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 In the present work, four compositions of the ternary phosphate glasses of the K2O-

MnO-Nd2O3-P2O5 system were prepared, and their amorphous structure was 

confirmed by X-ray method. The dielectric properties such as dielectric constant 

(’) and dielectric loss (tan) were determined as a function of temperature ranging 

from100 °C to 500 °C and in the frequency range 10 kHz-1 MHz. The increasing of 

dielectric parameters with temperature is related to the increase of the polarization 

and the electrical conduction. These parameters decrease with increasing frequency. 

This behavior is the result of an orientational polarization linked to the perturbation 

of the ionic dipoles motion by the thermal agitation. 
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1. Introduction 

The range of applications for phosphate glasses is large and diverse [1-4]. However, these applications are 

limited because of the poor chemical durability of these materials [5,6]. 

Manganese-based phosphate glasses are scientifically and technically interesting materials. Numerous studies 

have focused on this type of material [7-9]. Oxide glasses containing large amounts of transition metal ions such 

as show interesting electrical properties [10]. This behavior is strongly influenced by the simultaneous existence 

in the glass network of the transition metal ion in two different valence states, due to redox processes occurring in 

the melt at high temperatures in the course of preparation. 

In the current investigation, glasses with the following chemical composition 20K2O-(30-x)MnO-xNd2O3-

50P2O5 were prepared and their dielectric properties were measured by the complex impedance method. 

Measurements were made for doping rates ranging from 0.2 to 0.8 mol % neodymium oxide in the frequency 

range from 10 kHz to 1 MHz. 

2. Experimental 

The starting materials for the preparation of glasses of the 20K2O-(30-x)MnO-xNd2O3-50P2O5 system with 

0.2 ≤ x ≤ 0.8 mol % are (NH4)2HPO4, MnCO3, Nd2O3 and K2CO3. The batches were introduced into an alumina 

crucible and melted at 1100°C for 30 min. The details of the procedure adopted for the preparation of these 

glasses, have been described in our published work [11]. Table 1 gives the chemical compositions of the samples 

studied. 
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Table 1 

Composition ( mol %) of the studied glasses. 

Code K2O MnO P2O5 Nd2O3 

KMPN1 20 29.8 50 0.2 

KMPN2 20 29.6 50 0.4 

KMPN3 20 29.4 50 0.6 

KMPN4 20 29.2 50 0.8 

 

X-ray diffraction studies have been used extensively to ascertain the amorphous nature of the elaborated 

materials. In our studies, the X-ray diffractograms of the powdered sample were recorded at room temperature 

using a Simens D5000 diffractometer with CuK radiation (λ = 15,418 Å) in the 2  range 10-60 degree at a 

scanning rate of 2 degree per minut. 

Electrical measurements were performed by the SOLARTRON SI-1260 impedance meter with a range of 

available frequencies between 10 kHz and 1 MHz.  

3. Results and discussion 

3.1 Glass characterization 

XRD diagrams, of the synthesized glasses, are portrayed in Fig. 1. A broad hump was observed between 18° 

and 35° (2) in all the samples, indicating that the phosphate glasses are of amorphous structure. 

 
Fig. 1. XRD patterns of 20K2O-(30-x)MnO-xNd2O3-50P2O5 glasses (0.1  x  0.8 mol %). 

 

3.2. Dielectric measurements 

The measurement frequency of the applied electric field has an influence on the dielectric constant. The ions 

can only follow the field displacements for relatively low frequencies, so this contribution becomes less important 

for high frequencies. Indeed, the polarization of the dipoles increases with temperature up to the glass transition 

temperature. Above this temperature, a desynchronization of the dipoles occurs, which leads to a decrease in the 

dielectric constant.  

If the frequency is changed at constant temperature, the dipoles rotate at low frequencies synchronously with 

the applied field, they no longer follow it at high frequencies. During a sweep of a frequency range, the dielectric 

constant drops considerably.   

Figures 2 and 3 represent the variations of the dielectric constant ε' and dissipation factor tgδ as a function of 

temperature for 4 samples of composition 20K2O-(30-x)MnO-xNd2O3-50P2O5 with x varies between 0.2 and 0.8 

mol %. The frequency range explored is from 10 KHz to 1MHz. 

Examination of the curves in Figure 2 shows similar behavior of the dielectric permittivity as a function of 

temperature and frequency. For temperatures below the glass transition temperatures Tg, the values of the 

dielectric permittivity of these phosphate glasses are almost constant, on the other hand for T > Tg, ε' (T) grows 
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very rapidly to reach maxima, and decreases thereafter. This phenomenon is all the more marked as the frequency 

of measurement is low. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig. 2. Variation of dielectric constant as a function of temperature for 20K2O-(30-x)MnO-xNd2O3-50P2O5 glasses at different frequencies. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Variation of dissipation factor tgδ with temperature for 20K2O-(30-x)MnO-xNd2O3-50P2O5 glassee at different frequencies. 
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Furthermore, examination of the curves representing the variation of dielectric losses as a function of 

temperature in the frequency range studied (Figure 3), shows that these curves have a more or less Gaussian shape 

with maxima appearing at increasing temperatures as the frequency increases. These maxima correspond to points 

of inflection of the curves the dielectric constant versus T. 

In addition, for a given concentration of Nd2O3, the values of dielectric constant and dielectric loss decrease 

considerably with increasing frequency. 

The dielectric parameters increase with temperature and decrease with increasing frequency. The displacement, 

for higher frequencies, of the maxima of these parameters towards high temperatures is characteristic of the 

relaxation behavior of these glasses. This phenomenon seems to be due to an orientational or dipolar polarization 

linked to the perturbation of the motion resulting from the thermal agitation of the ionic dipoles under the action 

of the electric field. 

Moreover, the increase in dielectric parameters with increasing temperature is associated with a decrease in 

binding energies. In other words, when the temperature increases the glassy lattice relaxes and generates a 

weakening of the interatomic forces and, consequently, the displacement of the ions becomes easier, i.e. the 

orientation polarization becomes easier [12,13]. Similar results were observed by Duran et al. [14]. 

4. Conclusion 

The evolution of dielectric properties as a function of frequency shows that these materials have a relaxational 

behavior. This phenomenon seems to be due to an orientation or dipolar polarization linked to the disturbance of 

the motion resulting from the thermal agitation of the ionic dipoles under the action of the electric field, especially 

for temperatures higher than the glass transition temperature. Moreover, the increase of these parameters with 

temperature is associated with an orientation polarization due to a weakening of the interatomic forces following 

the decrease of the binding energies. 
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