This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

AR TN Ml ciainary lsumsl
L W NSO
= |3 S (]
SRCGEHOSCO DA
L4” L5 8
ErMor Robyer® L. Mchel

Dielectric Measurements as a Function of Temperature of Sodium-Lithium

Phosphate Glasses Evaluated at 10 MHz and 9 GHz

P. Bergo®; J. M. Prison®

2 Food Engineering Department, Universidade de Sdo Paulo, Pirassununga, SP, Brazil ® Energy and
Nuclear Research Institute, Brazilian Nuclear Energy Commission, SP, Brazil

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Bergo, P. and Prison, J. M.(2007) 'Dielectric Measurements as a Function of Temperature of Sodium-
Lithium Phosphate Glasses Evaluated at 10 MHz and 9 GHz', Spectroscopy Letters, 40: 4, 659 — 665

To link to this Article: DOI: 10.1080/00387010701301246
URL: http://dx.doi.org/10.1080/00387010701301246

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387010701301246
http://www.informaworld.com/terms-and-conditions-of-access.pdf

02: 54 30 January 2011

Downl oaded At:

Spectroscopy Letters, 40: 659—665, 2007 e Taylor & Francis
Copyright © Taylor & Francis Group, LLC

ISSN 0038-7010 print/1532-2289 online
DOI: 10.1080/00387010701301246

Taylor & Francis Group

Dielectric Measurements as a Function of
Temperature of Sodium-Lithium Phosphate
Glasses Evaluated at 10 MHz and 9 GHz

P. Bergo
Food Engineering Department, Universidade de Sao Paulo,
Pirassununga, SP, Brazil

J. M. Prison
Energy and Nuclear Research Institute, Brazilian Nuclear Energy
Commission, SP, Brazil

Abstract: Dielectric constant measurements can be performed at temperatures
greater than room temperature; some techniques are shown in this work. The dielec-
tric constant of phosphate glasses, measured in the X-band microwave range, was
determined using a microwave setup assembled to measure the shift in the stan-
ding wave pattern produced by the insertion of the sample inside the waveguide.
The glass system 50P,0s - 25Li1,0 - 25Na,O was chosen in this work due to its
lower melting point and lower transition temperature (T,) values. The dielectric
constant of the glass studied in this work increases in the temperature range 25—
330°C, as shown by the results at radio and microwave frequencies. The method of
standing wave shift was applied, and it is shown to be a useful tool to estimate the
T, of glasses. This assumption was confirmed by differential thermal analysis
technique. Measurements were compared to that at 10 MHz by impedancimetric
methods.
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INTRODUCTION

It is well-known that at frequencies reaching the optical region, the permanent
dipoles cannot follow the fast electric field variations, and the contributions to
the dielectric constant become vanishing. On the other hand, the thermal
vibrations of molecules contribute with an additional polarization, due to an
increased average value of the permanent dipole moment, and therefore, it
is an additional contribution to the increase of the dielectric constant
value &.1'~* In such cases, the polarizability decreases with frequency and
increases with temperature. Measurements of dielectric properties are,
therefore, important to study the above properties that occur in all dielectrics.

Several techniques are available to measure dielectric constants of bulk,
liquid, and gaseous materials, covering frequencies from some hertz to
optical frequencies. At radio frequency, impedancimetric method is used,”’
whereas at microwave region, the technique of perturbed resonant cavity is
mostly used to perform measurements of dielectric properties.'®’ Some tech-
niques to achieve temperatures greater than 25°C can be adapted in a
specific system and are described in this work.

The study of dielectric properties of glasses is very important in recent
technology, where the glass can be used as insulator material for high-
voltage applications (e.g., capacitors for high-voltage, high-frequency circuits,
dielectrics for transmission lines, and specific elements for use in high-
frequency resonators).!”!

The aim of this work is to describe some techniques at higher tempera-
tures necessary to evaluate the dielectric constant &” of phosphate glasses con-
taining some flux oxides (Li,O and Na,0), at temperatures ranging from 25°C
to 330°C, and in the range of microwave electromagnetic radiation. This glass
system was chosen due to its lower Tg value,[8J in relation to borosilicate
glasses. Different microwave methods!®~'" can be used to determine the
dielectric behavior of the glasses; the shorted-line method was chosen for
this work. A technique for dielectric measurements performed at 10 MHz is
described, at temperatures ranging from 25°C to 330°C, to compare with
the results obtained at microwave frequency. Differential thermal analysis
(DTA) was also applied™ in order to estimate the value of T, of the glasses.

MATERIALS AND METHODS

The glass system investigated in this work has the composition 50P,0s -
25Li,0 - 25Na,0, the quantity expressed in mol%. The glass was prepared
using weighed amounts of reagent-grade raw materials NH,H,PO,, NaOH,
and LiOH. The batch was homogenized for about 30 min and melted in
alumina crucible in air using an electric furnace, at 1000°C for 2 hr. The
melt was quenched in a mold, annealed at 270°C for 2 hr, and the six faces
of a single bulk sample were polished to fit exactly inside the sample-holder
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with dimensions 1.0 x 2.3 x 1.5 cm®. The glass presented electrical resistance
greater than some megaohms, measured with a digital multimeter (Minipa,
Brazil), being thus a good insulator. Melting temperature is above 800°C.

The dielectric constant &' of the glass sample was measured using the
microwave setup shown in Fig. 1, supplied by a reflex klystron operating at
9.00 GHz. The sample was positioned against the short-circuit termination
of the slotted waveguide of the microwave setup (sample-holder), and the
dielectric constant was obtained from the measurement of the shift in the
standing wave pattern. Details, equations, and procedures are well described
in Ref. 9. The shift in the standing waves was measured using a crystal
detector and a probe, free to move along a longitudinal slot of a piece of
waveguide assembled at the end of the device (see Fig. 1).

The dielectric constant ¢ measurements were carried out in the tempera-
ture range 25-330°C. The uncertainty in the temperature measurement was
approximately +5°C. The temperature control was achieved by means of
an electric tape surrounding tightly the sample-holder. An electronic device
controlled the current, and a K-type thermocouple and a digital thermometer
(Minipa Mod. MT-520) monitored the sample temperature. The effects of
dilation of waveguide were negligible. (Note: The slotted waveguide was
protected by a heat sink placed in the waveguide, in order to dissipate the
heat.)

The measurements of dielectric constant & at 10 MHz and temperatures
ranging from 25°C to 330°C were performed using an impedance analyzer
mode. HP-4192A (Hewlett Packard, USA) as a capacimeter mode. The
sample (the same glass used at microwave measurements) was placed

Crystall detector — * Sample-holder

Probe ——
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\ / ::1 \ ", / | :.: 2.:|
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Slotted wave guide Short-circuit
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Figure 1. Microwave setup showing the standing wave shift due to the sample placed
in the sample-holder.
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between two parallel metallic plates (brass), forming a capacitor. The plates
were mounted in a refractory insulator material to support high temperatures.
The sample-holder was placed inside an electric furnace, to control the temp-
erature, and ordinary copper wires were used to connect the sample-holder to
the impedancimeter. The values of & were achieved from the ratio of the
capacitance of sample-holder containing the glass (C) and capacitance of the
empty sample-holder (C,). (Note: The capacitance of empty sample-holder
presents no variations with increasing temperature and its value was fixed.)

Differential thermal analysis (DTA; Netzch 404B, Germany) was also
used to determine the transition temperature (T,) of the glass. The glass was re-
duced to powder in order to fit inside an appropriate crucible. The heating rate
was approximately 30°C/min.

RESULTS

The dielectric constant & of the glass investigated in this work, measured at
9.00 GHz, was evaluated from the measurement of the phase shift A/ of the
standing wave pattern. Figure 2 shows the variation of the dielectric
constant & as a function of temperature of the glass containing the flux
oxides at microwave frequency.

The dielectric constant values seem to increase more rapidly for tempera-
tures beyond 275°C. This temperature, in principle, could be related to the T,
of this glass compared with that obtained by DTA. Figure 3 shows the
measurements of dielectric constant & of the glass, evaluated at 10 MHz
from measurements of the ratio of capacitance of the sample-holder with
and without the sample.
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Figure 2. Dielectric constant & of the glass 25Na,O - 25Li,0 - 50P,05 measured at
9 GHz and temperatures from 25°C to 330°C.
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Figure 3. Dielectric constant & of the glass 25Na,O - 25Li,0 - 50P,05 measured at
10 MHz and temperatures from 25°C to 330°C.

At both frequencies, it was observed that the dielectric constant increases
as a function of temperature. The temperature affects the polarization state of
the permanent dipoles by increasing the amplitude of the thermal vibrations of
the charges and contributing therefore to the dielectric constant &’.

A small shoulder near 200°C was observed in both curves depicted in
Figs. 2 and 3. This effect can probably be caused by the increased mobility
of the light ions Li and Na in the glass structure with increasing temperature.
Figure 4 shows the DTA curve, as well as the value of T, of this glass.!®!
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Figure 4. DTA curve for the glass 25Na,O - 25Li,0O - 50P,05 showing the approxi-
mate value of T,.
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Table 1. T, of the glass 25Na,0 - 25Li,0 - 50P,05
obtained by DTA, shorted-line (9.00 GHz), and
impedancimetric (10 MHz) method

Method T,

DTA 262 + 10°C
Impedancimetric 265 + 10°C
Shorted-line 275 + 10°C

Table 1 shows a comparison between the values of T, obtained by the
three methods described in this work.

CONCLUSIONS

The measurements of the dielectric constant at microwave region, in phosphate
glasses containing some flux oxides (Na,0, Li,O) for several values of tempera-
tures, were performed, and the behavior was compared with that observed at
10 MHz. The effect of temperature can be related to the anharmonic distortion
that possibly occurs in the structural units, increasing the amplitude of thermal
vibrations of the dipoles, which contributes to the polarizability in the structure,
leading to an increase in the dielectric constant. The glass transition temperature
could be estimated, because the value of the inflexion observed in the curve of
dielectric constant against temperature coincided with the T, of this glass, as
checked by DTA. Finally, the shoulder observed near 200°C can be related to
the mobility of the ions Na and Li in the glass structure. In conclusion, the
microwave techniques were found to be sensitive in the study of several
physical properties of materials, such as composition, temperature, and so
forth, serving as a complement to other studies.
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