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ABSTRACT

In this paper, dielectric constant’), dielectric loss{"), electrical conductivityd) and relaxation timej behaviour
were measured for six Indian wood species in tleguency range 100Hz-1MHz at room temperature. The
significant variations in dielectric properties arebserved from one species to other, dielectricstant ¢')
decreases for hard wood species with increase egfuency. Soft wood species dielectric consteptdécreases
with frequency up to 200 KHz and then increasedh witrease of frequency tolMz .Relaxation timesHaeen
calculated for the six species at308K, which shimat hard wood species exhibits three and soft wedtbits two
relaxations discussed critically with their strucgu

Keywords: Indian wood speciesDielectric constant &), Dielectric loss "), Electrical conductivity ), and
Relaxation timen)

INTRODUCTION

The measurement of dielectric properties of madteria critical to understanding the electromagndiald
distribution in the material#\part from those, wood is a complex biomaterial basic properties and significantly
different even in the same tree (Ze-Xin Fanet24lQ9).Therefore it would be affected the function inutse. Wood
has great variation in their structure and cells éach species of wood or even in the same spéduss
conspicuously. Therefore it gives well establish ftinction as well as appropriation in further us®&dood
utilization closely intertwined by its properties avell as has to be cautiously considered due’sopibssess
hygroscopic characteristic which of relate clogelyhe surrounding environmental (Antony Finto let2009).

Dielectric properties of wood have both theoretiesd industrial applications. They also provide ettdy
understanding of the molecular structure of wood aood-water interactions (Resch Helmuth., 200&)e T
behaviour of water with the constituents of woodhsas cellulose and lignin can be understood miearlg by
studying dielectric properties. Dielectric propestiof material are influence frequency, temperatweger content,
density, composition and material structure. Woed Wielectric properties and non ideal polarizattmmduct
dissipation phenomena, energy adsorption, and desrthgt influence dielectric constant (James, W.I1AkE 1965;
Kabir F.,2001).
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The dielectric properties of material are intringfoperties expressed by the relative complex gauity e*=g'- je",
whereg' is the dielectric constant and represents thigyabf a material to store electrical energy afids the loss
factor and represents the loss of electric enengthé material. Amount of loss is described by eapeeter loss
tangent (taB). The dielectric parameters are generally dependn frequency, temperature, density and other
factors such as material structure and composfBamsal et al., 2001; Nelson, 1992).

This present Investigation is concern to the dieleproperties such as dielectric constarit, dielectric loss{"),
electrical conductivity €) and relaxation timetj of several Indian wood species at room tempegatursundried
condition.

MATERIALS AND METHODS

For the study of dielectric properties, six differevood logs (Table.1) are collected belongingiffecent botanical
families from different places at normal dried citioth for present investigation. The test samplesewobtained
from the sapwood region in the form of pellets; IBatric constant and dielectric loss factor andcteleal
conductivity were measured at low frequencies frtdOHz to 1MHz by the computer using the low frequen
impedance analyzer Hioki 3532-50 LCR-Hi tester Kioiz Japan

Table.1. Data of wood species for the present inu@gation

Name of Wood species Type of wood  Botanical Family

Tectona grandis L. Hard wood Lamiaceae
Terminalia arjun Hard woot Combretace:
Tamarindus indica Hard wood Fabaceae

Shorea robusta Hard wood Dipterocarpaceae
Annona squamosa Soft wood Annonaceae
Pouteria sapota Hard wood Sapotaceae

RESULTS AND DISCUSSION

a) Dielectric Properties

Dielectric data for frequencies from 100Hz to 1M &tzoom temperature 308K are presented in Fidhg4aking 5
samples each. The variations in dielectric propseréire observed from one wood species to othetheryddepend
on type of wood species (Hard and Soft wood) .Tietedtric constante() decreases for all the six wood species
nearly up to 200 KHz at room temperature 308K, #lseas observed that by varying the frequenciesard wood
species dielectric constanf)(decreases to 1MHz. In soft wood species su¢h Asanona squamosafter 200 KHz
dielectric constantef) increases abruptly with frequency. In hard wobBésrease of dielectric constast) (shows
that the contribution of interfacial polarizatioadmmes insignificant, and the predominant polaoras molecular;
that is, energy is absorbed in the form of indudgumble moment of the molecule, and in the form lajranent of
molecules having fixed dipole moment. The increasdielectric constants) at low frequency for soft wood, can
be explained by the fact that the dipolar grougsk@und in the solid structures so that the dila structural
element of the solid lattice and rigidity of thetiee hinders the orientation of the dipoles .ltassumed that the
fixed dipole moment of the cellulose molecules dhd interfacial polarization at lower frequencieg &oth
activated by thermal energy. This concludes thaledtric constantg() affect the amount of power that is dissipated
in soft wood in the form of heat (Kabir, F.M et2001). Fig.2 shows that a decrease and increathe idielectric
loss at low frequency range from 100Hz to 1IMHz.eédevated dielectric loss in hard and soft wood ltesn higher
power absorption by wood in the form of heat. Cosgly a lower dielectric constant favors higherthassorption

in wood. Inhomogenity likes defects, space chamgenétion and lattice distortions etc. in the irterél layers
together produce an absorption current resultirgjetectric loss (Vasubabu et al 2016).

Fig.3 represents variation electrical conductiafydifferent for different woods species, when mead 100Hz to
1MHz frequency range , reveals that the significarations which may be attributed to the exteinhydration,
molecular architecture, nature and composition @bds. In spite of the fact that each constuienthefwood has its
own physiological individuality, definite relatiotetween wood parameters
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b) Relaxation Time

Dielectric parameters of materials are functiommany exponential controlled parameters, the maneids the
temperature dependency of characteristics of rétaxéimes, it represents rate of chemical reactars. The Cole
— Cole plot is a simple, elegant and highly usé&fol to determine dielectric relaxation of a madkm a particular
range of frequency. Dielectric relaxation exhikiitswood due to the frequency and temperature depeed of
dielectric parameters, different dielectric relaoas observed in different woods with different @weristic
frequencies (Table 2).The number of relaxationanfr@€ole-Cole plots, which show proportionality toeth
concentration of dipoles contributing to the oraitn polarization, increasing with increase adbdgy of dipoles
in wood samples. In the present investigation réselts of dielectric parameters of different tggevoods, reveals
that hard woods shows three dielectric relaxatimhgre as soft woods shows two dielectric relaxatior his

concludes that in soft wood the power is dissipatettie form of heat with frequency variation whidiminisheshe
relaxation of water content present in wood ie,dfientation polarization of hydroxyl group.
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Fig.1 .Variation of Diectric constant ') of different wood species as a function of frequey from 100Hz to 1MHz
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Fig.2 .Variation of Diectric loss €") of different wood species as a function of freggency from 100Hz to 1MHz
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Fig.3 .Variation of Electrical conductivity (o) of different wood species as a function of frequey from 100Hz to 1MHz

Table.2. Data on Cole-Cole parameters

Name of wood species| Characteristic | U \% 0 Relaxation time(sec)
Type frequency(Hz)
2K 8.4 | 223 | 145 0.03p
Tectona grandis L. (TL) Hard wood 6K 44 | 7.1 | 225 0.5pn
800K 6.1 | 23| 27 0.49n
1.5K 123 | 37.1| 35 0.07pn
Terminalia arjuna (TA) | Hard woo 6K 58 | 7.7 | 185 0.4pn
800K 36 | 24| 28 0.04n
3k 49 | 1.4 | 215 0.102p
Tamarindus indica (TI)| Hard woogd 15K 8.9 | 26.8| 355 0.65u
800K 35| 69| 22 0.05n
1K 13.8| 246 | 20 0.034p
Shorea robusta (SR) Hard woqd 5K 6.8 | 13.7| 21 0.8un
40K 23| 34 | 395 8.2
2K 123 21 | 315 0.02p
Annona squamosa (AS)  Soft wood 5K 12| 164 | 15 0.03n
10K 185 34.3| 12 0.161
Pouteria sapota (PS) Hard wood 20K 131 21 21 0.2u
100K 18.2 | 33.5| 135 0.035n
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