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THERMAL AND STRUCTURAL CHARACTERIZATION OF THE
VITREOUS SAMPLES IN THE SiO, — PbO — Na,O SYSTEM

Oana Catalina Mocioiu, Georgeta Jitianu and Maria Zaharescu

Lead-contain ing glasses have been used from the ancient time. Recently, due to the
possible application in optics, electronics, nuclear techniques, wastes inactivation, the
interest in these types of glasses has been renewed. For lead waste inactivation, glasses
with high amount of PbO in the composition are required, those exhibiting at the same
time a high chemical and thermal stability. Thermal behaviour of lead-silicate glasses
was examined by differential thermal analysis (DTA). Infrared spectroscopy was used
to investigate the structure of the glasses. The spectra were interpreted in terms of the
structures of silicate group by comparison with the spectra of other silicate crystals. The
DTA and infrared data were correlated with the chemical stability tests.

KEYWORDS: Lead-silicate glasses; DTA and IR analysis

INTRODUCTION

Lead glasses are both important materials from both scientific and technological point
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_-PbO system, when the PbO content is low, the Pb** ion is distinctly
framework modifier, but at PbO content higher than 15 to 20% it is framework former,
i.e., [PbO,] coordination groups are present. In the intermediate concentration range up
to 15%, this increase in tetrahedral [PbO,] can be systematically observed. Above 30%
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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
confirm that the silicate network is only gradually depolymerised with increasing PbO
concentration (2).

Generally, when glasses are heated (the thermal treatment depends on the chemical
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-
duction) (5) or in their absence. In the absence of the nucleation agents the crystallization
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,— PbO - Na,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.

EXPERIMENTAL
Glass preparation

Lead silicate glasses were prepared from PbO, SiO,, Na,CO, (analytical grade rea-
gents). Batches (100 g) were melted in alumina crucibles in an electrical oven at 1200-
1400 °C. Melting times were minimized in order to reduce the volatilisation of PbO, with-
out influencing homogeneous composition of glasses. Glass frits were obtained by fast
quenching in cold water.

Structural investigations

Infrared spectra between 200 and 2000 cm™ were recorded on a M80 Carl Zeiss
Jena Specord. Fine powder (1 mg) was mixed with KBr (200 mg) and vacuum-pressed
into a transparent pellet suitable for measurement.

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

Thermal investigations
DTA curves of powder samples with the size between 0.3-0.5 mm were recorded on

a Q-1500D (MOM, Budapest) Paulik-Paulik-Erdey derivatograph in static air atmosphere
in the temperature range of 20-1000°C, using powdered alumina as a reference.

Chemical resistance tests

Chemical resistance tests in water were realized according to ISO 598/1-71, method A.
The conductivity of the extraction solutions after boiling for 1 hour at 98°C was measured.
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RESULTS AND DISCUSSION

The compositions of glasses are presented in Table 1. In the first series, which con-
tains the A7, A2, B3, Cl1, D3 glasses, % wt SiO, increases and % wt PbO decreases. In the
second series, which contains the A2 and A5 glasses % wt, SiO, is same and % wt PbO
increases.

Table 1. Glass composition in the ternary system SiO, — PbO —Na,O

No. Glass Chemical Composition
Sio, PbO Na,O
% wt % mol % wt % mol % wt % mol
Series 1 A7 32.0 53.5 55.0 253 13.0 21.2
A2 35.0 50.0 40.0 15.4 25.0 34.6
B3 44.0 59.3 35.0 13.0 21.0 27.7
Cl1 45.0 63.0 38.3 14.3 16.7 22.7
D3 50.0 61.9 25.0 8.2 25.0 29.9
Series 2 A2 35.0 50.0 40.0 15.4 25.0 34.6
A5 35.0 54.2 48.0 20.6 17.0 25.2

The results of the XRD measurements of the prepared glasses are presented in Figure
1, underlying their vitreous character.
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Fig. 1. XRD pattern of some glasses in the SiO, — PbO — Na O system
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Infrared spectra of the studied glasses are presented in Figure 2. All the spectra of the
obtained glasses contain broad absorption bands in the following rages: 400-550, 600-800,
800-1300, 1400-1500, 1550-1700 cm™. The vibration bands assigned to the Pb-O bonds
are located below 400 cm'and are not evident in our spectra.
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Fig. 2. Infrared spectra of some glasses in the SiO, — PbO — Na,O system

In our case the bands between 400-550 cm™! with the maximum at about 460 cm™ are
assigned to the deformation (8) vibrations of the bonds in silicon-oxygen groups. They are
not significantly different for the different studied glasses.

The weak infrared bands in the range of 600 to 750 cm™' 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, contain five or more bands in this region
indicating more SiO, units in the chain (9).

The symmetric (v,) valence vibrations of the bonds in the [SiO,] tetrahedra are located
in the 700-800 cm™. In the case of our glasses, these bands are active in the IR spectrum
at about 750 cm™ for the glasses C1 and D3, showing that the symmetry of the [SiO,] te-
trahedra is due to the fact that the silicon-oxygen network is predominately composed of
tetrahedra with non-bridging oxygen ions and structural network is significantly depoly-
merised.

The broad band in the range of 800-1300 cm™ is assigned to the asymmetric (v, ) va-
lence vibrations of the bridging Si-O-Si bonds. The [SiO,] tetrahedron can be bonded with
variable non-bridging oxygen ions (maximum at 1106 and 1027 ¢cm™) and non-bridging
Si-O" bonds (maximum 893 cm™) (7). Zarzycki also noted that the characteristic frequency
range for SiO, group in the oxide glasses is 1050-800 cm™ (3). In the case of the studied
glasses the band assigned to the bonding of the [SiO, ] network tetrahedra to the non-bridg-
ing oxygen is located between 1020 and 1058 cm!, while the bonding to the Si-O- bonds
are significantly shifted, being located in the range of 950-975 cm™. The differences no-
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ticed in the IR spectra of the synthesized glasses in the 800-1300 cm™ range indicate
different structural ordering of the glass network that can be correlated to the different
amount of PbO and Na,O in the glass composition.

In the literature, the bands within the ranges 1550-1650 and about 1400-1450 are as-
signed to deformation vibration of the H-O-H groups in the structure of glass or surface
adsorbed water (7). The bands have fine structure due to different character of interaction
between structurally bonded water with silicon-oxygen network. The band about 1410
cm! is assigned to the presence of Na O acting as network modifier (10). In the case of
our glasses, the bands in the 1400-1450 cm™' range are shifted to the higher wavenumber,
probably, due to the interaction with both the tetrahedral SiO, and pyramidal PbO,. The
intensity of the band at 1460 cm! increases in the order: C1, A7, D3, A2, A5, B3. The C1
and A7 glasses contain bands with lower intensity in this wavenumber range. That is in
correlation with the smaller content of Na,O in the oxide composition.

Figure 3 shows DTA curves of the glasses. The only sample that exhibits a clear exo-
thermic effect with an associate shoulder is sample AS5. The B3 glass has a broad band
appearing in a large range of temperatures, between 550°C and 735°C. 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,O, about 25%. The
D3 glass shows an exothermic effect at 657°C. The sample A7 seems to have the lowest
crystallization tendency, so the highest thermal stability, while sample A5 exhibits an op-
posite behaviour and the highest crystallization tendency.

In the Pb,SiO, — PbSiO, system, the DTA pattern obtained from Pb,SiO, shows an
endothermic peak at 615°C on heating and exothermic peak at 525°C on cooling (8). In
the glasses that exhibits exothermic peaks at about 600°C, they can be assigned to the
crystallization of the Pb,SiO, phase.
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Fig. 3. DTA curves of the glasses in the SiO, — PbO —Na,O system
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Data of chemical resistance in water (cf. ISO 598/1-71, method A) of the glasses and
the electrical conductivity of the solutions after boiling for 1 hour at 98°C are presented
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
stability. Among all studied samples, the A7 glass exhibits a good hydrolytic resistance
(class 1) and it also showed a very good thermal stability.

Table 2. Chemical resistance of the glasses obtained by ISO 598/1-71
and conductivity measurements

Glass Chemical Resistance Class Conductivity (uS/cm)
A7 1 63
Cl 1-2 137
A2 2 836
B3 2 1046
A5 2 1470
D3 3 1930
window glass 3 31

*Conductivity of the solutions after boiling for 1 hour.

CONCLUSIONS

The glasses in the SiO, — PbO — Na,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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TEPMHUYKA U CTPYKTYPHA KAPAKTEPU3ALINJA CTAKJIA
N3 CUCTEMA SiO,—-PbO - Na,O
Oana Catalina Mocioiu, Georgeta Jitianu and Maria Zaharescu

OJoBHA cTaKia ce KOPUCTE Of JaBHUHA. Y HOBHje Bpeme, 300r Moryhe mpumMene y

OIITHIIN, EJICKTPOHUIY, HYKJICapHO] TEXHUIIY, IEKaTUBALIU]H OTIIa/1a, 10JaBUO C€ TIOHOBO
UHTepec 3a Ta crakia. OJOBHA CTakia 3a HHEPTH3ALH]y OTIana Cy CTakja ca BUCOKUM
yaenom PbO, mto um 06e36ehyje u 1o0py XeMujcku U TePMUYKY CTaOMITHOCT. TepMudko
TTOHAIIIAFhE Y30paKa OJIOBO-CHIIMKATHOT CTakKia je oxpel)eHo audepeHIjarHo TepMHUjCKOM
ananusoM (JITA). MadpaipBeHa cieKTpoCKonuja je KopuiiheHa 3a aHaJlu3y CTPYKType
cTaka. 3a MHTEPIIPETAIjy clieKTapa KopHuIheHo je mopeleme criekrapa Koju OroBapajy
CTPYKTYpH CHJIMKaTHE TPyIe ca CHeKTpuMa APYTHX CHIMKAaTHUX KpucTaja. Pesynrarn
JATA n na¢panpBeHe crieKTpoCKOITHje Cy TTOBe3aHH ca TECTOBIMAa XEMH]jCKe CTAaOMITHOCTH
THX CTaKana.
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