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ABSTRACT

Background: Titanium dioxide as an effective semiconductor used in the process of photocatalyst to easy recover and isolate it from the
water on passive porous matters. The study aimed to determine and compare the removal of dissolved organic matter from water by zeolites
clinoptilolite and synthetic loaded with titanium dioxide in non-loaded state. Methods: Zeolites clinoptilolite and synthetic type A covered by
titanium dioxide nanoparticles via co-precipitation method using titanium tetraisopropoxide and ethanol was prepared. Studied
concentrations were organic carbon dissolved in the water 3, 5 and 10 milligrams per liter. Discontinuous experiments has been performed
at different contact time, different adsorbent dosage and conditions of acidic, neutral and alkaline at room light (Klux3-2). Reaction kinetics
and isotherm were studied. Continuous experiments in the column containing the adsorbent used with Dbi 1.66 ml/min were studied.
Dissolved organic matter by dissolved organic carbon analyzer was measured. Results: In the study, optimum pH was determined 7,
optimum and maximum time of removal of clinoptilolite and modified synthetic type A for 10 minutes and, the best adsorbent dosage, was
20 g/1 and 50 g/I1, respectively. Absorption kinetics was pseudo-second degree and in the isotherm experiment, zeolite clinoptilolite and
synthetic loaded follow by Langmuir and Freundlich isotherm. In the continuous experiments in clinoptilolite column and modified synthetic
after 90 BV, 130 failed respectively. Conclusions: In the presence of natural light the removal of zeolite clinoptilolite and synthetic loaded
with TiO2 has higher efficiency in the removal of dissolved organic matter than non-loaded showed.

INTRODUCTION
Photocatalysis is rate of photodegradation that in the presence of a catalyst increased. Transition and
_ KEY WORDS semiconductors metal oxides (TiO2, ZnO, ZrOz, CdS, WOs, etc) are the most common Heterogeneous light
Dissolved organic catalysts. They are mainly used in water treatment, waste, air and energy production are used.

carbon, Zeolites, Dioxide

titanium, Adsorption Semiconductors to destroy photocatalytic organic molecules are usually oxides and metal sulphides[1].

TiO2 is neutral substance, non-toxic, suitable photocatalyst that can be used in water and wastewater
treatment due to having the photocatalyst property considered [2].
Matter removed by TiO2 into two mechanisms adsorption TiO2 and photocatalyst oxidation occurred. The
process of removal by TiO2 should be noted that absorption occurs faster than photocatalytic oxidation.
However, application of TiO2 as attractants or photocatalytic due to a problem retrieving in water was
limited. For this reason, various passive methods are examined [3]. The use of preservatives is one
method of increasing of photocatalytic activity of photocatalyst which can increase the effective surface
area or form photocatalytic in the structure of the nanofibers [4]. The combination of zeolite and TiO2 to
remove many substances, such as humic acid, nitrogen oxides and volatile acetone, 2-propanol in the
presence of visible and ultraviolet light is used [3,5].
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Accepted: 25 Jan 2017 Mixture natural organic matter derived from organic compounds with different molecular weight and

Published: 24 Apr 2017 diverse chemical nature such as humic acid with high molecular weight and fulvic acid with low molecular
weight [6]. This is a complex mixture of organic compounds containing both hydrophilic (phenolic and
carboxylic) and hydrophobic humic substances (HS) (aromatic, aliphatic) [7]. Humic substances consists
the bulk of organic matter dissolved in water and it is about 90% soluble organic carbons [2]. NOM can
influence smell, taste and color of raw water as well as the growth of bacteria in drinking water and reduce
the efficiency of water treatment [8].

The potential of formation of Disinfection By-Products (DBPs) such as trihalomethanes (THMs) and
Haloacetic acids (HAAs) are suspected to carcinogenic [9, 10]. Health risks such as Bladder cancer and

other have been attributed to the consumption of water containing DOC and DBPs [11]. Properties of NOM S

including structure (aromatic, aliphatic, hydrophilic and hydrophobic nature), Average Relative Molecular
Mass (RMM), distribution RMM, distribution and density load are the most important factors in the

*Corresponding Author formation of DBPs [12].
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Engineering, School of terms of total organic carbon (TOC) [13].
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1D AN coagulation and flocculation is common method for removal of NOM and large particles during treatment
processes [6]. Also several methods of removing NOM from natural water sources, such as ozonation,
advanced coagulation, membrane separation, carbon adsorption, biodegradation and advanced oxidation
processes (AOP) has been carried out [14].

www.iioab.org | Tilaki and Fard 2017 | IOABJ | Vol. 8 | Suppl 3 | 60-68 |




=

pa—
Ju—

(V@) | |

IWVRIEZNO

SUPPLEMENT ISSUE

ISSN: 0976-3104

Most of these methods have high cost and sludge disposal resulted of treatment is difficult [15]. Of these
absorption methods has wide application and a wide range of absorbents such as activated carbon,
Granular ferric hydroxide, natural minerals such as zeolite, Iron oxide and silica and carbon nanotubes
have been used and examined [3]. Three-dimensional Aluminosilicates zeolites with porous structure has
physical properties such as cation exchange, screening molecules, and as they catalyze and attract
negatively charged on their surface, are dominant which thus had the high cation exchange capacity and
organic matters tend to absorb a little while anions in the aquatic environment [3].

Zeolites also to remove pollutants, such as heavy metal ions, ammonium, inorganic anions, phenols,
pesticides and color placed in the studied water. Zeolite to remove hydrophobic and anionic pollutants
because of the negatively charged and surface is inappropriate. These reactions are modified to improve
energy surface modification of particles reduces hydrophobic properties. In order to improve performance
of zeolite to remove water-soluble organic surfactants, Zeolites modified by cationic surfactants and have
achieved satisfactory results [16, 2]. Neary et al (2015) in a study using modified clinoptilolite via cationic
surfactant HDTMA to remove NOM found that the sorbent for the removal of NOM is very effective aqueous
solutions [17].In the removal of soluble and homogeneous organic matter from industrial wastewater
using natural zeolites and active and passive synthetic zeolite found that passive synthetic zeolite has
further removal efficiency (93%) of natural species (85%) and active synthesis (89%) [18]. Clinoptilolite is a
crystalline aluminosilicates which its usual molecular structure
ISNag [(AlO0. ) (Si0.)2,].24H, O -

lon exchange capacity (CEC) is 100 to 300 meq/100g [19]. Zeolite Type A is zeolite with a small pore and
eight-ring pore with diameter free 0:30 to 0:45 nm [20,21].

One of the disadvantages of Modified Zeolite with cationic surfactant is production of waste in the process
of recovery. Accordingly modified zeolite using nanoparticles of titanium dioxide was used to remove water-
soluble organic matters which does not produce using side waste photocatalytic recovery [3]. Liu et al
(2013) conducted an experiment using the modified zeolite with titanium oxide, 80% removal of humic
acid during 5 minute in primary contact reported [3].

Mansouri et al in a study in 2015 on the removal of humic acid by nano-particles Ti0O2-Si02, the removal
efficiency of 85% and 97% respectively for synthetic and real samples at concentrations | mg/1 humic acid
in pH =3 on contact time 30 minutes was obtained [2].

According to different studies of direct of sunlight and ultraviolet radiation in activating the photocatalytic
properties of semiconductors this study aimed to determine the performance of remove the dissolved
natural organic matter (NOM) using zeolites clinoptilolite as modified natural zeolite (MNZ) and Modified
Synthesis Zeolite type A (MSZ) with nanoparticles of dioxide titanium and comparison with the natural
zeolite (NZ) and synthetic (SZ) in concentration, pH and diverse dosage of adsorbent in indirect sun light.

MATERIALS AND METHODS

This study is an experimental study at laboratory scale as discontinuous and continuous experiment was
performed. All tests in the light 2-3 Klux by photometer TES1335 were measured.

Preparation of zeolite covered with titanium oxide

In the study, the natural zeolite clinoptilolite zeolite in Semnan mines and synthesis Zeolite in DAE JUNG
company (Zeolite, synthesis, A-3 gronular) with ion exchange capacity 80 meq/100g was used as the first
zeolite is washed several times with distilled water to the impurities to be removed. Then, using a sieve
shakers, size range of mesh 18X30 (that passes through the sieve 18 and retained on sieve 30) of zeolite
was chosen. The zeolite as natural zeolite were used and its feature in [Table 1] shown [22].

To modify it ten grams of zeolite added to a solution containing 957.5 ml ethanol and 7.5 ml water and
then the suspension was stirred at 500 rpm. The absorption of the nanoparticles of titanium dioxide on
zeolite by hydrolysis of tetra-iso propoxide titanium (TTIP) was prepared from Sigma-Aldrich Company. TTIP
diluted solution by adding 1.75 ml TTIP to 33.25 ml ethanol produced from Merck Company. Then dilute
solution of TTIP was added into the zeolite suspension drop by drop. After 3 hours, the product repeatedly
with distilled water to remove free TiO, particles don’'t sticking to zeolite washed. Zeolite/TiO,
sample at 80°C dried and in 45°C for 3 hours at the furnace was heated [23].
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Table 1: Feature of natural clinopfiloli

Compounds The amount of natural
clinoptilolite%

SiO, 66.5

AlO3 11.81

Fe,Os3 1.3

CaO 3.11

MgO 0.72

Na;O 2.01

K203 3.2

P203 0.01

MnO 0.04

TiO, 0.21

L.O.I* 12.05

* Waste due to heat
Construction of dissolved natural organic matter (NOM)

In order to construct NOM stock solution of contact 100 grams of soil plant with distilled water for 24
hours on the shakers were used and solution first by paper filter to smoothing and to separate the soluble
from filter 0.45 micron was passed [23].

DOC by Shimadzu TOC analyzer device was determined and the concentration of 25 ppm was obtained.

The stock solution in concentration of 3, 5 and 10 mg were prepared. Tests at different pH and adsorbent
dosage were different. To change the pH of HCL and NaOH, a normal was used. All tests at ambient
temperature of 25° C were conducted.

Determining the optimum pH to remove natural organic matter

Using a solution of NOM, concentration of 5 milligrams per liter of dissolved organic matter NOM were
made and the amount 30 ml was poured in the bottle and its pH using HCL and NaOH, a normal were set
on 10,9,7,6,4,3. Then adsorbent with dosage 20 g/| was added to the bottle and for 10 minutes put on a
shaker with speed 180rpm. After the end of touch time, 0.45 samples by micron filter was separated.
Sample by Shimadzu TOC analyzer device was read.

Determine the kinetics of absorption

In order to determine the optimal time of solution NOM with concentration of 5 ppm with dose of
absorption 20 g/l and the optimum pH of previous step was used. At the time of the touch 20, 15,10,5
1440,360,300,240,180,120,60,30,25 minutes, remaining concentration of dissolved organic matter
using a Shimadzu TOC analyzer device was determined. To describe the kinetics, pseudo-first and second
models were used.

[

The first linear kinetics following equation! @&-= — @=2 — fega- — ;. oo3

Here ge and gt respectively the adsorption capacity in balance and time t (mg/g) and k1 is Velocity factor
(min-1).

t 1 i
The values k1, qe are the intercept and sb*pe:cf%he@ﬂar—ﬁgt In (qe-qt) vs. t are calculated [22]
Second-degree kinetics linear equation is%t k2qs Qs

ge and gl is similar to the first equation. In equation k2 pseudo-second reaction constant is according to
min (mg/g). Qe and k2 values can intercept and the slope of the linear Fig. t/qt against t be determined.

Determine the optimal dose of adsorbent
In the optimal time and optimal pH, different doses to determine the optimal dose were used.

50, 40, 33, 26, 20, 13 doses grams per liter were examined and concentration of dissolved organic matter
remaining in the solution was measured.

Determine the adsorption isotherm
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In this study, Langmuir and Freundlich isotherm mathematical model to attract natural dissolved organic
matter were used. Using the optimal contact time of 10 minutes, optimum pH 7 and optimum doses 20 g/I
at concentrations of 1, 5, 10, 15, 20 mg/|, isotherm tests were conducted.

Freundlich isotherm

Freundlich mathematical equation is as follows:

Go— Kr €27

ge: the amount of absorption per unit mass of sorbent (mg/g)
Ce: matter equilibrium concentration in solution (mg / 1)

k and n: are Freundlich constants
Linear equation of Freundlich isotherm is as follows:

Ing._Lnks + i LnC,

Langmuir Isotherm model

Mathematical model of isotherm shown in the following equation:
qo bec

Fe=7 + Ko,

0 : The maximum adsorption capacity (mg/g)

KI: fixed Langmuir (L/mg)

Parameters ge and Ce are similar to Freundlich isotherm [33]

kangmuir igotherm kinear model is as follows:

= —+
e iy qa Fo

Absorption column tests

To perform continuous testing of the glass column with a diameter of 6 mm and length of 50 cm was used
that a solution of Nom with dbi 1.66 ml per minute passed and two columns with modified zeolite
clinoptilolite and modified synthetic type A was filled and sampling after each 10 BV with an average time
of 170 minutes and the concentration of dissolved organic matter was measured [25].

RESULTS

Optimum pH of removal of dissolved organic matters

[Fig. 1] shown the effect of pH change solution on the removal of dissolved organic matter from water
using adsorbents was tested. As you can see for all absorption at neutral pH the maximum of organic
absorbents can be seen. In all studied pH absorption efficiency dissolved organic matter by MNZ was more
than NZ for MSZ in the range of pH <5 and pH = 10 has higher energy efficiency compared to the SZ in the
removal of dissolved organic matter is shown. But in the range of 5> pH <10 removal of synthetic zeolite
was more than modified synthetic zeolite and therefore attract more absorption in neutral pH, as the
optimum pH selected and to continue testing the pH 7 were used.

¥ MNZ
o #®NZ
% ::: \ ::: /::: 7 M5/
- - o
¥ ¥ ? Y i \

pH

Fig. 1: The removal efficiency of MNZ, NZ, MSZ and SZ in different pH for concenfration of dissolved organic
matters ppm 5 and adsorbent dosage 20 g/l

Contact time and kinetics of removal

Different contact times of removal of NOM in [Fig. 2] shown. As can be seen in Fig. for all four tested
absorbent time from 30 minutes to above reached to equilibrium status and for absorbent MNZ highest
removal efficiency at 10 minutes 52% is obtained. And after 15 minutes decreased, and then absorption
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rate has been fixed. For NZ the removal of time 10 to 15 minutes was same and increase at 20 minutes
and after the absorption rate constant reached to equilibrium after which the removal efficiency is 30%.
Optimum time for MSZ at 10 minutes reach to 33% observed at after 10 minutes reduced the absorption
rate and has been fixed. In absorbent SZ highest removal efficiency at 10 minutes and the rate of 23%
was observed and that this trend will continue in 15 minutes and then dropped until it has been proven
performance. Kinetics coefficients in Pseudo-first and second degree in [Table 2] was shown.

As can be seen the process of adsorption of pseudo-second degree kinetics followed for every four
adsorbent has been tested and does not correspond to pseudo-first degree.

The effect of different concentrations of dissolved organic matter on removal at pH =7 and adsorbent
dosage 20 g/l is shown in [Fig. 3]. As can be seen with increasing concentrations removal efficiency by
MNZ is decreased and similar efficiency at a concentration of 3 and 5 ppm a rate of 48% was obtained.
Reducing the removal amount with increasing concentrations by NZ observed and highest removal
efficiency at 3 milligrams per liter appeared and 42% is obtained and at the concentration of 5 milligrams
per liter, MSZ lower absorption than the concentration 3 and 10 mg that this process is inconsistent with
the other adsorbents tested. While the concentration of 5 mg per liter in the SZ maximum removal
efficiency shows amount 40%. In general, MNZ in different concentrations had maximum removal rates
compared to other absorbents.

Removal A
efficiency
) —p— MNZ
.
F v ad NS
A S—— —N
Y- MSZ
Be T T T T T T ) sz
. 3 A ¥ ¥ F) # Y
Time/Miutes

Fig. 2: The removal efficiency MNZ, NZ, MSZ, SZ to the concentration of NOM 5 ppm at 7 pH.

Removwal A~
efficiency .
| = Ippm
Fu - = 5ppm
AR E 10ppm

Tvpe absorber

Fig. 3: The removal efficiency MNZ, NZ, MSZ, SZ for different concentrations of NOM at pH 7 and adsorbent
dosage 20 g/I.

Table 2: Adsorbent kinetics parameters of dissolved organic matter by MNZ, NZ, MSZ, SZ

Pseudo-second degree Pseudo-first degree Type absorber
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K2 ge R2 K1 ge R2
6.0 117.0 9858.0 04.0 13.0 2649.0 MNZ
07.2 079.0 9139.0 075.0 076.0 4599.0 NZ
11.3 0625.0 09834 024.0 0835.0 0995.0 MSZ
68.2 046.0 09759 04.0 059.0 1598.0 Sz
Determine the optimal adsorbent dosage
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Suitable dosage results are shown in [Fig.4]. Due to the dosage change, different performance appear to
the best dosage for MNZ rate of 20 grams per liter by 50% and at dosages of 33 and 50 grams per liter
the same performance was observed at a rate of 48%, while highest absorbance values for NZ in 33 g/I
was about 30%. SZ similar MNZ maximum removal rates in 20 g/I showed while such synthetic modified
sample he maximum removal at dose 150 g/| appeared. Similar efficiency in the removal of adsorbent
dosage of 20 and 33 grams per liter by MSZ was observed. In doses 13-26 g/I by increasing the removal
adsorbent by synthetic zeolite was further modified in doses of 33-50 grams per liter, while the removal
rate by modified synthetic zeolite was higher.

In general, the maximum removal in different doses than the dose 13 g/I by MNZ obtained.

N MNZ
HNZ
& MSZ
=Sz

Adsorbent dosage
Fig. 4: The removal efficiency MNZ, NZ, MSZ and SZ at absorbent different dose at concentrations in 5 ppm

Results adsorption isotherms

In [Fig. 5] the results of commissioning columns for MNZ, NZ, MSZ and SZ are shown. The column contains
MNZ and the removal in 10-20 BV reached 35% and a maximum rate of removal in the 30 BV has been
reached to 40% and later with the reduction of removal to 90 BV reduced by 10% and in the 130 BV input
and output was same and column is completely saturated. Maximum removal in column containing NZ in
10 and 30 BV can be seen and then reducing the 30 BV in 100 BV is saturated and MSZ column in 20 BV
maximum removal efficiency 40% emerged and the same amount was the maximum removal by MNZ in
30 BV. In column 30 BV removal efficiency reduced and in column 90 BV were saturated and in the
column containing SZ the maximum removal in 40 BV emerged and in column 70 BV was saturated.

Table 3: Adsorption isotherm model coefficients of dissolved organic matter by MNZ, NZ, MSZ, SZ

Type absorber

Langmuir isotherm Freundlich isotherm

Parameters R2 Kf R2 gm Kl
0.57 0.24 0.9897 0.08 0.4 0.9876 MNZ
0.107 0.24 0.7862 0.027 0.63 0.9868 NZ
0.046 0.58 0.455 0.026 0.85 0.9688 MSZ
0.179 0.27 0.719 0.045 0.57 09267 Sz

The results of continuous experiments using column

In [Fig. 5] the results of commissioning columns for MNZ, NZ, MSZ and SZ are shown. The column contains
MNZ and the removal in 10-20 BV reached 35% and a maximum rate of removal in the 30 BV has been
reached to 40% and later with the reduction of removal to 90 BV reduced by 10% and in the 130 BV input
and output was same and column is completely saturated. Maximum removal in column containing NZ in
10 and 30 BV can be seen and then reducing the 30 BV in 100 BV is saturated and MSZ column in 20 BV
maximum removal efficiency 40% emerged and the same amount was the maximum removal by MNZ in
30 BV. In column 30 BV removal efficiency reduced and in column 90 BV were saturated and in the
column containing SZ the maximum removal in 40 BV emerged and in column 70 BV was saturated.

A
Removal
efficiency ¢ «

¥
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=——NMNZ
—l—NZ
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Fig. 5: The performance of the fixed-bed column filled with MNZ, NZ, MSZ and SZ at concentration 10ppm

NOM at pH 7

DISSCUSSION

The results obtained from continuous experiments show that the removal efficiency of NOM by all four
adsorbent used in the neutral PH than other pH is higher.

NOM compounds are weak organic acids and their ionization is highly dependent on the PH solution. In
low PH solution, NOM molecules are neutral. Un-ionized NOM adsorbent positively charged surfaces, by
electrostatic attraction force is small, so the bands of hydrogen bonds and other organic products to
absorb NOM in PH solution are low. NOM molecules completely are ionized at higher PH. Increasing PH in
solution from 3 to 11 leads to reduced hydrogen bonding of NOM [17].

Natural zeolite in various PH has a negative surface charge, but in the zeolite coated with Tio2 in low PH
surface charge is positive with increasing PH positive charge decreased and Electrostatic point was 6 is
equal to Tio2 which is compatible with Tio2 particle deposition on the core zeolite. Reducing the negative
charge to absorb HA on the surface of Tio2 on the zeolite is supported. The study found that humic acid is
absorbed mainly by the Tio2 carboxyl groups [3]. The major adsorption of HA occurs at neutral PH (point
above zero Tio2 charge) that shows in addition to electrostatic interactions, adsorption mechanisms
occurs for zeolite such as hydrogen bonding reaction with the surface hydroxyl groups Tio2 or hydrophobic
reaction [3]. Nirri et al in 2015 investigating the effect of PH on NOM removal by modified zeolite via
surfactant HDTAM, PH 5 as the most effective PH in the removal of NOM and electrostatic reactions to
major mechanism to remove NOM to SMZ in addition to hydrophobic interactions and hydrogen bonding
announced [17]. The removal of humic acid by SiO2 the best removal efficiency in pH, 4 was observed
[26].

Karimi Pasandideh et al in a study on the removal of humic acid as natural organic matter by magnetic
iron oxide nanoparticles coated with silica concluded PH changes is effective in removal and increase the
PH from 7 to above and increased removal efficiency and maximum rates occurred at around 10-11 PH
because of two active removal mechanisms that is the hydrophobic absorption by nano-particle and
hydrogen groups reactions are known [24]. The removal of natural organic matter by TiO2 loaded on glass
labyrinth increase the pH of 3 to 9 that increase removal which it attributed to hydroxyl ion and increase
the photocatalytic power [27]. While the removal of humic acid with activated carbon composite with TiO2
found with the increase in pH due to the reduced amount of removal are known to reduce the activity of
photocatalytic [28]. Liu et al in 2013 zeolite covered with Tio2 used for quick removal of humic acid and in
PH 7, best efficiency for removal observed [3]. The study according to different organic contaminants
matched Liu study.

In continuous experiments best absorb dosage for modified clinoptilolite and modified synthetic 20 and 50
g/1 while for the two unmodified absorbent was 33 g/I. For the removal of humic acid by zeolite covered
with Tio2, the best performance in the range of 20 to 50 g/I was observed [3]. NOM removal by modified
zeolite with surfactant by increasing the absorption dosage increased and absorption capacity decreased
[17]. The use of modified zeolite with cationic surfactant alkyl dimethyl benzyl ammonium chloride was 20
g/1 [29]. At present study efficiency variable was observed at different doses and dose of 20 to 50 g/I per
liter has higher efficiency for the modified zeolite that is consistent with the study of Liu et al. In the
present study reaction kinetics for zeolite/TiO2 and non-modified zeolite is pseudo-second degree and
optimum time during four absorption used except usual clinoptilolite was 10 minutes. Liu et al in 2013 in
their study of 10 minutes in removal efficiency 80% to remove humic acid by zeolite/TiO2 compared with
20% by conventional zeolite were mentioned by its free absorbent surface modification due to rapid
absorption after 5 minutes after touch was declared [3]. Mansouri et al in 1393 in the removal of humic
acid by removal of nanoparticles SiO2 best time to removal is time 10 minutes and adsorption kinetics is
pseudo-second degree [30]. The removal of humic acid by magnetic iron oxide nanoparticles coated with
silica, the best time to remove is 90 minutes and adsorption kinetics is pseudo-second degree [24]. NOM
removal by modified zeolite with a cationic surfactant HDTMA, Kinetics is pseudo-second degree and
optimal time to remove is 150 minutes [17].The results of this study due to the different types of organic
pollutants by Liu et al for humic acid and Mansouri for silica adsorbents for the removal of humic acid is
compliant [3,30]. We can attribute to a difference in the removal efficiency to photocatalytic power TiO2
and loaded absorbent removed and the removal of non-absorbent surface to absorb is the photocatalytic
effect. In continuous experiments with increasing concentrations decreased efficiency in the removal of
methyl orange with clinoptilolite loaded with TiO2 photocatalytic activity was higher in low concentrations
and zeolites have attributed it to higher-holder [31]. The removal of humic acid by composite zeolite/TiO2
photocatalytic activity was higher at higher concentrations [32].
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In this study, removal of humic acid by zeolite/TiO2, data with Freundlich and Langmuir isotherm is
consistent [3] and in the study of Nirri et al Langmuir isotherm had a better suited to data [17] and
removal isotherms of humic acid covered with silica nanoparticles and magnetized iron nanoparticles with
silica of both Langmuir [24].

The removal of humic acid by TiO2-si02 the Langmuir isotherm is more fit [2] as for natural and active
zeolites and passive synthetic, Freundlich isotherm is appropriate [18]. In this study, for zeolite / TiO2 both
Freundlich and Langmuir isotherm with r2 with 0.97 and 0.98 have a good match but for usual zeolite (NZ)
Freundlich isotherm with r2, 0.98, has good match that shows the main cause of NZ, MSZ and SZ was
multilayer adsorption while MNZ both single-layer and multi-layer adsorption mechanism with the
dominance of a single layer can be seen. The removal of fulvic acid by column containing modified zeolite
with surfactant column after BV200 with speeds 5, 8, 10 Bv close to input concentration that the value in
the study for modified clinoptilolite 130 and modified synthetic was 90 [25].

CONCLUSION

The results of this study indicate that clinoptilolite modified with titanium dioxide increases removal
efficiency in dissolved organic matter compared to the non-loaded and this increases in the load removal
by synthetic zeolite can be seen in comparison with conventional synthetic generally, however, clinoptilolite
loaded has more the removal efficiency than modified synthetic. Fixation TiO2 on preservatives such as
zeolite increase photocatalytic TiO2 and increase access to positions of power absorbed.

CONEFLICT OF INTEREST

There is no conflict of interest.

ACKNOWLEDGEMENTS

This study is part of a research project approved by the Deputy of Research and Technology of Mazandaran University of Medical

Sciences, which hereby acknowledged for funding the study.

FINANCIAL DISCLOSURE

None

REFERENCES

[1] Mungondori HH.[2015] Synthesis, characterization & [10] Babi K, Koumenides K, Nikolaou A, Makri C, Tzoumerkas
application of visible light responsive nitrogen doped tio2 F, Lekkas T. [2007] Pilot study of the removal of THMs,
and copolymer-grafted asymmetric membranes with HAAs and DOC from drinking water by GAC adsorption.
ozonolysis for water treatment: University of Fort Hare; Desalination. 210(1):215-24.

[2] Mansouri F, Kalankesh LR, Hasankhani H. [2015] [11] Boyer TH, Miller CT, Singer PC. [2008] Modeling the
Removal of Humic Acid from Contaminated Water by removal of dissolved organic carbon by ion exchange in a
Nano-Sized TiO-SiO. Advances in Biological Research. completely mixed flow reactor. Water research.
9(1):58-65. 42(8):1897-906.

[3] Liu S, Lim M, Amal R.[2014] TiO< sub> 2</sub>-coated [12]  Korshin GV, Li C-W, Benjamin MM. [1997] Monitoring the
natural zeolite: Rapid humic acid adsorption and effective properties of natural organic matter through UV
photocatalytic  regeneration. Chemical Engineering spectroscopy: a consistent theory. Water Research.
Science. 105:46-52. 31(7):1787-95.

[4] Sasikala R, Shirole A, Sudarsan V, et al.[ 2010] Role of [13] Hatt J, Germain E, Judd S. Granular activated carbon for
support on the photocatalytic activityof titanium oxide. removal of organic matter and turbidity from secondary
Applied Catalysis A: General. 390(1):245-252. wastewater. Water Science and Technology.

[5] Kamegawa T, Ishiguro Y, Kido R, Yamashita H. [2014] 2013;67(4):846-53.

Design of composite photocatalyst of TiO2 and Y-zeolite [14] Zazouli M, Nasseri S, Mesdaghinia A. Study of natural
for degradation of 2-propanol in the gas phase under UV organic matter characteristics and fractions in surface
and visible light irradiation. Molecules. 19(10):16477-88. water resources of Tehran. Iranian Journal of Health and

[6] Zhao Y, Gao B, Shon H, et al.[2013] Characterization of Environment. 2008;1(1):1-7.
coagulation behavior of titanium tetrachloride coagulant [15] Namasivayam C, Sangeetha D. [2006] Recycling of
for high and low molecule weight natural organic matter agricultural solid waste, coir pith: Removal of anions,
removal: The effect of second dosing. Chemical heavy metals, organics and dyes from water by
engineering journal. 228:516-25. adsorption onto ZnCl< sub> 2</sub> activated coir pith

[7] Uyguner-Demirel C, Bekbolet M. [2011] Significance of carbon. Journal of hazardous matters. 135(1):449-452.
analytical parameters for the understanding of natural [16] Guan H, Bestland E, Zhu C, et al. [2010] Variation in
organic matter in relation to photocatalytic oxidation. performance of surfactant loading and resulting nitrate
Chemosphere. 84(8):1009-1031. removal among four selected natural zeolites. Journal of

[8] Alvarez-Uriarte JI, Iriarte-Velasco U, Chimeno-Alanis N, hazardous matters. 183(1):616-621.

Gonzalez-Velasco JR.[ 2010] The effect of mixed oxidants [17] Niri MV, Mahvi AH, Alimohammadi M, et al. [2015]
and powdered activated carbon on the removal of natural Removal of natural organic matter (NOM) from an
organic matter. Journal of hazardous matters. aqueous solution by NaCl and surfactant-modified
181(1):426-431. clinoptilolite. Journal of water and health. 13(2):394-405.
[9] Zhan Y, Zhu Z, Lin J, Qiu Y, Zhao J. [2010] Removal of [18] Modirshahla N, M Tabatabaii S.[2004] Removal of

humic acid from aqueous solution by cetylpyridinium
bromide modified zeolite. Journal of Environmental
Sciences. 22(9):1327-1334.

Emulsified and Dissolved Traces of Organic Compounds
from Industrial Wastewaters Using Natural and
Synthesized (NaA and NaM) Zeolites. Iranian Journal of

www.iioab.org

67

| Tilaki and Fard 2017 | IOABJ | Vol. 8 | Suppl 3 | 60-68 |




EVOIil =HL

N

SUPPLEMENT ISSUE

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Chemistry and Chemical Engineering (IJCCE). 23(1):51-
56.

Tilaki RAD, kahe Danian , Zazzoli MohamadAli. [2013]
Evaluation of clinoptilolite efficiency in ammonia
removal from water pollution. Journal of Mazandaran
University of Medical Sciences JMUMS.;97:7.

Reed TB, Breck D. Crystalline zeolites. Il. Crystal structure
of synthetic zeolite, type A. Journal of the American
Chemical Society. 1956;78(23):5972-7.

Ghasemi Mobtaker H, Kazemian H, Namdar MA,
Malekinejad A, Pakzad MR. [2008]on exchange behavior
of zeolites A and P synthesized using natural clinoptilolite.
Iranian Journal of Chemistry and Chemical Engineering
(IJCCE).;27(2):111-117.

Lei C, Hu Y-+, He M-z. Adsorption characteristics of
triclosan from aqueous solution onto cetylpyridinium
bromide (CPB) modified zeolites. Chemical Engineering
Journal. 2013;219:361-370.

Erhayem M, Sohn M. Stability studies for titanium dioxide
nanoparticles upon adsorption of Suwannee River humic
and fulvic acids and natural organic matter. Science of
the Total Environment. 2014;468:249-257.

Nasseri S, Mahvi A, Nabizadeh R, Esrafili A. Investigation
of synthesized silica coating Fe304 nanoparticles
efficiency in removal of NOM from water. Iranian Journal
of Health and Environment. 2014;7(3):289-300.

Wang S, Gong W, Liu X, Gao B, Yue Q. Removal of fulvic
acids using the surfactant modified zeolite in a fixed-bed
reactor. Separation and Purification Technology.
2006;51(3):367-373.

Malakootian M, Ranandeh Kalankesh L. [2014
Assessing the performance of silicon nanoparticles in
adsorption of Humic acid in water. Iranian Journal of
Health and Environment. 6(4):535-544.

Ghaly MY, Al-Maghrabi MNN, Ismail E, Ali MEM. [2015]
Solar photoradiation-induced oxidation of NOM from
surface water using immobilized coated glass spirals of
TiO2. Desalination and Water Treatment. 55(8):2088-
2094.

Xue G, Liu H, Chen Q, Hills C, Tyrer M, Innocent F.[2011]
Synergy between surface adsorption and photocatalysis
during degradation of humic acid on TiO 2/activated
carbon composites. Journal of hazardous matters.
186(1):765-772.

Tilaki RAD, Ashrafi S. [1393] Efficiency of Natural and
Cationic Surfactant Modified Zeolite on Adsorption of
Dissolved Organic Carbon from Polluted Water. Journal of
Mazandaran University of Medical Sciences
JMUMS.;12212:9.

Mansoori F, Kalankesh LR, Malakootian M. [2014]
Kinetics and Isothermic Behavior of SiO2 Nanoparticles in
Removal of Humic Acid from Aqueous Solutions: a case
study on the Alavian Dam in Maragheh City, Iran. Journal
of Health and Development.3(1):71-83.

Li F, Jiang Y, Yu L, Yang Z, Hou T, Sun S. [2005] Surface
effect of natural zeolite (clinoptilolite) on the
photocatalytic activity of TiO 2. Applied surface science.
252(5):1410-6.

Sonea D, Pode R, Manea F, et al[ 2010] The
comparative assessment of photolysis, sorption and
photocatalysis processes to humic acids removal from
water. Chem Bull “Politehnica’’Univ
(Timisoara).;55(69):148-151.

ISSN: 0976-3104

www.iioab.org

| Tilaki and Fard 2017 | IOABJ | Vol. 8 | Suppl 3 | 60-68 |




