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Abstract - In a developing country like India, coal is a major source of fuel for production of electricity which in turn 
produces large quantity of fly ash which is an environmental hazard. Disposal of such a huge quantity poses challenging 
problems, in the form of land usage, health hazards and environmental dangers. Both in disposal as well as in utilization, 
utmost care has to be taken to safeguard the interest of human life, wild life and environment .Under such circumstances 
through this article a  attempt is made  to highlight the beneficial potential of fly ash in application of civil engineering 
construction as well as others to reduce the environmental pollution. The physical and chemical characterization of Flyash is  
also conducted to enlighten the concentration of different elements present in it so that it can used in various fields as a 
substitute material. 
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I. INTRODUCTION 
 
The  economic and industrial growth of a country 
depends on the  power generation. In India the major 
source of power generation is from coal. The 70% of 
power is produced using coal as fuel. Indian coal is of  
low calorific value and about 30 to 45% high ash 
content  which results in huge generation of ash  in 
the coal based thermal power stations.. The 
commissioning of new super thermal power plants 
and with the increasing use of low calorific value coal 
of high ash content, the annual production of Fly Ash 
in India was about 220 million tonnes in the year 
2011-2012 with 65000 acre of land being used as ash 
ponds .It is expected to cross 1000 million tonnes by 
2030 which is going to cause serious environment all 
problems.  
 
In India, out of the total ash produced only a small 
quantity of is utilized in use of ash in concrete, brick 
making, agriculture, soil-stabilization treatment and 
other applications. In growing  need for electricity in 
India, 70% of power is generated through thermal 
power  plants. The  environmental dreads from these  
plants include  air pollution due  to  particulate  
emission, water pollution and shortage of land  for 
dumping  the fly ash. The ash generated in  the power 
plants is mostly dumped   in the vicinity of the plant 
as a waste material which covers several hectares of 
valuable land. These days researches are going to use 
flyash in various fields  instead of dumping the  fly 
ash as landfills. Fly ash is widely used  as cement 
replacement material, pavement base, blocks etc.  
This large volume of fly ash would occupy huge land 
area (presently about 65,000 acres of valuable land is 
occupied by ash ponds in India) and will pose a 
serious threat to the environment The natural fears 
from these plants incorporate air contamination 
because of particulate discharge, water contamination 

and lack of area for dumping the fly powder.. It is 
necessary to adopt technologies for safe management 
of fly ash and proper utilization on sustainable basis. 
 
When  the pulverized coal is burnt at high 
temperatures, the residue contains 80% Fly Ash and 
20% bottom ash. Fly Ash particles are of very small 
size varying from 0.5 to 300 micron in equivalent 
diameter. It has potential to get airborne easily and 
pollute the environment.  It will affect the nearby 
water bodies  and also cause damage to aquatic life 
also if it is not disposed properly . Also there is 
chances of leaching of heavy metals from Flyash 
which will  contaminate the under-ground water 
resources. The ash disposal  ponds can become 
breeding grounds for mosquitoes and bacteria. 
Instead of freely dumping this Flyash in the nearby 
free land if we can  utilize Flyash  properly, it will be 
most  valuable resource material. 
The demand for Portland cement is increasing day by 
day and hence, efforts are being made in the 
construction industry to address this by utilizing 
supplementary materials and developing alternative 
binders in concrete. Due to availability of fly ash 
from thermal power plants  worldwide  which creates 
an opportunity to utilize this, as a substitute for OPC 
in  concrete. In the presence of water and in ambient 
temperature, fly ash reacts with the calcium 
hydroxide  during the hydration  process of OPC to 
form the calcium silicate hydrate (CS-H) gel which 
will give a denser concrete. 
 
II. FLYASH 
 
According to the American Concrete Institute (ACI) 
Committee 116R, Fly ash is defined as „the finely 
divided   residue that results from the combustion of 
ground or powdered coal and that is transported by 
flue gasses from the combustion zone to the particle 
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removal system‟ (ACI Committee232 2004).Flyash is 
removed from the combustion gases by the dust 
collection system, either mechanically or by using 
electrostatic precipitators, before they are discharged 
to the atmosphere. Fly ash particles are spherical in 
shape and, finer than Portland cement and lime.  The 
diameter  ranges from less than 1 μm to not more 
than 150 μm 
 The Flyash  is chemically composed of the oxides of 
silicon (SiO2), aluminium (Al2O3), iron (Fe2O3), and 
calcium (CaO), also very less amount of magnesium, 
potassium, sodium, titanium, and sulphur. The fly ash 
has major composition of which is  similar to that of 
natural earthy materials such as soils and shales. Fly 
ash is also consists of various useful other 
constituents such as Ca, Mg, Mn, Fe, Cu, Zn, B, S 
and P along with small amounts of toxic elements 
such as Cr, Pb, Hg, Ni, V, As and Ba.. The 
distribution of each element within the fly ash 
structure is different, however; the smaller the 
particle size, the higher is the trace elements content 
due to the increase in the surface/weight ratio. The 
alkaline nature of flyash  depends on  the 
concentration of the basic oxides such as CaO and 
MgO.  It also has acidic substances such as SO2 , SO3 
and P2 O5 . 
The physical properties, such as particle mass, glass 
composition, moisture content and the amount  of 
unburnt carbon, are depends on quality of the coal, 
combustion  temperature of the coal,  coal 
pulverization size, air flow/fuel ratio and the rate of 
combustion. The chemical composition of fly ash  
depends upon the mineral constituents  present in the  
fired coal. 
A detailed study is required on the physical, chemical 
and morphological properties of Fly ash to   
understand the  environmental issues and to control 
the impacts due to its disposal and utilization.   
 

 
Fig.1 Flyash 

 
ASTM CLASSIFICATION OF FLYASH 
 
As per  the  ASTM C618 classification  Flyash is 
classified into two types  ,Class F fly ash and Class C 
fly ash. The main difference between these two is the 

amount of silica, alumina, calcium,and iron content  
present in the ash. 
 
When the sum of three principal constituents Silicon 
dioxide(SiO2), Aluminium  oxide(Al2O3), Ironoxide 
(Fe2O3 is 70% or more and calcium oxide is less than 
10%  such type of  fly ash is considered as class F fly 
ash.  The class F Fly ash is produced by burning of 
anthracite or bituminous coal and  which possess 
pozzolanic properties. 
 
The flyash in which the sum of Silicon dioxide, 
Aluminium oxide and Ironoxide  is 50% or more  and 
calcium oxide is more than 10%, fly ash called as 
class C fly ash. It is produced by burning of lignite or 
sub-bituminous coal and  which possess both 
hydraulic and pozzolanic properties .  It  also contains 
a large part of silicate glass of high silica content and 
crystalline phases of low reactivity mullite, magnetite 
and quartz. [5]   
 
The class F fly ash has  the main constituents  such as 
calcium alumino-silicate glass, free lime (CaO), 
anhydrate (CaSO ), tricalcium aluminate and very 
less amounts of calcium silicate. This glassy materials 
of flyash  are reactive with the calcium and alkali 
hydroxides released from cement fly ash system and 
which  forms cementitious gel, that  provides 
additional strength. 
 
Types of Fly ash 
 
Fly Ash: The flyash is the ash which is extracted 
from flue gases using  Electrostatic Precipitator. This 
ash is very fine material and having good pozzolanic 
property. 
Bottom Ash: The  ash which  is collected in the 
bottom of boiler furnace is called bottom ash. It is 
coarser material compared to flyash and contains 
higher  amount of  unburnt carbon with lesser  
pozzolanic nature. 
Pond Ash: When the bottom ash and fly ash or both 
mixed together in any proportion with the large 
quantity of water to make it in slurry form and 
deposited in ponds wherein water gets drained away. 
The deposited ash is called as pond ash 
Mound Ash:  The Fly ash and bottom ash are  mixed 
in any proportion and deposited in dry form in the 
shape of a mound is termed as mound ash 
 
Problems Due to Flyash Disposal 
Due to huge quantity of flyash the disposal of  fly-ash 
particles both as dry ash and pond ash requires many 
hectares of land in the vicinity of power station. It is 
very difficult to handle flyash in dry state because of 
its fineness. Flying fine particles of ash corrode 
structural surfaces and affect horticulture. It disturbs 
the ecology through soil, air and water pollution. The 
long inhalation of fly-ash causes various serious 
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diseases like silicosis, fibrosis of lungs, bronchitis, 
and pneumonitis. 
 
 
Physical Properties: 
 
The fly ash particles are generally glassy, solid or 
hollow and spherical in shape. The hollow spherical 
particles are called as cenospheres. The fineness of 
individual fly ash particle varies between 1 micron to 
1 mm size. The fineness of fly ash particles has a 
significant influence on its performance in cement 
concrete. The fineness of particles is measured by 
measuring specific surface area of fly ash by Blaine's 
specific area technique.  The greater the surface area 
more will be the fineness of fly ash. The another 
method for measuring fineness of fly ash is dry and 
wet sieving. The specific gravity of fly ash varies 
between of 1.9 to 2.55 
 
Chemical Properties  of Fly ash 
Fly ash is complex material having wide range of 
chemical, physical and mineralogical composition. 
The chemical properties of fly ash  depends upon the 
type of coal burnt in boiler furnace, temperature of 
furnace, degree of pulverization of coal, efficiency of 
ESP etc. 
 
The major constituents of the fly ashes from the 
different thermal power plants  are Silica (SiO ), 
Alumina((Al O ), Ferric oxide (Fe O ) and Calcium 
oxide (CaO). The other minor constituent of the fly 
ash are MgO, Na O, K O, SO  MnO, TiO and unburnt 
carbon. The normal  range in which     these 
components varies   is given in table 1. 
 
The characteristics of fly ash that  mainly  considered 
for the studies are loss on ignition (LOI), fineness and 
uniformity. Loss of Ignition(LOI) is the measurement 
of un-burnt carbon remaining in the ash.  The 
fineness of fly ash mostly depends on the way the 
grinding process of the coal  and operating conditions 
of coal crushers Finer the flyash which  results in a 
more reactive ash and contains less carbon. 
 
III. VARIOUS USAGE OF  FLY ASH 
 
The Fly ash generated are used in the manufacture of 
cement, concrete, concrete products, cellular concrete 
products, bricks/blocks/ tiles etc. Also it is  used  in 
road or flyover embankment construction and  in 
reclamation of low lying areas. Basic fly ash (class F) 
is utilized in acid mine drainage mitigation. It has 
also been used as an adsorbent for flue gas cleaning 
and as raw material in the synthesis of geo-polymers. 
Researches are going on  in fields such as use of fly 
ash in the manufacture of pre-stressed railway 
concrete sleepers, use of ash in construction of 
railway embankment and fly ash based bituminous 
roads 

The physico  chemical properties of pond ash is 
similar to soil and it contains P, K, Ca, Mg, Cu, Zn, 
Mo, and Fe, etc. which are essential nutrients for 
plant growth. These properties enable it to be used as 
a soil amender & source of micronutrients in 
Agriculture. 
 
Use of Fly Ash in Concrete 
Fly ash plays the role of an artificial pozzolan, where 
its silicon dioxide content reacts with the calcium 
hydroxide from the cement hydration process to form 
the calcium silicate hydrate (C- S-H) gel. Due  
spherical shape of fly ash  the workability of the fresh 
concrete is improved. The finer lparticle size also 
helps to use it as filler of voids in the concrete, and  to 
produce dense and durable concrete. It can also   be 
use as a replacement  for  cement  in concrete  which 
in turn  develop high volume fly ash (HVFA) 
concrete which possesses excellent mechanical 
properties with better durability. 
The other benefits  includes great workability, 
produces various set times, can be used as an  mineral 
admixture , reduces crack problems cold weather 
resistance, higher strength gains, and a smoother 
surface with sharper detail, , permeability and 
bleeding, reduces heat of hydration, produces lower 
water/cement ratio for similar slumps when compared 
to no fly ash mixes, reduces CO2 emissions 
 
Environmental benefits of fly ash use in concrete 
Use of fly ash in concrete imparts several 
environmental benefits and thus it is eco-friendly. 
Replacement of cement by flyash in concrete, which 
gives the same strength which in turn can reduce the 
use  raw materials such as limestone, coal etc 
required for manufacture of cement. The manufacture 
of cement is  a  high-energy intensive industry. About 
1 tonne of CO2 is emitted during the manufacturing 
of one tonne of cement which goes to atmosphere. 
The less usage of cement means less emission of  
CO2 result in reduction in greenhouse gas emission 
.Due to low calorific value and high ash content in 
Indian Coal, thermal power plants in India, are 
producing large  quantity of fly ash. This huge 
quantity is being stored / disposed off in ash pond 
areas. These ash ponds  which acquire large areas of 
agricultural land . Use of fly ash not only reduces 
disposal problem  but also gives  a solution to the 
environmental issues on water and air 
 
Use of Fly ash in  bricks 
The manufacture of conventional clay bricks involves 
the consumption of large amounts of clay. This 
depletes topsoil and degradation of agricultural land. 
Fly ash bricks do not require clay and serve two 
purposes; preservation of topsoil and constructive 
utilization of fly ash 
 
Use of Fly ash for Soil Stabilization 
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Fly ash has been used successfully in many projects 
to improve the strength characteristics of soils. Fly 
ash can be used, to stabilize backfill to reduce lateral 
earth pressures ,to stabilize embankments to improve 
slope stability and also to stabilize bases or subgrades 
Fly-ash for improving crop growth and yield 
 Several reports are available related to the use of fly-
ash as a soil amendment for the benefit of a large 
number of field crops. The safe and sustainable use of 
sewage sludge/fly-ash combination on agricultural 
soils is suggested to be a highly promising endeavor 
from environmental point of view [3]. Fly-ash, 
having both the soil amending and nutrient-enriching 
properties, is helpful in improving crop growth and 
yield in low fertility acid lateritic soils [3].  
 
Use of fly-ash in composting 
In sewage sludge composting, lime is used to raise 
the pH and thereby to kill pathogens and to reduce the 
availability of heavy metals enriched in sludge. Since 
alkaline coal fly-ash contain a large amount of CaO, 
it can serve the purpose of lime [8], as it reduced the 
availability of heavy metals by physical adsorption 
and precipitation at high pH [81]. Moreover, it is also 
cheaper than lime. 
 
Effect of Fly-ash on ground water 
Physical and chemical characteristics of fly-ash and 
hydrogeologic and climatic conditions of the disposal 
site are the main factors, which determine the 
influence of ash on ground water . Weathered fly-ash 
contains higher level of soluble salt; therefore, 
deposition of this ash causes more ground–water 
contamination. In case of unweathered ash, there is 
generally a higher release of soluble salts initially, but 
it declines rapidly with time [7]. When water 

saturated, weathered ash from a settling pond is 
deposited in a landfill, there is a rapid release of 
leachate containing much lower concentration of 
soluble salts, while it may take a year or longer for 
dry unweathered ash to absorb sufficient moisture to 
release leachates 
 
IV. PHYSICAL AND CHEMICAL 
CHARACTERIZATION OF  FLYASH 
 
As a part of the study flyash samples were collected 
from different thermal power plants such as Bellary, 
Kadappa, Udupi, Raichur, Nellore. The physical and 
chemical tests were conducted on these samples and 
the results were tabulated in table 2. From the test 
results  it  has the pozzolanian character, i.e. it 
contains aluminous and siliceous material that forms 
cement in the presence of water. When mixed with 
lime and water it forms a compound similar to 
Portland cement. There is a slight variation in the 
values from each power plants depend upon the boiler 
type, ash content in coal, combustion method and 
collector setup and also the quality of coal used for 
the process 
The pH (solids to water ratio 1:2.5) of different fly 
ash’s ranges from 7.9 to 8.4 indicating that the 
material is alkaline in nature due to presence of 
hydroxides and carbonates of calcium and 
magnesium. The total dissolved solids concentration 
of fly ash (solids to water ratio of 1:2) ranges from 
126 to 148 mg/L.  
Chemical composition of various fly ash’s shows that 
the material is composed of above 80 % SiO2 in all 
cases and Silicon dioxide (SiO2) ranges from 45 % to 
62 % indicating the material can be classified as 
CLASS F fly ash according to ASTM C 618(2008). 

 
Some definition of fly ash 
types according to ASTM 

C618 
Low calcium fly ash High calcium fly ash 

Fly ash from Bituminous coal and anthracite Subbituminous and lignite 
Reaction characteristic Pozzolanic Pozzolanic and hydraulic 

Definition by ASTM C 618 Class F Class C 

 

 
SiO2 + Al2O3 + Fe2O3 ≥ 70 %               

Free moisture, max: 3,0 %                            
LOI, max: 6,0 %                                  
SO3, max: 5,0 %                                

CaO, max: No limit                   
Amount retained when wet sieved on 

45 μm: Max. 34 % 
 

SiO2 + Al2O3 + Fe2O3 ≥ 50 %                      
Free moisture, max: 3,0 %                            

LOI, max: 6,0 %                                           
SO3, max: 5,0 %                                             

CaO, max: No limit  (Note: CaO > 
10 %) Amount retained when wet 

sieved on 45 μm: Max. 34 % 

Some definition of fly ash 
types according to ASTM 

C618 
Low calcium fly ash High calcium fly ash 

Fly ash from Bituminous coal and anthracite Subbituminous and lignite 

Reaction characteristic Pozzolanic Pozzolanic and hydraulic 
Table 1.Physical and chemical characterization of flyash 
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Fly ash (FA) collected from different sources was subjected to physical and chemical tests. The results are 
tabulated  as follows: 
 

  Fly ash sources 
Parameters Bellary Kadappa Udupi Raichur Bellary 

Specific gravity 2 1.8 2.05 2.15 2.2 
pH 8.2 7.95 8.1 8.4 8.9 

EC (µs/cm)  220 196 231 225 200 
TDS (mg/L) 141 126 148 144 128 

SiO2 +Al2O3+Fe2O3 % by 
mass 93.42 95.42 80.43 94.39 83.32 

Silicon dioxide(SiO2) % by 
mass 58.76 62.19 45.95 61.84 48.42 

Magnesium oxide(MgO) % 
by mass 1.22 1.02 4.77 1.17 1.36 

Total Sulphur as sulphur 
trioxide(SO3) % by mass 0.18 0.1 0.71 0.14 0.26 

Loss of ignition  % by mass 0.52 0.66 1.6 0.39 5.96 
Sodium oxide(Na2O) % by 

mass 0.96 0.99 1.8 0.96 0.64 

Total Chlorides % by mass 0.014 0.011 0.009 0.011 0.088 
Table 2: Physical and Chemical properties of Fly ash (FA) from various thermal power plants 

 
Fig:2 XRD pattern of fly ash (Raichur). M = 
Mullite (Aluminium silicate) and Q = Quartz 
From the test results obtained.  Raichur  flyash has 
better results and easily available. So further 
mineralogical  studies were conducted on Raichur 
Flyash. The mineralogical studies were done using X-
ray Diffraction method and SEM analysis  
 
XRD Analysis 
XRD has been used as a definitive technique for 
identification of crystalline mineral components and 
represents most suitable method for identifying 
minerals and other crystalline phases in a wide range 
of natural and synthetic materials. XRD is especially 
useful for materials like fly The XRD pattern of fly 
ash  shows a broad hump between 2θ values of 60 to 
16.10, which is attributed to the presence of glassy 
matter ash where individual crystals are too small to 
be reliably identified by other techniques. Fig:2 
 
SEM (Scanning Electron Microscopy ) Analysis 
Flyash particles are empty spheres (cenospheres) 
filled with smaller amorphous particles and crystals 
(plerospheres). The cenosphere fraction constitutes as 
much as 1% of the total mass and gets easily airborne 
Cenospheres are lightweight, inert, hollow spheres, 
filled with air / gases having light grey or off white in 
colour and comprises largely of silica and alumina. 
By virtue of hollowness inside, these spherical 
particles imparts properties like low thermal 
conductivity, high electrical insulation and good 
sound proof characteristics. The shell is of aluminium 
silicate material, which provides hardness, resistance 
to wear and chemical inertness to particles. Because 
of these excellent engineering properties, cenospheres 

are high value material and are used as mineral fillers 
in plastic, polymers, rubber, paints, refractory, 
automotive composites, aerospace coatings and 
composites, propeller blades, oil well cement etc 

 

 
Fig: 3  Microscopic  view of Fly ash 

 
CONCLUSION 
 
Due to the growing energy demand and thereby 
increase power generating capacity, the dependency 
on coal for power generation and disposal of fly-ash 
will continue to increase which in turn causes various 
environmental problems. Fly Ash will soon be 
considered as a resource material and its potential 
will be fully exploited. Through development & 
application of technologies, Fly Ash has shifted from 
“Waste Material” category to “Resource Material” 
category. Fly ash finds a numerous application in the 
cement industries, agricultural field, polymer 
industries and in pollution control. Fly ash could be 
recognized as an environmentally friendly product 
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because it is a byproduct and has low embodied 
energy 
Being a waste by-product, is of no or negligible cost 
the most prominent use is for  replacement of cement 
with fly ash in cement .Use of fly ash in brick making 
also is beneficial in diverse ways. As compared to 
conventional clay bricks fly ash bricks are stronger, 
more durable and yet more economical. Also, the 
process of fly ash brick manufacturing results in 
lesser pollution. The potentiality of fly-ash for its use 
in agriculture is popularizing day by day due to the 
fact that it contains almost all the essential plant 
nutrients. 
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