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Abstract: Silver zinc phosphate glasses with a composition (40-x/2) P,0s — (40-x/2) Na,0-20ZnO—x AgNOs (x
=5, 10 and 15 mol %) were prepared of the glasses via conventional melt-quenching technique. From the
Raman spectrum, the structure of the glasses was analyzed. Conduction and relaxation mechanisms in these
glasses were studied using impedance spectroscopy in a frequency range from 10 Hz to 13 MHz and a
temperature range from 323 K to 623 K. The dependence of electrical data on frequency was analyzed in the
framework of the Nyquist's plot and Jonscher’s power law. The parameters of Nyquist's curves were calculated.
The semicircles observed in the plots indicate a double relaxation process. This behavior can be modeled by an
equivalent parallel RC circuit. The studied materials exhibit a significant contribution of grain and grain
boundary effect to electrical conduction and to non-Debye relaxation process. The dc conductivity (o4:) follows
Arrhenius behavior with temperature. The AC and dc conductivities of the samples were found to increase with
the increase in temperature. The conductivity variation for P,05-Na,0-ZnO glasses doped with various
concentrations of AgNOs; was explained by the presence of ionic contribution. This suggests that the
enhancement of conductivity is related to the thermally stimulated mobility of Ag" ions.

The dielectric characterizations include measurements involving the variation of the dielectric constant as well
as the dielectric loss with frequency. The dielectric studies show low values for the dielectric constant and loss
at high frequencies. Dependence of the electrical modulus of the glasses on frequency and temperature
presented a relaxation phenomenon.
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I. Introduction

The ionic conductivity of glasses has recently been investigated. This is thanks to their potential
applications in solid state ionic devices [1]. Among the different oxide glasses, ion conducting phosphate glasses
are generally interesting owing to their numerous properties, such as high thermal expansion coefficient, low
glass transition and softening temperatures [2-4].

Phosphate glasses have several technological applications. They can be used for making solid state
electrolytes in solid state batteries, amorphous semi conductors, laser glasses and optoelectronic devices [5].

Furthermore, a special attention has been devoted to silver conducting glasses as candidates for solid
electrolytes in silver cells. In order to improve the ionic conductivity of phosphate glasses, their structure was
modified using a metal oxide, AgNOs. The conductivity of these glasses depends on the movement of Ag” ions
through the structure, so it is strongly affected by the structure. Indeed, the number of mobile ions is simply
increased with the amount of AgNOj; added into the glass former network, however the number of mobile ions
is not dependent on the added AgNO; [6].

Impedance spectroscopy is one of the most powerful tools for the electrical characterization of solid
materials. In fact, complex impedance, ac conductivity and dielectric relaxation can be measured by impedance
spectroscopy. By studying the dielectric parameters of glasses such as dielectric constant, dielectric loss and ac
conductivity over a wide range of frequencies, we get information about the insulating character, conduction
behavior and the structural aspects of these materials. The charge transport properties in ion conducting glasses
too are a current topic of research because of their potential applications in electrochemical cells and their
technological applications in vacuum ultraviolet optics [7].

We have chosen silver ions because they are known for their high-conductivity, resistance against
humidity and the possibility of being used in a large number of fields, such as biomaterials [8].

Although, a considerable number of studies on certain silver phosphate glasses are available still there
is a lot of scope to investigate the role of silver ions especially in the presence of alkali metal and ZnO
semiconductor. The role played by ZnO in dc electrical conductivity, in the entire composition range, is of great
interest. The compositional dependence of ionic dc electrical conductivity and activation energy were compared
with that of other traditional glasses.
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In the present work, the effect of mixed glass formers on the ionic transport and dielectric
properties of oxide glasses, with compositions (40-x/2) P,Os — (40-x/2) Na,0-20ZnO-x AgNO;, are
carried out in the frequency range 10 Hz - 13 MHz and at temperatures ranging from 323 K to 623 K. The
ionic conduction and dielectric results in the pellets are also discussed.

Il. Experimental procedure

Glasses of (40-x/2) P,0s5— (40-x/2) Na,0O-20ZnO-x AgNO; (x =5, 10 and 15 mol %) were prepared
by conventional melt quenching technique. Our samples are denoted NZAg5, NZAglO0 and NZAg15
corresponding to AgNOj; concentrations of 5, 10 and 15 mol%, respectively. P,Os, Na,O, ZnO and AgNO; were
taken as raw materials. All the starting chemical constituents have more than 99.9% purity. Required amounts of
chemicals were thoroughly mixed in an agate mortar and melted in an electric furnace at 900°C forlh in a
platinum crucible so that a homogeneously-mixed melt was obtained.

Immediately after the quenching, the glasses were annealed at 200°C (for 1h) and then slowly cooled
until ambient temperature. The annealing process was made for the objective of minimizing the internal
mechanical stress and obtaining glasses with good mechanical stability. The obtained glasses were cut and
polished carefully in order to meet the requirements of measurements.

The glassy nature of the samples was confirmed by XRD studies using a D5000 Siemens
Diffractometer with Cu-K, line of a wavelength A=1.5406 A at a scanning rate of 1°/min, and 20 was varied
from a low angle to 70°.

The Raman spectrum was recorded using a Jobin Yvon spectrometer (Labram HR model) equipped
with an Ar® laser. Impedance spectroscopy measurements were carried out at room temperature using an
Impedance/Gain Phase Analyzer Solar-tron 1260 in the frequency range of 10Hz to 13MHz. For these
measurements, gold electrodes were evaporated onto opposite sides of the glasses. The sample has the form of a
disk with a diameter (d=9 mm) and a thickness (e=2 mm), on which gold electrodes were deposited by thermal
evaporation in vacuum. The DC conductivity (c4q) measurements were carried out using a Keithely
electrometer (Model 617) in the temperature range of 323-623 K. Silver paste electrodes were deposited on both
faces of the polished samples.

I11. Results and discussion

1. X-ray diffraction studies
The X-ray diffraction spectrum of the glass sample prepared with x = 10 mol% is shown in Fig.1. This sample
was found to have a glassy form with a broad hump which is characteristic of amorphous nature.
2. Raman spectrum

Fig.2. presents the Raman spectrum of phosphate glasses. The spectrum is recorded in the frequency
range 200 to 1200 cm™. In the present paper, the structure of phosphate glasses was analyzed from the
hypothesis that the glass consists of P-O bonds existing in amorphous P,0s. Thus, the morphology of phosphate
glasses revealed that the basic structural element of phosphate glasses is the (PO,) tetrahedron. The structural
units constituting phosphate network are presented by Q" notation where n (n=1, 2, 3) is the number of bridging
oxygen atoms in PO, group [9].

As can be seen in Fig.2.the Raman Spectrum of phosphate glasses shows the most prominent bands at
736 cm™, 1040 cm™ and 1360 cm™ as well as less intense bands at 346 cm™, 490 cm™, 906 cm™ and 1110 cm™,
All these vibrations come from the groups of phosphate network and can sometimes be associated with the
presence of zinc intermediate oxide.

The band at 346 cm™ is assigned to torsional modes of phosphate polyhedral noted (Z1, (P-O-Zn)), in
the presence of zinc as modifier. The band around 490 cm™ is attributed to similar torsional modes noted (/¢ (P-
O-Zn)), in the presence of zinc as a network former [10].

The band at 736 cm™ is associated to the symmetric vibration of bridging oxygen P-O-P, noted (vs (P-
O-P), in Q? units and is in the long-chain metaphosphates. The vibration at 1040 cm™ and 1110 cm™ are
correlated to the symmetric and asymmetric stretching mode of non-bridging oxygens (PO,), noted respectively
(s (PO,), Q%) and (v, (PO,), Q?) [11-13].
The band observed at 906 cm™ is attributed to the symmetric vibrations in P-O links of orthophosphate groups
(PO,), noted (vs (PO,), Q%) [14].
The band at 1360 cm™ is related to the stretching mode of (P=0) in Q> units [15].

3. Impedance analysis

Fig.3. shows the complex impedance plot for NZAg5, NZAgl0 and NZAgl5 glasses at a temperature
T=260°C. The impedance data in this figure is fitted into two semicircles indicating the presence of two
relaxation processes. A theoretical curve fitting and experimental data are measured. A good agreement between
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the experimental and theoretical curves was attained. Fig.3. exhibits non-Debye behavior that depresses the
center of the arc to be below the x-axis and the values for the imaginary and real parts are not symmetric.
This non-Debye type originates from ionic conduction among the random free energy barriers of localized
atoms [16].

This Figure is composed of two semicircles; a large one and a small one. The large one at high
frequencies indicates the effect of the grain and the small one at low frequencies reflects the interfacial effect.
In addition, Fig.3 shows that the maximum of the Imaginary impedance spectra Z" shifts towards higher
frequencies with the increase in AgQNO; content. The broad nature of the peaks can be interpreted as being the
consequence of relaxation time distributions.

In order to analyze the impedance spectrum, it is useful to have an equivalent circuit model that
provides an realistic representation of the electrical properties of the respective regions.
Each phase (grain or interfacial) acts as an independent layer of material, so the equivalent circuit model is
simply two parallel RC circuits connected in series, as shown in the figure insets [17].

If the impedances of grain and grain boundary solid electrolyte are semicircles with an equivalent
circuit consisting of two parallel RC circuits connected in series, the semicircles in complex impedance Z" vs. Z'
plots are depressed with their center below the real axis. Therefore, a constant phase element (CPE) may be used
to replace the capacitor with a constant phase element (CPE) [16].
The grain and grain boundary resistance are respectively given by the diameters of the high frequency and low
frequency arcs.
The equivalent circuit can be expressed by the function:

1
Z*=Z'+jZ"={l+ 1 } (1)

Z CPE

Where the impedance of the CPE is given by [18]:

~ 1

S — (2)

© A, (o)’
Where j is the imaginary unit (j°= -1) and o is the angular frequency (w=2xf, f being the frequency), A, is a
constant independent of frequency and in F.cm?s™ [19], and n is an exponential index which is a measure of
semicircle-depression (ranging between zero and unity). When the constant n = 1, CPE represents an ideal
capacitor with a value C = A,.
These semicircles were fitted by the software ORIGING.0 (Microcal Software, Inc. Northampton, Ma USA)
based on the following relationships:
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Mathematical formalism is used to extract the parameters from the modeled equivalent circuit with the
basis of complex impedance formula Z*.
Table 1 illustrates the best fitting values of equivalent circuit elements in the different samples. We observed
that the values of grain and interfacial resistance decrease with the amount of silver. Moreover, the values of
CPE,4 exponent ng and CPE;,; exponent nj, decrease with the addition of AgNOs.
On the other hand, Table 1 shows that with silver content, the values of ng increase with the content of silver and
approach 1. Therefore CPE, tends towards an ideal capacitor.
The same equivalent values of circuit and resistance were observed by K. Srinivas et al [20].
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IV. AC Conductivity study
The measured values of impedance were used to study the behavior of AC conductivity of the prepared
phosphate glasses are calculated by using the following relation [21]:

e Z
@=cl——-=
g 1) S(Z.z +er2) ©)

Where e is the sample thickness, and S is the electrode area used to measure the properties of the sample.
Fig.4 presents the dependence of AC conductivity on frequency for the NZAg10 glass at several temperatures.
The dispersion in conductivity is well described by Jonscher power law of the form [22].

oac () = o4, + A w? (6)

Where oy is the frequency dependent dc conductivity of the sample, A is a weakly temperature
dependent quantity and p is the power law exponent which lies in the range (0 <p <1).

A and p are parameters to be adjusted. Solid continuous lines indicate the fitting of conductivity data to the
above equation.

It is observed from Fig.4 that conductivity remains almost constant in the low frequency range, whereas
it exhibits dispersion at higher frequencies. The flat plateau region may be attributed to the long-range transport
of mobile silver ions in response to the applied electric field, where only successful diffusion corresponds to the
dc conductivity value, og. The dispersion behavior in conductivity is assigned to the microscopic nature of
inhomogeneities with the distribution of relaxation phenomena through the distribution of energy barriers in the
glasses [23, 24].

This behavior of AC conductivity was observed by Andrea Mandanici et al. [25]. Further, as typical of
ion conducting systems, conductivity is proportional to energy dissipation in the material, which can increase by
several orders of magnitude at increasing frequency from hertz to the microwave frequency region [26].

The electrical conductivity of phosphate glasses depends on the concentration of silver ions which are mobile
charge carriers [27].

Thus, the increase in conductivity with the increase in temperature is mainly due to the increase in the mobility
of the Ag” ions. This can be easily explained with the help of Cluster Bypass model [28].

AgNQO; are well known modifier oxides and enter the glass network either by rupturing or by breaking
up the P-O-P structures. In turn, the break-up of the P-O-P structures introduces coordinated defects, known as
dangling bonds, along with non-bridging oxygen ions. It is also quite likely that Ag” ions cause a change from
the pure covalent bonds of POy cluster to the substantial admixture of the ionic component similar to Li—F [29].
The values of o4, A, and p obtained for the various glasses at room temperature are listed in Table 2 which
shows that dc conductivity og. increases with the increase in temperature. The slope (p) increases up to a value
nearly equal to one, suggesting that a single power law could not describe the dependence of conductivity on
frequency in the entire frequency range investigated [30].

Such a behavior is often attributed to the inter-silver ion interactions influencing ac transport [31].
On the other hand, for ionic conductivity, the power law exponent (p) may lie between 0.5 and 1, representing
ideal long-range pathways and diffusion-limited hopping, which is the case in our work [32].
The dependence of AC electrical conductivity (cac) of the NZAg5, NZAgl0, NZAgl5 glasses on temperature at
different frequencies is shown in Fig. 5. The electrical conductivity (cac) of the material is thermally activated
and obeys Arrhenius equation:
Eaac

gac = ope FeT ©)

Where E, is the activation energy, kg is Boltzmann’s constant, o is the pre-exponential factor and T is
the absolute temperature factor. Indeed, it is observed that AC conductivity of the material increases with the
rise in temperature.

The activation energy for all samples is found to decrease with increasing frequency which is given in
Table 3. Besides, it is found that the values of E,ac decrease when the Ag amounts decrease. This can be
possibly due to the increase of the applied field frequency and the enhancement of the electronic jumps between
the localized states in the gap of ZnO site [33].

In addition, the increase in AC conductivity with the increase in frequency can be attributed to the decrease in
the ionic contribution for higher frequencies.

Nevertheless, the values of AC conductivity are low; the result can be due to the dispersions of nano conducting
particles in a matrix. In fact, these values allow good penetration of electromagnetic waves in our prepared
samples. Indeed, the penetration depth, J, of electromagnetic radiation into a material is expressed by the
equation [34]:
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2

5= lomoonc
-.J.DAC (8)

Where o is the angular frequency, 2xnf, and p, is the permeability of free space.

V. DC Conductivity study
The dependence of dc conductivity on temperature for NZAg5, NZAg10 and NZAg15 glasses is measured and
plotted in Fig. 6 as Ln (o4, T) versus the reciprocal temperature according to Arrhenius equation:
Ead:
gg. T = oge EeT )

Where oy is dc conductivity, oy is the pre-exponential factor, E.q is the activation energy for dc
conduction, kg is the Boltzmann's constant and T is the absolute temperature of glasses.

The activation energy E, is calculated from the slope of the linear plot. On the other hand, E, is the activation
energy for conduction whose value is some kind of average heights of the energy barriers that the ions
must overcome in their jumps[35].

Table 4 presents the activation energy for our glasses in comparison with other glasses.

From Fig. 6, it is observed that the dc conductivity of the prepared glasses was found to increase linearly with
increasing both temperature and silver amount.

From Table 4, we note a slight difference in the activation energy with increasing silver amount. The
increase in ionic conductivity of all the samples is almost entirely due to the fact that the activation energy for
conduction E,q decreases. Thus, the expansion of glass skeleton with the introduction of dopant ions into voids
in the structure forming narrow pathways leads to lowering the activation energy. This, in turn, facilitates the
easy migration of mobile Ag” ions [38].

The result reveals the important contribution of Ag” ions to the ionic conductivity. Moreover, the feature may be
explained by the large compressive stress caused by cation—cation and cation—anion interactions. In addition, the
presence of PO, and highly modified glass structure accounts for the lowest activation energy.

Compared with other works, the activation energy of silver zinc phosphate glasses is in the same order as that of
30Na,0-10M003-60P,05 [36] and more than that of 27Na,0O-3Al,05-70B,05 [37].

The variation of dc conductivity contributions due to grains (cg) and interfacial (cin), with temperature is plotted
in Fig. 7.

All the plots show two distinct activation energies. For all the samples, the contribution of grain
boundary to conductivity is higher than that of grains. For the studied system, the increasing value of oy iS
ascribed to the increased interfacial trapping phenomena [39].

The activation energies for conduction due to grains and grain boundaries were calculated and are given in
Table 5. The activation energy is found to be less for grain conduction compared to interfacial conduction.

The activation energy for grain and interfacial is found to decrease with Ag amount. The feature can be
explained by the semiconductor effect of ZnO which is more manifested in the presence of a potentially
important ion Ag®. The activation energy is found to be less for interfacial conduction compared to that
of grain conduction.

VI. Dielectric analysis
We determined both the real part (resistive) and the imaginary part (reactive) of complex impedance

spectroscopic parameters. In various frequency ranges, we calculated the complex permittivity 1" (1 [] (] [] given
by [40]:

e (0)=¢ (0)je (O ————~ (10)
iC, (Z +Z )

Where €'(0) and €"(w) are the real part known as dielectric constant and imaginary part known as
dielectric loss of the complex permittivity respectively. Co= goA/e is the capacitance of the empty cell (g,=8.854
10™F m™, A iis the cross-sectional area of the flat surface of the pellet and e is its thickness). Z' is the real part of
impedance and Z" is the imaginary part of impedance.

The dielectric constant values measured from the impedance data are plotted as a function of frequency
at different temperatures for NZAgl0 glass is shown in Fig. 8. At lower frequencies there is more variation of
dielectric constant values, but at higher frequencies dielectric constant values remain constant. Thus, we observe
a significant increase in the dielectric constant value at a lower frequency region with temperature. This can be
explained on the basis of polarization mechanism existing in the sample. The constant decrease at higher
frequencies is attributed to the existence of space charge polarization. Furthemore, the increased dielectric
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constant value at lower frequencies region is related to the contribution from space charge/interfacial
polarization. In addition, the increase in €'(®w) with temperature is due to the weakening of binding force between
molecules/atoms with the increase in temperature, permitting the molecules/atoms to vibrate more and more
which in turn increase the polarization, hence increase in the dielectric constant &'(w) [41].
The dielectric constant values are found to be higher compared with other works' [42].
Fig. 9 shows the variation of dielectric constant with frequency for NZAg5, NZAg10 and NZAg15 glasses at
T=260°C. In addition, it is observed that the value of &'(w) for NZAg10 glass is the largest. The decrease in €'(®)
with the frequency of the prepared glasses is explained by the decreasing number of dipoles which contribute to
polarization. At a higher frequency, the behavior of €'(w) presented in Fig. 9 leads the ionic and orientation
polarizability to decrease. Moreover, the ionic polarizability results from the displacement of ions of opposite
signs from their regular lattice sites. This arises from the applied electric field as well as from the deformation of
the electronic shells. Indeed, the higher €'(w) values of these amorphous glasses at lower frequencies were
explained by the presence of grain boundaries. Grain boundaries contain defects such as dangling bonds,
vacancies, and vacancy clusters. Thus, the space charges can move under the application of an external field and
when they are trapped by the defects, lots of dipole moments (space charge polarization) are formed [43].
The dielectric loss is given by [44]:

(@) = 2= .

Z E (12)

The dissipation factor as a function of frequency for different temperatures is shown in Fig. 10. The curves
exhibit one broad absorption maxima in the frequency range 10* — 10° Hz. The peak amplitude decreases and
shifts towards higher frequencies with temperature, indicating the dielectric relaxation character of dielectric
losses of the sample, which slows down at lower temperatures. The peak frequency gives an estimate of
dielectric relaxation time (t) which is expressed by [45]:

T=—==

w  2rf (12)

max:.:

The values of the relaxation time (t) for NZAg10 at different temperatures are listed in Table 6. The (1) value is
found to be decreasing on increasing temperature, which is a typical semiconductor like behavior. Further, the
relaxation process is temperature dependent [46].

Accordingly, low losses at high frequencies imply that the prepared glasses are potential candidates for
microwave devices [47].

VII.  Electric modulus analysis
The electrical modulus formalism was used for a better description of the dynamic processes in the
present glass system. This formalism is appropriate to identify phenomena such as electrode polarization and
bulk phenomenon such as average conductivity relaxation times [48].
The complex electric modulus was determined by the following relation [49]:
M*=M' (o) + jM" (®) (13)

Where:

'=-@wCqy Z" is the real part of the electric modulus, M"= ®Cqy Z' is the imaginary part of the electric modulus, ®
is the angular frequency (o = 2xf) and C, is the geometrical capacitance.
Dependence of M’ (o) and M"” (®) on frequency at different temperatures for NZAg10 glass is presented in
Fig.11 and Fig.12. At a low frequency, we have observed a very low value (approximately zero) of the real part
of the electric modulus M' and a dispersion at high frequency. This phenomenon may be due to the short range
mobility of charge carriers and the ease of migration of conducting ions [50].
As the frequency is increased, M' represents a dispersion tending to M, at higher frequencies. It can be
attributed to the fact that at a high frequency the electric field changes so rapidly that the ions can move only
within their potential wells [51].

From Fig.12, the peak in the imaginary part of the modulus is found to have shifted towards a higher

frequency with the increase of temperature and is related to the thermally activated ion dynamics of the glass.
The presence of relaxation-peaks in the M" plot indicates that the samples are ionic conductors [52].
The spectra describe two regions. The frequency region below wps determines the range in which charge
carriers are mobile over long distances and it is due to the hopping of ions. For the region above ®mq, the
carriers are confined their to potential wells and are mobile over short distances associated with polarization
process [53].

VIII. Conclusion
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Phosphate glasses with different concentrations of AgNO; (ranging from 5 to 15 mol%) were prepared
by quenching technique. The presence of a broad band in XRD pattern demonstrates the amorphous nature of
the samples. The Nyquist's plots showed the presence of two relaxation processes with a non-Debye type nature
is confirmed. So, they can be modeled to an equivalent circuit consisting of two parallel RC circuits connected
in series.

The activation energy and the conductivity of the system were calculated. The electric AC conductivity
obeys to the Jonsher's law. The activation energy E, was found to decrease with silver content. The dc
conductivity followed Arrhenius law and increased with increasing both temperature and silver amount. In
addition, the increase in conductivity in the prepared glasses is mainly due to Ag”* ions conduction. Thus, the
increase in the mobility of Ag” ions results from the formation of new non-bridging oxygen atoms providing
more opened-up channels for Ag" conductions at higher temperatures.

At higher frequencies, the dielectric constant is found to be constant and low. The decrease in the
dielectric constant values with the frequency of the samples is explained by the decreasing number of dipoles
which contribute to polarization.

Imaginary modulus spectra confirmed that the samples are ionic conductors.

Through their good electrical conductivity and interesting dielectric constants with low losses, silver zinc
phosphate glasses can be used in sustainable energy storage systems, chemical sensors or advanced
electrochromic devices.
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Fig. 1. X-ray diffraction pattern of the sample with x = 10 mol%.
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Fig. 2. Raman spectrum of phosphate glass.
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Fig. 3. Experimental and theoretical impedance diagrams of the NZAg5, NZAg10 and NZAg15 glasses with
inset the corresponding equivalent circuit at temperature T=230°C.
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Fig. 4. Variation of the AC conductivity (cac) of NZAg10 glass versus frequency (T ) at different temperatures.
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Fig.5. Temperature dependence of AC conductivity (cac) of the NZAg5, NZAg10 and NZAg15 glasses at
different frequencies.
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Fig. 6. Arrhenius relation of Ln (o4, T) versus 1000/T for NZAg5, NZAg10 and NZAg15 glasses.
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Fig.7. Arrhenius relation of Ln (o4 T) versus 1000/T for NZAg5, NZAg10 and NZAg15 glasses for grain (cg)

and interfacial (ojq).
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Fig.8. The frequency dependence curves of dielectric constant €'(w) of NZAg10 glass at different temperatures.
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Fig.9. The frequency dependence curves of dielectric constant '(w) at T=260°C for NZAg5, NZAg10 and
NZAg15 glasses.
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Fig.10. Variation of loss tan(8) versus frequency for NZAg10 glass at different temperatures.
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Fig.11. The frequency dependence of M'(w) at different temperatures for NZAg10 glass.
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Fig.12. The frequency dependence of M"(w) for NZAg10 glass at different temperatures.

Tables captions

Table 1: The best fitting values of equivalent circuit elements in Fig. 3 in different host materials.
Host Rg(KQ) Ag(10MF.cm?s™) ng Rin(KL) Agin(107F.cm?s™) Nint
materials
NZAg5 61.29 4.06 0.88 82.48 2.02 0.61
NZAg10 35.19 3.08 0.90 53.70 7.34 0.45
NZAg15 52.34 5.89 0.86 75.58 14.23 0.40

Table 2: Values of the dc conductivity (og ), (A), and the slope (s), for NZAg10, determined at different

temperatures.
Temperature (°C) oy, (104 (S .m’l)) A S
280 0.9 3.31%10%° 0.73
290 1 28871010 0.75
300 15 0.88X 101 0.82
310 25 219310 0.93

Table 3: Activation energy of AC conductivity at (10 KHz) and (10 MHz) for NZAg5, NZAg10 and NZAg15

glasses.

Samples
NZAg 5
NZAg10
NZAg15

Eaac) qokHz) (BV)

1.02
0.95
1.07

Ea(ac) aom

Hy (BV)

0.76
0.85
0.96

Table 4: The activation energy and composition of the prepared glasses compared with other glasses.

Host materials

NZAg5 | NZAg10

NZAg 15

30Na,0-10M0Oz60P,0; [36]

27

N aZO—SAI 203—70 BzOg [37]

(@Y%)

Activation energy

1.15 0.97

0.90

0.84

0.77

Table 5: The activation energy of grain and grain boundary for NZAg5, NZAg10 and NZAg15 glasses.

Host materials NZAg 5 NZAg 10 NZAg 15
Activation energy of interfacial (eV) 0.82 0.80 0.79
Activation energy of grain (eV) 1.63 1.50 1.10

Table 6: Values of the relaxation time (1) for NZAg10 at different temperatures.

Temperature (°C)

200

210

220

230

240

T (S)

2.0510™

1.16310*

6.33210°

5.96210°

459 10°
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