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ABSTRACT:  

Fly ash is finely divided waste obtained during the generation of energy in thermal power plants by burning powdered 

coal. The recycling of fly ash has become an issue in recent years, as this industrial waste is environmentally and 

economically important. The conductivity and dielectric permittivity parameters of the pellet measured as a function of 

temperature. Then, they were analysed how these parameters change depending on varying temperatures. Real and 

imaginary part of dielectric properties of the fly ash measured in the temperature range of 25–150 °C. Temperature 

dependence of real and imaginary part of dielectric permittivity suggests that fly ash exhibits strong broadband 

electrical behaviour. XRD study have performed to determine structural properties of fly ash. SEM analysis has 

performed to observe the surface morphology of fly ash.  Electrical properties of fly ash used to control the conductivity 

to make it suitable for various applications and the result obtained from dielectric study of fly ash is of greater 

scientific and technological interest for the fabrication of good quality of capacitor. With utilization of this waste, it is 

possible to save energy, produce cheaper and protect ecological balance. 
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INTRODUCTION : 

In India, main source of electrical energy is coal 

based thermal power plants which contributes 

53 % share of total electrical power produced [1-

2]. The major problems faced by coal based 

thermal power plants are the handling and 

disposal of by-product that is fly ash. This is 

because of the huge quantity of fly ash 

produced. The amount of fly ash generated in 

India is 130 million ton per year [3]. The fly ash 

disposal problem has assumed such an 

important issue in the India that the Ministry of 

Environment and Forests issued a regulation on 

14 September 1999 specifying normative levels 

for progressive utilization of fly ash. It is 

mandatory for the coal based thermal power 

plants to utilize 100% of the fly ash produced in 

a stipulated time horizon [4, 5]. According to 

Central Electricity Authority  Report India has 

achieved only 63.28% of the target in terms of fly 

ash Percentage Utilization in the year 2016-17 

[6]. Hence, it has decided to work on the 

utilisation of fly ash. The utilisation of fly ash is 

itself a big problem. The fly ash generated by the 

power stations is transported to the ash pond, 

which takes a large quantity of fertile land for 

dumping [7]. A huge amount of water is required 

for transporting the fly ash. The demand and 

requirement emphasis on application of Fly ash 

in road embankments, filler, building materials, 

bricks, in agriculture, in paint industry and 

many more. The effective use of fly ash it is 

decided to make an alkali activated fly ash 

composites which can be converted into some 

useful in civil construction using these materials 

such as fillers, tiles etc. with good compressive 

strength [8]. Electrical conductivity and other 

electrical parameters are needed  to study along 

with thermal behaviour to develop the material 

application for frequency base working 

environment. Thermal conductivity is the heat 
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carrying capacity of the materials, which is 

elementary characteristic of material that 

conducts heat [9]. 

After studying the chemical and physical 

properties of Fly ash  from thermal power plants 

and red mud from aluminum refineries , we 

found that it should not only be treated as a 

simple waste which mainly creates environment 

problem, health problem and reduces fertility of 

soil [10-14]. Therefore, the scientific 

communities are devoted to continue the 

research using industrial wastes to make the 

useful materials to the society for economic 

benefits. The one of the useful materials is 

electrical materials. In the electrical point of 

view, Insulators have great importance in 

everyday life as it makes our life easy, safe and 

shock free. We use varieties of insulators 

knowingly or unknowingly for different 

purposes. Electrical pin used in electrical poles 

is also a same kind of insulator [15-17]. 

Similarly, dielectrics are also very important for 

instruments that we use not only in our day-to-

day life but also in high value in high technology 

applications such as defence, microwave, 

capacitors etc. We have invented a tunable 

material, which has a great application in 

microwave engineering so it can be used as a 

phase shifter filter etc. it can also be used in 

manufacturing radomes. All of these are of high 

value for defence applications and presently 

these electronic instruments are not 

manufacture in India and imported from foreign 

countries. Hence, it is important to produce 

developed electronic materials from industrial 

wastes. Therefore, it will facilitate for the 

production and development of these appliances 

in our country. Thus, it will save foreign 

exchange and promote export potential of the 

electronic goods. [18]. 

EXPERIMENTAL:  

A fine fresh, clean and pure fly ash powder 

collected from Thermal Power Station, 

Chandrapur (M.S.) India.  The particle size of 

this fly ash ranged between 150 nm–120 μm. It 

was abrasive and refractory in nature. 

Chemically, the fly ash was silica to an extent of 

55–70%, followed by alumina 10–18%, iron oxide 

6–20%, and lime magnesia and alkalis varied 

between 1 and 5% each. It was reported that fly 

ash  generally contains elements like Cu, Pb, Cd, 

Ag, Mn, Fe, Ti, Na, Mo, S, P, Zn and Cl in 

different concentrations depending upon the 

type of coal used.  The fly ash powder was 

compacted into pellet of 10 mm diameter. This 

pellet was used for the measurement of d.c. 

conductivity using four-probe method. The 

dielectric constant (ɛ) and dielectric loss (ɛ’) was 

estimated in the   by using the formula     

   
  

   
 

 Where C is the capacitance of the pellet, d the 

thickness the pellet, A the cross sectional area of 

the flat surface of the pellet and    is the 

constant of permittivity of free space. 

The SEM images of fly ash investigated using 

Field Emission Gun Scanning Electron 

Microscope. The X-ray diffraction patterns of the 

samples in this present case were recorded on 

Philips PW-1700 X-ray diffractometer using 

0 

Continuous scan of 2 0/ minimum with 

accuracy of 0.01.  

The characterization by spectroscopic methods 

is important, as it gives information not only 

about various molecular-level interactions but 

also on the type of charge carriers. The variation 

of conductivity with temperature has studied. 

Fly ash is a finely divided amorphous powder 

with the particle size ranging from 150 nm–120 

μm. It is abrasive and refractory in nature.  

RESULTS AND DISCUSSION:   

Scanning Electron Microscopy (SEM): 

Fig.1. Shows the SEM images of fly ash as 

obtained from Thermal Power Station, 

Chandrapur.  From SEM image of pure fly ash 

that fly ash particles formed a cluster or 
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agglomerate among themselves due to strong 

polarity of hydroxyl groups on fly ash surfaces. 

Especially the fly ash has well-dispersed nature 

and spherically shape.  The SEM micrograph of 

fly ash show that these are spherical in nature. 

Si and Al are the main constituents present in 

the collected fly ash sample as revealed by the 

chemical compositional analysis as mentioned.                                                                                                             

X-ray Diffraction Spectroscopy (XRD): 

Fig. 2 shows the X-ray diffraction pattern of the 

fly ash the major crystalline phases in the fly 

ash were quartz and Mullite together with the 

amorphous component based on an 

aluminosilicate glass. Fly ash consists of quartz 

(SiO2), mullite (3Al2O3, 2SiO2) and hematite 

(Fe2O3) is major crystalline substances in the fly 

ash. It can be seen that a wide peak in the angle 

range of 2θ=18° to 23° appears in XRD pattern, 

which is due to influence of amorphous phase of 

the fly-ash cenospheres. From the XRD pattern 

of fly ash  cenospheres the diffraction peaks of 

SiO2,Fe2O3 and Al2O3 are clearly seen because 

the main component of fly ash  cenospheres are 

siliceous oxide, Ferreous oxide and aluminous 

oxide [39]. Crystalline SiO2 can be identified as 

the primary constituent of fly ash from two 

characteristic peaks at 2Ө=20.9° and 26.6° 

corresponding to the [100] and [101] reflection 

planes of quartz in the fly ash. The most intense 

peak of alumina at 2Ө= 25.6°[012] plane ), along 

with some smaller peaks at 2Ө= 22.6°[101], 

35.2°[104], and at 43.4°only the 2Ө= 35.2°[104] 

and probably of 59.8°[211] Al2O3 reflections in 

the fly ash implies the lower concentration of 

this phase present in the latter. Mullite (3Al2O3, 

2SiO2) can identified as the third primary 

constituents from a number of peaks. Moreover, 

some other metal oxides can identified as the 

secondary constituents. Iron oxide (Fe2O3) peaks 

at 2Ө= 32.9° [110], and 2Ө= 54.3[211]. Very 

small amount of calcium oxide (CaO) [peaks at 

2Ө= 54.0° and 64.3°] is probably present. Other 

constituents may also be present in the fly ash 

sample in negligible amount. 

Temperature Dependence D C Conductivity 

of   fly ash : 

To study the conduction mechanism of fly ash in 

pellet form, the DC electrical conductivity was 

determined by measuring current and voltage in 

four-probe resistivity set up at different 

temperatures. Fig. 3(a) shows the variation of 

conductivity with temperature for the fly ash. Fly 

ash act as insulator and at room temperature its 

conductivity is found to be 1.01x10-11 S/cm 

which is very low. Fig. 3(b) shows band theory of 

fly ash and its activation energy was found to be 

4.6 eV.  In polymers, conduction takes place by 

the mobility of charge carriers from an occupied 

site to an unoccupied site. The activation energy 

exhibits exponential dependence of conductivity 

on temperature. The defects generally increase 

with temperature and are independent of 

temperature at lower temperatures. At higher 

temperatures, additional defects are created. At 

lower temperatures, they are frozen. Hence, the 

conductivity variation with temperature is 

divided into two regions: (I) pertaining to higher 

temperature and (II) pertaining to lower 

temperature [18].  

Temperature dependence dielectric constant 

and dielectric loss of fly ash : 

As the temperature of the fly ash increased, 

there is no desperation in dielectric constant. 

This is because of tight binding forces between 

the number of ions or atoms. Moreover, the 

sample shows value of dielectric constant 6.50 

at 1000C. From the fig.4 It has been observed 

that variation of ε’ and ε’’ with temperature is 

nonlinear. This curve shows the existence of 

relaxation during the change in temperature. 

The dielectric constant was found continuously 

increased up to certain temperature and then 

become saturated as temperature increased this 

may due to the breakage of chain link and 

confirms the disordered system. As the 
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temperature increases, the dipoles comparatively 

become free they respond to the applied electric 

field. Thus, polarization increased and hence 

dielectric constant increased with increases of 

temperature [19].  

CONCLUSIONS : 

In the electrical point of view, insulators have 

great importance in everyday life. Fly ash act as 

insulator and at room temperature, its 

conductivity is very low and its activation energy 

found to be 4.6 eV the activation energy exhibits 

exponential dependence of conductivity on 

temperature. Similarly, dielectrics are also very 

important for instruments that we use not only 

in our day-to-day life but also in high value in 

high technology applications such as defence, 

microwave, capacitors etc. Fly ash showed 

dielectric constant of the order of 10, which can 

be a best suitable material for capacitor 

fabrication. 
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Fig .1 SEM image of fly ash 

 

Fig.2 XRD of Fly Ash 
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Fig. 3(a) Plot of conductivity of FA with temperature. 

 

Fig. 3 (b) plot of logσ Vs 1000/T of Fly Ash (Band theory) 

 

Fig.4 Dielectric constant and dielectric loss of fly ash 
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