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THERMAL AND STRUCTURAL CHARACTERIZATION OF THE

VITREOUS SAMPLES IN THE SiO
2
 – PbO – Na

2
O SYSTEM
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INTRODUCTION

of view, since they have very interesting structure and offer properties such as high value 

of the refractive index, low absorption in the visible region of the spectrum, an improved 

chemical stability and brightness (1, 2). The lead containing glasses, such as crystal glass, 

have been used from the ancient time. Recently, due to the possible application in op-

tics, electronics, nuclear techniques, and wastes inactivation, the interest in these types of 

glasses has been renewed.

In the binary SiO
2
-PbO system, when the PbO content is low, the Pb2+ ion is distinctly 

i.e., [PbO
4
] coordination groups are present. In the intermediate concentration range up 
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PbO a distinct change in the bonding mechanism develops, most probably by a change 

in the electron distribution (3, 4). Raman and infrared investigations of the binary glasses 

concentration (2).

composition), they may undergo crystallization and oxide compounds are formed, which 

is on the DTA curves registered as an exothermic effect. The glass crystallization can 

occur either in the presence of nucleation agents (method used for the glass ceramics pro-

starts from the surface and only some systems can crystallize in the volume (6).

The purpose of the present work was thermal, structural and chemical characteriza-

tion of glasses in the SiO
2
– PbO - Na

2
O ternary system. The lead oxide role in the studied 

glasses was investigated by infrared spectroscopy. The spectra were interpreted in terms 

of the structures of silicate groups. The correlation of differential thermal analysis and in-

frared spectroscopy data with the results of chemical stability tests helped to establish the 

compositions, which have a high PbO content and good chemical stability.

Lead silicate glasses were prepared from PbO, SiO
2
, Na

2
CO

3
 (analytical grade rea-

-

quenching in cold water. 

Infrared spectra -1

into a transparent pellet suitable for measurement.

X-ray analysis of the glasses was performed on a DRON 3 equipment using CuK

radiation
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RESULTS AND DISCUSSION

-

2

2

increases.

Table 1
2
 – PbO – Na

2
O

No. Glass Chemical Composition

SiO
2

PbO Na
2
O

% wt % wt % wt

Series 1 32.0 55.0 13.0 21.2

A2 35.0 40.0 25.0 34.6

44.0 35.0 21.0

C1 45.0 38.3 14.3 16.7

D3 50.0 61.9 25.0 8.2 25.0 29.9

Series 2 A2 35.0 40.0 25.0 34.6

35.0 48.0 17.0

1, underlying their vitreous character.

Fig. 1. XRD pattern of some glasses in the SiO
2
 – PbO – Na

2
O system 
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-1. The vibration bands assigned to the Pb-O bonds 
-1and are not evident in our spectra.

-1 -1 are 

-1 in chain silicates have been 

assigned to the stretching vibrations of Si-O-Si bridging bonds. The number of the bands 

this range is then correlated with the number of distinct repeating units in the silicate chain 

(8). The infrared spectra of hexagonal PbSiO
3

indicating more SiO
4
units in the chain (9).

s
) valence vibrations of the bonds in the [SiO

4
] tetrahedra are located 

-1. In the case of our glasses, these bands are active in the IR spectrum 
-1 for the glasses C1 and D3, showing that the symmetry of the [SiO

4
] te-

trahedra is due to the fact that the silicon-oxygen network is predominately composed of 

-

merised.
-1

as
) va-

lence vibrations of the bridging Si-O-Si bonds. The [SiO
4
] tetrahedron can be bonded with 

-1) and non-bridging 

Si-O- bonds (maximum 893 cm-1

range for SiO
4

-1 (3). In the case of the studied 

glasses the band assigned to the bonding of the [SiO
4
] network tetrahedra to the non-bridg-

-1, while the bonding to the Si-O- bonds 
-1. The differences no-

Fig. 2. Infrared spectra of some glasses in the SiO
2
 – PbO – Na

2
O system
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-1 range indicate 

different structural ordering of the glass network that can be correlated to the different 

amount of PbO and Na
2
O in the glass composition.

-

signed to deformation vibration of the H-O-H groups in the structure of glass or surface 

cm-1 is assigned to the presence of Na
2

-1 range are shifted to the higher wavenumber, 

probably, due to the interaction with both the tetrahedral SiO
4
 and pyramidal PbO

3
. The 

-1

correlation with the smaller content of Na
2
O in the oxide composition. 

The only sample that exhibits a clear exo-

C. This behaviour. This behaviour 

can be assigned to the successive crystallization of several phases, accompanied by the 

corresponding exothermic effects that overlap. In the case of A2 glass, three very small 

effects could be observed. The A2 glass contains high amount of Na The A2 glass contains high amount of Na
2

 The 

-

posite behaviour and the highest crystallization tendency. 

In the Pb
2
SiO

4
– PbSiO

3
 system, the DTA pattern obtained from Pb

2
SiO

4
 shows an 

crystallization of the Pb
2
SiO

4
phase.

Fig. 3. DTA curves of the glasses in the SiO
2
 – PbO – Na

2
O system
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in the Table 2. The reference glass was window glass, whose conductivity determined by 

the sodium ions dissolved from the glass. In the studied glasses, the conductivity is deter-

mined both by the sodium ions and the lead ions release form the glass composition. 

Comparing the results of chemical resistance with the structural ordering of the glass-

es, as determined by infrared spectroscopy and their thermal behaviour, we may notice 

that the samples with the highest tendency of crystallization have the lowest chemical 

(class 1) and it also showed a very good thermal stability.

Table 2.

and conductivity measurements

Glass Chemical Resistance Class

1   63

C1 1-2

A2 2 836

2

2

D3 3

window glass 3   31

*Conductivity of the solutions after boiling for 1 hour.

CONCLUSIONS

The glasses in the SiO
2
 – PbO – Na

2
O system were studied in order to establish the 

conditions to include high amount of the PbO in the compositions and at the same time 

obtain a good chemical and thermal stability. The glasses were characterized from the 

point of view of the thermal stability by differential thermal analysis. The structure was 

established by infrared spectroscopy. The chemical stability was determined by standard 

tests and conductivity measurements. The results lead to the conclusions that is possible to 

obtain glasses with rather high amount of PbO and with satisfactory thermal and chemical 

properties. The correlation between thermal and chemical stability and the structure of the 

glasses was established.
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