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Abstract—The aim of this study was to investigate ammonium
exchange capacity of natural and activated clinoptilolite from
Kwazulu-Natal Province, South Africa. X — ray fluorescence (XRF)
analysis showed that the clinoptilolite contained exchangeable ions
of sodium, potassium, calcium and magnesium. This analysis also
confirmed that the zeolite sample had a high silicon composition
compared to aluminium. Batch equilibrium studies were performed
in an orbital shaker and the data fitted the Langmuir isotherm very
well. The ammonium exchange capacity was found to increase with

pH and temperature. Clinoptilolite functionalization with
hydrochloric acid increased its ammonia uptake ability.
Keywords—Activated clinoptilolite, Ammonium exchange,

Equilibrium, Functionalization, Langmuir isotherm

1. INTRODUCTION
HE ammonium ion and ammonia can coexist in an
aqueous solution according (1)

NH, <NH; (aq) + H' (1

The equilibrium presented in (1) depends on pH and
temperature. The nitrogen present in the ammonium ion and in
the ammonia - water solution is referred as ammoniacal
nitrogen. High concentrations of nitrogen compounds in
industrial effluent can cause various environmental problems
[1]. The ammonium present in wastewater can be removed by
ion exchange process [2]. Ion exchange processes using
organic resins as exchanger are very expensive compared to
zeolites [2].The use of natural zeolite for the removal of
ammonium is considered to be a competitive and effective
process due to its low cost and relative simplicity of
application and operation [2]. Zeolites are crystalline
aluminosilicates with a framework structure and have
excellent cation exchange properties. Zeolite [(Na,, K,, Ca,
Ba) (Al Si) O,] X.nH20, (crystalline) are remarkable for their
continuous and partly reversible dehydration as well as base
exchange properties. Zeolites have high cation exchange
capacity, cation selectivity, higher void volume, and great
affinity for ammonium. Clinoptilolite is the most commonly
used natural zeolite in ion exchange. The ion exchange
removal of ammonium using clinoptilolite has been studied
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extensively as it is the most abundant natural zeolite [2].
Literature reveals that pH, temperature [3], conditioning of
clinoptilolite [4, 5] and competing ions [6] influence the ion
exchange of ammonium. The main objective of this paper was
to investigate the removal of ammonia ions from synthetic
solutions through ion exchange using South African
Clinoptilolite.

II. MATERIALS AND METHODS

The natural clinoptilolite used in this study was supplied
from the Vulture Creek, Kwazulu-Natal Province of South
Africa. The clinoptilolite was grounded and sieved into 0.25 -
0.5 mm and 2-2.83 mm particle sizes ranges. The pulverized
sample was placed in an oven at 105°C for 24h to drive off
moisture. The powder was then characterized using X-ray
powder diffractometer (XRD) Phillips X pert Model 0993, X-
ray fluorescence spectroscopy (XRF, Phillips Magix Pro) and
BET (Tristar 3000). The analysis was performed under a
nitrogen atmosphere. For porosity and surface area analysis,
2g of sample was first degassed and nitrogen gas was flushed
through for 4h at 120°C. Clinoptilolite grains of sizes in the
range of 2.8 mm to 5.6 mm were used for adsorption studies.
A fraction of these grains was treated with HCl at
concentration of 0.02M and 0.04M at room temperature for a
period of 8 hours. The clinoptilolite was then washed in
deionised water to remove any foreign impurities and then
oven dried at 50°C for 24hours. The Nessler method was used
to determine ammonia concentration. Ammonia chloride stoke
solution was prepared by dissolving 1g NH,Cl in 1 litre of
deionized water. Synthetic waste water samples were prepared
by diluting appropriate amounts of ammonia chloride stock
solution to distilled water.

III. RESULTS AND DISCUSSION

A. Clinoptilolite Characterization

The results of X-ray fluorescence analysis are presented in
Table 1. The characterization as confirmed by [7] showed that
clinoptilolite contained exchangeable ions of sodium,
potassium, calcium and magnesium. This zeolite has a Si/Al
ratio of 5.96 (mol/mol) and the corresponding ratio of (Na+K)
/ Ca of 3.4. XRF results also confirmed that the zeolite was a
high silica content clinoptilolite enriched with Mg, K and Na.



World Academy of Science, Engineering and Technology 79 2011

TABLE [
CHEMICAL COMPOSITION OF THE NATURAL CLINOPTILOLITE
Component Content (%)
TiO, 0.2
MgO 1.1
Na,O 1.3
CaO 1.5
Fe, 04 1.5
K,0 3.8
AlLO 12.4
SiO, 74

B. Langmuir Isotherm
The Langmuir isotherm assumes that adsorption happens at
specific homogeneous sites within the adsorbent, and there is
no interaction between the adsorbate molecules [8]. The
isotherm equation is represented as (2)

c, 1
+
KLQ max

qe Qmax

2

Where C. is the equilibrium concentration of Cu in solution(gs
is the amount adsorbed at C,, Qpax is the maximum adsorption
capacity and K is the binding constant of Langmuir which is
related to the energy of adsorption. A plot C¢/Q. against C,
gives a straight line with slope and intercept of 1/Qpax and
1/K| Qmax respectively. The values of K| and Qmay at different
temperatures are shown in Table II. The R? values for the K,
show that the experimental results fitted the Langmuir
isotherm well.

TABLEII
ISOTHERM CONSTANTS, MAXIMUM ADSORPTION CAPACITIES
AND REGRESSION DATA
T (OC) Qmax I<L R2
20 1.58 0.094 0.992
30 1.97 0.083 0.986
40 2.32 0.059 0.961
50 2.5 0.071 0.937

C. Effect of pH

pH has a significant effect on ammonium removal by
clinoptilolite, since it affects both ammonium ion
chemical speciation and clinoptilolite characteristics [9].
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Fig. 1 Effect of pH on the adsorption of NH," at 293 K

Adsorption studies showing the effect of pH on NH,"
removal at 293 K were performed for a period of 24 hours
(Fig 1). The uptake capacity of natural zeolite increased with
increasing pH. Previous studies have shown that adsorption
capacities decrease at pHs higher than 10 [10]. At low pH, the
NH," ions compete with hydrogen ions for exchange sites
where as at pHs higher than 10 ammonium ions are
transformed into ammonia gas. The effect of the pH on the
exchange capacity of the clinoptilolite can be attributed to the

electrostatic interactions between the surface of the
clinoptilolite and NH," ions in solution.
D. Effect of Temperature
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Fig. 2 Effect of the temperature on the adsorption
isotherm of ammonium on clinoptilolite at pH 6

The effect of temperature on the ammonium uptake was
performed at varying temperatures of 20, 30 and 40°C at pH 6.
The sorption dependence on temperature is shown in in Fig. 2.
The direction and magnitude of the influence of temperature
depends on the specific solute-sorbent systems [11].
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E. Effect of HCI Conditioning IV. CONCLUSION

The clinoptilolite used in this study had high silicon
content. The uptake of ammonium was found to be influenced
by temperature, pH and acid conditioning. The sorption
isotherms fitted the Langmuir model.
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Fig. 5 Ammonium exchange capacities of natural clinotilolite and the
activated clinoptilolite at @ 20°C and pH 4
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