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Kinetics, isotherm and thermodynamic studies for adsorption of nitrate on sugarcane bagasse vermicompost
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Abstract: In present study, studies of kinetics, isotherm and thermodynamic for nitrate adsorption from aqueous
solutions onto sugarcane bagasse vermicompost was investigated. Adsorption kinetics was determined by the
fittings of the experimental data to three well-known kinetic models including pseudo-first-order, pseudo-second-
order and intraparticle diffusion. The experimental data were fitted to different adsorption isotherm models
(Langmuir, Freundlich and Sips) and maximum adsorption capacity of sugarcane bagasse vermicompost was
determined. Result this study showed the pseudo-second-order and Langmuir models gave the best fit for kinetic and
isotherm studies, respectively. The maximum adsorption capacity of vermicompost for nitrate adsorption was found
to be 15.773 mg/g, The thermodynamic studies (The values of AH®, AG® and AS®) showed that the adsorption of
nitrate was spontaneous and exothermic in nature.
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1. Introduction agricultural wastes for vermicompost production can
In in recent years, exist of nitrate in the improve the agricultural waste.
groundwater and surface water has become an In this study, sugarcane bagasse vermicompost
important problem (Bhatnagar et al., 2010). The modified was applied for adsorption of nitrate and
agricultural wastewater is one of main sources of studies of kinetics, isotherm and thermodynamic for
production nitrate (Bhatnagar et al., 2010). Increasing nitrate adsorption from aqueous solutions onto
of nitrate in drinking water can cause health problems sugarcane bagasse vermicompost was investigated.
especially in infants, such as blue baby syndrome The experimental data were analyzed using kinetic
(Wan et al., 2012; Moradzadeh et al., 2014). The US models (pseudo-first-order, pseudo-second-order and
environmental protection agency (U.S. EPA) has said intraparticle  diffusion) and isotherm models
that the maximum allowable concentration of nitrate is (Langmuir, Freundlich and Sips). Also the values of
10 mg/L in drinking water (Bhatnagar et al., 2010). AH®, AG® and AS® (thermodynamic parameters) were
Numerous techniques (reverse 0Smosis, determined.
electrodialysis, ion exchange, chemical precipitation
and adsorption) have been applied to remove nitrate 2. Material and Methods
from contaminated water (Bhatnagar and Sillanpaa, Adsorption kinetic studies
2011). Among other methods for removal of nitrate, 0.1 g sugarcane bagasse vermicompost was
adsorption is one of the most effective methods added to 50 mL of nitrate solutions whit initial
(Olgun et al., 2013; Wan et al., 2012). concentration of 50 mg/L. The solutions were
Numerous materials have been used for the oscillated in varying contact time ranged between 5—
nitrate adsorption from aqueous solution such as 180 min, at temperature of 22+ 1 °C with speed of 120
sugarcane bagasse, rice hull, zeolite, chitosan, clays, rpm. Samples were centrifuged and nitrate
slag and fly ash (Bhatnagar and Sillanpaé, 2011). The concentrations were analyzed using
use of agricultural wastes materials have been spectrophotometer. The amount of nitrate adsorbed
increased in recent years for the production of per unit weight of adsorbent and nitrate adsorption
Vermicompost, because these are available percentage were calculated by the equations (1).
abundantly, cheap and non-toxic. Vermicomposting is C. —Ce
a low cost technology system used for conversion of q.=— V (1)

agricultural waste into organic materials. Use of m
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where C; and C. are initial and equilibrium
concentrations of nitrate in solution (mg/L), V is the
volume of solution (L) and m is mass of the modified
vermicompost (g).

In this study, three models were used for
analyzing adsorption mechanism.

The  pseudo-first-order = model  describes
adsorption behavior in solid-liquid systems based on
the adsorption capacity of solids. The nonlinear form
of pseudo-first order model is described as follows
(Lagergren, 1898):

q,=q.(1-¢") @)

Where k; is the rate constant of pseudo-first-
order model (1/min), q. (mg/g) and q; (mg/g) are
adsorption capacities at time equilibrium and at time t
(min), respectively.

The pseudo-second-order model is applied for
investigating or studying chemisorption kinetics from
liquid solutions. The nonlinear form of pseudo-second
order model is described below (Ho and McKay,
1999):

k.t
q, = CL—Z (3)
1+qk,t

Where k; is the rate constant of pseudo-second-
order model (g/mg.min), q. (mg/g) and q; (mg/g) are
adsorption capacities at time equilibrium and at time t
(min), respectively.

The intraparticle diffusion model is used to
identify an adsorption controlled process by diffusion
mechanism in the liquid-solid system. The nonlinear
form of intraparticle diffusion model is described
below (Weber and Morris, 1963):

1
q, = Kptg +1 4)

Where K, is the intraparticle diffusion rate
constant (mg.min"?/g) and I (mg/g) is the intercept of
intraparticle diffusion model, respectively.

Adsorption isotherm studies

0.1 g sugarcane bagasse vermicompost was
added to 50 mL of solutions containing nitrate at the
concentration range of 1-100 mg/L. The solutions
were stirred at temperature of 22+ 1 °C for 120 min
(equilibrium time), with speed of 120 rpm. Three
adsorption isotherm models, Freundlich, Langmuir
and Sips models were used to analyze the
experimental data. The Freundlich isotherm was
applied to describe the heterogeneous systems. The
nonlinear form of Freundlich isotherm model is
described as (Malekian et al., 2011).

1

qe = KFCe; (5)
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Where ¢. (mg/g) and C. (mg/L) are the
adsorption capacity and concentration of the nitrate
ions at equilibrium time. Ky (mg. L""/g.mg"™) and n
(g/L) are Freundlich isotherm constants related to
adsorption capacity and intensity, respectively.

The Sips adsorption model is one of the
empirical adsorption equation with three parameters
that is combination of Langmuir and Freundlich
equations. The nonlinear form of the Sips isotherm
model is explained as (Sips, 1948):

1
[qusC:J
©L=7""1\
[1 +K.C! J

Where q. (mg/g), qm (mg/g) and C. (mg/L) are
the adsorption capacity, maximum adsorption capacity
and equilibrium concentration of the nitrate ions,
respectively. K (L/mg) is the affinity constant for
adsorption.

The Langmuir adsorption model is based on the
assumption that the adsorption occurs uniformly on
the active sites of the adsorbent. The nonlinear form of

(6)

the Langmuir isotherm model is expressed as
(Langmuir, 1916):
(bC.4,)
9. = (7
(1+5C,)

Where q. (mg/g), qm (mg/g) and C. (mg/L) are
the adsorption capacity, maximum adsorption capacity
and equilibrium concentration of the nitrate ions,
respectively. Ky (1/min) is the Langmuir constant
related to the energy of adsorption.

Adsorption thermodynamic

The effect of temperature in the adsorption
process is one of important factor. Therefore its effect
on nitrate adsorption mechanism by modified
vermicompost was evaluated at three different
temperatures (10, 22 °C (room temperature)). The
thermodynamic parameters such as standard free
energy change (AG°) (Eq. (8)), standard enthalpy
(AH®) (Eq. (9)) and standard entropy (AS°) (Eq. (10))
were used to study the thermodynamics of adsorption.

AG’ = —RTInK )]
K AH'(1 1

In—t=—f| ——— ©)
K, R\T T
AG’ = AH' = TAS’ (10)

Where AG® is standard free energy change (kJ/
mol), R (8.314 J/K.mol) and T (Kelvin) are the
universal gas constant and absolute temperature,
respectively. AH® is standard enthalpy (kJ/mol), AS® is
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standard entropy (J/mol.K), and K is the equilibrium
constant which related to the Langmuir model (Eq.

(11)).

K =bx55.5 (11)

Where the value 55.5 corresponds to the molar
concentration of the water (Bhatnagar et al., 2010).
Error analysis

For evaluate the goodness of fit of the applied
adsorption models to the experimental data, Two Error
functions, Root Mean Square Error (RMSE) and
coefficient of determination (R*) were applied
(Divband Hafshejani et al., 2015).

1. The coefficient of determination (R)

(X0, 0,-0,0)-(n-B))

S ESE ; (12)
Z i=1 (O! - OM’L‘) Z i=1 (Pi - Pﬂvc)
2. Root Mean Square Error (RMSE)
R
RMSE = O -P (13)
n-2 Z:l:( o )

Where O; and P; are ith of the observed and
predicted measurement, respectively. O,y and Py, are
average of the observed and predicted measurement
and n is number of observations.

3. Results

The fitting of different kinetic models (pseudo-
first-orde, pseudo-second-orde, Intraparticle diffusion)
to the experimental data is shown in Figure. 1 (a-b)
and table 1.

Table 1. Kinetic parameters of nitrate adsorption

models Parameter Value
Qe(exp) (ME/L) 12.98
K, (min) 0.048
Pseudo-first-order Jeean) (Mg/g) 11.175
RMSE 0.892
R’ 0.979
Qe(exp) (ME/L) 12.98
K, (g/mg.min) 0.004
Pseudo-second-order Jeean) (Mg/g) 12.8
RMSE 0.466
R’ 0.993
I (mg/g) 2.062
. o Kp (mg/g.min) 0.854
Intraparticle diffusion RMSE 3044
R’ 0.741

In Comparing with other kinetic models, the

pseudo-second-order model fits better with

the

experimental data due to the higher correlation
coefficient (0.993) and lower root mean square error

(0.466).
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Adsorption isotherm studies

The results of Langmuir, Freundlich and Sips
isotherms for the adsorption of nitrate by modified
vermicompost are presented in Table 2 and Figure 2.
The results indicate that Langmuir isotherm model
with higher values of R2 (0.999) and lower values of
RMSE (0.323) shows better fit to experimental data as
compared to other isotherm models.

The maximum adsorption capacity of nitrate,
maximum adsorption capacity in Langmuir model
calculated 15.773 mg/g.
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Table 1. Isotherm parameters of nitrate adsorption

models Parameter Value
Jm (Mg/g) 17.190
K (L/mg) 0.16
Sips n 1.199
RMSE 0.475
R’ 0.999
Jm (Mg/g) 15.773
b (L/mg) 0.140
Langmuir Ry 0.877
RMSE 0.323
R’ 0.999
Kr(mg. L/g) 4.220
Freundlich IIIU(\E/S];E) %ég;
R’ 0.987
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Figure 2. Fitting of isotherm models of nitrate
adsorption

Adsorption thermodynamic studies

The obtained results of thermodynamic studies of
nitrate adsorption by modified sugarcane bagasse
vermicompost are presented in Table 3.

Table 3. Thermodynamic parameters of nitrate
adsorption

Temperature (°C) AG° AH° AS°
10
2 -32.12 21.21 180.67

The results show that the value of AG® is
negative (—32.12 kJ/mol), the value of AH® is positive
(21.21 kJ/mol) and the value of AS° is positive also
(180.67 J/mol.K).
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4. Discussions

The result this study showed that modified
sugarcane bagasse vermicompost can be applied as
low cost adsorbent for nitrate adsorption.

The result indicated that the pseudo-second-order
model have better agreement whit experimental data.
This result agrees with the results reported by other
researchers for the nitrate adsorption where pseudo-
second-order kinetic model has good agreement with
the experimental data (Ganesan et al., 2013; Hu et al.,
2015).

Table 1 shows the theoretical calculated qe(can
values obtained from the pseudo-second order kinetic
model are closer than to the experimental ones (qexp)-

In this study, intraparticle diffusion model
applied for identify the diffusion mechanism. The plot
of (qy) versus (t”°) showed multi-linearity for nitrate
adsorption (Fig. 1.b). This would indicate the
existence of more than one kinetic stage in adsorption
process.

A good fit of experimental data with the
Langmuir model shows all sites on surface of
modified vermicompost of sugarcane bagasse have the
equal energy for nitrate adsorption.

The values of Freundlich isotherm constant “n”
is 2.291 (between 1 and 10). This evidence shows
adsorption of nitrate by modified sugarcane bagasse
vermicompost is favorable.

The good fit of experimental data with the
Langmuir isotherm model could indicate the
monolayer nitrate adsorption on homogenous surface
of vermicompost of sugarcane bagasse.

Similar results have also been reported by other
researchers where Langmuir isotherm model has
shown good agreement with the experimental data for
nitrate adsorption (Ganesan et al., 2013; Milmile, et
al., 2011).

The negative value of AG® (—32.12 kJ/mol)
shows that the nitrate adsorption by modified
vermicompost is spontaneous in nature. The positive
value of AH® (21.21 klJ/mol) indicates that nitrate
adsorption mechanism is endothermic in nature.
Similar results have also been reported by other
researchers where nitrate adsorption process by
different material is endothermic in nature (Bhatnagar
et al., 2010; Liu and Zhang, 2015).

The positive value of AS® (180.67 J/mol.K)
shows the affinity of the modified sugarcane bagasse
vermicompost for nitrate adsorption.

The AG® value obtained in this study is lower
than —10 kJ/mol, it can be indicated that the nitrate
adsorption process is physical (Liu and Zhang, 2015).
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