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Abstract. The objective of our investigations consists in the thermal characterization of SiO2-PbO-Na2O
vitreous materials in order to establish their properties for applications mainly as sealants. In order to evaluate
the vitreous material�metal adherence, the thermal expansion coefficients (a) from experimental and theoretic
data were determined. The differential thermal analysis of studied materials give the information about
temperatures characteristic to glass transition, crystallization and melting. Dilatometer measurements were
performed in air atmosphere in order to establish thermal coefficients of the materials. Softening and flowing
characteristic of the vitreous materials were established by heating microscope measurements. The difference
between thermal expansion coefficient (a) of the vitreous materials (10.2� 10�6K�1 and 17.6� 10�6K�1) and
thermal expansion coefficient of the steel substrate OL 38 (10.8� 10�6K�1) is under 37%. This value is fit for a
good adherence between materials.
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1 Introduction

Modern technologies such as additive manufacturing, and
products as fuel cells (SOFC) and batteries, are new
challenges for study of the expansion coefficients and
thermal properties of the materials [1–7]. Looking from this
perspective the problematic of the paper begin to renew in
agreement with their demands. Vitreous materials can be
useable as high temperature sealant (like SOFC) [1–3].
Adherence, or bonding, of vitreous material to metal is
extremely important in producing of thedental restora-
tions, seals, photonic crystal fibers and protective coatings
on metals [1–9]. A parabolic trough solar receiver is one of
the most important elements in the solar thermal power
system for converting the solar energy into thermal energy.
The receiver typically consists of a metal pipe with a solar
selective coating and a glass tube for evacuation [2]. The
failure of the glass-to-metal seal has a significant impact on
the thermal performance of the receiver [2,3]. It can cause
vacuum loss, fracture of glass tube and solar selective
coating degradation [2].

The series of SiO2-Bi2O3-PbO-ZnO-BaO and SiO2-
TiO2-Bi2O3-PbO-Na2O vitreous materials were synthe-
tized dedicated to fabrication of photonic crystal fibers [8].
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During composition development, the thermal properties
were investigated according to the change of chemical
composition [8]. The high concentrations of heavy metal
oxides improve nonlinear refractive index and spectrally
broad transmission window from 0.5 to 4.5mm [8]. Their
thermal properties are optimized to enable drawing of all-
solid photonic crystal fibers [8].

The objective of our investigations consists in the
thermal characterization of lead silicate vitreous materials
in order to establish their properties forsealing applica-
tions. In order to evaluate the materials � steel adherence,
the thermal expansion coefficients (a) from experimental
and theoretic data were established. The vitreous oxide
materials are called hard when a is lower than 6� 10�6 K�1

and they are called soft when a is higher than 6� 10�6 K�1.
Vitreous silica has a very low thermal expansion coefficient
value of 0.5� 10�6 K�1.
2 Experimental methods

The SiO2-PbO-Na2O vitreous materials were prepared by
traditional route. Starting materials were SiO2, PbO and
Na2CO3 (p.a. Merck). The melting of starting materials
mixturein appropriate compositions was made at 1400 °C
for 1 h into electrical oven. The vitreous oxide materials
were cast in carbon mold and thermally treated at 300 °C
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Table 1. Chemical composition of the studied vitreous
oxide materials.

Material Oxide composition (%mol)

SiO2 PbO Na2O

A2 50.0 15.4 34.6
A3 52.0 18.0 30.0
A5 54.0 20.7 25.3

Table 2. Results of heating temperature microscopy.

Material Softening
temperature
(°C)

Half-ball
temperature
(°C)

Flow
temperature
(°C)

A2 780 800 840
A3 470 580 670
A5 460 600 700

Table 3. Characteristic temperatures obtained from
dilatometer measurements.

Material Tg (°C) Tsr (°C) Td (°C)

A2 420 432 454
A3 407 415 429
A5 348 357 368
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for 2 h. Thermal treatment lead to relaxation of structure
and elimination of stress that can break thematerial. Oxide
composition for obtained vitreous materials is presented in
Table 1.

The differential thermal analysis curves were recorded
in range 20–900 °C, with a heating rate 10 °C/min, with a
Setaram apparatus. Dilatometer measurements were
performed in air atmosphere on Linseis apparatus model
L75. Sintering characteristics, softening characteristics,
and melting characteristics were measured using a Carl
Zeiss Jena heating microscope between 20–1000 °C. All
components of the heating microscope (the lamp, furnace
and camera) are arranged on an optical bench for exact
alignment. The silhouettes of a test object are analyzed,
while it is being heated in a small tube furnace. The
morphology of the vitreous oxide materials were investi-
gated by scanning electron microscopy (SEM) using a
microscope, Quanta FEI 250 model, at an accelerating
voltage of 10 kV. Sample preparation was minimal and
consisted in immobilizing the samples on a double-sided
carbon tape, with no coating.
3 Results and discussions

The system SiO2-PbO-Na2O was studied from structural
point of view in previously published articles [10–12]. The
oxide composition have different structure, morphologies
and properties due to existence of six subsystems in the
phase diagram of the ternary system. The presence of
vitreous or crystalline state in obtained materials is lead by
Gibbs free energy [10–12]. Thermal analysis measurements
shown in previous article [12] evidenced increase of
temperature Tg with lead contend in composition. The
same behavior can be seen below in the dilatometer
measurements.

In the Table 2 are presented results of heating
microscope measurements. Carl Zeiss Jena heating micro-
scope used to investigate thermal behavior of materials
have three principal components: lamp, furnace and
camera. All components of the heating microscope are
arranged on an optical bench that ensures exact alignment
which is essential for precise image analysis. The increasing
of the temperature in the oven is controlled by a
thermocouple located directly below the sample. The
protection of the thermocouple against mechanical dam-
age, influences from the furnace atmosphere and contami-
nation by the sample is made by a sintered alumina plate.
Another distinctive element of the heating microscope is its
specimen carriage, which is moved on rails that are rigidly
attached to the furnace carrier. This enables you to
position a sample on the alumina plate outside the (hot)
furnace and then to move them in a desired position inside.
At the same time, the furnace is sealed off. The analyses can
be carried out on one sample at the time, to identify
characteristic temperatures as: Softening, Half ball and
Flow. The temperature is correlated with changes in
dimension and shape of thesample. The formation of half-
ball and flow of melting show a good wettability of
substrate with studied materials. The wettability and flow
behavior of the seals could be adjusted by controlling the
temperature. The adhesion of the oxide materials show
that they can be used as seals. The difference from the
obtained temperatures show the process-ability of the
vitreous oxide material. Oxide material noted A2 flow at
the highest temperature and has the lowest interval
(60 °C). Materials noted A3 and A5 melt and flow to
substantially lower temperatures and have a much higher
melting interval (200 °C for A3, and 240 °C for A5,
respectively). Vitreous material noted A5 presents the
appropriate properties for applications.

Table 3 show characteristic temperatures obtained
from dilatometer measurements: transition temperature
(Tg), structure relaxation temperature (Tsr), and soften-
ing point (Td).

Any of them give important information used in
industrial applications. Glass transition temperature
(Tg) is the temperature in the glass transition region
where the metastable melt transforms into glass in the
course of its cooling and where glass transforms into
metastable melt in the course of heating. The structure
relaxation temperature (Tsr) is temperature used for
thermal treatment of glasses for ordering of structural units
without softening of the material. This is important to
prevent cracks in glass. The difference between Tg and Td
values can be correlated with viscosity of glass and
influence on the workability. For example in borosilicate
glasses the phase separation process leads generally to the



Table 4. The thermal expansion coefficient obtained by
theoretical and experimental mode.

Material a calculated
with Appen
formula [1/K]

a measured with
dilatometer
[1/K]

A2 17.96 � 10�6 17.6 � 10�6

A3 18.13 � 10�6 13.4 � 10�6

A5 18.32 � 10�6 14.2 � 10�6

Table 5. The influence of the thermal expansion coefficient on the adhesion from literature data [2,5].

CTE glass CTE metal Difference Adhesion Reference

Pyrex glass
3.3 � 10�6/K

stainless steel 304
10.2 � 10�6/K

67% Breakage [2]

Pyrex glass
3.3 � 10�6/K

stainless steel 430
12 � 10�6/K

85% Breakage [2]

Pyrex glass
3.3 � 10�6/K

Kovar
6.15 � 10�6/K

46% Partial good [2]

5.0 borosilicate glass
5.5 � 10�6/K

Kovar
6.15 � 10�6/K

10.5% Good [2,5]

Fig. 1. SEM image of material noted A2.
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formation of at least two vitreous phases, one silica rich
phase and a borate rich phase [13]. The lower viscosity
phase controls mainly the value of Tg while the
connectivity of the high viscosity silica rich phase
determines the value of Td [13]. To obtain suitable
wettability and bonding strength, the seals were heated
above Td [3]. The lower temperatures are present in
vitreous material noted A5 and the highest are character-
istic to A2.

Table 4 exhibits calculated thermal expansion coeffi-
cient of the studied vitreous oxide materials. Calculus of
thermal expansion coefficient can be obtained starting from
oxide composition or dilatometer measurements. The
thermal expansion coefficients of the studied materials
was calculated starting from composition according to
Appen formula (Eq. (1)).

a ¼

Xi

1

mi⋅ai

100
ð1Þ

where mi represents the fraction of the initial oxides
expressed in molar fraction; ai -the characteristic param-
eters of the initial oxides.

The calculated thermal coefficients increase with
content of lead oxide in the glass. The coefficient measured
from room temperature to 800 °C, are smaller than the
calculated data probably due to volatilization of a small
content of lead oxide. The thermal expansion coefficient of
the OL 38 steel substrate a=10.8� 10�6 K�1. The
difference between thermal expansion coefficient of the
vitreous materials and thermal expansion coefficient of the
steel substrate OL 38 is under 37%, the value admitted for a
good adherence. The difference between thermal expansion
coefficient of glass andmetals is important as can be seen in
the literature data exhibit in the Table 5. The results of the
investigations led to conclusion that the studied vitreous
materials are adequate for use as sealant and junction with
steel.

Figure 1 displays the morphology of the material noted
A2. In the figure can be seen a matrix homogeneous specific
to vitreous state.

4 Conclusions

Vitreous oxide materials in the SiO2-PbO-Na2O systems
were investigated from point of view of thermal properties.
The heatingmicroscope measurements show the possibility
to obtain good adherence of materials on steel. The melting
interval of the materials depend on the composition. The
dilatometer characteristic temperatures present the same
behavior. The calculated thermal coefficients increase with
content of lead oxide in the materials. The measured
coefficients are smaller than the calculated data probably
due to volatilization of a part of lead content. The
difference between thermal expansion coefficient of the
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vitreous materials and thermal expansion coefficient of
the steel substrate OL 38 (10.8� 10�6 K�1) is under 37%,
the value admitted for a good adherence. The results of the
investigations led to conclusion that the studied vitreous
materials are adequate for use as sealant and junction with
steel.

This paper was presented at the 3rd International Conference
“Emerging Technologies in Materials Engineering EmergeMAT”,
organized by the National R&D Institute for Non-ferrous and
Rare Metals � IMNR, Romania, 29–30 October 2020.
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