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ABSTRACT 

Natural zeolite was investigated as a low cost adsorbent for the removal of nitrate from aqueous 
media. The tuff rich in zeolite, clinoptilolite, was modified by two simple procedures in order to make 
the zeolite surface accessible for binding nitrate: a) using HCl acid, and organic surfactant named 
hexadecyltrimethylammonium bromide (HDTMABr). The raw and modified zeolite samples were 
characterized by scanning electron microscope (SEM), infrared spectroscopy (FT-IR) and by 
measurements of their porous properties by N2 adsorption/desorption method (BET). The effect of 
adsorbent dosage (0.5, 1.0 and 2.0 g), temperature (25, 40 and 55 °C) and initial nitrate concentration 
(0.02, 0.04, 0.06, 0.08 and 0.1 M) on the adsorption of nitrate were also studied. Results of nitrate 
adsorption by different modified zeolite samples were in the order HCl-Z > SM-Z >R-Z. The 
efficiency of nitrate removal increased with increasing adsorbent dose, temperature and nitrate initial 
concentration. The laboratory experimental data were described well by Freundlich and Langmuir 
adsorption models. 
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Introduction 

Water pollutants represent a serious problem for humans and the environment. Nitrate anionattract 
special attention because they readily leach from soil, have good solubility in water and accordingly, 
they are globally the most widespread contaminant. Nitrate contamination of water mainly caused by 
the excessive use of fertilizers, the increase in agriculture activities and by human and animal waste. 
A high nitrate level in potable water is responsible for methemoglobinemia, commonly called the 
"blue baby syndrome". Moreover, nitrate promote algal growth and eutrophication of water bodies 
and interact with organics forming carcinogenic nitrosamines (Islam and Patel, 2010). 

Various methods and technologies, such as adsorption, ion-exchange, biological denitrification, 
reverse osmosis and chemical reduction, have been tested and developed for nitrate removal 
(Bhatnagar et al., 2010). Due to the fact that the majority are expensive, of low efficiency and/or have 
a problem with the management of the by-products, many investigations have been directed towards 
natural, environmental friendly, low cost materials which could be applied as filters in water 
purification.  

Natural zeolites are environmentally and economically acceptable hydrated aluminosilicate 
materials with exceptional ion-exchange and sorption properties. Their effectiveness in different 
technological processes depends on their physico-chemical properties that are tightly connected to 
their geological deposits. The unique three-dimensional porous structure gives natural zeolites various 
application possibilities (Caputa and Pepa, 2007). 

Natural zeolites have advantages over other cation exchange materials such as commonly used 
organic resins, because they are cheap, they exhibit excellent selectivity for different cations at low 
temperature, which is accompanied with a release of non-toxic exchangeable cations (K+, Na+, Ca2+ 
and Mg2+) to the environment, they are compact in size and they allow simple and cheap maintenance 
in the full-scale applications (Mansouri et al., 2013). 

The excess of the negative charge on the surface of zeolite, which results from isomorphic 
replacement of silicon by aluminum in the primary structural units. Numerous studies have confirmed 
their excellent performance on the removal of metal cations from wastewaters (Caputa and Pepe, 
2007). 
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However, zeolites can be chemically modified by inorganic salts or organic surfactants, which 
are adsorbed on the surface and lead to the generation of positively charged oxi-hydroxides or 
surfactant micelles, and which enables the zeolite to bind also anions, like nitrate, arsenate and 
chromate, in stable or less stable complexes (Li, 2003).  

The present study thus aims to investigate the nitrate ions sorption on different modified zeolite 
samples. Also, examination the effect of Surfactant modified-Z dosage, temperature and the initial 
concentration of nitrate on the amount of adsorbed nitrate. 
 
Materials and Methods 
 
1. Zeolite 

The natural zeolite used in this study was obtained from Gördes and Bigadiç regions of western 
of Anatolia, Turkey. Zeolite samples were grounded and sieved through a 1 mm sieve. In order to 
determine the total cation exchange capacity (CEC) in the zeolite, sodium saturated samples were 
exchanged with another cation of a similar size such as ammonium cation (Richards, 1954). In 
contrast, the external cation exchange capacity (ECEC) was done by exchanging the sodium cation 
with larger cation of surfactant, i.e. (HDTMA-Br) that could hardly penetrate into the pore of zeolite 
(Abatal and Olguin, 2012). 

The electron micrographs of the samples were prepared using JOEL-JEM-1200 EX ΙΙ electron 
microscope. The samples were preparated according to (Brundle et al., 1992).  
The zeolite samples were characterized using powder X-ray diffraction (X-ray PW-3710) according to 
(Klug and Alexander, 1954). 

Infrared spectra of the samples were carried out in KBr pellets, using FT-IR instrument from 
wave number of 400 to 4000 cm-1 (Klute, 1986).  

The specific surface area was determined as (m2/gm) for samples by the BET method using the 
specific surface area analyzer NOVA 2200e Quantachrome Instruments, which consists in adsorption 
and desorption of liquid nitrogen at 77 Kͦ (Brunauer et al., 1938). 
 
2. Zeolite modification 
 
2.1. (HDTMA-Br) modified zeolite (SM-Z): 

To each 100-ml centrifuge bottle, 20 g of raw zeolite and 60 ml of (HDTMA-Br solution that 
have  concentration200%of Zeolite ECEC) were mixed on a reciprocal shaker for 24 h at 150 
rpm(according to previous results of Li, 2003 which showed that this equilibration time was sufficient 
to obtain maximum sorption of HDTMA-Br). The mixture was centrifuged at 5000 rpm for 20 min 
and the supernatant was removed. The mineral was then washed with two portions of distilled water 
before being air-dried. 
 
2.2. HCl acid modified zeolite (HCl-Z):  

The acid modified zeolite (HCl-Z) obtained by addition of 250 ml of 0.1 M HCl solution to 15 g 
of tested zeolite sample and shaking for 24 h at 150 rpm. After 24 h the solid phase was separated 
from the solution by centrifugation and washed several times and dried at the room temperature 
(Kowalczyk, et al. 2006). 
 
3. Sorption Experiments: 
  
Three experiments were conducted: 
a) For the effect of the adsorbent mass study :0.5, 1, and 2 g of each  modified zeolite were mixed 

with 25 ml of 0.1 M of KNO3 for 24 h at 150 rpm and temperature 25 ͦ C. 
b)The equilibrium sorption of the NO3

- ions on modified zeolite surfaces was carried out by 
contacting 1 g of MZ with 0.02, 0.04, 0.06, 0.08 and 0.1 M of KNO3 for 24 h at 150 rpm and 
temperature 25 ͦ C. 

c) The effect of temperature was studied with 1 g of modified zeolite and 25 ml of 0.1 M of KNO3 at 
150 rpm and temperature of 25, 40 and 55 ͦ C for 24 h. 
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After each experiment the The mixtures were centrifuged and the nitrate solution concentration 
analyzed by micro-Kgeldahl method described by Cottenie et al. (1982).   
The amount of nitrate adsorbed (mg/g) was calculated using the formula reported by Vanderborght 
and Van Griekenm, 1977: 

qe=v(Ci-Ce)/w 
Where qe is the NO3

- exchanged on modified zeolite (mg/g), v is the volume of the solution (ml), w is 
the modified zeolite mass (g), Ci is the initial concentration of NO3

- (mg/ml), and Ce is the equilibrium 
concentration of NO3

- (mg/ml) in solution. The removal efficiency was evaluated according to: 
E=(Ci-Ce/Ci)×100 

Where E is the nitrate removal efficiency expressed in %. 
 
4. Adsorption Isotherm 

In this study, Langmuir and Freundlich isotherms models were used for mathematical modeling 
of nitrate adsorption processes.  
 
4.1. Langmuir Adsorption Isotherm:  

Langmuir model represents the equilibrium distribution of metal between the solid and liquid 
phase (Vermeulan, et al., 1966). Langmuir isotherm is valid for monolayer adsorption onto a surface 
containing a finite number of identical sites. The model assumes uniform energies of adsorption onto 
the surface and no transmigration of adsorbate in the plane of the surface. Based upon these 
assumptions, Langmuir represented the following equation: 

q
e=Q0KLCe/1+KLCe 

where: Ce is the equilibrium concentration of adsorbate (mmol/L), qe is the amount of metal adsorbed 
on the adsorbent at equilibrium (mmol/kg), Q0 is the maximum monolayer coverage capacity 
(mmol/kg), and KL is  Langmuir isotherm constant (L/mmol). 

The essential features of the Langmuir isotherm may be expressed in terms of equilibrium 
parameter RL, which is a dimensionless constant referred to as separation factor or equilibrium 
parameter (Webber and Chakravarti, 1974). 

RL=1/[1+(1+KLC0)] 
Where: C0 is the initial concentration (mmol/L), and KL is the Langmiurcostant (L/mmol). RL value 
indicates the adsorption nature to be either unfavorable if RL ˃ 1, linear if RL = 1, favorable if 0 ˂ RL 
˂ 1 and irreversible if RL = 0.  
  
4.2. Freundlich Adsorption Isotherm:  

This is commonly used to describe the adsorption characteristics for the heterogeneous surface 
(Hutson and Yang, 2000). These data often fit the empirical equation proposed by Freundlich: 

Qe=KfCe
1/n 

Where: Kf is the Freunlich isotherm constant (mmol/kg), n is the adsorption intensity, Ce is the 
equilibrium concentration of adsorbate (mmol/L), and Qe is the amount adsorbed of metal in 
equilibrium (mmol/kg).  

The constant Kfis an approximate indicator of adsorption capacity, while 1/n is a function of the 
strength of adsorption in the adsorption process (Voudrias, et. al., 2002). If value of 1/n is below one 
it indicates a normal adsorption. On the other hand, 1/n being above one indicates cooperative 
adsorption (Mohan and Karthikeyan, 1997). 
 
Results and Discussion 
 
1. Zeolite characterization  

The total CEC of zeolite is 156.2 cmol/kg and ECEC is 61.4 cmol/kg, which means that the 
external cation exchange capacity represent only 39% from total cation exchange capacity. The X-ray 
diffraction analysis showed that the zeolite sample consists of 81.1 % Clinoptilolite, 15.3% 
Donpeacorite, 2.3% quartz, and 1.3% Zeolite SSZ-73, Fig. (1). 

Scanning electron microscope (SEM) images demonstrate that the zeolite is a lamellar texture 
material with cubic shaped crystals Fig. (2). Increasing the dividing ability shows separate plates or 
bars are not individual crystal grains of the clinoptilolite, but only aggregate presented by finer grains 



Middle East J. Appl. Sci., 8(4): 1552-1559, 2018 
ISSN 2077-4613 

1555 

of the mineral. Such splitting of zeolite grains is typical for clinoptilolite cleavage and is a 
consequence of hydrothermal solution filtration (Kowalczyk et al., 2006). In the images of SM-Z it is 
remarkable that the sharpe edges of crystals disappear, because of the accumulation of surfactant 
particles, the same results were reported by (Waghmare et al., 2015). Fig. (2). (c) shows that the 
smooth surface of zeolite crystal disappear, because of the effect of acid (Mansouri et al., 2013). 

  

 
Fig. 1: X-ray diffractogram of raw zeolite sample 

 

a b 

c 
Fig. 2: SEM photographs of: a) R-Z, B) SM-Z and c) HCl-Z 
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Data in table (1) shows values of external surface area of modified sample which obtained from the 
analyses of the isotherm. Values of surface area for R-Z and SM-Z are the same, while in case of acid 
treatment (HCl-Z) there was an increasing in both surface area and pore volume this is attributed to a 
partial dissolution of both Si-tetrahedra and free linkages (Mansouri et al., 2013).  
 
Table 1: Parameters of the row and modified zeolite porous structures by the nitrogen 

adsorption/desorption method. 
Sample Surface area (m2/g) 

R-Z 28.57 
SM-Z 28.96 
HCl-Z 70.33 

 
 Results of FT-IR analysis (table 2) demonstrates that zeolite is significantly hydrated which is 

illustrated by a discrete water absorption bands in the 3500 and 1640 cm-1 region. These bands, which 
were centered at 3444.24 (OH group) and 1634.38 cm-1 refer to water molecules associated with Na 
and Ca in the channels and cages of the zeolite structure (Wilson, 1994). The peak localized at 
1058.73 cm-1 corresponds to the vibration of the bands connected with the internal Si-O(Si)and O-(Al) 
vibrations in tetrahedral or alumino- and silico- oxygen bridges (Castaldi et al., 2005). The changes in 
the FTIR spectra of modified zeolites did not result in a distinct shift of these band positions but in 
changes their intensity. In SM-Z spectrum, there is two peaks appeared at 2921.63 cm-1 and 2852.2 
cm-1which corresponded to crystalline HDTMA-Br, which is similar to results reported by (Hussein et 
al., 2014). In case of HCl-Z sample, table (2, c), the acid treatment causes the decreasing of the 
intensity of the absorption bands at 1050 cm-1. These results suggest the partial depletion of Al, Mg 
and Ca from clinoptilolite structure. The bands at 3400 and 1600 cm-1 show significant decreases after 
acid activation, it is due to removal of cations, causing the loss of water and hydroxyl groups 
coordinated bonded to them, which is in agreement with results reported by (Cobzaru et al., 2015). 
 
Table 2: FT-IR data of raw and modified zeolite samples 

RZ SMZ HClZ 
Pea-kʹs 

No 
Position Intens-ity 

Pea-kʹs 
No 

Position Inten-sity 
Pea-kʹs 

No 
Position Inten-sity 

1 3615.88 1.338 1 3592.73 0.001 1 3540.67 0.333 
2 3430.74 1.160 2 3428.81 0.000 2 3465.46 0.220 
3 3401.82 1.227 3 3390.24 0.000 3 3413.39 0.191 
4 2921.62 11.26 4 2921.63 0.085 4 2358.52 8.695 
5 2852.20 12.05 5 2852.20 0.275 5 2310.30 8.585 
6 1635.34 2.367 6 2364.30 2.146 6 1637.27 1.001 
7 1209.15 0.437 7 1623.77 0.024 7 1110.80 0.011 
8 1058.73 0.046 8 1469.49 0.160 8 1076.08 0.000 
9 786.82 5.908 9 958.450 0.000 9 1056.80 0.002 
10 719.32 4.684 10 788.74 0.220 10 790.67 2.667 
11 667.25 3.947 11 728.96 0.137 11 725.10 2.641 
12 605.54 1.212 12 703.89 0.153 12 709.68 2.646 
13 580.47 1.688 13 676.89 0.065 13 605.54 0.392 
14 520.69 1.028 14 659.54 0.077 14 574.68 0.732 
15 495.62 0.857 15 634.47 0.014 15 501.40 0.261 
16 482.12 0.000 16 572.76 0.000 16 464.76 0.000 
17 468.62 0.024 17 526.47 0.000 17 437.76 0.000 
18 464.76 0.096 18 499.47 0.000 18 416.55 0.000 
19 457.05 0.041 19 482.12 0.000 19 403.05 0.000 

 
2. The effect of the modified adsorbent mass: 

The number of active sites relates to adsorbent mass and hence sorption performance. The effect 
of adsorbent mass on the nitrate percentage removal is shown in Fig. (3). It is clear that an increase at 
adsorbent mass resulted in an increase in the removal of nitrates from water. The highest removal 
efficiency was recorded for HCl-Z due to the development of zeolite surface under the acidic 
treatment (Bekele et al., 2014).  
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Fig. 3: Effect of the adsorbent mass on nitrate removal by the tested different zeolite samples. 

 
3. Effect of temperature on nitrate adsorption 

The adsorption efficiency as a function of temperature was investigated at 25 Cͦ, 40 Cͦ and 55 Cͦ 
and results were shown in Fig. (4). It is evident that concentration of the adsorbed nitrate on the 
adsorbent increases with increasing temperature for each tested zeolite sample (raw and modified). 
 

 
Fig. 4: Effect of temperature on nitrate adsorption by the different tested zeolite samples. 

 
4. Effect of initial nitrate concentration on nitrate adsorption 

Figure (5). Showed that the nitrate sorption capacity increased with increasing initial 
concentration, similar to the results found by (Li, 2003). 

 
Fig. 5: Sorption of nitrate on raw and modified zeolites according to initial nitrate concentrations. 
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5. Adsorption isotherm: 
The results of nitrate adsorption can be well described with isotherm of Langmuir and freundlich 

models. 
 

5.1. Langmuir Adsorption Isotherm: 
Sorption maxima Q0, Langmuir isotherm constant KL, equilibrium parameter RL, and coefficient 

of regression for nitrate sorption on raw and modified R2, showed in Table (2). Calculated RLvalues 
for all samples (raw and modified zeolite) were greater than 0 but less than 1 indicating that 
adsorption amounts of NO3

- on all samples were favorable. Also the values of R2 were above o.9 for 
all samples, proving that the sorption data fitted well to langmuir isotherm model. 
 
5.2. Freundlich Adsorption Isotherm: 

 Freundlich isotherm constant Kf, adsorption intensity n, and coefficient of regression for nitrate 
sorption on all samples (raw and modified zeolite) R2, showed in Table (3).If n lies between one and 
ten, this indicates a favorable sorption process (Goldberg, 2005). From the data in Table (3, n) values 
were 1.74, 3.15 and 1.37for R-Z, SM-Z and HCl-Z respectively, which indicate that the sorption of 
NO3

- on all samples was favorable; R2 values were above 0.9 for all samples, proving that the sorption 
data fitted well to Freundlich isotherm model. 
 
Table 3: Langmuir and Freundlich isotherm parameters for row and modified zeolite. 

Adsorption Isotherm Models and Parameters 

Treatments 
Freundlich Langmuir 

R2 1/n n Kf R2 
RL For the initial 

concentrations 1240-
6200ppm 

KL Q0 

0.99 0.58 1.74 0.10 0.98 0.008-0.002 0.0002 24.54 R-Z 
0.99 0.32 3.15 3.14 0.98 0.25-0.09 0.002 48.90 SM-Z 
0.95 0.73 1.37 0.82 0.97 0.35-0.16 0.0007 312.41 HCl-Z 

 
Conclusion 
 Zeolite was successfully modified by two methods, HDTMA-Br and HCl acid, to reverse the 
charge on zeolite surface from negative to positive charge, which effects on zeolite affinity for anion 
sorption. Results which obtained from this study showed that HCl-Z was the best treatment on 
sorption of nitrate ion, which was capable of sobbing up 127.41 mg/g of nitrate when initial 
concentration of nitrate was 6200 mg/l. The adsorption of nitrate on all samples under study increased 
with increasing adsorption temperature, adsorbent dose and nitrate initial concentrations. The 
adsorption data fitted Langmuir and Freundlich models well. It could be concluded that the 
modification of zeolite with different methods (HDTMABrand HCl acid) was a potential, and 
modified zeolite could be an active adsorbent for removal nitrate ions from its aqueous solutions. 
 
References 
 
Abatal, M., and M. T. Olguin, 2012. Evaluating of effectiveness of natural and modified surface 

Mexican clinoptilolite-rich tuff in removing phenol and p-Nitrophenol from aqueous solutions, 
Environment Protection Engineering, (38) (4): 53-65. 

Bekele, w., G. Fayae, and N. Fernandez, 2014. Removal of nitrate ion from aqueous solution by 
modified Ethiopian bentonite clay, International journal of research in pharmacy and chemistry, 
(4) (1): 192-201. 

Bhatnagar, A., E. Kumar, and M. Sillanpää, 2010. Nitrate removal from water by nano-alumina: 
characterization and sorption studies, Chemical Engineering Journal, (163) (3): 317-323. 

Brunauer, S., P. H. Emmet, and E. Teller, 1938. Adsorption of gases in multimolecular layers, Journal 
of the American Chemical Society, (60): 309-319. 

Brundle, C. R., C. A. Evans, Jr. S. Wilson, and L. E. Fitzpatrick, 1992. Encyclopedia of materials 
characterization: surfaces, interfaces, thin films, Butterworth-Heinemann, Woburn, MB. 



Middle East J. Appl. Sci., 8(4): 1552-1559, 2018 
ISSN 2077-4613 

1559 

Caputa, D. and F. Pepe, 2007. Experiments and data processing of ion exchange equilibria involving 
Italian natural zeolites: a review, Micropor. Mesopor. Mater., (105): 222-231. 

Cobzaru, C., A. Marinoiu, and C. Cernatescu, 2015. Sorption of vitamin C on acid modified 
clinoptilolite, Rev. Roum. Chim., (60) (2): 241-247. 

Cottenie, A., M. Verloo, L. Tietens, G. Velghe, and G. Camerlynck, 1982. Chemical analysis of plant 
and soil, Lap. Anal. & Agrochemistry, State Univ. Ghent, Belgium: 14-15. 

Goldberg, S. 2005. Equations and models describing adsorption processes in soils, Soil Science 
Society of America. (677). 

Hussein, M. M., K. M. Khader, and S. M. Musleh, 2014. Characterization of raw zeolite and 
surfactant-modified zeolite and their use in removal of selected organic pollutants from water, 
International Journal Chemistry Science, (12) (3): 815-844. 

Huston, N. D., and R. T. Yang, 2000. Adsorption J. Colloid Inter. Sci. p: 189. 
Islam, M. and R. Patel, 2010. Synthesis and physicochemical characterization of Zn/Al chloride 

layered double hydroxide and evaluation of its nitrate removal efficiency, (256): 120-128. 
Klug, H. P. and L. E. Alexander, 1954. X-ray diffraction procedures for polycrystalline and 

amorphous materials: New York (John Wiley). 
Klute, A. (ed). 1986. Methods of soil analysis. Part 1. Physical and mineralogical methods. 2nd 

edition. Agron. Monogr. 9. ASA and SSSA, Madison, WI. 
Kowalczyk, P., M. Sprynskyy, A. P. Terzyk, M. Lebedynets, J. Namiesnik, and B. Buszewski, 2006. 

Porous structure of natural and modified clinoptilolites, Journal of Colloid and Interface 
Science, (297): 77-85. 

Li, Z., 2003. Use of surfactant-modified zeolite as fertilizer carriers to control nitrate release, Journal 
of Microporous and Mesoporous Materials, (61): 181-188. 

Mansouri, N., N. Rikhtegar, H. A. Panahi, F. Atabi, and B. K. Shahraki, 2013. Porosity, 
characterization and structural properties of natural zeolite–clinoptilolite– as a sorbent, 
Environment Protection Engineering, (39) (1): 139-152. 

Mohan, s. and J. Karthikeyan, 1997. Removal of lignin and tannin color from aqueous solution by 
adsorption on to activated carbon solution by adsorption on to activated charcoal, Environ. 
Pollut., (97): 183-187. 

Richards, L. A., 1954. Diagnosis and improvement of saline and alkali soils, U.S.D.A. Handbook, No. 
60, Washington, C.D., U.S.A. 

Vanderborght, M. and E. Van Grieken, 1977. Enrichment of trace metals in water by adsorption on 
activated carbon, Analytical chemistry, (49) (2): 311-316. 

Vermeulan, T. H., K. R. Vermeulan, and L. C. Hall, 1966. Fundamental, Ind. Eng. Chem. (5): 212-
223. 

Voudrias, E., F. Fytianos and E. Bozani, 2002. Sorption desorption isotherms of dyes from aqueous 
solutions and waste waters with different sorbent materials, Global Nest, The Int. Journal, (4) 
(1): 75-83. 

Webber, T. N. and R. K. Chakravarti, 1974. Pore and solide diffusion models for fixed bed adsorbers, 
Journal of American Institute of Chemical Engineers, (20): 228-238. 

Wilson, M. J. 1994. Clay Mineralogy: Spectroscopic and Chemical Determinative Methods, Chapman 
and Hall, New York. 

 
 
 




