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Abstract : Sorption as a separation method is becoming an important method in progressive production developing 

of green energy and of intelligent products of the new generation. It is also important for the treatment of drinking 

and waste water. The gradual development and improvement of sorbent preparation technology progressively 

enhances their quality, in sorption capacity, specific surface, abrasion resistance, regenerative capacity or selectivity 

in relation to certain types of contaminants. Among the most important usable sorbents are also the zeolites , which 

are also used for the water purification. The article contains  the results of measurements and  monitored parameters 

of ferric cations sorption from the aquatic environment using natural zeolite clinoptilolite. 
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1 Introduction 

 At present, when human society has to deal with the 

pollution problems of all the components of the 

environment, nature provides us with material with 

special properties. Its  properties can help at least 

partially to mitigate these negative consequences of 

human activity. A natural zeolite is this material. This 

rock contains a mineral with a unique aluminum silicate 

structure formed by tetrahedrons [SiO4]-4 and [AlO4]-5. 

Tetrahedrons are interconnected through atomic oxygen 

to form cavities in which alkaline metals, alkaline earths 

metals and aqueous molecules are located. The mineral 

clinoptilolite is one of the most industrially useful 

zeolites. 

Clinoptilolite is defined as mesoporous material 

mostly aggregated by colloidal dispersed nanoparticles 

by up to about 30%. Its surface is hydrophilic and it has 

various active centers, that can engage in van der Waals, 

hydrogen, dipole-dipole and electrostatic interactions 

with adsorbate [1]. Due to these properties, clinoptilolite 

is useful for sorption, catalytic and ion exchange 

purposes. The ability to exchange cations is an 

important feature of the zeolites. As a result, ion 
exchange sorption is applicable for water treatment. 

 

 

2 Ways of Using Natural Zeolites in Practice  

 

Application possibilities of natural zeolites result from 

their specific physical and chemical properties, namely 

ion exchange, sorption, the possibility of dehydration 

and hydration as well as the structure of the silicate and 

the micron size crystals of a very active surface area. 

Zeolites can bind substances such as isolated atoms, 

molecules, heavy metal cations from aqueous solutions. 

They can be used successfully for the sorption of 

nitrogen oxides, polycyclic aromatic hydrocarbons from 

the exhaust gases produced by combustion processes. 

After suitable modification of the zeolite, a material is 

also suitable for the catalytic conversion of these 

harmful components of the flue gas. Natural zeolites 

have been used in a wide variety of applications over the 

world. Their advantage over synthetic zeolite is their 

better thermal resistance and lower cost [2]. Among the 

applications of natural zeolites, their utilization for 

carrying energy in energy conservation and heat 

exchanging systems is noteworthy [3]. The term zeolite 

was created in 1756 by Axel Cronstedt, a Swedish 

miner, who found that some minerals, when heated, 

release large amounts of steam from the water that had 

been previously adsorbed. This mineral has therefore 

also attribute  a boiling stone. In recent years, scientists 

are trying to use this process in the heat supply system. 

The zeolite's ability to accumulate the heat of water 
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vapor adsorption for energy purposes is utilized. 

Research works on this issue focuses primarily on 

methods that enable a high density of accumulated 

energy to be achieved with a minimum of heat loss. This 

criterion is met by the heat utilization method of 

adsorption processes. The adsorption process used for 

heat accumulation can be achieved up to 1400 kJ. kg -1  

[3]. For comparison, when the heat is stored in water and 

when the temperature changes by 20 K, it is possible to 

achieve 84 kJ ∙ kg-1 [3,4]. Adsorption systems use water 

vapor adsorption for solids accumulation. The 

exothermic effect of sorption on zeolites consists of the 

sum of the two reactions effects, namely the wetting of 

the zeolite surface and the sorption of the H2O 

molecules into the interior crystalline. The highest 

exothermic effect results from sorption inside the crystal 

pore. The sorption and desorption behavior of the water 

correlates with the electronegativity of the zeolites and 

the average charge of the grid oxygen atoms [5]. The 

bond of the lattice remains firm even after the water has 

been removed. Natural zeolites have the advantage over 

their synthetic advantage that their crystalline structure 

is more heat resistant. Sorption energy storage systems 

that use zeolites represent advanced energy saving 

technology and can be used for heat exchangers as well 

as absorption coolers [6,7].  

Scientists at experiments in 2001 at the Brookhaven 

National Laboratory in the U.S.A. have found that 

zeolite is the only material known so far on Earth, which 

increases its volume when compressed. The most of the 

materials under pressure become more compact, denser, 

their volume decreases and the density increases. 

Zeolite increases its volume under a certain pressure. 

Increased volume persists even though the pressure is 

no longer working. This property is used to pick up 

radioactive elements. Adsorption by pressure swing 

(PSA) and adsorption by temperature swing  are 

potential techniques for removing of CO2 from high-

pressure fuel gas streams. Natural zeolites are advisable 

for using at PSA proces. The studies of volumetric gas 

adsorption of CO2, N2, and O2 on the three natural 

zeolites, with different major cations, were realised at 

25° C and at high pressure. Preferential adsorption of 

CO2 was observed with all three zeolites. The natural 

zeolite with the highest sodium content and highest 

surface area showed the highest CO2 adsorption 

capacity [8].  

Sorption and ion exchange properties of zeolites are 

also interesting in terms of treatment of drinking and 

waste water. When water is treated, the zeolites fill their 

cationic function in their natural - unmodified form. The 

ion exchange sorption process is used to remove a wide 

range of organic and inorganic substances from 

contaminated water. Most often, the zeolite is used in 

the secondary or tertiary stage of purification of 

contaminated water for the final purification of 

contaminated water, from ammonia and from cations of 

metallic elements. Metallic elements in the above-limit 

quantity worsens the health status of the population of 

the given site. If the zeolite is treated with an aqueous 

solution of metallic elements cations, the water that is 

bound to the zeolite forms hydroxide within the cation 

channels. This creates a geopolymer matrix into which 

metal cations with a toxic effect such as Cd+2, Pb+2 can 

be sealed. Informations about the properties of the 

zeolite are obtained forward to introduction of the 

zeolite into the purification process. The most 

commonly data as the equilibrium isotherm and sorption 

kinetics are used[9]. 

 

3        Experimental 

Access to quality drinking water belongs to the common 

needs of the population in the European region. The 

water is suitable in many cases, but there are also cases 

where the water needs to be treated. The iron and 

manganese content must be regulated in drinking water. 

The technological process hitherto used, is extremely 

demanding in terms of investment and operations are 

constantly looking for so  ways to make this process 

more efficient. The zeolite mineral- clinoptilolite has 

been used  for the treatment of drinking water in the last 

decades. Sufficient mechanical strength, chemical 

stability and nontoxic, allow the using of natural zeolite 

as a filter material. 

Iron is a biologically important element. It is 

important for hemoglobin formation and oxygen 

transfer. However, for long-term drinking, an ferrum 

content higher than the limit value is not appropriate. 

Therefore, the iron content of the water must be 

monitored. Natural and synthetic sorbents, such as 

zeolites, can be used to regulate of their content. The 

application of natural zeolites to wastewater treatment 

results from their specific physicochemical properties, 

such as selective ion exchange and sorption. 

The efficiency of the sorption of soluble matters on 

the solid matrix from the aqueous solution is most often 

expressed by the effective distribution coefficient KD, 

which is defined as a straight line of the linear sorption 

isotherm, and which gives the share of the sorbed 

amount of the substance in the solid phase (CS) to its 

equilibrium concentration in the solution (Cr) during the 

equilibrium state. This parameter is a quantitative 

indicator of substance distribution between the solid and 

liquid phases KD = Cs / Cr  [10,11].We monitored the 

dependence of the adsorbed amount from the time of 

contact of the sorbent with the adsorbate, for determine 

the time required to achieve equilibrium in the system. 

4         Materials and methods 

To experimentally reduction the iron content in water, 

we used the natural zeolite clinoptilolite found in Nižný 

Hrabovec with a grain size of 2,5 to 5 mm as a sorbent. 

It is necessary to determine kinetic course for sorption 

using in the water purification process. We used a model 
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sample with an initial concentration of c0 = 11,76 g · dm-

3 of ferric cations to study the kinetic course of sorption. 

Experimental measurements of ferric cations content 

were performed on the AC-114 OPTIMA INC 

photometer Tokyo, Japan in model samples. We used 

chemicals of analytical purity to prepare model samples. 

Experiments were carried out at 22 ° C. 40 g of 

clinoptilolite zeolite was embedded by sample model of 

ferric cations. Kinetic course of ferric cations sorption 

was monitored up to the equilibrium state of the system 

using model samples of aqueous ferric cations solution. 

In precise time intervals samples of solution were 

collected. Amount of ferric cations was determined by 

photometric method. The measured values are recorded 

in the table 1. 
Table 1 Changes of numerous concentrations at time 

Time     

[min] 

Concentration 

[g∙dm-3] 

30 11,2 

60 10,0 

90 8,4 

120 6,7 

150 6,7 

 

The equilibrium concentration value depends for 

aqueous solutions, on the properties of the sorbent and 

on the initial concentration of the solution. Figure 1 

shows a kinetic course of concentration of the ferric 

cations decreasing in an aqueous solution. 

 

 
Figure 1 Kinetics course of ferric cations concentration 

reduction 

Based on the measured concentration at regular time 

intervals, we have determined the amount of ferric 

cations adsorbed at the individual time slots and at 

equilibrium time. Calculated values were used to graph 

the depiction of the amount of absorbance at time 

(Figure 2).  

 

 
 

Figure 2 Sorptional curve 

The amount of ferric cations sorbed on the clinoptilolite 

was calculated according to equation (1) as the 

difference between the initial concentration of c0 and the 

concentration in solution at the equilibrium state cr 

where a is the sorbed amount [mg g-1], V is the volume 

of the solution and m expresses the sorbent mass. 

 

a =  (c0 – cr / m ) ∙ V     [11]                     (1) 

The quantitative distribution parameter of the substance 

between the solid and the liquid phase is the KD partition 

coefficient . 

KD = cS/cr.                                                (2) 

  According to equation (3), we calculated the efficiency 

of clinoptilolite in reducing the concentration of ferric 

cations in aqueous solution. 

γ = (c0 - cr /c0 ) ∙ 100                               (3)       

The course of change of clinoptilolite efficiency at time 

points is shown graphically in Figure 3. One of the 

adsorbent quality indicators is the degree of adsorption. 

The degree of adsorption was calculated according to 

the relationship (3). 

AD = (1 – ct /c0 ) ∙100           [11]                   (4)                                                              

   The degree of adsorption was calculated 44,7% under 

the given conditions. For the distribution parameter, we 

calculated a value of 0,67 under the given conditions. 
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Figure 3 Efficiency of the  sorbent in individual time  

segments 

 

5 Conclusion 

 

Since conventional water treatment methods often do 

not achieve sufficient cleaning efficiencies and they are 

costly at the same time, they are replaced by new or 

complementary processes that are more acceptable than 

traditional practices not only from the economic but also 

from an environmental point of view. Due to the rich 

deposit of natural zeolites in Slovakia and their low 

price, our work has been focused on reducing the 

amount of ferric cations in aqueous solution using 

natural clinoptilolite. On the basis of the above results, 

the ability of adsorbent based on the natural zeolite to 

remove ferric cations from the aqueous environment 

was confirmed. The observed kinetic course of sorption 

shows a rapid course of reduction in ferric ion with 43% 

efficiency. 
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