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ABSTRACT

In the study, the adsorption potential of Flay ash for the removal of Pb(II) ion from wastewater has
been investigated. Lagergren’s pseudo-first-order, pseudo-second-order kinetic equation and
Langmuir’s adsorption isotherm has been used to discuss the adsorption capacity of china clay for
the removal of lead. Thermodynamic parameter such as free energy change, enthalpy change and
change entropy have been evaluated and discussed and an idea process are spontaneity and
feasibility of the adsorption process. And also study how the adsorption capacities are affected by
different pH levels, different concentrations, different temperatures, and contact time.

KEYWORDS: Flay ash, low cost adsorbent, Adsorption Capacity of Flay ash, Removal of
Pb(II) ion.

INTRODUCTION

Water pollution is currently the most significant
danger to all living organisms. The rapid
industrialization and increasing population of the
world have led to environmental pollution, which is
a notable side effect. This has resulted in a serious
day-to-day issue faced by both developing and
developed nations worldwide. Anthropogenic
sources of pollution, including water, air, and solid
waste (such as plastics), contribute significantly to
the ecosystem’s overall imbalance (Ali, 2019).
Nearly all essential items for human beings are
contaminated by toxic substances. Industries
discharge wastewater containing pollutants like
heavy metals, organic and inorganic impurities, and
coloring materials (Ahmad, 2009). Indian rivers are
among the major water bodies polluted by waste
from different sources. As a result, it is crucial for
environmentalists to find ways to prevent further
environmental degradation.

The problem of disposing of industrial waste is as
old as the industries themselves. Areas around
industrial belts are particularly stressed due to the
continuous disposal of untreated waste from

various industries (Ali, et al., 2019) (Ahmad, 2012).

MATERIALS AND METHODS

All chemical used in the investigation were
analytical reagent (A.R.) or laboratory reagent (L.R.)
grade. Lead chloride (99.5%) and sulphuric acid
(98% w/w) supplied by molly chem. Limited,
Mumbai distilled water used in preparation of Flay
Ash Collected by NTPC Bilaspur 1.0 g of Flay ash
was mixed in 20 ml aqueous solution of Pb(II) ion of
given different concentration in eight different glass
bottles; was shaken in shaking machine at different
time interval (20, 40, 60, 80, 100, 120, 140, 160 min.)
after shaken solution were centrifuged, they were
filtered and analyzed for liquid part concentration
by Spectrophotometer Initial concentration Pb(II)
ion (250, 500, 750, 1000, 1250, 1500, 1750, 2000, 2250,
2500 mgl-1), pH 7.0 and temperature 303K
Respectively (Arivoli, 2008) (Chen, 2008).

RESULTS AND DISCUSSION

Equilibrium Studies

The Langmuir Isotherm Model

Experimental equilibrium data obtained will be
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discussed using Langmuir adsorption isotherm
which is as below

Ceg         = 1 + Ceg (1)
qmax          a

Where Ceq (mgl-1) is equilibrium concentration, b
and is Langmuir Constants indicating the sorption
capacity and sorption energy respectively (Gupta et
al., 2000). These parameters quantatively reflects the
affinity between the adsorbent and adsorbate. If

plotting between         versus       is  linear, it indicated

the applicability of the equation.

From slop and intercept of the straight line
obtained, the value of  and b can determined

The adsorbed amount was plotted against the
equilibrium metal ion concentration. Linear
regression analysis was performed on the data to
obtain the Langmuir parameters: the maximum
adsorption capacity and the Langmuir constant. The
correlation coefficient (R²) was calculated to assess
the goodness of fit of the Langmuir model to the
experimental data (Cho et al., 2005).

The Langmuir model assumed monolayer
adsorption and provided insights into the
adsorption capacity and affinity of the industrial ash
for the toxic metal ion. The maximum adsorption
capacity represented the maximum amount of metal
ion that could be adsorbed per unit mass of
industrial ash at complete monolayer coverage. The
Langmuir constant was related to the affinity
between the metal ion and the industrial ash surface.
Higher values of b indicated stronger affinity (Das
and Monda, 2011). The correlation coefficient (R²)
indicated how well the experimental data fit the
Langmuir model.

The Freundlich isotherm model

The Freundlich isotherm model was another
commonly used equilibrium model for studying
surface assimilation or adsorption of toxic metal ions

onto solid surfaces, such as industrial ash. Unlike
the Langmuir model, the Freundlich model did not
assume monolayer adsorption and considered a
heterogeneous surface with varying adsorption
energies (Gotoh, et al., 2004) (Huang and Wu, 1997).

For non-ideal adsorption on heterogeneous
surfaces this model is used its linear form is
representing as

Log qmax = LogKf + .. (2)

Where Kf is the Freundlich constant related to
adsorption capacity mgg-1 and n is related to the
adsorption intensity of the adsorbent. If plot of logqe

vs. log Ceq is linear it indicates the applicability of the
above model. Intercept and slope of the straight line
gives the value of Kf and n respectively (Findon et
al., 1993). The logarithm of the adsorbed amount
was plotted against the logarithm of the equilibrium
metal ion concentration (Devaprasath, 2007). The
correlation coefficient (R²) was calculated to assess
the goodness of fit of the Freundlich model to the
experimental data. The Freundlich model described
the heterogeneous adsorption process, indicating the
adsorption capacity and the intensity of adsorption.
The adsorption capacity represented the amount of
metal ion adsorbed per unit mass of industrial ash at
a given concentration. The intensity factor (n)
related to the surface heterogeneity and the
adsorption strength. A higher n value indicated a
higher degree of nonlinearity and stronger
adsorption. The correlation coefficient (R²) indicated
how well the experimental data fit the Freundlich
model.

The Temkin Isotherm Model

This isotherm explains the account of adsorbent–
adsorbate interactions as implied in the equation, its
derivation is characterized by a uniform distribution
of binding energies (up to some maximum binding
energy) these model given by the following equation

Table 1. Adsorption isotherm constant for adsorption of Pb(II) ion on flay ash

Langmuir isotherm model Freundlich isotherm model Temkin Isotherm Model

Temp. (K) R2 Q b R2 n Kf R2 B At

298 0.983 38.46 2.09 X 10-3 0.977 1.7637 0.4498 0.987 6.60 39.45
313 0.977 32.26 2.22 X 10-3 0.975 1.7361 0.5012 0.985 8.12 43.15
333 0.975 40.00 1.32 X 10-3 0.983 1.5480 0.2618 0.982 8.14 64.42

Ce/qe(mgL-1)!

LogCeq

n
C
eq

Ceg

qmax
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qmax = 2.303 B log AT + 2.303 B logCeq        (3)

RT
B =

bT
Where bT is Temkin isotherm constant, AT is

Temkin isotherm equilibrium binding constant (L/
g), T is Temperature, R is universal gas constant, B is
Constant related to heat of sorption (J/mol) If plot of
qmax vs. log Ceq is linear it indicates the applicability
of the above model. Intercept and slope of the
straight line gives the value of AT and B respectively.

Thermodynamic Studies

Gibb’s free energy

The G (Gibb’s free energy change) is an important
criterion for spontaneity. A negative value of G
indicates that process occurs spontaneously. It may
be due to the fact that mobility of adsorbate ions in
the solution increase with increase in the
temperature and that affinity of adsorbate on the
adsorbent are higher at higher temperature. In order
to determine the thermodynamic feasibility and the
thermal Effects of the adsorption, the Gibb’s free
energy (G), the entropy (S) and the enthalpy (H)
will be calculated. Moreover, if H is positive the
process is endothermic and if it is negative, the
process is exothermic the positive value of S
indicates the increasing randomness of the system
and favors the spontaneity (Nevine, 2009). These
parameters will be calculated using the following
equation:

G=-RTlnKc .. (4)

G=H–TS .. (5)

-RTlnKc=H–TS .. (6)

S H
logKc= - .. (7)

2.303R 2.303RT

Where Kc, is the equilibrium constant at different
temperatures T, G has been calculated from the
above equation. Plot graph between log Kc verses 1

gives straight line. Slope T and intercept of this line
give the value of H and S respectively
(Wongjunda and Saueprasearsit, 2010).

The Gibbs free energy change (G°) provided
information about the thermodynamic feasibility
and spontaneity of the adsorption process. A
negative value of G° indicated a spontaneous
adsorption process, suggesting that the removal of
toxic metal ions on industrial ash was
thermodynamically favorable the magnitude of G°
provided insights into the extent of adsorption and
the strength of the metal ion-ash interaction. Further
analysis and interpretation of the experimental data
and calculated Gibbs free energy values were
carried out to understand the underlying
mechanisms and optimize the removal of toxic
metal ions using industrial ash (Kumar, 2014).

Activation energy

Using modified Arrhenius type equation, the value
of activation energy Ea and sticking probability SÑ

Fig. 1. Langmuir adsorption isotherm for the adsorption
of Pb (II) ion on flay ash

Fig. 2. Freundlich adsorption isotherm for the adsorption
of Pb (II) ion on flay ash

Fig. 3. Temkin adsorption isotherm for the adsorption of
Pb (II) ion on flay ash
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have been calculated from the experimental data
related to surface coverage Ù as follows:

Ceg=1- (8)
Ci

Ea
SP=(1-)R (9)

RT
Ea

lnSP=ln(1-)- (10)
RT

Ea
log(1- )=logSP+ (11)

2.303RT

Where the terms have their usual meanings the
sticking probability Sp is function of the adsorbate/
adsorbent system under consideration depending
on temperature and should satisfy the condition 0
<Sp< 1. The value of Ea and Sp can be calculated
from the slope and intercept of the plot of log (1- )
versus 1/T. Slope and intercept of this line give the
value of Ea and Sp respectively.

The activation energy (Ea) provided information

Table 2. Thermodynamic study for adsorption of Pb (II) ion on flay ash

Temp.K G0 kJ/mol H0 kJ/mol S0 J/mol Ea kJ/mol Sp kJ/mol

298 -2.566 14.16 55.89 11.19 0.0412
313 -3.198
333 -4.518

Fig. 4. Plot of Log Kc vs 1/T for adsorption of Pb(II) ion
on flay ash

Fig. 5. Plot of Log(1-) vs 1/T for adsorption of Pb(II)
ion on flay ash

about the energy barrier that the adsorption process
needed to overcome. Higher activation energy
indicated a more complex and energy-demanding
adsorption process. The Ea value and its
interpretation helped understand the kinetics and
mechanisms of the adsorption process on the
industrial ash surface (Maria et al., 2013). Further
analysis and interpretation of the experimental data
and calculated activation energy values were carried

out to optimize the removal of toxic metal ions using
industrial ash and to improve the efficiency of the
adsorption process (Kumar, 1998) (Mohammad,
2012).

CONCLUSION

The calculated data proved that the value of G is
negative shows that process is spontaneous. The
process is endothermic in nature because value of
H is positive. The affinity of the adsorbent towards
the adsorbate species the value of S is positive. In
this investigation, it was found that flay ash is
suitable option for the removal of toxic metals.
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