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ABSTRACT

The effect of packing density, moisture content, and temperature on dielectric parameters such as
dielectric constant (¢"), dielectric loss (&"), loss tangent (tand), relaxation time (t,), conductivity (c,) for
Azardichita Indica (leaves) in powder form was assessed. The results show that, there was a systematic
increase in dielectric constant (¢') and loss factor (¢") with increasing values of relative packing fraction
(6,) and decrease in dielectric constant and loss factor with increasing temperature. The moisture
percentage measured by Thermo -gravimetric method. Experimental results of different relative packing
fractions were further used to obtain transformation to 100% solid bulk using correlation equations of
Landau-Lifshitz- Looyenga and Bottcher. The result shows that, there is a fair agreement between
experimental values and theoretical values of different dielectric parameters.
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INTRODUCTION

Dielectric properties have been discussed in detail from an electric viewpoint (Kraszewski and Nelson,
1994) and in terms of electromagnetic field concepts. To obtain useful information of various kinds of
medicinal products, the study of dielectric behavior from microwave absorption is of great value. The
dielectric properties of medicinal products describe interaction (Bansal, 2001; Gandhi, 1996; Nelson,
1993) with microwave energy and depend on frequency of electromagnetic field as well as on bulk
particle properties of the materials such as moisture content, density, temperature, packing fraction and
composition. The dielectric heating effect on germination early growth of medicinal, agricultural
products, improvement in nutritional quality, stored-grain insect control, drying of grains etc., is of great
importance to know the actual process at molecular level. To get some information, dielectric properties
of Azardichita Indica -leaves were determined at various packing fractions and temperature.

MATERIALS AND METHODS

Dielectric constant (¢') and dielectric loss (¢") were measured by using reflectometric technique
(Chelkowski, 1980; Sisodia, 1990). Measuring the reflection co-efficient from air dielectric boundary of
sample in the microwave X — band at 9.85 GHz frequency at 20°, 35° and 50°C temperature. The
following equations were used to determine the dielectric parameters.

Where,
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Ao = the wavelength in free space.

A =2a is cut-off wavelength of the wave guide.

a — is broader dimension of the rectangular wave guide.

ad = is the attenuation introduced by the unit length of the dielectric materials.
Bd = 200%q is phase shift introduced by the unit length of the dielectric materials.
Aq = wavelength in the dielectric powder.

Detail regarding the procedure is given in (Kalamse and Kalamse, 2007). In the present investigation,
small quantity of powder was introduced in the cell and the plunger was brought over the powder column.
A pressure was allowed to exert by plunger on powder in the dielectric cell. The height of the powder
column and the corresponding reflection co-efficient was measured by means of a crystal pick-up in the
directional coupler. This process was repeated at every addition of powder in the cell. The relationship
between reflected power and height of the powder column was approximately given by a damped
sinusoidal wave. The distance between two adjacent minima’s of the curve gave half the dielectric
wavelength (Ag =2L).

For the determination of dielectric parameters of Azardichita Indica, leaves three samples of various
particle sizes were prepared by using sieves of different size. For the comparison of correlation formulae
between powder and bulk, the packing fraction (3;) were taken as the ratio of density of powder and the
density of the finest crushed closely packed particle assembly of the sample. The conductivity (c,) and
relaxation time (t,) were obtained by using following relations.

Tp =S (3)
o
T,=——
we . (4)
Where,

o - is angular frequency of measurement ( 9.85 GHz).
g, - IS permittivity of free space.

For low loss materials, dielectric constant (¢') and loss factor (¢") for bulk materials can be correlated
with their powder form by the relations derived independently by Landau-Lifshitz and Looyenga,
(Landau and Lifshitz, 1960).

|_(35+ 2 e'p—Z)e'pJ

= . 5
= (B85 -1)e,+1 ©
. E“P E's 2/3 ell
(S s =| —— - fOI’—I ........... (6)
0, €' €
Where,

¢'s — is the dielectric constant for the material in bulk,

€', — 1s the dielectric constant of powder sample at relative packing fraction (0r).

g"sand ", — are the dielectric losses for solid and powder respectively.

The results obtained have been verified with values obtained from Bottcher’s equation (Bottcher, 1952).

o (2€,+36 - 2){(35 —1)(6'2P+ e )—4— €,-2 e",zp}
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Table 1: Values of dielectric constant (€',), dielectric loss (€" ), loss tangent(tand), relaxation time
(Tp), conductivity (o,) and moisture percentage of Neam leaves powder at different temperatures
and packing fraction ()

Temp Packing € €, tand Tp Sp

C Fraction (p.s.) (10 Moisture
(9r) (%)
0.8736 2.603 0.265 0.102 1.64 14.48 0.559

20C 0.9548 2.725 0.347 0.127 2.06 19.01 0.463
1.00 3.186 0.562 0.176 2.85 30.76 0.294
0.8736 2.565 0.245 0.096 1.54 13.43 0.453

35°C 0.9548 2.701 0.331 0.122 1.98 18.12 0.310
1.00 3.025 0.449 0.148 2.40 24.57 0.201
0.8736 2.520 0.230 0.091 1.48 12.60 0.431

50'C 0.9548 2.653 0.302 0.114 1.84 16.52 0.300
1.00 2.722 0.335 0.123 1.99 18.34 0.173

Table 2: Measured and calculated values of dielectric constant (€'s), and dielectric loss (€") for
bulk from powder at different temperatures and packing fraction (5,)

Relative | €'s For solid bulk €"s For solid bulk
Temp | Packing Calculated | Calculated Calculated | Calculated
C fraction From From From From
(or) Measured | Bottcher’s | Landu, Measured | Bottcher’s | Landu,
formula et al,, formula et al.,
formula formula
0.8736 2.906 2.881 0.326 0.320
20'C | 0.9548 3.186 2.829 2.795 0.562 0.373 0.371
1.00 3.187 3.11 0.562 0.562
0.8736 2.861 2.839 0.302 0.297
35C |0.9548 3.025 2.804 2.773 0.449 0.355 0.353
1.00 3.025 2.980 0.449 0.449
0.8736 2.805 2.790 0.203 0.279
50C | 0.9548 2.722 2.753 2.726 0.335 0.324 0.322
1.00 2.609 2.690 0.317 0.335
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RESULTS AND DISCUSSION

Dielectric constant (¢') and dielectric loss (") along with the values of relative packing fraction (6r) of
Azardichita Indica- leaves  powder are given in table -1. The values of (¢';) and (g&"p) obtained
experimentally for different grain sizes and temperature showed that, there is simultaneous increase in
dielectric constant (&') and loss factor (¢") with increasing temperature. This was expected, because with
higher values of relative packing fraction (dr) the inter particle hindrance offered to the dipolar motion for
a compact medium will be much higher than for less bounded particles. Such observations have been
already made by other workers (Bhatnagar, 1996; Sisodia, 1990; Gandhi, 1992) for higher values of
packing fraction.

Values of relaxation time (t,) loss tangent (tand) conductivity (c,) and values of moisture content with
relative packing fraction and different temperature revealed that there was increase in 6, T, and tand with
the increasing values of packing fraction (6r). There was systematic decrease in 6, T, and tand, moisture
percentage with increasing values of temperature. Such behavior is expected because when polar
molecules are very large, the rotator motion of the molecules is not sufficiently rapid for the attainment of
equilibrium with the field. The increase in conductivity therefore suggests that at higher compactions, no
micro cracks are developed in the sample due to high mechanical pressure. The decrease in relaxation
time (t,) with increasing temperature may be due to increase in the effective length of dipole. In addition,
due to increasing temperature, number of collision increase causes increase in energy loss and thereby
decreasing relaxation time.

Table -2 shows measured and computed values of dielectric parameters for bulk from powder
measurements. The results reported at 6r = 1 are those measured on the finest crushed powder sample
packed very closely in a wave-guide cell pressing it under a fixed pressure, so as to obtain minimum
voids between the particles. Out of the three powder samples of different packing fractions, the samples
having minimum particle size is defined as finest which is about 0.70pm. In this case, we assumed it as
solid bulk for getting correlation between powder and solid bulk. The correlation formulae were used to
find other value for (or >1). The bulk values obtained for (¢") and (") are same to the measured values
and those calculated from (Landau and Lifshitz, 1960), are closer to the values calculated from (Bottcher
CJF, 1952) formulae. The values of packing density increase linearly with the values of dielectric
constant, dielectric loss and conductivity increases (Fig.1-5). There was a simultaneous decrease of
dielectric constant, dielectric loss and conductivity with increase in the temperature.

CONCLUSION

It was thus, found that experimentally measured values of (¢') and (¢") at (or = 1) are similar to those
calculated from Landau-Lifshitz-Looyenga formulae. There was agreement between the values obtained
experimentally and calculated theoretically by using Bottcher’s formulae. The correlation formulae of
Landau-Lifshitz-Looyenga and Bottcher can be used to provide accurate estimate of (¢') and (g") of
powder materials at known bulk densities. It may be thus, predicted that Azardichita Indica leaves
powder is having cohesion in its particles and serve as a continuous medium.
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