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ABSTRACT

In this paper, a novel nano crystalline sodalite was synthesized and characterized by XRF, XRD, SEM
and FTIR analysis. Cu,O nanoparticles (30-60 nm) were loaded on nano zeolite bed and utilized as an
adsorbent to remove dimethyl phthalate. The SEM-EDX of modified zeolite indicates that the amount
of copper loading on the zeolite was 4.5 wt%. Modified nano zeolite was used as an effective
adsorbent for removal of dimethyl phthalate from aqueous solutions in batch method. Results showed
that Cu,O nanopatrticles have a significant effect on the dimethyl phthalate sorption (adsorption rates
were 92.98% with 10, 0.4g and 55min of pH, adsorbent dose and contact time, respectively for
modified zeolite). The kinetic studies showed that the dimethyl phthalate sorption process was well
described by the pseudo second order kinetic model. Also, Langmuir isotherm provided the best fit to
the equilibrium data with maximum adsorption capacity of 20.41 mg/g for modified zeolite.
Experiments showed increase of temperature has a posetive effect on the dimethyl phthalate sorption
process by nano zeolite. Thermodynamic parameters showed that the sorption of dimethyl phthalate

onto zeolite was feasible, spontaneous and endothermic under studied conditions.

doi: 10.5829/idosi.ije.2016.29.09c.03

1. INTRODUCTION

At present, one of the important of persistent organic
pollutants (POPs), which could harmful for both the
environment and the human health, and might also be
carcinogenic is existence of Phthalate esters (PAES) in
soils, ground water and surface water [1]. PAEs as
prevalent environmental pollutants are widely used as a
component of solvents, flotation reagents, repellents,
and in the production of cosmetics, lubricants, textiles
and other products. The short-chained esters such as
dimethyl phthalate (DMP), is widespread in the
environment because of its common usage and its
refractory biodegradability. DMP has been detected in
diverse environmental samples such as fresh waters,
marine waters, soil and sediments. Also, DMP can be
bioconcentrated and biomagnified in the aquatic food
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chain. Potential sources by which DMP may enter the
aquatic environment are mainly release of wastewater
from production and processing activities, and the
release from usage and disposal of materials containing
phthalate esters [2]. Thus, because of its ecological
toxicity and hazard, DMP has been designated as a
priority-controlled organic pollutants by EPA and other
European countries [3].

Zeolites make up a favorable class of advanced
crystalline microporous inorganic materials with
amazing properties which make them ideal for
applications such as the molecular sieving, ion-
exchange and shape-selective catalytic processes [4].
They have strongly organized microporous channel
systems and high surface areas that is advantageous by
comparison with the other classical support materials
that hold particular interest for the adsorbent [5, 6].
Sodalite is considerd one of the most typical artificial
zeolites that is regarded as a traditional zeolite primarily
produced by the hydrothermal crystallization method
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[7]. It comes with a small pore size (2.8 A) and high ion
exchange capacity. Also, it attracted a lot of attention in
industry and is employed in applications such as optical
material [8], hydrogen storage [9] and catalyst support
[10]. To remove phthalate, various methods such as
treatment via adsorption [11], membrane filtration [12],
Biological treatment [13] and ion exchange treatment
[14] were utilized. Each method has its pros and cons.
Among the others, the adsorption process provides one
of the most efficient physical methods for the
elimination of pollutants from the environment because
the technique uses readily available equipments that are
energy efficient and easy to use. Therefore, it provides a
cost-effective treatment [15-17]. Many factors such as
dimethyl phthalate concentration, adsorbent amount,
temperature, pH, etc have some effect on adsorption
process by adsorbent and the type of adsorbent is of
great importance [18].

In Zhang et al [1], a modified zeolite was used for
the elimination of dimethyl phthalate from aqueous
solutions and the effect of various parameters such as
the function of initial dimethyl phthalate concentration,
the solution pH, contact time, amount of dosage and
temperature on the removal of dimethyl phthalate was
studied. In another research, the possibility of
usingcarbon nanotubes for the sorptive elimination of
dimethyl phthalate from aqueous solutions using batch
method was examined [11]. To remove dimethyl
phthalate from from aqueous phase, hydrophilic hyper-
cross-linked polymer resin NDA-702 was utilized as
sorbent and the effect of various operating variables on
the sorption of dimethyl phthalate onto sorbent and also
the equilibrium Kkinetic and isotherm of this sorption
process were studied [19]. In this study, synthetic
sodalite zeolite adsorbent was prepared and the
adsorption of dimethyl phthalatefrom aqueous solution
was studied. The effects of wvarious operational
parameters such as initial pH, adsorbent dosage, contact
time, initial dimethyl phthalate concentration and
temperature are also studied on the elimination of
dimethyl phthalate during the batch adsorption
experiments. Some isotherm, kinetic  and
thermodynamic models were used to evaluate the
sorption process and this led to a better understanding of
the adsorption characteristics.

2. MATHEMATICAL MODEL

2. 1. Reagents and Chemicals The two
formulations, i.e. Sodium metasilicate (Na,O3Si-5H,0)
and sodium aluminate that are of analytical reagent
grade were provided by Merck Co. The dimethyl
phthalate was obtained from Merck. The sulfuric acid
(H,SO,) and sodiumhydroxide (NaOH) were obtained
from Merck.

2. 2. Instrumentation In this study, X-ray
diffraction (XRD) patterns were used with a GBC
MMA diffractometer equipped with CuKo radiation.
Scans were compiled in the angular range of 5¢ to 70e.
To study the sodalite zeolite surface, the Scanning
Electron Microscope (SEM) model S3400, Hitachi,
Japan was used. Using a sputter coater, the sample was
coated with gold and palladium. It contained conductive
materials to improve the image quality. The coating
thickness and the density were 30.00 nm and 19.32
glem®, respectively. Energy dispersive X-ray (EDX)
spectra were recorded on an EDX Genesis XM2
attached to SEM. The sodalite infrared spectra (IR)
were provided by FTIR Spectrometer (Shimadzu 4100)
in order to form the sodalite functional groups. Using a
spectrometer and KBr pellets, spectra were collected. In
each case, using mortar and pestle, 1.0 mg of dried
sodalite and 100 mg of KBr are homogenized and later
pressed into a transparent tablet at 200 kgf/cm? for 5
min. The pellets characterization is done using a FTIR
spectrometer in the transmittance (%) mode with a scan
resolution of 4 cm™ ! in the range of 4200-500 cm %

2. 3. Batch Adsorption Experiments To study
the effect of various parameters (pH, adsorbent dosage,
initial concentration and contact time), tests were
carried out on the sorption of dimethyl phthalate. These
tests were performed according to the batch method at
room temperature. The second purpose of doing the
aforementioned tests was to determine the optimum
conditions for the maximum elimination of the dimethyl
phthalate. Isotherm, kinetics and thermodynamics of
adsorption were also studied in this paper. The
adsorption tests were performed in magnetic mixer.
Through the dilution of 1 g/L stock solutions, 100 mL
of the dimethyl phthalate solution was prepared for each
adsorption test. Using the diluted solution of sulfuric
acid or sodium hydroxide, the initial pH was adjusted to
variable values. The suspension was filtered at the end
of the predetermined time intervals and the filtrate was
analyzed for any residual dimethyl phthalate. Each
experiment was conducted two times with the purpose
of observing the reproducibility and the mean value
used for each set of values. The clear liquid phases that
are obtained during these experiments were diluted to
reach an appropriate concentration range for the
elemental analysis using the Gas chromatography-mass
spectrometry (GC-MS, 7890A-5975C, Agilent, USA).
The experimental error was below 4%. The efficiency
of dimethyl phthalate and/or the percent removal was
obtained as follows:

%Removal = = x 100 @

i

where, C; is the initial concentration (mg/L) and C;is the
final concentration (mg/L); q is the adsorption capacity
that indicates the amount of ions adsorbed per a specific
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amount of adsorbent (mg/g).The sorption capacity at
time t was calculated as follows:

qe = (C;— C) X - ®)

where, g, is the amount of adsorbed dimethyl phthalate
at time t (mg/g); V is the solution volume (L); C; the
initial concentration and C, indicates the concentration
at time t (mg/L); and m is the adsorbent weight (g).

The adsorption capacity at state of equilibrium, qe ,
was given as the following (Equation (3)):

qe = (C;— Co) X @3)

where, C, (mg/L) is the concentration of dimethyl
phthalate at equilibrium.

2. 4. Synthesis of Sodalite Zeolite Sodalite nano
zeolite was provided by hydrothermal crystallization
method using sodium metasilicate (Na,O3Si-5H,0) and
sodium aluminate (NaAlO,) as a silica and aluminum
sources, respectively. In a standard synthesis, solution A
was prepared by dissolving 18.235 g Na,O5Si-5H,0 (43
% H,0, 29 % Na,O, 28 % SiO,) in 8 cc double distilled
water at 80 °C. Also, solution B was prepared by
dissolving 3.097 g NaOH in 12 cc double distilled
water. The solution was used for solving 1.837 g of
NaAlO,. Then, solution A was added to solution B drop
wise under vigorous stirring and was kept there for 1 h
under stirring before hydrothermicity is achieved. The
molar composition of the above reactants was as
follows: 1.0 Al,04:3.8 Si0:2.1 Na0:50 H,0.
Subsequently, the above gel was transferred to Teflon-
lined stainless steel autoclaves and heated at 100 °C for
20 h under static condition. At the end of the process,
the product was separated via centrifuge (5,000 rpm),
washed several times with double distilled water until
the pH value of the solution was about 8.0 and dried
overnight at 80 °C.

2. 5. Synthesis of Cu Modified Sodalite =~ Through
the grains draining in a dispersed suspension of
nanoparticles, nanoparticles coating on zeolite grains
was carried out. Typically, 0.1gr Copper oxide (Cu,O)
with a particle size of 30-60 nm was spilled into an
Erlenmeyer flask containing 10 mL distilled water and
later sonicated a few minutes to make a uniform
suspension. Then, 2 gr sodalite zeolite was added to the
flasks and shook moderately for two hours. Ultimately,
the flasks contents were dried slowly at 80°C for ten
hours. The added value of nanoparticles was 4.5 wt% of

zeolite [20, 21].

3.RESULT AND DISCUSSION

3. 1. Characterization of Nano Sodalite Zeolite
The characterization of synthesized sodalite zeolites was

done using XRD, SEM, Energy dispersive X-ray (EDX)
and FTIR. Figure 1(a-b) shows the XRD powder pattern
of synthesized sodalite and Cu modified sodalite. The
crystallization products matched sodalite characteristic
peaks which were all given by Treacy and Higgins [22,
23] indicating a successful synthesis of sodalite
nanozeolite with good crystallinity and Cu modified
sodalite exhibits a Cu,O phase which can be assigned at
20 = 38.5° This result is fitted with previous works [7,
24]. Figure 2 shows the morphology of synthesized
zeolite. It can be seen from the figure that the
morphology of synthesized sodalite zeolite has a
spherical structure and its mono dispersed particle size
equals 30-60 nm. Figure 3 presents the elemental
analysis of Cu modified analcime by means of energy
dispersive X-ray (EDX). The presence of Cu peaks in
EDX spectrum was explained in detail and the amounts
of elements were given in Table 1. The modified
sodalite structure has come under scrutiny by means of
the FTIR technique and is shown in Figure 4. The band
located at 736.7 cm™ matching the vibration of Al-O
fragment and the strong broad band at 985.4 cm™ are
related to the T-O band (T = silica or aluminum) and its
sharpness is indicative of an appropriate crystallization
of the modified zeolitic product [25]. The peak at
1658.5 cm ! is related to the bending vibration of free
water. The strong broad band at 3400-3700 cm™
(centered at 3459.7 cm™) indicates the stretching of
water molecules adsorbed on OH groups [26-28]. The
appearance of a new absorption peak at 437cm™ is the
result of the formation of single four-membered ring of
sodalite unit [22]. Comparison of Figures 4(a) and (b)
shows that the structure of adsorbent did not changed
before and after adsorption. So, this means that the
adsorption phenomena in this case is physical
adsorption.
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Figure 1. X-ray diffraction of synthesized sodalite zeolite a-
zeolite b- modified zeolite .
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Figure 2. Scanning electron micrographs (SEM) image of
modified sodalite zeolite a- zeolite b- modified zeolite
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Figure 3. The EDX spectrum for Copper modified sodalite

\/
£

@ W N W W Th MO YD oM S ON W W@ o M0 N M0 o AW M) 2D @ WO @) % @
st o Vs ()

Figure 4. FTIR spectrum of modified sodalite zeolite (a)
before adsorption (b) after adsorption

TABLE 1. Amounts of the elements obtained by EDX
analysis

Element Wt.%
0 49.22
Na 17.08
Al 14.55
Si 14.85
Cu 4.3

3. 2. Effect of pH on Dimethyl Phthalate Sorption
The pH of the solution has a significant impact on the
uptake of dimethyl phthalate, since it determines the
surface charge of the adsorbent, and the degree of
ionization and speciation of the adsorbate. Experiments

were carried out with 100 mL of a 50 mg/L dimethyl
phthalate solution containing 0.4 g of the sorbent at
different pHs in the range of 3-12 at 20 °C to study the
effect of initial pH on the efficiency of the removal
(Figure 5). As can be seen from figure 5, increasing the
pH leads to an increase in the dimethyl phthalate
adsorption amount. This increase gradually reached a
maximum value sharply at pH 10 and then it remained
constant over a wide pH region. It can be deduced that
an increase in the aqueous solution pH leads to an
increase in the negative charge density of the adsorbent.
Thus, the uptake of the diazinon might be ascribed to
increasing negative charge on the adsorbent surface
(i.e., zeolite) [29, 30]. All future sorption experiments in
this research were conducted at initial pH value of 10.0.

3. 3. Effect of Contact Time The effect of contact
time on the sorption of dimethyl phthalate was studied
by sodalite zeolite (0.4 g in 100 mL) were with initial
dimethyl phthalate concentration of 50 mg/L, pH 10
and temperature of 20 °C (Figure 6). It is clear that the
amount of dimethyl phthalate sorption is increased by
every increase in contact time. Under the above
conditions, Figure 6 shows that the adsorption amount
reaches the maximum value after 55 min and a
subsequent little change of sorption occurs (i.e, remains
constant thereafter).
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Figure 5. The effect of pH on the removal efficiency
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Figure 6. The effect of contact time on the removal
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3. 4. Kinetics of Sorption Most of all adsorption
processes in various solid phases depend on the time
element. Knowledge of the kinetics of these processes is
important to understand the dynamic interactions of
dimethyl phthalate with modified zeolite and predict the
rate of adsorption with time [31]. Some kinetic models,
i.e Morris— Weber, Lagergren and pseudo second order
models were used for their validity with the
experimental adsorption data for the adsorption of
dimethyl phthalate onto modified zeolite. These models
were supposed to offer no mass transfer (both external
and internal external) resistance to the overall
adsorption process. A study was conducted on the
adsorption kinetics and the findings suggest that these
rates along with the solute uptake rate control the
residence time of adsorbate uptake at the solid—solution
interface including the diffusion process [32, 33]. The
kinetic data of dimethyl phthalate sorption onto
modified zeolite was used in Morris—Weber Equation
(4) to examine the change in the concentration of
sorbate onto sorbent with contact time [34]:

qe = Kig@®%> + € 4)

where, @, is the sorbed concentration of dimethyl
phthalate at time ‘t’. The Morris-weber transport (Kiq)
rate constant value is calculated from the slope of the
linear plot of this graph (Kiy = 1.358 min %) with a
correlation factor of 0.993.

In Lagergren [35, 36], a pseudo-first-order equation
was suggested for the sorption of liquid/solid system
based on solid capacity. It is assumed in this equation
that the rate of change of sorbate uptake with time is
proportionate to the difference in the saturation
concentration and the amount of solid uptake with time.
The Lagergren equation is mostly used in liquid phase
sorption. The general equation is given as:

K
log(ge — q¢) = logqe — (2.303) t ®)

where, . is the sorbed concentration at equilibrium and
K is the first order rate constant. The linear plot of
log(ge —q¢) against time ‘t’ reveals the applicability of
the above equation for dimethyl phthalate sorption onto
the modified sodalite zeolite. The rate constant K =
0.0725 min' was calculated from the slope of the
straight line using the correlation factor of 0. 8225.

The sorption of dimethyl phthalate onto modified
zeolite following pseudo-second-order kinetics is
expressed as Equation (6):

t 1 t

e (6)

q  Ka?  qe

where, . denotes the amount of dimethyl phthalate
adsorbed at time t and g, shows that amount at
equilibrium (mg.g%). Also, k, (g.mg™'min?) is the
pseudo-second-order rate constant for the adsorption
process. The rate constant K = 20.0382 (g.mg 'min %)

was calculated from the slope of the straight line using
the correlation factor of 0. 9954.

The kinetic data showed that the adsorption process
was controlled by pseudo-second-order equation. Based
on the above assumption, the dimethyl phthalate uptake
process occurs due to chemisorptions. The fact that the
rate-limiting step might be chemisorptions involving
valence forces through sharing or exchanging of
electrons between adsorbent and adsorbate forms the
assumption of pseudo-second order kinetic model. The
dimethyl phthalate molecules behavior in system is
strongly dependent upon the concentration and the
properties of otherspecies, pH of the solution, physical
and chemical properties of both the adsorbent and
adsorbate. The adsorption kinetics form and its related
coefficients in the system were influenced by both the
interaction and competition effects among the dimethyl
phthalate [37]. The parameters of kinetic models are
presented in Table 2.

3. 5. Effect of Adsorbent Dosage The effect of
zeolite dose was studied at the dose between 0.05 g and
0.5 g in 100 mL aqueous solution. The experiments
were performed at 20°C, pH 10, contact time 55 min
and the initial dimethyl phthalate concentration of 50
mg/L. It was found out that increasing the zeolite dose
increases the amount of adsorbed dimethyl phthalate
(Figure 10). The increase in the adsorption efficiency
with the increase in the adsorbent amount can be
explained by the fact that as the adsorbent amount
increases, the number of active sites that are available
for the metal ions increase accordingly, but after passing
the adsorbent optimum amount, the solution reaches an
equilibrium and the increase in the adsorbent amount
will have little effect on the adsorption efficiency.
Another reason may be the particle interaction such as
aggregation which results from high adsorbent dose.

TABLE 2. Kinetic constants for dimethyl phthalate adsorption

T 2
Morris Weber Kig(min) R
equation
1.358 0.993
Pseudo-first order - ge(mg/g) R?
kinetic model K(min")
0.0725 17.94 0.8225
Pseudo- second
order kinetic model
t_ 1 1, ke(g-mg’ ge(mg/g) R’
4 kg d. “min™)
LVS.t
q.
20.0382 14.55 0.9954
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Such aggregation would lead to a decrease in the total
surface area of the adsorbent and an increase in
diffusional path length [29, 38]. In order to fit different
isotherm models, i.e., Langmuir, Freundlich and
Dubinin-Randkovich (D-R), the data of Figure 7 were
used.

3. 6. The Isotherm Model The assumption that
every adsorption site is equal and independent of
adjacent sites occupation or lack of occupation is the
ground on which the adsorption isotherm is based [39].
The relationship  between dimethyl phthalate
concentration in solution can be easily understood from
the presence of isotherms and the amount of dimethyl
phthalate sorbed on a specific sorbent at a constant
temperature.

3. 6. 1. The Langmuir Isotherm Model In this
model, the assumption is that the adsorption occurs in a
monolayer and the absorption sites located on the
surface of the adsorbent is uniform and all of them have
the same absorbing capacity. This isotherm model is
often suggested in the form of the Equation (7) [40]:

ge = Jmce )
where, g, denotes the dimethyl phthalate adsorbed per
specific amount of adsorbent; C, is the concentration of
the dimethyl phthalate solution (mg/ L) at equilibrium
and g, indicates the maximum amount of adsorption
dimethyl phthalate (mg g™). The rearrangement of the
Langmuir equation leads which are presented in Table
3. Regarding the dimensionless constant separation
factor or equilibrium parameter R the basic features
and practicality of the Langmuir isotherm are defined as
the follwing Equation (8) [41]:

1
L~ 15K.G C)

where, K, is the Langmuir constant and C; the initial
concentration of dimethyl phthalate. The desired value
of absorption is specified somewhere between 0 and 1.

100

&0

&0

40

Removal efficiency (%)

0

0 01 0.2 0.3 04 05

amount of adsorbent(g)

Figure 7. The effect of amount of adsorbent on the removal
efficiency

3. 6. 2. The Freundlich Isotherm Model The
Langmuir isotherm is based on the assumption that the
enthalpy of adsorption is independent of the amount
adsorbed while the empirical Freundlich equation is
based on sorption on heterogeneous surface that can be
obtained assuming a logarithmic decrease in the
enthalpy of adsorption with the increase in the fraction
of occupied sites. Based on sorption on heterogeneous
surface, the Freundlich equation is completely empirical
and is expressed by Equation (9) [41]:

1
qe = KgCg )

where, Kg and (1/n) are the Freundlich constants
corresponding to the adsorption capacity and adsorption
intensity, respectively. The equilibrium constants
evaluated from the intercept and the slope of the linear
plot of log g, versus log C, based on the experimental
data. In logarithmic terms, the Freundlich equation can
be linearized as the following Equation (10) to determin
the Freundlich constants:

log(qe) = log(Ky) + logCe (10)

The slope and the intercept are related to (1/n) and K,
respectively. It was found out that the plot of log ge vs.
log C. gives a straight line. Results are given in Table 3.

3. 6. 3. The Dubinin-Radushkevich Isotherm
Model To determine the nature of the adsorption
process namely physisorption and/or chemisorption, the
Dubinin—Radushkevick (D-R) [42-44] isotherm was
used. The linear form of this model is given as the
following equation:

In(q.) = In(gm) — ﬂgz (11)

where, g is the amount of dimethyl phthalate adsorbed
per unit dosage of the adsorbent (mg/g); qm denotes the
monolayer capacity; B indicates the activity coefficient
related to the mean sorption energy and finally ¢ is the
Polanyi potential expressed as:

1
e =RTIn(1 +) (12)

The B, qm values were determined by the slope and
intercept of the linear plot using the plots of Ing, versus
&% Table 3 presents the statistical results together with
the isotherm constants. Results suggest that the dimethyl
phthalate adsorption by zeolite can be matched using
the Langmuir equation. Also, the D-R equation suggests
there is a considerable correlation factor. It can be
understood from the D-R isotherm that the
heterogeneity of energies is close to the adsorbent
surface. The quantity is related to the mean sorption
energy, E, which is the free energy for the transfer of 1
mole of dimethyl phthalate from the infinity to the
surface of the adsorbent [45]. The following equasion



H. Esfandian et al. / IJE TRANSACTIONS C: Aspects Vol. 29, No. 9, (September 2016) 1198-1207 1204

shows how the mean free energy of adsorption (E,
kJ/mol) is calculated [42, 46]:

E=(2p) " (13)

It is clear that we can use the E magnitude to estimate
the adsorption type. If this value goes below 8 kJ/mol,
the adsorption type is expressed by the physical
adsorptionand between 8 and 16 kJ/mol the adsorption
type can be explained by ion exchange. In this study, the
E values were below 8 kJ/mol. This reveals that the
adsorption of dimethyl phthalate onto modified zeolite
was in fact a physical adsorption [47, 48].

3. 7. Effect of Temperature on the Adsorption of
dimethyl phthalate The adsorption studies were
conducted at 25-45 °C, pH 10 and an adsorbent dosage
of 0.4g in a 100 mL solution to examine the
thermodynamics of adsorption. The equilibrium contact
time for adsorption was kept constant at 55 min. The
adsorption percentage increased with the rise in
temperature from 25 to 45 °C. Results suggested that the
adsorption process has an endothermic nature. Table 4
explains the effect of temperature on the removal
efficiency. To determine the changes in Gibbs free
energy (AG), heat of adsorption (AH) and entropy (AS)
of the adsorption of dimethyl phthalate from aqueous
solutions, the table 4 data were used.

3. 8. Effect of Temperature on Thermodynamics
Parameter on Adsorption of Dimethyl Phthalate
Different thermodynamic parameters such as the
enthalpy change AH, free energy change AG and

TABLE 3. Isotherm constants for dimethyl phthalate
adsorption

Langmuir equation

K am(Mg/g) R?

0.1654 20.4082 0.9516

Freundlinch parameter

K n R?

8.6179 5.6818 0.7464

D-R parameter

am(Mg/g) B R?

14.2008 0.000001 0.9328

TABLE 4. The effect of temperature on the removal
efficiency.

entropy change AS were calculated using the Equations
(14)-(16) in order to study the thermodynamics of
adsorption of dimethyl phthalate on zeolite. Table 5
presents these parameters values. Using the following
equations, the thermodynamic parameters AH, AS and
AG for dimethyl phthalate on zeolite system were
calculated as follows:
Fe

Ke = 1o (14)
—AH AS

logK = 2.303RT + 2.303R (15

AG = —RTInK, (16)

where, F, is the fraction of dimethyl phthalate sorbed at
equilibrium. The values of these parameters are given in
Table 5. It shows that the enthalpy change AH is
positive (endothermic) because of the increase in
adsorption on successive increase in temperature. The
negative AG values revealed that the nature of sorption
is thermodynamically feasible and spontaneous. The
positive value of AS indicates the increased randomness
at the solid—solution interface during the fixation of the
ion on the active sites of the sorbent.

3. 9. Comparison of the Adsorption Capacity of
Various Sorbents To have a better understanding
of the adsorption capacity of modified zeolite, the
values of the maximum removal obtained for dimethyl
phthalate uptake with various types of sorbents are
presented in Table 6. The experimental data collected
from the present investigations are corresponding to the
reported values. As seen in Table 6, the adsorption
capacity of modified zeolite is higher than that of
Chitosan, Chitosan beads cross-linked by 2-O-
formylmethyl-a-cyclodextrin and N,N
dimethylformamide and Magnetic polyvinyl alcohol.

TABLE 5. Thermodynamic parameter for adsorption of
dimethyl phthalate ontomodifie zeolite

AHEL) AS(%) T(°C) AG(Y) R?
8.6872 0.0506 25 -6.3151 0.969
35 -6.9517
45 -7.596

TABLE 6. Comparison of removal efficiency of different
methods on DMP elimination

Temperature (°C) Removal efficiency of dimethyl phthalate (%)

25 92.75
35 93.79
45 94.65

Sample Sorbent material gm(mg/g)  Reference
1 Modified zeolite 20.41 This work
2 Chitosan 0.009 [£4]

Chitosan beads cross-linked
2 Uckdoammany. 2
dimethylformamide

4 Magnetic polyvinyl alcohol 4.22 [)]
5 Carbon nanotubes 235 (]
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4. CONCLUSION

Nano sodalite zeolite crystals can be successfully
synthesized in an alkaline solution. Results suggested
that the modified zeolite have considerable potential for
removal of dimethyl phthalate from aqueous solutions.
Results showed that Cu,O nanoparticles loaded on the
zeolite have a significant effect on the dimethyl
phthalate removal processing. Modified zeolite with
Cu,0 nanoparticles showed considerable potential in the
removal of heavy metals, color and anions from
industrial wastewater. The conditions of sorption are as
follows: a sorbent dose of 0.4 g in 100 ml of solution,
contact time of 55 min and a pH 10. Later, it was
observed that the experimental data are in best
agreement with the pseudo second order kinetic model
related to the dimethyl phthalate adsorption reaction on
the modified zeolite. This shows that the rate-limiting
step in this process is the chemical adsorption reaction
that includes the exchange of electrons between the
adsorbate and adsorbent. The results obtained from this
study were given by the theoretical Langmuir that the
adsorption occurs in a monolayer and the absorption
sites located on the surface of the adsorbent is uniform
and all of them have the same absorbing capacity in this
chemical process. Thermodynamic studies are indicative
of a negative AG and positive AS and AH. Results
showed that the sorption has an endothermic nature. The
negative AG values suggested that the sorption has a
thermodynamically feasible and spontaneous nature.
The positive value of AS indicate that there is an
increased randomness at the solid—solution interface
during the fixation of the ion on the sites of the sorbent.
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