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from Aqueous Solutions
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ABSTRACT: Nitrate is an anion of major importance particularly in biological areas. Excessive

amounts in water supplies indicate pollution from sewage or agricultural effluents. The effects of

excessive quantities of nitrate in water are well known. In this research structural modification of

natural clinoptilolite by isomorphic substitution was performed. Isomorphously substituted zeolite

was prepared under melting conditions from natural clinoptilolite. It was characterized by XRD,
XRF, DTG and SEM techniques. The characterization process revealed that product is different
from AlPo. Ion exchange property of the modified product was studied for NO;, NO, and F~ ion.

The uptake of F~ was higher than those of NOj and NO;. Anion exchange isotherms were

constructed for NOj and discussed. The ion exchange chromatography and neutron activation

technique were used to study the extent of the exchange.
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INTRODUCTION

Nitrate is a wide spread contaminant of ground and
surface waters worldwide [1, 2]. Together with phosphate
they cause high algal growth followed by decay, this
leading to deoxygenation of water with the resulting
death of fish and other aquatic animals. Nitrate is a
potential human health threat especially to infants, causing
the condition known as methemoglobinemia, also called
"blue baby syndrome". Chronic consumption of high
levels of nitrate may also cause other health problems, for
example some cancers and teratogenic effects; data are
inconclusive, but cause for concern [3, 4].

Interest in inorganic ion exchangers has increased
greatly during recent years due to their potential use as
selective and temperature stable exchangers. Especially
the natural zeolites as molecular sieves with alumino-
silicate are more interested, they are very cheep and
available.

Zeolites are crystalline aluminosilicates constituted by
corner-sharing [TO,] tetrahedral, where T represents a
silicon or an aluminum atom. The chemical composition
of zeolite can be described by the general formula:
X" wul(AlO,)((Si0,),]. H,0. Introduction of a trivalent
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Table 1: XRD pattern of clinoptilolite, New product and AlPo.

e Clinoptilolite New product AlPo N\
d value Angstrom Relative Intensity (%) d value Angstrom Relative Intensity (%) d value Angstrom Relative Intensity (%)
9.02373 97.3 5.65454 100.0 437 100.0
7.97175 57.2 5.19745 13.4 4.13 100.0
6.81162 20.1 4.15169 16.1 3.86 75
5.14793 37.7 4.05871 453 2.55 50
4.66430 233 3.86425 57.1 2.33 50
3.97488 100.0 3.08199 14.8 2.11 50
3.91266 47.2 291725 82.3
3.42780 41.0 2.39251 13.4
3.39695 24.7
2.98031 445
\ 2.80091 314 j

Al(IIT) atom in a [TO4] unit (substituting the tetravalent
Si(IV) atom), induces a net negative charge to zeolitic
framework which is compensated by the presence of
charge balancing extra framework cations (X"',,), [5].

Clinoptilolite with the ideal formula of (Na,K)s
Siz3pAls07,.nH,O is the most common natural zeolite
found mainly in sedimentary rocks of volcanic origin [6].
Early attempts to modify zeolites [5, 6] by the isomorphic
substitution of framework were of limited success. More
recent work initiated by Flanigen and co-worker has
resulted in the synthesis of zeolite aluminophosphates
(AlPos) and silicoaluminophosphates (SAPos) [7,8].
However these materials have near neutral frameworks
and no recorded anion exchange properties.

Phosphorous wase iserted into zeolite [9], to create
anion exchange properties, by changing the overall
framework charge from negative to positive. A group of
zeolite was modified [10] by isomorphic substitution of
phosphorous with aluminum into their tetrahedral
structure and considered the reason for its in adsorption
of some anions in aqueous solutions.

EXPRIMENTAL

The sample was collected from Semnan region in
north-east of Iran. The sample was ground and the
fractions between 45-75 pum were selected. Charac-
terization of zeolite was performed by different
techniques including differential thermogravimetery
(DTG), X-ray powder diffraction (XRD) and X-ray
fluorescence (XRF).

116

A weighed amount of the sample was mixed
thoroughly with excess amount of ammonium dihydrogen
phosphate 1:10 (wt/wt) in a pyrex beaker. The melting
conditions (220 °C) were held for 24 hours. The melt
mixture was poured into a beaker containing deionized
water and thoroughly stirred to dissolve untreated
phosphate. The product was filtered, washed with
sufficient amount of deionized water and dried at 110 °C.
Then was stored in a desiccator over saturated sodium
chloride solution in order to retain constant water content.
Ion exchange property of the modified sample was
studied for NO;’, NO, and F~ by placing of 1.000 g of
phosphorated zeolite in contact with 50 ml of 1 N solution
of each anion. The mixture was rotated in a plastic vial
for one weak at room temperature. The amount of uptake
of anion was determined every 12 hours.

The exchange isotherm of the sample loaded with
fluoride for NO; was constructed at three different
temperatures of 25, 55 and 75 °C. 0.5000 g of the
phosphated zeolite loaded with F~ was shaken with 20 mL
of solution containing varying amounts of anions (F~ and
NOj) in a polyethylene vessel. The total normality
of solution was 0.1 N. After six days the mixture
was centrifuged and the sample was dried. The amount
of NO; was determined by ion chromatography
technique.

RESULTS AND DISCUSSION
XRD data of clinoptilolite, with those of new product
and AlIPo are shown in table 1. In XRD pattern of product
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Table 2: XRF pattern of clinoptilolite and new Product.

Isomorphous Substitution of P(V)...

4 Compound % W Clinoptilolite % W New product\
Si0, 60.68 £2.19 58.99 +2.24
AlLOs 1590+ 1.14 8.62+1.11
Na,O 2.05+0.23 0.05+0.02
KO 3.78 £0.27 0.02+0.01
CaO 1.50+0.18 | -
MgO 0.30 £ 0.05 0.11+0.03
Fe,0; 0.95+0.09 0.99 +0.07
P,0s 0.04 £0.01 23.53 +1.43
\_ H,O 13.65+1.21 8.32+1.10 Y,

Table 3: Anion exchange capacity of new product for the

studied anions.

( Anion AEC (meq. g) )
Fluoride 2.81
Nitrate 0.95

L Nitrite 0.90 )

only one phase was observed. No similarity between XRD
pattern of the prepared sample with those of clinoptilolite
and AlPo was observed showing that the new crys-
talline phase was formed by isomorphic substitution of
clinoptilolite. The chemical compositions of clinoptilolite
and new product are represented in table 2.

Phosphorus is mostly exchanged with aluminum
rather than silicon. The amount of Al is reduced from
4.20 % to 2.28 % and that of Si from 28.23 % to 27.53 %.
At mean while, 5.14 % of P is introduced to the structure.
As we have predicted schematically in Fig. 1, introduction
of P changes the net Charge from negative to positive.

The water content of modified sample, calculated
from DTG curves is reduced from 13.61 % to 8.32 %.
This is related to the lower cation content of the modified
sample. The kinetic of adsorption of NO3", NO, and F~ by
modified zeolite is represented in Fig. 2.

Anion exchange capacities (AEC) of the sample for
different anions are shown in table 3. Because of higher
capacity of the sample for fluoride the exchange isotherms
were constructed using fluoride loaded samples.

Isotherms were naturaly constructed in order study the
equilibrium aspects of the exchange, a measure of the
preference that sample displays for NO;™ ion over F~ ion.
They were constructed by plotting at equilibrium the
equivalent fraction of the incoming ion present within the
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Fig. 1: Suggested isomorphous substitution mechanism.

solution phase (A;) against the equivalent fraction of the
same ion in solid sample (A,) equation (1).

F, +NO;, <> F +NO; (1)

The temperature was kept constant; in addition, both
the zeolite and the solution phase were kept isonormal.
The isotherms are shown in Fig. 3 for phosphated zeolites
initially converted to the fluoride form. According to the
classification made by Barrer [11], The curves at 25 °C
and 55 °C are isotherms of the first kind and represent
relatively simple systems in which the exchanger is either
selective for incoming ion (NOj;) or unselective for
ingoing ion (F°). The curve at 75 °C is isotherm of the
third kind. Isotherms describing such exchange reactions
exhibit hysteresis where the forward and reverse
exchange paths don’t coincide.

CONCLUSIONS

Isomorphous substitution of P(V) in clinoptilolite
affects the framework element of clinoptilolite and
changes its negative net charge to positive. The exchange
capacity of the product for studied anion is high. It is a
promising material for removal of the anion from liquid
wastes.
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Fig. 2: Uptake of anions by modified clinoptilolite.
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Fig. 3: F ¢» NOj isotherm on new product at 25, 55 and 75°C.
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