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ABSTRACT
Thermal power stations using pulverised coal as a fuel generate large quantities of fly ash as a by
product. Fly ash poses serious environmental problems as regards to its safe disposal. Physical and
chemical properties of fly ash need to be considered prior to evaluation of possible utilisation of fly
ash in various fields such as backfilling of opencast mines, reclamation of waste lands and used in
construction industry. The physical parameters investigated were Bulk Density (BD), Moisture Content
(MC), Specific Gravity (SG), Water Holding Capacity (WHC), Liquid limit, Plastic limit, Grain Size
Distribution (GSD) and Permeability. These physical properties of fly ash are of great importance in
backfilling of opencast mines and reclamation of waste land.
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INTRODUCTION
Coal is the prime source of energy for mankind
all over the world which fulfils about 30% of its
energy requirement. Coal plays the most vital role
in the energy scenario of India. India is capable
with large reserves of coal about 267BT
compared to oil (765 million tonnes) and natural
gas (707 billion cubic tonnes)1. Indian coal has
high ash content of 40% - 45% and a low calorific
value of 3000 - 4000 kcal/kg. The use of high ash
coal for power generation leads to production of
large quantities of ash. In a pulverised coal fired
thermal power plant about 40%-55% ash is
produced, and 20% falls down due to gravity and
is removed as a bottom ash2,3.The remaining fly
ash is collected by mechanical or electrostatic
precipitators. Status of coal resources in selected
states of India is given in Table 1.
In thermal power plants fly ash generation has
increased consistently over the years. It has been
increased from about 40 million tonne during

1993 - 1994 to 100 million tonne during 2001- 02
and is expected to be 175 million tonne / year by
2012 4. Nearly 73% of India total installed power
generation capacity is thermal, of which coal
based generation is nearly 90 percent (diesel,
wind, gas and steam adding to about 10
percent).The 90 utility thermal power stations, in
addition to several captive power plants, use
bituminous or sub bituminous coal and produce
large volume of coal ash5,6. The utilisation of fly
ash is shown in Table 2.
Fly ash is a ferro alumina silicate generated by
coal thermal power plants. It has large surface
area, abrasive in nature, porous materials, and
wide range of particle size and refractory in
nature7. According to Bern8, the physical and
chemical properties of fly ash vary depending on
the type of coal burned, boiler type, and particle
size, the efficiency of cleaning devices and also
on from where fly ash is collected and degree of
weathering. The simple view of sample of fly ash
is shown in Fig. 1.*Author for correspondence
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STUDY   AREA
The study area is located near to Damodar River.
Chandrapura thermal power station (CTPS) of
Damodar valley which is situated in the Bokaro
district of Jharkhand state (India). It covers an
area of 750 hectares of land. It is bounded by the
Damodar River on the south, pokharia drain on

the east and small hills on the north and west9.The
CTPS consists of three 130 MW units and three
120 MW units with an installed capacity of 750
MW. Major part of the coal is received from
Bermo mines of Central Coal Limited (CCL). The
general location map of the study area is presented
in Fig. 2.

S/N States Coal reserve Mt % of total reserve

1 Jharkhand 74,392.15 29.00

2 Orissa 63,233.58 24.60

3 Chhattisgarh 41,450.48 16.16

4 West Bengal 28,334.84 11.04

5 Madhya Pradesh 20,346.23 7.93

6 Andhra Pradesh 17714.46 6.91

7 Maharashtra 9669.53 3.77

8 Total 2,55,141.27 99.49

9 Total Gondwana coalfield 2,56,439.31 100.00

Table 1: Status of coal resources in selected states of India

S/N Year % utilised Million tons

1 1993-94 3 1

2 2003-2004 27 22

3 2006-2007 46 70

Table 2 : Fly ash utilisation in past years 6

Fig. 1: Laboratory  view of fly ash, CTPS
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MATERIAL   AND  METHODS
Sampling of fly ash
Fly ash samples from CTPS were collected
directly from the same hoppers of electro static
precipitators (ESP) in plastic bags and are mixed
repeatedly to represent one samples and
subsequently used for general characterization by
standard method. Fly ash samples were air dried
and pass through a 2mm sieve. The samples were
analysed for bulk density, moisture content,
specific gravity, water holding capacity, liquid limit,
plastic limit, grain size distribution,  and
permeability.
For bulk density oven -dried weight of a known
volume of fly ash sample was taken and mass
per unit volume was calculated. Moisture content
measured by gravimetric method and expressed
as percentage. Specific gravity of the ash sample
was determined as the guidelines provided by the
ASTM D 284. Water holding capacity of the ash
sample was dried for an hour in a hot air oven
maintained at 1050C - 1100C. A circular box was
taken and a filter paper was placed at its perforated

bottom. The weight of the keen box with the filter
paper was taken. Oven dried samples were
placed in the circular box. The box was placed in
a petri dish of 10 cm determined using a keen box
having perforated bottom10. Grain size distribution
was determined by sieve shaker method.
Permeability was determined as the guidelines
mentioned in Basic and applied soil
mechanics11.

RESULTS  AND  DISCUSSION
Results of various physico chemical properties
conducted in the soil mechanics lab of ESE, ISM,
Dhanbad on the fly ash samples are given in the
Table 3. A brief discussion is presented in the
following paragraph.
Bulk density is an important parameter in terms
of vegetation purposes. Unger and Stewart (1974)
also reported that bulk density decreased with
increased manure applications. In the present
study area, bulk density of sample varied from
0.92 gm/cc to 0.94 gm/cc with an average value
of 0.93±0.00. The bulk density has been found
low as compared to soil is due to nature of coal,

Table 3 : Physical properties of fly ash, CTPS, Bokaro

S/N Parameters Range Mean ± SD

1. Bulk density (gm/cc) 0.92 - 0.94 0.93 ± 0.00

2. Moisture content (%) 1.05 -1.08 1.06±0.01

3. Spepcific gravity 2.11-2.14 2.12±0.014

4. Water holding capacity (%) 73.27-75.83 74.69±1.10

5. Liquid limit % 27-29 28±0.98

6. Plastic limit% Non plastic Non plastic

7. Particle size distribution % – –

Sand 63.07- 66.21 64.66±1.34

Silt 31.74 -36.01 33.97±1.82

Clay 0.2 -1.1 0.6±0.45

8. Permeability (10-5cm/sec) 3.06 - 3.08 3.06±0.00
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mineralogical contents, geographical source, rock
types of coal origin. It can be used as  a soil
modifier in fields and used as a backfilled
materials.  Moisture content is an important
parameter as it helps in finding the amount of
moisture to achieve good compaction. It also
controls the possibility of fugitive dust problem
during backfilling of material. Moisture content
of fly ash sample was varied from 1.05% to 1.08%
with an average value of 1.06±0.01. It indicates
that it creates fugitive dust problem around the
backfilled area or nearby townships in the summer
seasons.  Specific gravity of the fly ash sample
was varied from 2.11 to 2.14 with an average
value of 2.12. Specific gravity was found low as
compared to natural soils due to presence of
cenosphere in the fly ash sample. A cenosphere
is a lightweight, inert, hollow sphere comprised
largely of silica and alumina and filled with air
and/or gases. Cenospheres are a naturally
occurring by-product of the burning process at
coal-fired power plants, and they have most of
the same properties as manufactured hollow-
sphere products. Cenospheres are 75% lighter
than other minerals currently used as a filler or
extender and are 30 percent lighter than most
resins. Porosity depends on both soil texture and
structure. Porosity of the fly ash sample was
found with an average value of 63.4%. This
indicates that porosity of fly ash was high in range.
Several researchers found that higher porosity,
indicates a lesser density, which means a lesser
compressive strength on the backfilled areas. This
indicates that fly ash holds a potential to improve
the physical health of soil and also enhance the
water retaining capacity. crops in rows image by
david hughes from Fotolia.comWater holding
capacity of the fly ash sample was varied from
73.27% to 75.83% with an average value of
74.69±1.10%. The fly ash had low moisture
content so water holding capacity has been found
very high. Liquid limit of the fly ash sample varied
from 27%-29% with an average values of
28±0.98. The liquid limit value depends upon the
silt content. Plastic limit of the ash sample has
been not found due to lesser amounts of clay size
particles present. Particle size distribution of a fly
ash can be important in understanding its physical
properties. It affects the strength and load-bearing

properties of rocks, fly ash/soils. Sand is a naturally
occurring granular material composed of finely
divided rock and mineral particles. Silt is granular
material of a grain size between sand and clay
derived from soil or rock. Clay is a naturally
occurring aluminium silicate composed primarily
of fine-grained minerals. Clays exhibit plasticity
when mixed with water in certain proportions.
Clay deposits are mostly composed of clay
minerals, a subtype of phyllosilicate minerals,
which impart plasticity and harden when fired or
dried. In the present study sand was varied from
63.07% to 66.21%, silt varied from 31.74% to
36.01% and clay varied from 0.2% to 1.1% in
the samples.The composition of fly ash geneally
depending on origin of coal sample, the coal
composition process, type of boiler and handling
methods. Permeability of the fly ash sample varied
from 3.06-3.08 cm/sec with an average values of
3.06±0.00. The reason behind this is duew to the
pore sizes and their connectivity that determines
whether a fly ash  has high or low permeability.

CONCLUSION
On the basis of above results it can be concluded
that the fly ash samples affects the physical
properties of soil because it is slightly favourable
for the growth of plants. It can be used as a backfill
material for abandoned opencast mines in and
around Jharia coalfield (if possible mixed with
overburden samples). The backfilled area can be
used for parks, small clubs, playgrounds and
recreational activities.There is considerable need
for better understanding of these materials mix
with overburden samples so that they can be
managed effectively.
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