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ABSTRACT

Measurement of the dielectric properties of different substances has been
the subject of many researchers and various models have been proposed to
interpret the experimental results. Dielectric measurementsonionic materials
give useful information about dynamic processesinvolving ionic motion. In
this paper the dielectric and electrical properties of SLBAP glass specimen
was measured in afrequency range 100 Hz to 1 MHz and over thetemperature
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rangefrom 303to 543 K.

INTRODUCTION

Theelectrical conductivity of glassesisof great
technical importance and thereforefrequently studied.
Numerous theoretical models are proposed for the
analysisof theelectrical conductivity and each offers
variousapproachesandinterpretations. During thelast
three decadesit has been studied in detail*#! in the
case of transition metal oxide doped glasses, because
of their semiconducting properties, switching behaviour
and potential gpplications. Thepast literaturereported
the conductivity of Borate, Vanadate and Tellurite
glassesand also of ternary silicate glasses containing
trangition metal iong'*-2, Variousmodelsviz., Mott’s
model?1, Cohen, Fritzscheand Ovshinsky’s (C.F.O)
model®1, Davisand Mott’s model®! and sharp band
edge modd ™! have been suggested to explainthe con-
ductivity of transition metal ion doped glasses. These
have been reviewed by Sayar and Mansingh®Y. How-
ever, only avery limited work have been reported for
Phosphate gl asses.
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EXPERIMENTAL

A sodium-lead-barium-a uminium phosphateglass
was prepared by melt quenching technique. Thecom-
position (by weight) was gpproximately Na(PO,), 70%
-Ba0 15%-PbO 10%-Al, 0, 5%. For the measure-
ment of dielectric propertiesthe SLBAP glass speci-
menwas coated with alayer of silver conducting paste.
For the Electrical conductivity measurement, two op-
positesurfacesof the Glass specimenswere coated with
slver painttoformtheeectrodes. Thevaueof capaci-
tance (C) and thedissipation factor (D) of the SLBAP
Gl ass specimen was measured using automatic Hewl ett
Packard Precision LCR Meter Model 4280A at the
temperaturerange of 303to 543K and over afrequency
range100 Hzto IMHz.

RESULTSAND DISCUSSION

Dielectric measurements
The specimenswas placed in ahigh temperature
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cell. Thevalue of Capacitance (C) and thedisspation
factor (D) of the glass specimens were measured at
frequency of 100 Hzto 1 MHz fromtemperaturerange
303K to 543K andtabulated in TABLES 1 & 2.

TABLE 1: Observed valuesof capacitance(C) and dissipation
factor (D) of phosphateglassspecimen (SLBAP) at fixed fre-
guency with variation of temperature

100 Hz 1KHz 10KHz

P C (10" D (10% C (10" D (10% C(10™) D (107
303 2223 8456 3375 11768 3.105 6.097
323 2431 23223 3897 12763 4.888 8071
343 2442 33997 4567 16.064 5.678 10.983
363 3.094 42654 4699 14349 6.789 11.105
383 3418 67.098 5458 22941 8113 17.602
403 3812 110987 7.879 42163 10.232 18.409
423 3888 218316 6.109 64.322 10.489 25.198
443 4201 460573 11.445 89.407 10.992 28.559
463 6295 800.163 12.444 290.789 11.397 45.662
483 9.081 1087.082 14.784 467.921 11.456 67.831
503 10.765 2398.765 17.453 896.021 11.487 70.439
523 11.223 4129.228 21.447 1100.812 12.119 177.982
543 13.997 5876.212 21.921 2400.789 12.983 280.765

TABLE 2: Observed valuesof capacitance(C) and dissipation
factor (D) of phosphateglassspecimen (SLBAP) at fixed fre-
guency with variation of temperature

emp 100 KHz 1MHZ

C(10% D@0%» C@10® D103
303 3.322 2.506 3.051 1.447
323 3.398 2.678 3.121 1.675
343 3.401 2.981 3.214 2.556
363 3.472 3.498 3.452 2.876
383 3.548 3.742 3.478 3541
403 3.856 3.801 3.678 4.667
423 4.204 4672 4.012 4.871
443 4.698 4352 4.126 6.512
463 5.58 5.662 4.256 7.882
483 7.311 5.769 6.398 7.989
503 7.367 7.444 6.412 9.663
523 7.672 7.549 6.502 9.781
543 7.923 7.671 6.852 12.751

(a) Effect of frequency and temperatureon dielec-
tricconstant (g°)

Didectriccongtant (¢”) and didlectricloss () were
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caculated by usingthereation

¢ =Cd/Ag,

€’=¢’/D

Where Cisthe Capacitance, d isthethickness of the
sampleandA isthe areaof the phasein contact with
thedectrode. Inthe second equation D isthe dissipa-
tionfactor and ¢ isthe permittivity of free space.

The dielectric constant (¢’) was calculated for
SLBAP Glass specimen in thefrequency region from
100 Hz to IMHz and covering thetemperature range
303to 543 K and collected in TABLES 3 & 4. The
didectric permittivity risessharply towardslow frequen-
ciesdueto eectron polarization effects.

At highfreguencies, dueto high periodicreversa
of thefield at theinterface, the contribution of charge
carriers(ions) towardsthedie ectric constant decreases
withincreasing frequency. Hencedidectric constant de-
creaseswith theincrease of frequency. Ascan beseen
fromthe TABLE4, thenatureof variation of dielectric
constantissimilar for glassspecimen. At low tempera
tureregionthevaueof didectric constant showssmall
increasewith temperature. Asthetemperatureincreases,
the dielectric constant shows arapidincreasefor the
glass gpecimen, which correspondstothedidectricre-
|axation phenomenon. Thetemperatures, wherethevaue
of &’ riseswith temperature, are higher for higher fre-
guenciesof measurements.

TABLE 3: Calculated valuesof dielectric constant () and
loss(g”) for phosphate glass pecimen (SLBAP) at somefixed
frequency with variation of temperature

100 Hz 1KHz 10KHz

Tem
p 8’ 87’ 8’ 87’ 8’ 87’

5.44635 64.40811 826875 70.2647 7.60725 124.7704
595595 25.64677 9.54765 74.80726 11.9756 148.3781
59829 17.59832 11.18915 69.65357 13.9111 126.6603
7.5803 17.7716 11.51255 80.23242 16.63305 149.7798
8.3741 124804 13.3721 58.28909 19.87685 112.9238
9.3394 8.414859 19.30355 45.78315 25.0684 136.1747
0.5256 4.363217 14.96705 23.26894 25.69805 101.9845
443 10.29245 2.234705 28.04025 31.36248 26.9304 94.29742
463 15.42275 1.927451 30.4878 10.48451 27.92265 61.15074
483 22.24845 2.046621 36.2208 7.740794 28.0672 41.37813
503 26.37425 1.099493 42.75985 4.772193 28.14315 39.95393
523 27.49635 0.665896 52.54515 4.773308 29.69155 16.68233
543 34.29265 0.583584 53.70645 2.237033 31.80835 11.32917

303
323
343
363
383
403
423

e, P pterioly Science

Hn Tndéan g%wumé



300

Dielectric and electrical properties of phosphate glass

MSAIJ, 11(9) 2014

Full Poper =
TABLE 4: Calculated valuesof dielectric constant (¢’) and
loss(g”) for phosphate glassspecimen (SLBAP) at somefixed
frequency with variation of temperature

Temp 100 KHz 1MHz
g’ g”’ g’ g”’
303 8.1389 3247765 7.47495 516.5826
323 8.3251 310.8701 7.64645 456.5045
343 833245 2795186  7.8743  308.0712
363 8.5064 243.179 84574  294.0682
383 8.6926 2322982 85211  240.6411
403 9.4472 2485451 9.0111  193.0812
423 10.2998 220.458 9.8294  201.7943
443 115101  264.4784 10.1087 155.2319
463 13.671 241.4518 104272 132.2913
483 1791195 310.4862 15.6751 196.2085
503 18.04915 2424657 157094 162.5727
523 18.7964 2489919 159299 162.8658
543 1941135 253.0485 16.7874 131.6556

(b) Effect of frequency and temper atureon dielec-
tricloss (¢”)

Thee” of SLBAP glass specimen has been mea-
sured in the temperature range of 303K to 543K at
different frequenciesand shownin TABLE 3& 4. From
thesetabl esit isnoticed that the generd behavior shows
anincreaseof £” withincreasing frequency. Onincress-
ing thetemperature at afixed frequency, thedielectric
lossdecreases.

Conductivity measurements

Thefollowingrelation calculatesthea.c. conduc-
tivity of thesamples.
o(w) =¢,0&” =¢ (2nf) e’
(a) Frequency and temper atur edependenceof a.c.
conductivity

Thea.c. conductivity of SLBAP Glass specimen
has been cal culated in the frequency range of 100 Hz
to IMHz and temperature range from 303 to 543 K.
Thevauesof a.c. conductivity arecollectedin TABLE
5. Theac. conductivity decreasesonincreasing thetem-
peraturefor different fixed frequency andincreaseswith
increasing thefrequency for fixed temperature.

It isimportant to note that the graph of log o(®)
against temperature arealmost linear inthetempera-
turerange 303-543 K, which suggest the they follow

Arrheniusequation’® of thetype

o, =0,exp[-W/KT]

Wherew istheactivation energy and K istheBoltzman
constant.

TABLES5: Calculated valuesof a.c. conductivity of phosphate
glassspecimen (SLBAP) at different frequency with varia-
tion of temperatures

100 Hz
o (®) o (@)
35.59192 390.0745
14.17241 415.2925
9.72483 386.6818
9.820588 445.4103
6.89667 323.5919
4.650051 254.1652
2411114 129.1775
1.234898 174.1088
1.065109 58.20475
1.130963 42.97302
0.60758 26.49283
0.367974 26.49902
0.322489 12.41889

1KHz 10KHz 100KHz 1MHz
o (@)
692.6628
823.7213
703.1546
831.5027
626.8966
755.9738
566.1669
523.4921
339.4783
229.7107
221.8043
92.61197
62.8939

Tem

o (@)
1802.997
1725.795
1551.748
1350.008
1289.604
1379.798
1223.873
1468.252
1340.42
1723.664
1346.049
1382.279
1404.799

o (®)
2867.808
2534.285
1710.257
1632.519
1335.919

1071.89
1120.261
861.7698
734.4151
1089.252
902.5223
904.1493
730.8858

303
323
343
363
383
403
423

463
483
503
523
543

CONCLUSION

The present sudy showsthat themechanism of eec-
trica conductionin SLBAP glassspecimenissimilar to
that intransition metal oxidedoped glasses, wherethe
mechanism of ionic conduction takesplace.
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