions model approach

It should be noted that data processing according to the sub-regular solution model was developed by Ahoussou [19].
This work has led to the expression of the enthalpy of mixing below Equation 1:

AH, =Xx(1-x)(ax+Db) (1)

with a = (AH 21 —AH12) and is equivalentto a = AH21—b where b =AH12, x the molar fraction of component i
(B203).

The partial enthalpies at infinite dilution at 298 K for alkali borosilicate glasses in regular solution are shown in
the Table 2.

Table 2 Enthalpies of dissolution at infinite dilution at 298 K for alkali borosilicate glasses of sub-regular solution

System AH 088,0,-02N0,0  AH 085i0,-0.2Na,0
(AH12) (kImol®)  (AH 21) (kJ.mol?)
0.8[B,0; — (1-x)Si0,]-0.2Na,O -16.4 -10.0

In the case of the 0.8[xB,0s-(1-x)Si0,]-0.2Na,0 system, the experimental results at 298 K lead to Equation 2:
AH . =x(1-x)(6.4x-16.4) (kJ.mol™) 2)

Approach using the Van Laar model

In this formalism, the number of close neighbors or coordination is a function of the nature of the central atom. The
number of each type of pair depends not only on the molar fractions (as is the case in the regular solution model), but
also on the volume molar fractions. This model is an example of interaction models. The expression of the resulting
enthalpy of mixing is of the form:

AH

i=m j=m—_oo_
m i=m
2 Vi
- ©

Where V; and x; are respectively the molar volume and molar fraction of component i. A_Hi( j) represents the
enthalpies of dissolution at infinite dilution of i in j. The entropy of mixing in this formalism is ideal [19].
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Results and Discussion
The results obtained are shown in Figure 1. The values of enthalpies of mixing are slightly negative. These values are

characteristic of an attractive behavior within the solid and responsible for a short distance order as in the case of a
system of the same type such as 0.8[xB,0s-(1-x)SiO,]-0.2K,0 [1]. The values of enthalpies of mixing being negative,
the reaction is exothermic, reflecting a release of heat within the system. These low mixing enthalpy values are the

cause of a large dispersion of the results.

1

AHm (kJ.mol ™)

Figure 1 Variation of enthalpy of mixing as a function of the B,O5 content of the system
0.8[xB,05-(1-x)Si0,]-0.2Na,O

This information is necessary for modeling the 0.8[xB,0s-(1-x)Si0O,]-0.2Na,O system. However, a first modeling

approach exists in the literature [4].

Figure 2 shows the experimental points and the curve showing the evolution of the estimated values according to
the sub-regular solution model. It appears that the sub-regular model sufficiently accounts for all the thermodynamic
experimental data. Indeed, a good representation of the experimental points is to be pointed out, with a standard
deviation lower than 3 %, with the exception of the two compositions ( x = 0.25 and 0.9) with standard deviations of

23.8 % and 9.4 %, respectively.

m Pexp

AHM (kJ.mol™)

Figure 2 Experimental values and curve of enthalpy of mixing according to the sub-regular solution model applied to
the 0.8[xB,03-(1-x)SiO,]-0.2Na,O system
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These data can be used to optimize the system under study, so it seems necessary to improve their reliability. To
achieve this, a new estimation is proposed, in order to refine this model through a new approach. This approach is
based on the Van Laar model. Van Laar's model allows to determine new values of parameters of binary interactions
and to use them to improve the calculations of thermodynamic properties, especially the quantities of mixtures in
binary systems.

Data processing was carried out on the basis of Van Laar's equation (Equation 3) with the "Curveexpert"
software. Table 3 gathers the values of the different adjustable parameters (partial enthalpies at infinite dilution and
partial molar volumes) from the Van Laar model.

Figure 3 shows a good consistency of the enthalpies of mixing calculated according to Van Laar model with the
experimental data. Therefore, this approach is in agreement with the values in the literature [4].

In Table 4, the Van Laar model estimates are compared with experimental mixing enthalpy data.

Van Laar's model gives a good representation of the experimental points, with a deviation of less than 3 per cent
(Figure 4).

Table 3 Adjustable parameters according to the Van Laar model

Enthalpy with infinite dilution Enthalpy with infinite Molar volume of Molar volume of
of 8203 dilution of S|02 8203 (Vl) S|Oz (Vz)
—o — cm?®.mol™ cm®.mol™
(AH12) (kJ.mol™) (AH 21) (kJ.mol™) ( ) ( )
-3.67 -8.16 0.6 0.36
1
B Pexp

AHm (kJ.mol™)

'4 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
X
Figure 3 Comparative study of values of enthalpy of mixing according to the Van Laar model and experimental
points

Table 4 Comparison of estimated values with experimental data of enthalpy of mixing for the system
0.8[xB,05-(1-x)Si0,]-0.2Na,0

X Experimental data [3] Van Laar's model Sub-regular solution model [19]
AHp, (kJ.mol™) AHp, (kJ.mol™) AHp (KJ.mol™)
0 0.00+0.33 0.00 0.00
0.15 2.00+0.27 -2.00 -1.97
0.25 -2.70+0.27 -2.77 -2.18
0.50 -3.28 £0.33 -3.24 -3.30
0.75 -2.19+0.27 -2.16 -2.17
0.9 -0.87 +0.39 -0.97 -0.96
1 0.00 + 0.33 0.00 0.00
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Figure 4 Comparative study of values of enthalpy of mixing according to the Van Laar and sub-regular solution
models

Discussion

A comparative study of the estimates resulting from the Van Laar model with those resulting from the sub-regular
solutions model was carried out. Fig. 4 shows that the difference in enthalpy of mixing between these two models
does not exceed 3 %. Given the respective uncertainties of the two methods, the agreement is very satisfactory.
However, it appears that the Van Laar model permits a much more satisfactory representation of the experimental
data than the sub-regular solution model. In particular, it is noted that the experimental points are much better
reproduced by the Van Laar model (with a determination coefficient R* of 0.9984) than by the sub-regular solutions
model (with a determination coefficient R® of 0.9735). However, from a statistical point of view, the examination of
the coefficients of determination as well as the margins of error shows that the two models lead to a quasi-similar
representation. The differences remain very modest. It can therefore be considered that these differences are not
significant and are representative of an order of magnitude of the experimental errors.

Conclusion

This work allowed to establish a thermodynamic description of the system 0.8[xB,03-(1-x)Si0,]-0.2Na,O where 0 < X
< 1 based on the Van Laar model. The estimated interaction parameters allow to account for the evolution of the
enthalpy of mixing with the composition.

The comparative study with the sub-regular solutions model shows that this approach is more representative of
the experimental points although both models are acceptable.
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