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1- United States Environmental Protection Agency
(USEPA)
2- World Health Organization (WHO)
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1- Energy-Dispersive X-ray spectroscopy (EDX)
2- X-ray Diffraction (XRD)

3- Atomic Force Microscopy (AFM)

4- Scanning Electron Microscope (SEM)
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Table 1. Chemical composition of zeolite (clinoptilolite) by EDX.
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Figure 1. The XRD pattern of zeolite (clinoptilolite). Zeolite is identified by dominant peaks at 9.07, 7.98 and
3.98 A . There are a little Quartz and Feldspar (less than 5%) in zeolite sample.
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Figure 2. Atomic Force Microscope (AFM) images of nano-zelite.
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Figure 3. Atomic Force Microscope (AFM) images of nano-zelite.
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Figure 4. Scanning Electron Microscope (SEM) image of nano-zelite particles.
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Figure 5. Scanning Electron Microscope (SEM) image of nano-organozelite.
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Table 2. Variance analysis of nitrate adsorption by micro-organozeolite.
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Figure 6. Mean comparision of interaction between nitrate concentration and surfactant level on nitrate

efficiency in micro-organozeolite adsorption.
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Figure 7. Nitrate adsorpsion efficiency by nano-organozeolite.
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Table 3. Variance analysis of nitrate desorption by micro-organozeolite.
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Figure 8. Effect of time on nitrate desorption by micro-organozeolite.
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Figure 9. Mean comparision of interaction between initial nitrate concentration on desorption of nitrate by

micro-organozeolite.
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Figure 10. Effect of time and initial nitrate concentration on nitrate desorption by nano-organozeolite.
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Abstract

Background and Objectives: Nitrate anion can be repelled by the negative charges on clay
minerals' surface and leached from soil profile to surface and groundwater. Natural clays are
not effective adsorbents and entrapment media for anions, low water soluble, nonpolar and
non-ionic organic molecules. However, the natural clays may be modified using organic cations
(surfactant) to adsorb and trap varieties of nonionic, anionic compounds and enhanced anions
retention capacity that are detrimental to our aqueous environments. The objective was to study
the adsorption efficiency and desorption of nitrate in aqueous solutions by modified Iranian
zeolite-clinoptilolite (Semnan) with hexadecyltrimethylammonium bromide (HDTMA-Br), a
cationic surfactant.

Materials and Methods: The micro and nano-zeolite was separated by centrifuge method. The
micro and nano-zeolites were first modified by HDTMA-Br. In this study, adsorption efficiency in
initial concentrations of nitrate by modified zeolite with surfactant loading of 100 and 200%
ECEC was investigated in a completely randomized factorial design. The nitrate release as
affected by time at 4 and 14 mM of nitrate in surfactant loading 200% ECEC were also evaluated.
The external cation exchange capacity (ECEC) of zeolite was determined by replacing the Na in
non-zeolitic exchange sites with tert-butyl ammonium ions. Structure and morphology of zeolite
was determined using X-ray diffraction (XRD), scanning electron microscopy (SEM), energy
dispersive X-ray analysis (EDX) and atomic force microscope (AFM).

Results: The results showed that adsorption efficiency of nitrate by nano-organozeolite with
surfactant loading of 200% ECEC in 3, 6, 14, 20 and 30 mM nitrate were 92, 88, 77, 67 and
56%, whereas in micro-zeolite were 75, 67, 50, 41 and 33% respectively. Adsorption efficiency
of nitrate by micro-organozeolite with surfactant loading of 100% ECEC were 53, 46, 35, 28
and 20% respectively. In nano-organozeolite, nitrate desorption were 2.6 to 5.7% and 8.9 to
12.2% in 3 and 14 mM, respectively, whereas for micro-organozeolite were 21% and 33% in
3 and 14 mM of initial nitrate concentration, respectively.

Conclusion: Results of this research showed that the particular separation of zeolite, initial
nitrate concentration and level of surfactant loading had a highly effect on adsorption efficiency
and cleaning of nitrate in aqueous solutions. Moreover, nano-organozelite showed high
adsorption efficiency of nitrate and good quality to trap and retain of nitrate.

Keywords: Nano and micro-organozeolite, Organoclay, Hexadecyltrimethylammonium, ECEC,
Clinoptilolite
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