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Thermal behaviour of the mixed (M,0-PbO)-B,0;-P,05 glasses
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Introduction

Thermal studies of glasses bring important parameters characterizing some basic
physical properties of glasses (glass transition temperature, coefficient of thermal
expansion, dilatation softening temperature) and also the data on thermal stability of
glasses and on the crystallization processes in glasses on their heating. The present
paper is the continuation of our recent studies of the properties and structure of
mixed alkali-lead borophosphate glasses [1-3]. This study is devoted to investigation
of the effect of replacement of PbO by alkali oxides (LiO, NazO, K;0) in the lead

borophosphate glasses on their thermal behaviour.

Experimental

Mixed borophosphate glasses of the systems M,O-PbO-B,03-P,05 were prepared
in the batches of 20 g from Na,COs, K,COs, Li,CO3z, H3BO3; and HzPO4. The
synthesis of the glasses was carried out in covered Pt crucibles at maximum
temperatures 1000-1250°C kept for 30 min, with a subsequent cooling of the melt in
a copper mould. The samples were then annealed in the vicinity of Ty for 30 min
and then slowly cooled to the room temperature.

Thermal behaviour of the glasses was studied with the Perkin-Elmer DTA-DSC
equipment, model 1700 in the temperature range of 50-800°C at a scan rate of
10°C.min™" in the DSC mode. Powder samples with the mean particle size of 8 um
were used for these studies. Thermomechanical properties of glasses were
measured on the cubes of 5x5x5 mm using the equipment TMA CXO04R (RMI
Pardubice) at the heating rate of 5K/min. From the obtained TMA curves the linear
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coefficient of thermal expansion (a), glass transition temperature (Tg) and dilatation

softening temperature (T4) were obtained.

Results and discussion

Thermoanalytical curves obtained from the borophosphate glasses of xK;O-
(50-x)PbO-10B,03-40P,05 are shown in Fig.1. DSC curves obtained on heating
contain a strong exothermic peak corresponding to the glass crystallization. The K-
Pb glasses crystallize in the region of 380-555°C and the crystallization temperature
(Tc) decreases with increasing K;O and NayO content. At the Li-Pb borophosphate
glasses the T in the region x = 0-30 mol% Li»O decreases from 554 to 464°C and
then slowly increases to 482°C at the pure 50Li,0-10B,03-40P,0s glass.
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Figure 1. DSC curves of powder Figure 2. DSC curves of the
samples of xK,0-(50-x)PbO-10B,03- 30K,0-20Pb0O-10B,03-40P,05 glass
40P,0s5 glasses. with various particle size.

According to the method proposed in [4] we have estimated the mechanism of
crystallization at the 30K,0-20Pb0O-10B,03-40P,05 glass from the parameters of
the crystallization peak on particle size of glass powder. Figs. 2 and 3 show that
with increasing particle size the height of the crystallization peak decreases,
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becomes broader and its position shifts to higher temperatures. The character of the
dependence of the reduced crystallization peak height on the powder size gives

evidence for the prevailing mechanism of surface nucleation in this glass [4].
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Figure 3. Reduced DSC crystallization peak height as
a function of particle size for the 30K;O-
20Pb0O-10B,03-40P,05 glass.

The values of the glass transition temperature were determined from the
thermomechanical curves and the compositional dependences of Ty for the glass
series of xMe,0O-(50-x)PbO-10B,03-40P,05 (Me = K, Na, Li) is shown in Fig.4. As
can be seen from this figure in the Zn-rich mixed glasses Ty decreases with
increasing alkali oxide content from 379 to 318°C up to 20-30 mol% Me;O, where it
reveals a minimum at the Li-Pb and Na-Pb glasses, and then slowly increases.
Similar compositional changes in Ty were observed in the glass series of xMe,O-
(50-x)PbO-20B,03-30P,05, where Tg4 decreases from 468 to 375°C. The obtained
results has shown that the more important role in Ty values plays B,O3 content than
the type of the cation. Similar trends were observed in T4 values.

Thermal stability of the mixed glasses was estimated from the differences of Tc-Tg.
This parameter is the highest for Na-Pb glasses and lowest for K-Pb glasses. The
glasses with 10 mol% B,O3 are more stable than those with 20 mol% B,Os.

The compositional dependences of the coefficient of thermal expansion are shown
in Fig.5. From this figure we can see that whereas at Na-Pb and K-Pb
borophosphate glasses « increases with increasing NazO (from ~13 to =21 ppm.K™)
or K,O (from ~13 to ~25 ppm.K™") content, at Li-Pb glasses o, decreases with

increasing Li,O content (from ~13 to ~12 ppm.K™"). It seems that the volume
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occupied by alkali cations plays an important role in this compositional dependence.
We remind that in these glass series one Pb?" ion is replaced by two Me® ions and
two K# or Na® ions occupy larger volume than one Pb?* ion, whereas two Li* ions
are smaller. In the glass series xMe;0-(50-x)PbO-20B,03-30P,05 the values of
thermal expansion coefficient are lower and do not change too significantly with the
replacement of PbO by alkali oxides. The smaller changes in o are explained by

more interconnected structural network in these glass series.
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Figure 4. Compositional dependences of
glass transition temperature in the glass
series Me,;0-(50-x)PbO-10B,03-40P,0s.
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Figure 5. Compositional dependences
of the thermal expansion coefficient of
xMe;0-(50-x)PbO-10B203-40P205

glasses.
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