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ABSTRACT

Zeolite was modified in sodium hydroxide solution in order to improve the adsorption performance. The
characterization of the alkali-modified zeolite by scanning electron microscope (SEM) was displayed. In the study,
In order to obtain the optimum conditions for adsorption of Dimethyl Phthalate (DMP), resulting in a better removal
efficiency, parameters such as the dosage of modified zeolite, adsorption time, adsorption temperature and initial
concentration were examined. Results showed that the optimal adsorption conditions were dosage was 100 mg/L,
adsorption time was 120 min, the adsorption temperature was 35 T and the initial concentration was 10.0 mg/L.
Under the condition, the maximum adsor ption efficiency was 99.0%. The analysis of equilibrium isotherms data was
used Langmuir and Freundlich models. The kinetics adsorption of DMP can be described by the Lagergren
pseudo-second-order model better than the Lagergren pseudo-first-order model.
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INTRODUCTION

Phthalic acid esters (PAESs) is an important cldgseesistent organic pollutants(POPs), which cdntdrfere with

the endocrine system of humans and animals, anld ¢é@ad to developmental problems in reproductiystems

and might also be carcinogenic[1-3]. PAEs is maimbgd as plasticizers in plastics, which was notlgoation

with other chemical substances through the cherbicatl, and under a certain conditions, its easglease to the
surrounding environment, and resulting in environtakpollution[4-6]. Now, with the wide use of ptasproducts,

PAEs already exist in the environment very comnidre PAEs could been detected easily in the watdrament

everywhere[7-8]. Therefore, the removal of PAEgdsessary that the problems of controlling polluti@ carefully
solved.

The adsorption method is one of the most importaethods for removal of organic matter in water dtowd,
which has good removal effect, simple operatiosyeaontrol, cost does not produce toxic byprodetts [9-11].
Zeolite is a naturally occurring crystalline alumgilicate mineral consisting of a framework of édiedral
molecules, linked with shared oxygen atoms. Zedids a large surface area and high cation excheaggcity
(CEC), and provides an exchange complex that caorhdvariably-sized ions[12-13]. However, the agton
effect of low concentration of organic matter interais not very good by using natural zeolite[18] it is
necessary to modify zeolite in order to improvesidsorption performance for organic pollutants atex{15-17].

The present work aimed to used NaOH as modifiesrder to improve the adsorption ability of zeoliteen the
modified zeolite was prepared and characterizedhey SEM techniques. In order to obtain better guigmy
performance, some parameters such as the indepgendeiables, modified zeolite, contact time, irlitia
concentration and temperature, were investigat@shbined with the study oadsorption isotherm and adsorption
kinetics.

37



Peng Zhang et al J. Chem. Pharm. Res., 2014, 6(9):37-42

EXPERIMENTAL SECTION

2.1 Material and instruments

All the reagents used in this study were analytigale except the methanol was HPLC grade whichobtsined

from Germany merck Chinese company. The hydroahlkaeid (HCI) and sodiumhydroxide (NaOH) were obddin
from Hunan Zhuzhou Chemical Industry. The dimettythalate was obtained from Shanghai Jingwei Chelrflio.,

Ltd. Natural zeolite was obtained from Crystal Wakeeatment Material Co., Ltd. Henan Branch. Thaigepents

used in the experimental setup were as follows:

e The scanning electron microscope (SEM) (JSM-6330BODL Company, Japan)
e Gas chromatography-mass spectrometry (GC-MS, 7&8H¥5C, Agilent, USA)
e Water bath oscillator (THZ-82, Jintan Ronghuanmstent Manufacturing Co., Ltd., China)

2.2 Pretreated zeolite and modification

First, the zeolite was placed in a beaker which added 100mL ultrapure water for immersing 2hefféd, and
then washed three times and dried in a vacuum®ClLfor several days. Finally immersing the zealitth 2 mol/L
NaOH solution, In 5@ water bath heating 4h, pouring the supernatargdhimg with deionized water for 3 times,
dried in a vacuum at 85°C for use.

2.3 Batch adsorption studies

Erlenmeyer flasks (250mL) containing 100. 0 mg oflified zeolite in 100 mL of DMP solutions were eyptd.

Modified zeolite were dosed under the rotary shaite¥50 rpm for 120 min, the mixtures were thentrifelged at

3000 r/min for 5 min. The residual DMP concentmatio the solution was then determined using GC-M&8therm

studies were made with concentration solutions Pbetween 10.0 and 70.0mg/L. Kinetic studies weagle at a
concentration of 10mg/L for 30-180 min. The adsorptapacity was calculated using the following &opn:

_Co_Ce
w

Qe \Y

where Q is the adsorption capacity (mg/g)e & the initial DMP concentration (mg/L), Ce is tfiaal DMP
concentration (mg/L), W is the weight of adsorbesed (g) and V is the volume of DMP solution (LheT
experiments were carried out in triplicates to ob&verage results.

2.4 | sotherm study

Isotherm study was conducted using batch equilibéxperiments. Absorbent 100 mg was added intoyesa@rical
ask with 100 mL of aqueous solution containingedight DMP concentrations. The pH of solution needeatdjust.
The mixtures were covered and oscillation in a ehailt a constant speed of 150 r/min and temperatureom
temperature. The mixtures were then centrifuge8080 r/min for 5 min. The residual DMP concentratin the
solution was then determined using GC-MS[18].

2.5 Kinetic study

Batch kinetic experiments were performed by mixandixed amount of absorbent (100mg) with 100 mL DMP
solution of initial concentration of 10 mg/L in arges of conical flasks. The pH of solution neededdjust. The
mixtures were covered and oscillation in a shakea @onstant speed of 150 r/min and temperatureoom
temperature. After a certain period of oscillatidhg entire suspension was taken from a conicak fland
solid-liquid separation was achieved by centrifigratat 3000 r/min for 5 min. The residual DMP camtcation in
the solution was then determined using GC-MS.

RESULTSAND DISCUSSION

3.1 Characterization of the product

The SEM images of modified zeolite was depictedrigure 1. It can be seen that the surface morplotdghe

zeolite has been modified after NaOH treatment.r&hweas a significant changes from the original sizhapes
crumb structure, transformed into the pore stractlihis showed that compared with natural zeofiterphology

modified zeolite structure has undergone significdranges, the formation of the porous materiahtgirethan the
surface area, which facilitates the exchange ofaitigorption of DMP, so compared with natural zeslihave a
stronger adsorption capacity.

38



Peng Zhang et al J. Chem. Pharm. Res., 2014, 6(9):37-42

Figure 1. SEM images of modified zeolite (a)Natural zeolite, (b)M odified zeolite

3.2 Singleinfluential factor analysis

3.2.1 Effect of modified zeolite dosage on adsorption capacity and adsorption rate

The effect of the dosage of modified zeolite adsorpwas investigated. The dosage of modified teatinged
from 20 up to 200 mg/L was selected to investighteadsorption effect (Figure2). As shown in whiee dosage
was increased, the adsorption capacity and rentat@hlas increased, that because with the incafabe amount
of modified zeolite, the total surface area of thedified zeolite increased, which resulting in anrease of the
adsorbent effective adsorption sites. When the amofi modified zeolite ranged from 20mg to 200mige t
adsorption capacity of DMP increased from 3.96ng/§.91mg/g, and when the dosage was 100mg, theeas

reached 9.72mg/g. Considered the economic costshenddsorption effect, 100mg was chosen as amapti
dosage.
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Figure 2. Effect of dosage on adsor ption capacity and adsor ption rate

3.2.2 Effect of contact time on adsorption capacity and adsorption rate

The effect of contact time on adsorption was ingestd. The contact time ranged from 30 up to 180 was
selected to investigate the contact time (FiguréA8)shown in when the contact time was increagedladsorption
capacity and removal rate was increased, espewiithyn 120min, adsorption and removal efficiencgsaincreased
sharply. When the time was 120min, the adsorptaatied 9.81mg/g, while continuing to extend theawirtime
to 180min, the adsorption capacity reaches up3drg/g. Between 120-180min, the adsorption capauifeased
slowly. This indicated that the adsorption process the fast adsorption process, when the contiemtraf DMP
was higher, the more adsorbent exposure, the npertunities for the DMP molecular contact with #msorbent,
with the extension of adsorption time, the conaaiun of the DMP becoming lower and the chance ofecular
adsorbent contact with the DMP reduced, resultmntpé adsorption rate decreased. So, the 120 nirselacted as
the optimum time.
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Figure 3. Effect of contact time on adsor ption capacity and adsor ption rate

3.2.3 Effect of DMP initial concentration on adsor ption capacity and adsorption rate

The effect of the DMP concentration on modified ltecadsorption was investigated. DMP concentratiamged
from 10 up to 70 mg/L was selected to investigaie adsorption effect (Figure 4). As shown in as itfigal

concentration of DMP in solution increased, the aeah rate of the modified zeolite of the DMP frohretinitial
concentration of 10mg/L of 39.6% rising to 20mgiL98.5%, and then gradually decreased to 70mg/Z000%,
and adsorption by the amount of 10mg/L to 9.3mg/gamg/L to 42mg/g. When the initial concentratairbOmg/L,
60mg/L, 70mg/L, the adsorption capacity of the ésed slowly, which was due to the modified zealdsorption
capacity gradually became saturated.
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Figure4. Effect of DMPinitial concentration on adsor ption capacity and adsor ption rate
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Figure5. Effect of temperature on adsor ption capacity and adsor ption rate

3.2.4 Effect of temperature on adsorption capacity and adsorption rate
The effect of the temperature on modified zeoldsaption was investigated. The temperature wagefrom 5
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up to 35°C was selected to investigate the adsorption effeigure 5). As shown in with the increased of the
contact temperature, the adsorption efficiency adsorption capacity increased. When the temperatereased
from 5C to 30C, the adsorption efficiency increased from 73.099%0%, the adsorption capacity from 7.3mg/g
to 9.9mg/g. That because as the initial temperatfirine solution increased, the movement of DMRecuar
increased, which lead to accelerate the opportwifityeir mutual collisions, and resulting in inased adsorption
capacity and adsorption efficiency.

3.3 Adsorption isotherm

At room temperature, the initial concentration &P were 10mg/ L, 20mg/L, 30mg/ L, 40mg/L, 50mg/IOntg/L,
70mg/L, respectively, at the condition of contactet was 120min, measured the residual concentrafi@MP in
solution when reached the experimental adsorptipsilibrium point, then calculated adsorption capadiangmuir
and Freundlich equations were used to fit the dhgresults shown in Figure 6 which was the medifzeolite
adsorption isotherm of DMP, the adsorption capasftpMP by modified zeolite increased with the ieased of
initial concentration, and gradually become satdaiVhich due to the larger initial concentratithe greater the
driving force for absorption, resulting in incredsadsorption capacity. The Langmuir equation catieh
coefficient was 0.9769, the Freundlich equationreation coefficient was 0.9539, which indicatec ttwo
equations fitting resulted very well.
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Figure 6. Adsor ption isotherm of DM P onto modified zeolite fitted to Freundlich model (a) and Langmuir model (b)

3.4 Adsorption kinetics

The DMP adsorption kinetics on modified zeolite wasgdied by using initial DMP initial concentratiof 10 mg/L.
As shown in Figure 7 that the DMP adsorption cayaaiso increased with increasing contact time. Ta@mmonly
used kinetic models, pseudo first-order and seaodds kinetic models have been applied to desctitee
adsorption of DMP onto modified zeolite as a funttmf contact time. The pseud first-order kineticdebis
expressed as below:

In(q, —¢) = Inq, —kit

where, g (mg/g) and g (mg/g) represent the amount of adsorbate adsasbdone t and at equilibrium time,
respectively, andkrepresents the adsorption rate constant. The gtitsorate constant (kwas calculated from the
plot of In(a-g;) against t. The pseudo second-order kinetic moaelbe expressed as below.
t 1 t
—= +

0 k9® G

where, k (g/(mg-min)) is the pseudo second-order rate eongif sorption, g(mg/g) is the amount of adsorbate
sorbed at equilibrium and ¢mg/g) is the amount of adsorbate on the surfdckeoadsorbent at any time t. The q
and k can be obtained by linear plot oftigrsus t. According to the calculated kinetic paeters shown in Figure
7, it can be concluded that the pseudo second-&idetic model can produce better fitting to th@enmental data
of DMP adsorption. The result revealed that tharikerption is significant in the rate controllingp.
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Figure 7. Adsor ption kinetics of DM P onto modified zeolite fitted to the pseudo first-order kinetic model (a) and the pseudo second-or der
kinetic model (b)

CONCLUSION

In this study, the adsorption test for removing DMBve been researched. The single influential faatas
investigated, including the dosage of the moditzedlite, the contact time, the initial DMP conceatibn and the
temperature of the solution. When the DMP initiahcentration in aqueous solution was 10.0mg/L,miagimum
adsorption efficiency was 99.0%, the adsorptionacdp was 9.9mg/g when the the dosage was 10.0 ,ntgé.
contact time was 120 min and the temperature wé&s. 3te Langmuir equation and the Freundlich equditting

resulted very well. The kinetic process was wedidicted by pseudo second-order model.
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