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The management of coal combustion residue is today’s need for mitigating its impact on 
environment. The comparative study and analysis on the physical nature of the fly ash (FA), 
which is being carried out from two thermal power plants, Bandel Thermal Power Station 

(BTPS) and Durgapur Power Limited (DPL), situated in West Bengal, India is presented in 
this work. Physicochemical parameters such as temperature, pH, total dissolved solids, 

electrical conductivity, dissolved oxygen and oxidation reduction potential were analyzed by 
dilution method (1:2.5) which shows variation. The microscopic study carried out suggested 

that the fly ash particles dominantly of spherical shape showing smooth, rough and pitted 
surface. Fly ash particle size of BTPS and DPL lie from 10-590µm and 2.5-414µm, 

respectively showing finer ash fractions. The XRD analysis shows presence of quartz and 
mullite. Magnetite is present in both FA but prominent peaks were observed in DPL which 
also supports the magnetic data where the susceptibility for DPL is 878 x 10-8 m3 kg-1 while 
716 x 10-8 m3 kg-1 for BTPS. Since, the ash particles lies in the range of  particulate matter, it 

is seen that these particles get easily carried away and deposited to the nearby settlements, 
vegetation and water bodies which leads to air, soil and water pollution. This report is based 
on physical parameters of the fly ash samples which can provide fast and quicker analysis 

than traditional geochemical technique to trace the pollution. 

 

Introduction The thermal power plant acts as a major source of energy but being an 
important industrial and occupational sector which can easily lead to environmental 
deterioration. Coal fly ash (FA) is a complex heterogeneous material consisting of both 
amorphous and crystalline phases. The finer fly ash particles generally provide more surface 
area for condensation for concentration of trace elements on smaller particles1. The average 
ash content of Indian coal is 32.16%. About 750 million tonnes of FA is produced annually 
worldwide with about 131.09million tonnes in India 2. The very minute fractions of FA 
particles have a tendency to remain in air for a long time leading to many severe health 
problems since the airborne particles can easily enter to the human space (Mandal and 
Sengupta, 2003). Although, FA is being used for waste stabilization, construction raw 
materials such as cement and bricks, and as fertilizer in agriculture still huge amount of FA 
remains unutilized this can lead serious environmental concern.  
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Therefore, the study concentrates on the characterization of FA from two thermal power 
plants, Bandel Thermal Power Station (BTPS) and Durgapur Power Limited (DPL), situated 
in West Bengal, India and its effect on the environment using quicker physicochemical 
techniques rather than using traditional geochemical techniques. 

 
Methodology The physicochemical parameters of FA (BTPS and DPL) were analyzed using 
multi-parameter kit (University of Allahabad, India) by using dilution method (1:2.5) with 
water. The microscopic study was done using Leica Stereozoom DMLP microscope 
(University of Allahabad, India) to study the fly ash fractions and has been described by 
Niyogi et al.4 which lies within the range of particulate matter which can harmful to the 
environment and human health. The XRD was performed using Phillips X’Pert High Score 
System, University of Allahabad, India on the FA samples from BTPS and DPL with 
accelerating voltage of 30 kV and beam current of 25 mA using CuKα target and Ni filter. 
The analytical conditions for all sample scans made between 10 and 75° (2θ) at a scan speed 
of 2° per minute. Magnetic susceptibility measurements of FA were made using a dual 
frequency sensor (0.47 and 4.7 KHz) magnetic susceptibility meter (MS2B; Bartington, U.K.) 
and the values are reported in SI unit (10-8 m3 kg-1). 
 
Results and discussion The physicochemical parameters of FA samples from BTPS and 
DPL shows variation suggesting use of different coal and boiler types. pH is generally 
alkaline in both ash samples. High electrical conductivity of BTPS FA tells that the FA 
particles act as a fast ionic conductor which also depends upon moisture and chemical 
impurities of gas which is adsorbed on particles. TDS in BTPS FA is high compared to DPL 
FA measured by dilution method suggesting presence more dissolved ions in FA sample from 
BTPS (Table 1). 

 

 

 

 

 

 

 

 

Table 1. Physical and chemical parameters of FA from BTPS and DPL. 

The microscopic study carried out suggested that the fly ash particles dominantly of spherical 
shape showing smooth, rough and pitted surface. Particle size of FA of BTPS ranges from 
10-590µm while DPL ranges from 2.5 to 414µm suggesting finer ash fractions (Fig. 1). 
Although it is seen that particle size of FA from DPL is smaller compared to BTPS is due to 
different coal type used. The FA particles get generated in the form of particulate matter 

Parameters BTPS-FA DPL -FA 
Temperature 26.4°C 29.1°C 
pH 8 7.5 
Electrical 
conductivity 
(EC) 

371µS/cm 277 µS/cm 

Total dissolved 
solid (TDS) 

370mg/l 
 

275 mg/l 
 

Dissolved 
oxygen 

7.86 mg/l 8 mg/l 

Oxidation-
reduction 
potential 

72.8mV -214.8 mV 



(PM). The releases of the PM from fly ash plant are of varying sizes, generally the harmful 
effect caused by the particulate matter ranges from 2.5µm to 10 µm which can lead to health 
hazard in the lungs leading to chronic inflammation and ultimately to respiratory failure, 
when mixed in the surrounding habitat. The above study also suggest that the finer grain size 
of FA from DPL than BTPS posses higher magnetic particles thereby making magnetism an 
important parameter to identify and trace pollution. 

BTPS-FA DPL-FA 

Fig. 1 Microscopic study of FA from BTPS and DPL. 

 

Fly ash emitted from the power plant can get easily escaped, transported and deposited in soil 
and water around the vicinity of BTPS and DPL power plant. The contour plot of magnetic 
susceptibility in and around the power plant area shows the presence of high magnetic grains, 
where the magnetic susceptibility of FA from BTPS is 716 x 10-8 m3 kg-1 while for DPL it is 
878 x 10-8 m3 kg-1 as it is suggested that fly ash also contain magnetic particles in the form of 
different iron oxides which ultimately get deposited in soil, sediment and water bodies in fly 
ash prone areas causing pollution (Fig. 2).  

BTPS DPL  
Fig. 2 Magnetic study of FA from BTPS and DPL with respect to latitude and longitude of 
the area. 



The X-Ray Diffraction (XRD) study of FA from BTPS and DPL shows the presence of 
quartz (Qtz), mullite (Mu), calcite (Cal), hematite (Hem), magnetite (Mag) (Fig. 3) showing 
presence of magnetic component within the samples which is also reflects in magnetic study 
where fly ash particle can easily get escaped out and get deposited in the soil and sediment.  

 

 

 

 

 

 

 

 

 

 

Fig. 3 XRD study of FA from BTPS and DPL. 

 

Conclusion The present study deals with the characterization of the physical nature of fly ash 
samples from BTPS and DPL, West Bengal, India  that includes the studies on morphology, 
physical and chemical nature of FA (including pH, TDS and EC) , and magnetic properties 
show prominent variation. The fly ash samples under study consist of finer particulate matter 
of varying dimensions. The investigations further reveal that fine particles of the fly ash 
sample possess magnetic components. The FA with an aerodynamic diameter can easily get 
penetrated into the lungs to the deeper part of alveoli which do not undergo any significant 
metabolic breakdown therefore these particles are retained within the lungs leading to chronic 
inflammation and ultimately to respiratory failure. Therefore, the study suggests that the 
particulate matter in FA also cause soil, water and air pollution.  
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