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This paper deals with the utilization of coal fly ash as a low cost adsorbent
for the removal of picric acid from wastewater. As much as 89.5% removal
of picric acid is possible in about 3 hours under the batch test conditions.
Effect of various operating variables, viz., solution pH, adsorbent dose,
adsorbate concentration, temperature on the removal of picric acid has
been studied. A dose of 20 g/L of adsorbent was sufficient for the optimum
removal of picric acid. The material exhibits good adsorption capacity and
the adsorption data follow the Langmuir model better then the Freundlich
model. The adsorption of picric acid increased with increasing temperature
indicating endothermic nature of the adsorption process. Isotherms have
been used to determine thermodynamic parameters of the process, viz.,
free energy change, enthalpy change and entropy change.
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INTRODUCTION
A large number of nitro-aromatic explosives are used annually
in civilian and related military activities. Picric acid [1, 2] is a
potential water pollutant due to variety of industrial and
ammunition uses. It is mainly used for explosive, in steel
etching and textile industries. Exposure to picric acid dust and
fume may cause eyes and skin irritation. The skin and hair may
be stained yellow. Inhalation of high concentration of dust has
caused unconsciousness, weakness, muscle pain, and kidney
problems. Swallowing picric acid may cause a bitter test,
headache, dizziness, nausea, vomiting and diarrhea. High
doses may causes disturbance of the red blood cells and
damage to the kidneys and liver with blood in the urine.
Therefore, a systematic study on the removal of picric acid
from wastewater is of considerable significance from an
environmental point of view.

Adsorption is the most versatile and widely used technique for
the removal of organic and inorganic pollutants from aqueous
phase.Activated carbon is the most common adsorbent and
quite widely used, its application is impaired with two
drawbacks. First is the cost factor and the other is disposal of
spent carbon. Cost wise it is not always economically feasible
to employ carbon columns and a search for cheaper
substituents to this material is an ongoing research activity.
Adsorption Study of Picric acid were carried out by other low
cost adsorbents such as  Powder Bentonite (3), Amberlite
XAD-16 (4 ) and Amberlite IRA-67(5). Fly ash is an
industrial waste of coal fuelled thermal power plants. Although
fly ash is considered as waste, studies have pointed out its
efficiency in the removal of heavy metallic ions (6,7) ,
phenols(8-11) and dyes (12-13) in aqueous phase. However;
no work is reported in literature on using the coal fly ash to
remove picric acid. The objective of this work is to evaluate
systematically adsorption of  picric acid by using coal fly ash.

In this paper, batch experiments were designed for the
sorption process, and the effects of temperature, pH value,
initial concentrations of picric acid and fly ash dosages on
adsorption were evaluated. The optimum condition was also
discussed for picric acid removal.

EXPERIMENTAL METHODOLOGY

Chemicals and Instruments

Fly ash sample was collected from Unchahar Thermal Power
Station ,Singrauli (MP).It was sieved, and the particle size less
than 100 mesh was collected and dried at 105°C. Chemical
composition of the ash is listed in Table 1.

All chemicals and reagents used were of analytical grade and
were obtained from E. Merck, India. Stock solution of picric
acid was prepared in deionized water. A pH meter (Systronic)
was used for pH measurements. X-ray measurements were
made using a Phillips X-ray diffractometer employing nickel-
filtered Cu-Ka radiations. The surface area of the adsorbent
was measured by a surface area analyser (Quantasorb Model
QS-7). IR spectra of the samples were recorded on an infrared
spectrophotometer (FTIR Perkin Elmer Model 1600).

Adsorption studies

Batch adsorption experiments were carried out in a series of
Erlenmeyer flasks of 100 ml capacity covered with Teflon
sheets to prevent contamination. The effect of contact time (0–
300 min), concentration (05.0-50.0 mg/L), solution pH (2.0–
9.0), adsorbent dose (2.5-25.0 g /L), and temperature (303 K,
313 K) were studied. Isotherms were obtained by adsorbing
different concentrations of picric acid after prescribed contact
time, the solutions were filtered and the concentrations of
picric acid were determined by UV-Visible
Spectrophotometer.
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RESULTS AND DISCUSSION
Characteristics of Fly Ash

The x-ray diffraction pattern of fly ash sample was shown in
Fig.1. It can be observed from the figure that fly ash consists
mostly of Quartz, mullite,and Small amount of hematite and
calcium oxide with large characteristic peaks of quartz (SiO2).
The intensity of quartz is very strong with mullite forming a
chemically stable and dense glossy surface layer. The low
calcium oxide intensity is characteristic of low-Ca Class-F fly
ash.

SEM Analysis

SEM stands for scanning electron microscopy, which is used
for studying the surface morphology of substances due to its
high magnification imaging capability. The scanning electron
micrograph is given in fig..The image reveals that the fly ash
particles mainly composed of irregular and porous particles.

FTIR Analysis

IR spectroscopy of the powder sample was applied using
Perkin Elmer FTIR system. The sample was scanned in the
region 4000 – 400 cm-1 and shown in Fig. 3. The peaks in IR
spectra indicate the presence of Al–O, Si–O and Fe-O bonding.

Effect of operating variables

Effect of contact time

In the adsorption system contact time plays a vital role,
irrespective of the other experimental parameters affecting the
adsorption kinetics.

The adsorption data for the uptake of picric acid versus contact
time for a fixed adsorbent dose of 20 g /L are shown in Fig. 4.
The plots indicate that the remaining concentration of metal
ions becomes asymptotic to the time axis such that there is no
appreciable change in the remaining metal ion concentration
after 180 minute. This represents the equilibrium time at which
an equilibrium metal ion concentration is presumed to have
been attained.

Effect of Initial picric acid Concentration

The plot showing the effect of initial concentration on the
adsorption of picric acid is shown in Fig. 5. The plot showed
that the total picric acid adsorbed increased sharply in the
beginning and then slowly towards the end of the run.

Table 1 Chemical constituents of the fly ash
Constituents %

SiO2 61.10
Al2O3 25.02
CaO 1.69

Fe2O3 6.92
MgO 0.53

Others 4.94
LOI 2.6
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Influence of temperature

The effect of temperature on the removal efficiency was
investigated in the temperature of 300 and 400C. The
experiments  were carried out with fixed adsorbent dose of 20
g/l of fly ash at pH 5. The adsorption data for the uptake of
picric acid versus temperature is represented in figure 4.6.
Results indicate that picric acid uptake was favored at higher
temperature. The increase in adsorption with the rise of
temperature may be due to the weakening of adsorptive forces
between the active sites of the adsorbent and adsorbate.

Effect of pH

The pH of the solution was found to influence the adsorption
of the adsorbate on fly ash. The degree of adsorption of this
adsorbate onto the CFA surface is primarily influenced by the
surface charge on the CFA, which in turn is influenced by the
solution pH.

The effect of initial pH on the adsorption of picric acid was
evaluated at 30oC at different initial pH values in the range of
2–9 for initial concentration of 40 ppm for picric acid solution
adjusted by adding either 0.1M HCl or 0.1M NaOH. The
variation of adsorption with different values of pH is shown in
Fig.7.

The percent adsorption increases as pH increases from 2 to 5.
The maximum adsorption occurred at pH 5. After that pH,
percent adsorption decreases up to pH 9.

Influence of adsorbent dosage

In order to investigate the effect of mass of adsorbent on the
adsorption of picric acid a series of adsorption experiments
was carried out with different adsorbent dosage at an initial
picric acid concentration of 40 ppm. Fig. 8 shows the effect of
adsorbent dosage on the removal of picric acid.

The percentage removal of picric acid increased with the
increase in adsorbent dose initially from 0.1 to 0.4g. This can
be attributed to increased adsorbent surface area and
availability of more adsorption sites resulting from the increase

adsorbent dosage. With the increase in the amount of
adsorbent, the sites for adsorption increase initially. But on
increasing it further the adsorption efficiency is reduced.

Adsorption isotherms

The results obtained on the adsorption of picric acid were
analysed by the well-known models given by Langmuir and
Freundlich.

Langmuir isotherm

The Langmuir isotherm has been used by various workers for
the sorption of variety of compounds. The model assumes
uniform energies of adsorption onto the surface and no
transmigration of adsorbate in the plane of the surface. The
rearranged Langmuir isotherm equation can be described as:
1/qe =1/qm + (1/bqm) (1/ce)    qm and b are the Langmuir
constants related to maximum adsorption capacity and energy
of adsorption ,respectively. The plots of 1/qe vs. 1/Ce yielding
straight line (Fig. 9&10)which shows that the adsorption of
picric acid followed the Langmuir isotherm. The Langmuir
constants, b and qm were calculated and the values of these
were given in Table 2. The values of constants indicate
favourable conditions for adsorption.

Fig.  6 Effect of temperature on adsorption of picric acid
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The adsorption data of picric acid is also analyzed by
Freundlich model. The linearized form of Freundlich isotherm
is given below:log qe = log Kf+ 1 log Ce
The value of Kf and n can be calculated by plotting log Qe

versus log Ce. Where, Kf is a freundlich constant related to the
adsorption capacity (mg/g) and n is adsorption intensity
respectively (12).

The plots of log qe against log Ce for the adsorption data of
picric acid are given in Fig. 9, which clearly show that the data
is not fitting very well to the Freundlich model. However, the
Freundlich constants Kf and n were calculated from the best-fit
lines and the values of these at two different temperatures are
given in Table 3.

The values of thermodynamic parameters are given in Table 4.
A perusal of data indicated that the free energy increased with
an increase in temperature thereby indicating increase in
adsorption at higher temperature and endothermic nature of the
adsorption.

Specific Rate Constant of Adsorption

The rate constant of adsorption for picric acid is determined
from the following first order rate expression given by
Lagergren

log (qe-q)= log qe - t
Kad

303.2
Where q and qe are amounts of metal adsorbed (moles g-l) at
time, t and at equilibrium respectively and Kad is the rate
constant for adsorption (min-1). A straight line plot of log (qe-
q) versus‘t’ suggested the applicability of Lagergren equation.
The rate constant of adsorption (Kad) was calculated from the
slope of the plot and is found to be 0.0511 min-1

CONCLUSION
Coal fly ash obtained from thermal power station is an
inexpensive and effective adsorbent for the removal of picric
acid from wastewater.. PH had a pronounced effect on the
removal of picric acid by adsorption on fly ash with maximum
removal (89.50 %) at PH 5.0.Adsorption data fitted well to the
Langmuir model in comparison to the Freundlich model. The
adsorption was found to be endothermic in nature.
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