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Dielectric properties of some agricultural wastes e.g., cotton stalks, Cs, rice straw, Rs 
and bagasse, B. are studied. The chemical constituents as well as the morphology of these 
material play a big roll on  their dielectric properties. The effect of y-irradiation on the 
diclcctric properties of these lignocellulosic materials is also investigated. Grafting of 
these raw materials with acrylamide using y-irradiation at dose of 20 M rad is also 
studied. Dielectric properties of these grafted materials and its complexes with Co++ is 
clarified. The mechanism of the interaction of y-radiation with the investigated samples 
is also studied. 

Keynords; Dielectric properties; agricultural wastes; y-radiation 

INTRODUCTION 

Paper sheet may consider a good insulating material. It can be used as 
insulating material in telephone, radio and electrical wires. Lignocel- 
lulosic material is the raw material for paper production. Wood is the 
most abundant one that can be used for paper production. In Egypt 
agricultural wastes eg . ,  bagasse [ I ]  and rice straw [2,3] are used for 
paper production. Cotton stalks also can be used as a good source for 
paper production [4,5]. Chemical constituents as well fiber length of 
produced paper sheet have a high influence on the strength, physical 
and dielectric properties of the paper sheet. Chemical constituents of 
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paper sheet depend mainly on pulping process (soda, kraft, sulfite and 
organosolv) as well as kind of raw materials. 

The electrical properties of paper were investigated [6 - 91. Dielectric 
properties of paper sheet can be improved by some treatments e.g. ,  
impregnation in some resin solutions or addition of some insulating 
material during paper sheet formation [ 101. Also, dielectric properties 
of lignin [l 11 and cellulose [12] that are the principal constituents of the 
lignocellulosic material are also recently investigated. The dielectric 
properties of lignocellulosic raw materials were also investigated [ 131. 

In this study, the dielectric properties of different agricultural wastes 
as rice straw, bagasse and cotton stalks are studied. Also the effect of 
y-irradiation, of different doses (0 - 40 M rad), on the dielectric proper- 
ties of these materials is also interpreted on the basis of the molecular 
structure changes. 

EXPERIMENTAL 

The raw materials, which are used in this study are rice straw, Rs, 
Sugar cane bagasse, B, and braked cotton stalks, Cs. These raw materials 
were ground to 0.25 mm before use. 0.2 gm of the grounded raw material 
pressed at 5 ton/m2 forming a tablet of 13 mm diameter and 1 -2mm 
thickness. 

Analysis of the main constituents of Raw material, lignin [14], hemi- 
cellulose [15], a-cellulose [16] and ash content were estimated. 

Raw material Hemi cellulose% a-Cellulose% Lignin% Ash% 

Rice Straw 19.5 42.4 16.1 9.9 

Cotton Stalks 25.4 43.2 27.3 1.3 
Bagasse 27.3 44.3 20.2 1.2 

Grafting Process 

Raw material was grafted with acrylamide of ratio (1:l) using y- 
irradiation of 20 M rad. Graft yield was calculated by the difference in 
weight of the used raw material before and after grafting. 
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AGRICULTURAL WASTES 159 

Complex Formation 

The grafted raw material was boiled with CoC12 (5%)  for two hours. 
Dielectric properties of the samples under investigation were deter- 
mined using AG-43 1 1B RCL-meter (Ando-Japan) at frequencies varied 
among 100 Hz- 100 kHz. The used measuring cell consists of two 
parallel plates circular condenser made of copper of 12 mm diameter 
attached to movable micrometer. Dissipation factor (tan 6) and capacity 
of the condenser are measured directly by the RCL-meter. Using 
some standard samples of known dielectric constants, the dielectric 
constant E ’  and then dielectric loss E ”  of the investigated sample could 
be determined. 

The samples were irradiated by a CO-60 source of chamber 4000 A 
represented at the National Center for radiation and technology, 
Cairo. 

RESULTS AND DISCUSSION 

Agricultural wastes e.g., Bagasse, rice straw and cotton stalks are 
considered as lignocellulosic materials. The constituents of these ligno- 
cellulosic materials like cellulose, hemicellulose and lignin are different 
for each of them. Also, the ratio of syringyl to guaiacyl lignin as well 
as the percent of their ash content are different. 

Figure I clarified the dielectric constant ( E  ’) and dissipation factor 
(tan6) as a function of frequency for raw materials of cotton stalks, 
rice straw and bagasse. From this figure it is seen that the dielectric 
constant as well as dissipation factor are decreased by increasing fre- 
quency for the three samples under investigation. Dielectric constant 
(Fig. la) of cotton stalks is higher than the other two lignocel- 
lulosic materials in the lower frequency range and decreased sharply 
with frequency increase. This means that the dispersion step, which 
directly related to the dipole moment since $ a ( ~ ,  - E,) as stated by 
Onsager [17], is high in case of cotton stalks than that in case of rice 
straw and bagasse. This can be attributed to the higher lignin content 
in case of cotton stalks which is more than that in case of rice straw and 
bagasse. The high lignin content causes an increase in the functional 
groups. 
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FIGURE 1 
kHz for bagasse, rice straw and cotton stalks raw inatcrials. 

Dielectric constant E '  (a) and dissipation factor tan6 (b) vs. frequency in 
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Also the morphology structure of the three raw materials is taken into 
consideration. It is different in case of cotton stalks (woody structure) 
while the other two materials, (spongy structure) this may explain the 
higher dispersion step of cotton stalks than rice straw and bagasse. 

Although the dielectric constant of bagasse and rice straw is lower 
than that of cotton stalks, it is more stable over the range of frequency 
as shown in Figure 1. Also, their dissipation factor is lower than in 
case of cotton stalks and within the range of good dielectric materials. 

Effect of y-radiation 

The effect of different doses of y-radiation on the dielectric constant E ’ 
and dissipation factor tan 6 at spot point frequency 12 kHz of the three 
raw lignocellulosic materials Cs, B and Rs is shown in Figure 2. From 
this figure it is clear that the dielectric constant of irradiated raw 
material decreases by increasing the dose of irradiation and reaches its 
minimum value at about 5Mrad,  then it began to increase till a 
maximum value at 30 M rad for Rs and Cs but for B at 20 M rad. This 
behavior can be explained by an increase in the cross linking between 
the constituents of lignocellulosic material at lower dose of irradiation 
which results a more condensed structure of lower polarity and hence 
decreases dielectric constant and dissipation factor. On the other hand, 
radiation doses above 5 M rad increase E ’ for the three lignocellulosic 
materials. This can be explained by the predominating of the degrada- 
tion process yielding smaller aggregates of high polarities. These 
fragments mainly highly oxyginating compounds and consequently 
this causes an increase in the dielectric properties. By increasing 
radiation dose more than 30 in case of Cs and Rs or 20M rad in case 
of B, the dielectric constant decreases again. This can be explained by 
increase of the concentration of ash content and a formation of free 
radicals in the degraded material. These radicals take part into 
conduction process. This mechanism can be confirmed by considering 
the effect of y-radiation on the dissipation factor Figure 2b. This figure 
shows also that the dissipation factor, tan 6, increases sharply by in- 
creasing dose after 20Mrad (at the beginning of the degradation 
process and the formation of radicals. 

Generally, from Figure 2, the dielectric constant of bagasse in (a) 
increases by increasing the radiation dose as other two materials, but 
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FIGURE 2 The effect of irradiation dose on the dielectric constant E '  (a) and 
dissipation factor tan 6 of the investigated materials. 
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its tan 5 in (b) is stable within the range of irradiation doses used. In 
case of rice straw it is clear from the figure that, its tan5 increases by 
increasing the radiation dose, this can be attributed to the concentra- 
tion of the ash content due to the degradation of the organic materials 
of lignocellulosic sample. 

The dielectric constant of the irradiated lignocellulosic raw material 
is investigated and shows similar behavior over the frequency range, 
Figures 3a, b. 

Dielectric Properties of Grafted Lignocellulosic Materials 

Cotton stalks and rice straw are grafted with acrylamide by using y- 
radiation at 20 M rad. These grafted materials are complexed with 
CoC12. The dielectric properties of these materials are discussed. 

Table I shows the comparison of dielectric properties of the cotton 
stalks and rice straw and their grafted compounds at frequency of 2 kHz 

From this table, it is clear that the dielectric constant of the cotton 
stalks decreases by radiation, grafting and complex formation. In case 
of rice straw, the radiation enhances the dielectric constant and at the 
same time decreases by grafting process. The complex of the grafted 
rice straw shows a slightly increase in the dielectric constant. 

The higher dielectric constant of the irradiated rice straw than the 
irradiated cotton stalks is due to the low lignin content and the morphol- 
ogy of the two raw materials. On the other hand, the lignin content 
of the cotton stalks and the woody structure cause a lower graft 
yield (8%) than rice straw (1 1 %). This high graft content causes a high 
value of the dielectric constant of rice straw. Complex formed of the 
grafted rice straw increases the dielectric properties more than cotton 
stalks. 

In case of dissipation factor (tan S), it is found that the treatment of 
rice straw and cotton stalks decreases tan 6 which reaches its minimum 
values 0.009 and 0.007 in their complex, respectively. 

The dielectric parameters E ’ and tan 6 of rice straw and cotton stalks 
raw materials, irradiated at 20 Mr, grafted and complexed samples are 
determined and illustrated versus frequency of range 0.1 to 100 kHz in 
Figure 4. It is shown from this figure that both of the dielectric 
properties ( E ’  and tan 6) decrease by increasing frequency. This is due 
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FIGURE 3 
different doses of irradiated cotton stalks. 

Dielectric constant E '  (a) and dissipation factor tans (b) vs. frequency at 
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TABLE I Dielectric constant and dissipation factor of treated Cs and Rs at 2 kHz 
~ ~ 

Raw Irruiliuled Grafted Complexed 
Material Cs Rs c s  Rs c s  Rs c s  Rs 

E' 6.19 6.13 5.97 10.54 5.35 5.59 4.54 6.43 
tan 6 0.035 0.012 0.16 0.062 0.005 0.032 0.007 0.009 

30 

20 

E '  

10 

FIGURE 4 The effect of irradiation, grafting and complexing processes on the dielec- 
tric properties of rice straw and cotton stalks. 
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to the lag of molecular polarization behind the field of oscillation. In 
general the dielectric parameters of grafted material are lower than the 
irradiated one. This can be attributed to the degradation by irradiation 
in to small fragments of relative high mobility. While in case of grafted 
raw material, the monomer molecules attach with the cellulosic chains. 
This restrict the motion of the side and chain molecules. This cause a 
decrease of dielectric constant and dielectric loss. In case of cotton 
stalks, it is seen that the dielectric constant shows a marked decrease in 
cotton stalks than rice straw by boiling the grafted with CoC12 solution 
in the complex process. 

CONCLUSION 

1. 

2 .  

3. 

4. 

5 .  

The dielectric constant of the cotton stalks is higher than that of 
rice straw and bagasse raw material at lower frequencies. 
The value of dielectric constant of bagasse is more or less stable 
over all frequencies. 
Dielectric constant of these lignocellulosic materials increases by 
increasing radiation dose. 
Dielectric constant of cotton stalks decreases by irradiation, 
grafting and complexes while as in case of rice straw increases by 
irradiation. 
Grafting and complexing processes improve the dielectric proper- 
ties of cotton stalks. 
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