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Silverphosphotellurate (SPT) quaternary fast ionic conducting (FIC) glasses of
compositions Agl-Ag,0O-[(1 — x)P,05 + xTeO,], x = 0.0 to 1.0 in steps of 0.1, were prepared
by melt quenching. All SPT compounds were characterized by X-ray diffraction and the
amorphous nature of the samples was confirmed. The structure of all compositions was
examined by Fourier Transform Infrared Spectroscopy. The glass transition temperature
(T4) was determined for all SPT samples, using differential scanning calorimetry. Complex
impedance measurements were made on all glasses in the frequency range 40 Hz to

100 kHz. Impedance data were analyzed using Boukamp equivalent circuit software and the
bulk conductivity was obtained. The highest conductivity (¢ = 1.59 x 1072 S/cm) was shown
by the composition 60%Agl — 26.67%Ag,0 — 13.33% (0.3P,05 + 0.7TeO,). © 2004 Kluwer

Academic Publishers

1. Introduction

A considerable amount of research has been dedicated
in developing various types of new silver based fast ion
conducting (FIC) compounds, since these FICs exhibit
high conductivity, high stability, etc. at ambient tem-
peratures and hence have potential applications as elec-
trolyte materials in solid state ionic devices such as solid
state batteries, capacitors, sensors and fuel cells [1, 2].
It is found that glassy silver fast ion conductors not only
have high conductivity but also have other advantages
such as ease of preparation over a wide range of com-
positions, isotropic properties, inertness and high sta-
bility compared with their respective crystalline coun-
terparts [1-3]. Thus, many preparative methods such
as melt quenching, sol-gel and evaporation have been
employed to prepare a variety of silver based binary,
ternary and quaternary glassy systems in bulk, powder
and thin film forms to obtain high ion conductivity ma-
terials at ambient temperatures [1-6]. Recently, it has
been found that by mixing two different types of glass
formers, higher conductivies and wider glass forming
regions could be achieved in silver based FIC glasses
[7-9]. This is known as the ‘mixed former effect.” Also,
glasses containing tellurium dioxide (TeO) as a glassy
network former have potential uses in optical applica-
tions because they have very high refractive indices and
very good optical transmission from the ultraviolet to
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the infrared region [10—12]. Hence, fast ion conducting
silver based tellurate glasses not only have potential
applications in ionic devices but also in optical devices
such as optical switches, fibers and waveguides [10—
15]. The present investigation describes the preparation
of silverphosphotellurate (SPT) quaternary fastion con-
ducting glasses with compositions of Agl + Ag,O +
[(1 — x)P,0s + xTeO;], x = 0.0 to 1.0 in steps of 0.1,
using the melt quenching technique.

2. Experimental
2.1. Preparation of SPT samples
by melt quenching

The melt quenching technique was employed to pre-
pare SPT compounds with two different glass form-
ers: (1 — x)P,Os5 + xTeO,, x = from 0.0 to 1.0 in
steps of 0.1, in the 60%Agl —26.67 wt%Ag,O —13.33
wt% [(1 —x)P,0s+ xTeO;] system. For each composi-
tion, appropriate quantities of analar grade Agl, Ag,0,
TeO, and P,O5 chemicals were taken and mixed in an
open platinum crucible. Each composition was melted
at 600°C for 20 min. During this period, the melt was
thoroughly stirred to ensure homogeneous mixing of
the constituents. The molten liquid was then quenched
into an aluminum vessel immersed in liquid nitrogen
to form glass. Using an agate mortar and pestle, all the
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prepared bulk SPT compounds were ground into fine
powders, they were stored in a covered box to avoid
atmospheric and light effects.

2.2. XRD, IR and DSC measurements

X-ray diffraction (XRD) measurements were carried
out on all SPT samples using a Rigaku miniflex
diffractometer with CuK,, radiation [wavelength, A =
1.5418 A] for 26 values between 10-80° at a scan rate
of 20°/min. A sample of each composition of SPT was
mixed with KBr powder, ground into fine powder un-
der dry conditions and made into a thin transparent
pellet using a KBr press. Fourier transform infrared
(FTIR) spectra were recorded for all samples using a
Shimadzu FTIR-8000 spectrometer in the frequency
range 400-1200 cm™' with 4 cm™! resolution, auto
gain and 40 scans. Using a Mettler Toledo Star® Dif-
ferential scanning calorimeter (DSC), a sample of each
composition of SPT was heated at 10°C/min and the
glass transition temperature () was identified.

2.3. Pellet preparation and impedance
measurements

By applying 5000 kg/cm?pressure, using a 10 mm die
and plunger, all SPT samples were made in to pel-
lets comprising: electrode (SPT 15% + Ag 85%)/SPT
glassy electrolyte/electrode (SPT 15% + Ag 85%). The
electrode material was made by adding a small quantity
of solid electrolyte (15 wt%) to silver powder (85 wt%).
The addition of SPT glass to the silver powder im-
proves the interfacial properties [16—18]. Two probe
impedance measurements were carried out at ambi-
ent temperature on each of the compositions using a
Keithely 3330 LCZ meter with in the frequency range
40 Hz to 100 kHz. The electrical conductivity was cal-
culated using the pellet dimensions and the bulk resis-
tance of each SPT sample.

3. Results and discussion

3.1. XRD

Fig. 1 shows the X-ray diffractograms of various former
compositions of SPT samples prepared by melt quench-
ing. The XRD spectra show no sharp peaks confirming
that all compositions are glassy in nature.

3.2. FTIR
Fig. 2 shows the FTIR spectra recorded at room tem-
perature (300 K) for various compositions of SPT sam-
ples. For all the observed IR bands, assignments were
made on the basis of reported values [19-25]. In Fig. 2,
the FTIR spectrum for x = 0.0, i.e., Agl-Ag,O-P,0s,
showed band positions at 1118, 908, and 543 cm~!. The
IR peak observed at 1118 cm™! is attributed to the non-
bridging oxygen (NBO) symmetric stretching mode
(vs) of the PO3 unit. The observed peak at 908 cm™!
is attributed to the asymmetric bending vibration mode
of P—O—P in the PO, unit. The peak at 543 cm™!
band corresponds to the symmetric bending mode of
the P=O—P unit.

The FTIR spectrum for x = 1.0, i.e., Agl-Ag,0O-
TeO,, shows band positions at 780, 682 and 451 cm™L.
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Figure 1 XRD spectra of compositions (x = 0.0 to 1.0 in steps of 0.1)
of SPT compounds.
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Figure 2 FTIR spectra of all SPT samples.

The band at 780 cm™' is attributed to v; normal
vibrational mode of TeO, polyhedra. The 682 cm™!
band corresponds to the symmetric stretching vibra-
tional mode of the Te—O bond in the TeO4 group
[25-27]. The 451 cm™! band is attributed to Te—O—Te
bridging of TeO4 polyhedra. Hence, the FTIR spectra
of compositions x = 0.0 and x = 1.0 are due to
the formation of phosphate and tellurate networks
respectively. The observed FTIR bands positions and
their assignments for all compositions are shown in
Table I, showing that all bands can be referenced to
either phosphate or tellurate networks.

3.3. DSC

Fig. 3 shows the DSC curves measured for various SPT
samples. The glass transition temperature (7,) for each
composition is shown in Fig. 4. It is found that the glass



TABLE I FTIR bands positions and their assignments for SPT glasses

FTIR bands positions in cm ™! for x = 0.0 to 1.0 insteps of 0.1 of SPT glasses

No. of Reference
bands 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0 Assignments no.
1 1118 1087 1087 1077 1087 1076 1076 1076 1076 1014 - NBO stretching mode (vs) [20, 21]
of PO~ unit
2 - 987 985 983 985 985 983 983 291 - - Asymmetric bending [20, 21]
vibration mode of P—O—P
in PO}~ unit
3 908 900 900 852 852 852 835 837 846 833 - Asymmetric bending [20, 21]
vibration of P—O—P in PO,
4 — - - 781 781 781 781 780 780 780 780 v normal vibrational [25, 26]
mode of TeO4 polyhedra
5 - - - 675 675 678 678 679 675 673 682  Symmetric stretching [25, 26]
vibration (broad band) Te—O
6 543 542 543 545 545 543 543 547 547 - - Stretching mode of [24-26]
P=0—P unit
7 - 444 450 450 456 456 456 443 454 455 451 Te—O—Te [25, 26]
30
0.1 [ " 0.3
Tg=321K ~ o 0.4
-~ |  +os
E 2 eos
2 I a 0.9
To-s24% e
5 =
z =§ 10
= 0.5 0 [
E B Tg- 327K
SE ol il AT NS T N T S T
g 0 10 20 30 40 50
= 0.7 Z' Real [ohm] —
Tg=330K
30
o L x 0.0
Tg=334K T 4 0.1
) [ o 0.2
g 2or * 0.6
% * 0.7
E L + 1.0
1 v 1 i 1 i 1 i 1 N :E 10
320 340 360 380 400 420 5‘1 "
Temperature [K] '
[/ S P AR R R T S S N S R
0 10 20 30 40 50

Figure 3 DSC thermograms of various compositions of SPT com-
pounds.
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Figure 4 The variation of glass transition temperature () with com-
position.

transition temperature (T,) increases with increase in
TeO, content. The glass transition temperature (T) is
a measure of the strength of a material [28]. Hence,
from the Figs 3 and 4, it is concluded that the strength
of Agl-Ag,O-TeO,-P,05 glasses increases with TeO,
content.
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Figure 5 Impedance spectra obtained at room temperature for all SPT
samples.

3.4. Impedance results

The measured imaginary (Z”) and real (Z') parts of
impedance (Z) data for all compositions of SPT glasses
are shown in Fig. 5. Using Boukamp equivalent cir-
cuit software, the impedance data were analyzed with
the non-linear least square fitting procedure. The best
bulk resistance (R}) of each composition is obtained
from the intercept of the straight line with the real
axis of impedance plots [29]. The bulk conductivity,
o, was calculated using o = (¢/7r?) (1/Ryp) where,
t is the thickness and r is the radius of the pellet.
Fig. 6 shows the conductivity variation with compo-
sition. Conductivity varies randomly with composition
and the highest conductivity (¢ = 1.59% 1072 S/cm) is
found for 60%Agl — 26.67%Ag,0 —13.33% [0.3P,05
+ 0.7TeO,]. Table II gives the compositions and con-
ductivity for all the SPT samples.
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TABLE II Compositions and conductivity of SPT glasses

Weight percentage
Ag, 0 TeO, P,0s

Former
variation  Agl

Conductivity
(o Sem™1)

0.0 60 2667 0.0 1333 9.26 (£0.03)% 1073
0.1 60 2667 133 1200  1.07 (£0.04)% 1072
02 60 2667 266 1066  1.12(£0.04)% 1072
0.3 60 2667  4.00 933 1.44(£0.02) %1072
0.4 60 2667 533 799 1.06 (£0.03)% 1072
0.5 60 2667  6.66 6.66  6.25 (£0.03) % 1073
0.6 60 2667  7.99 533 1.03 (£0.02) % 102
0.7 60 2667 9331 400 1.59 (£0.03)% 1072
0.8 60 2667 10.66 2.66 134 (£0.03) % 102
0.9 60 2667 11.99 133 9.76 (£0.05)% 1073
1.0 60 2667 1333 00 121 (£0.03)%1072
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Figure 6 Conductivity as a function of composition of SPT glasses.

The conductivity (o) is given by
o =nue (D

where, n is the number of carrier ions, p is the mobil-
ity of the carrier ions and e is the charge of the carrier
ions. In the 60%Agl —26.67%Ag,0 — 13.33% [(1 —x)
P,0Os + xTeO,] system, by fixing the Agl and Ag,O
contents, only the amounts of P,Os and TeO, were var-
ied, such that the concentration of Ag* ions from Agl
and Ag,0 remained constant. Hence, the variation of
conductivity with composition must be due to a change
in mobility () of the charge carrier (Ag™) as a result
of changes in the SPT glassy structure.

4. Conclusions

XRD results confirmed that all of the compositions of
SPT samples prepared by melt quenching were amor-
phous. The FTIR spectra revealed that the structure
of the SPT glasses changed with former composition
and also confirmed that the SPT glassy matrix is
composed of a tellurate and phosphate network.
The observed random variation of conductivity with
composition in the SPT glasses may be attributed to
the mixed former effect and the highest conductivity
(0 =1.59%1072 S/cm) composition was found to
be 60%Agl —26.67%Ag,0 —13.33% [0.3P,05 +
0.7TeO,].
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