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ABSTRACT 
Over 75% of the total installed power generation in India is coal based. India as well as all 
other countries in the world are facing big challenge of fly ash disposal in environmentally 
safe manner. Utilisation of fly ash is the one way to solve this problem. Presently as per the 
figures of Ministry of Environment and Forest Government of India, 30% of ash is being 
used in fillings, embankments, construction, blocks and tiles etc.<br><br> 

Balanced ash is disposed in the form of slurry in ash pond/lagoon. When ash water 
interaction is responsible for leaching of metals, which is a concern for possible soil and 
groundwater contamination. Morphology can affect physical and chemical properties of ash, 
which in turn relate to environmental and technological aspects of fly ash disposal and 
utilization. Morphological studies were carried out with the help of Field Emission-Scanning 
Electron Microscopy (FE-SEM).Apart from solid spherical particles, cenosphere and 
plerosphere were identified. With the help of Energy Dispersive X-ray (EDAX) analysis 
trace elements were identified and their health aspects were discussed. 
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INTRODUCTION  
Coal used in coal fired power plants in 

India has a low calorific value (3500 
Kcal/kg) and high ash content as high as 
40%. High ash content contributes to large 
volume of fly ash. More than 110 million 
MT of ash generated every year in India, out 
of which 30% of ash is being used in 
Fillings, embankments, construction, block 
& tiles, etc. By the end of year 2010 ash 
generation likely to reach 170 million MT. 
Fly ash is disposed off using either dry or 
wet disposal method. In dry disposal, the fly 
ash is transported by truck, chute or 
conveyor at the site and disposed off by 
constructing a dry embankment (dyke). The 
NTPC Dadri power plant has the unique 
distinction of having Asia's first 100% dry 
ash extraction with transit ash storage silos 

and final storage place converted to a green 
ash mound. This has been envisaged for the 
first time in Asia which has resulted in 
progressive development of green belt 
besides far less requirement of land and less 
water requirement as compared to the wet 
ash disposal system. 

In wet disposal, the fly ash is transported 
as slurry through pipe and disposed off in 
impoundment called “ash pond”. Most of the 
power plants in India use wet disposal 
system. In order to control fugitive dust from 
these ash ponds during strong wind 
conditions, a continuous water cover is 
maintained in the ash pond. Arrangements 
for water spray and plantation of fast 
growing local species are done in dry patches 
of the ash pond so that the ash particles do 
not get air borne. At present 65,000 acres of 
land  is occupied by ash ponds in India. The 
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disposal of fly ash in ash pond is considered 
a potential source of contamination due to 
enrichment and surface association of trace  
element in the ash particles3. During 
transport, disposal and storage phases, the 
residues from coal combustion are subjected 
to leaching effects of rain and part of 
undesirable components in the ashes may 
pollute both ground and surface waters2. 

Fly ash consists of fine, powdery 
particles that are predominantly spherical in 
shape, either solid or hollow, and mostly 
glassy (amorphous) in nature. Around 1-2% 
by weight of the fly ash produced from the 
combustion of coal in UK power stations 
occurs as cenospheres that consists of silicate 
glass in which the silica content is higher but 
the calcium content lower than fly ash11. 

The carbonaceous material in fly ash is 
composed of angular particles. The color of 
fly ash can vary from tan to gray to black, 
depending on the amount of unburned carbon 
in the ash. Light color of fly ash is indication 
of the lower the carbon content. Lignite or 
sub bituminous fly ashes are usually light tan 
to buff in color, indicating relatively low 
amounts of carbon as well as the presence of 
some lime or calcium. Bituminous fly ashes 
are usually some shade of grey, with the 
lighter shades of grey generally indicating a 
higher quality of ash.  

Specific gravity of Indian fly ashes 
varies in the range 1.66-2.55. Indian pond 
ashes and bottom ashes have their specific 
gravity varying in the ranges 1.64-2.66 and 
1.47-2.19 respectively12. 

Scanning Electron Microscopy (SEM) is 
one of the most versatile and well known 
analytical techniques for ash characterization 
7. FE SEM EDAX provides morphological 
and surface texture of individual particles, as 
well as elemental composition. Chemically, 
fly ash contains almost all existing elements 
in nature. However, the major matrix 
elements are Si, Al, Fe, as well as Ca, K, Na 
and Ti14. 

MATERIAL AND METHODS 
Samples of fly ashes were collected from 

Dadri (NTPC thermal power station at Dadri, 
near New Delhi) and hopper of Guru Nanak 
Dev Thermal Plant, Bhatinda, bottom ash is 
also collected from the furnace in wet form. 
Oven dried ash particles were mounted on 
both side adhesive paper tape affixed to 
aluminium stub. Hence onwards fly ash of 
Bhatinda and Dadri power plants are 
designated as B and D respectively .Ash 
samples were coated with pure gold in high 
vacuum evaporator for 60 seconds. To study 
morphology of ash particles Scanning 
Electron Microscope (LEO 435 VP) has been 
used. The coated samples of fly ash were 
subjected to Field Emission Scanning 
Electron Microscope (FESEM, FEI Quanta 
200 FEG) with EDAX Genesis software 
attachment made in Czech Republic is used 
for microanalysis. 

RESULTS AND DISCUSSION 
Fly ash (B) is gray in colour and fly ash 

(D) is cream colour. The colour of fly ash, 
normally ranges from cream to dark brown 
or gray or black, can be attributed to its 
chemical composition. The cream colour is 
usually produced by high calcium oxide 
content. Increasing carbon content will shift 
the colour towards gray/black12. Fly ash (D) 
possesses more pozzolanic properties 
compared to fly ash (B).This fact is very well 
supported by utilization of fly ash. Fly ash 
(D) has been used successfully in the 
applications land fills, road embankments, 
road construction, portland pozzolona 
cement building products Bottom ash is 
black in color indicating more unburned 
carbon compared to fly ash and also it is 
more coarser than fly ash. 

Most of the fly ash particle observed in 
fly ash (B) and (D) are spherical in shape as 
shown in Fig. 1, Fig. 2 and Fig. 4. Spherical 
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shape of fly ash particles is a result of the 
cooling and solidifying process undergone by 
the coal mineral matter5. 

Specific gravity of fly ash (B) is 1.95 and 
that of fly ash (D) is 2.15. When fly slurry is 
prepared with fly ash (B) it was observed 
that some particles are floating on the water 
surface. The floating particles are called as 
floaters. SEM studies on fly ash (B) reveals 
that some particles are hollow Fig. 3 and 
spheres encapsulated in other sphere i.e 
plerosphere Fig. 5. Where as in case of fly 
ash slurry (D) no such floaters were observed 
and most of the particles observed were 
spherical. 

Hollow particles are called as 
cenosphere. The word cenosphere is derived 
from two Greek words, kenos (hollow) and 
sphaira (sphere)13. Cenosphers are 
lightweight, inert and hollow spheres mainly 
consisting of silica and alumina, are filled 
with air or gases, and are byproducts of the 
combustion of pulverized coal at the power 
plants. These particles get hollow spherical 
shape as a result of cooling and solidifying 
around a trapped gas (generally CO2 and N2 
bubble) from the molten droplets of 
inorganic coal residues6. Cenospheres have a 
very low specific gravity varying in the range 
0.3 to 0.8. They have a high compressive 
strength and a high melting point. The 
cenosphere extracted from fly ash possess a 
high commercial value. They can be used in 
paints, varnishes, plastic and almost 
anywhere the traditional fillers can be used. 
They are excellent materials. As a result of 
their flexibility, they are used in many high 
technology  and traditional industries such as 
airplane, hovercraft, carpet backing, window 
glaze putty, masonry and cementitious 

products, concrete repair materials, 
insulation blankets in refractories/foundaries, 
thermoplastic fillers, explosive fillers, 
horticultural use and offshore oil and gas 
production12. Angular shape of particle of 
ash indicated the presence of unburned 
carbon as pointed by Fig. 6. SEM studies 
also shows agglomerated particles and 
submicron particles as depicted in Fig.7 and 
Fig. 8 

Direct inhalation of coal fly ash can 
cause potential health problems related either 
to the presence of particles in the lungs or to 
specific substances in ash. Any adverse 
effects from fly ash are more likely to occur 
in the respiratory tract than in the alimentary 
canal, simply because the mechanisms in the 
respiratory tract are less effective for 
expelling these particles. Because ash 
particles are round, they are less likely to 
lodge in lungs tissues than particles from 
other sources. Sub micron particles as shown 
in Fig. 7 and Fig. 8 (less than 10 microns in 
diameter) can seat themselves deep in the 
lung. Coal ash contains small amounts of 
substances that can irritate the lung as well as 
inflammatory response. Irritation can result 
in scarring of the lung tissues, or silicosis. If 
these scars become widespread in the lungs, 
they can hamper breathing4. Exposure to 
quartz can lead to “black lung” or more 
precisely, pneumoconiosis or silicosis. 
Especially the malignant condition 
progressive massive fibrosis (PMF) is 
serious. For PMF to occur, a number of 
limiting conditions need to be met. The 
particulate material containing the quartz 
must be respirable (i.e. sufficiently fine that 
it is able to penetrate deep in to lungs)8. 
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Fig.1 : Particles of fly ash (B)    

  

 

 

 

 

 

 
Fig.3 : Ceosphere in fly ash (B)  

  
Fig. 5 : Plerosphers in fly ash (B)    

 
Fig.7 : Submicron particles in fly ash (B) 

 
Fig.2 : Particles of fly ash (D) 

 
Fig.4 : Spherical particle in fly ash (D) 

 
Fig.6 : Angular  particle in fly ash (D)                                                                                             

 
Fig.8 : Submicron particles in fly ash (D)
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Table 1: Elemental composition with help of FESEM- EDAX 

Sr. 
No. 

Element Dadri Fly 
ash wt % 

Bhatinda Fly 
ash wt % 

Bhatinda Bottom 
ash wt % 

1 C 32.31 14.74 48.65 
2 O 37.05 39.11 30.44 
3 Fe 5.39 3.86 1.64 
4 Al 8.89 15.27 6.95 
5 Si 12.14 19.42 9.94 
6 K 1.01 1.94 0.68 
7 Ca 0.70 0.85 - 
8 Ti 1.06 - 1.19 
9 V 0.29 - 0.51 

10 Pb 1.17 - - 
11 Ba - 3.86 - 

 
As determined by EDAX, the 

predominant elements in the fly ash samples 
were silicon, aluminium, carbon and oxygen 
in various compounds. Lesser amounts of 
elements potassium, calcium and iron were 
observed with aluminium and silica. Only 
trace element identified were titanium, 
vanidum, lead and barium as indicated in 
Table 1. 

Fig. 9 (a), Fig. 10(a) and Fig. 11 (a) 
clearly indicate that major elements are 
alumina and silica. Fig. 9(b) and 10(b) 
clearly indicates that most of the particles are 
spherical in shape. Carbon content is less in 
fly ash (B) and fly ash (D) as compared to 
bottom ash as indicated in Table 1. Fig. 
11(a) depicts that carbon content is more in 
bottom ash (48.65%) particles than fly ash 
particles. Irregular shape of ash particle 
indicates the presence of unburned carbon, 
which can be seen in Fig. 11(b). Bottom ash 
is typically grey to black in color, is quite 
angular, and has a porous surface structure 
which is indicated by Fig. 11(b). Due to 
presence of coarse particles bottom ash is 
used as an aggregate, as feed stock for 

cement manufacturing or in construction 
applications in lieu of other constituents 
(such as sand, gravel).  

Vanadium is responsible for 
inflammatory effects on the lungs; vanadium 
appears to act mainly on various enzyme 
systems. Chronic respiratory exposure to 
vanadium may decrease cholesterol 
synthesis10. Lead exposure can cause brain 
and kidney damage as well as 
gastrointestinal distress. Long term exposure 
to lead affects the blood, central nervous 
system blood pressure and vitamin D 
metabolism. It may also lead to reduced 
sperm counts and spontaneous abortion1. 
Numbness and tingling around the mouth 
and neck were sometimes among the first 
symptoms of barium toxicity in humans. 
Partial and complete paralysis occurred in 
severe cases, often accompanied by an 
absence of deep tendon reflexes. A toxicity 
effect of barium includes hemoglobin in the 
urine, which may be indicative of kidney 
damage, renal insufficiency, degeneration of 
the kidneys, and acute renal failure1. 
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Fig. 9 (a) : Elements in  Dadri fly ash Fig. 9 (b) : SEM Graph- Dadri fly ash 

Fig. 10 (a) : Elements in Bhatinda fly ash Fig. 10 (b) : SEM Graph- Bhatinda fly ash 

Fig. 11 (a) : Elements in Bhatinda bottom ash Fig. 11(b):SEM Graph- Bhatinda bottom ash 
 

CONCLUSION 
India’s dependence on coal as a source 

of energy remains unchanged, therefore fly 
ash is bound to generate. SEM studies 
indicate that the coal ash contains glassy 
solid spheres, hollow spheres, plerospheres, 
submicron particles, irregular agglomerates 

and irregular porous grains. FE SEM EDAX 
analysis confirms that majority of chemical 
composition of fly ash is ferro alumino 
silicate and in minor phase trace elements are 
observed. Due to the presence of hollow 
particles in fly ash (B) its specific gravity is 
less compared to fly ash (D). Both fly ash 



 

61 
 

Journal of Environmental Research And Development Vol. 4 No. 1, July-September 2009

(B) and (D) are low calcium fly ashes. 
Disposal of fly ash is creating a serious 
problem as per its storage space and cost 
involved in its storage. At the same time 
there is lot of pollution of the environment 
due to fineness of fly ash particle. There is 
need to search the new avenues for utilisation 
of fly ash such as land restoration, 
reforestation and agriculture other than use in 
construction industry. Ash morphology and 
composition has major role in utilisation and 
disposal. 
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