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Abstract: Ammonium ion is a chemical species that is found in abundance in natural waters, 

whether underground or surface, but also in wastewater resulting from agricultural and industrial 

activities. Even if the removal of the ammonium ion from water has been studied for a very long 

time, it has been found that its removal is far from being solved. In this study, we evaluated the 

performance of the ammonium ions adsorption process on two adsorbents, zeolite clinoptilolite, 

ZR, a sustainable material, (manufacturer Zeolite Development SRL, Rupea, Brasov, Romania) and 

the other granular activated carbon type Norit GAC 830 W. Zeolite ZR is found in very large 

deposits in Romania, it is a natural, cheap material, with costs between 50-100 Euro/ton compared 

to other adsorbents that cost over 500 Euro/ton and which can be regenerated and reuse in the 

technological process of water treatment and purification, but also after exhaustion as an 

amendment for the soil. In the first step the paper presents the mineralogic (XRD) and structural 

(SEM and EDX) characterization of the ZR and determination of the pH zero-point charge, pHZPC, 

for all the adsorbents. Studies were carried out in equilibrium and kinetic conditions. The efficiency 

of the adsorbent was investigated in different experimental conditions by varying the initial 

concentration, particle size, temperature, pH, ionic strength and contact time. The mathematical 

models and parameters specific to the adsorption isotherms that best describe the experimental 

results were identified. Langmuir, Freundlich, Temkin and Dubinin-Radushkevich mathematical 

models were used for comparison. The Langmuir isotherm proved to be the most appropriate to 

describe the adsorption of ammonium ions on all types of adsorbents used. The adsorption capacity 

of ammonium ion from synthetic solutions, at 20 °C, pH = 6.09, for the range of initial concentrations 

0 - 50 mg/L for Rupea Zeolite is in the range of 10.46 mg/g -12.34 mg/g and for granular activated 

carbon GAC W830 is 16.64 mg/g. It was found that the increase in temperature and pH have a 

positive effect on the adsorption capacity of the ammonium ion on the studied adsorbents, and the 

ionic strength determines the decrease in the adsorption capacity. Kinetic models were also 

identified that best describe the experimental processes. In this sense, pseudo first order, pseudo 

second order, intraparticle diffusion and the Elovich model were used. The results of the 

investigation showed that second-order kinetics governs the adsorption process on ZR zeolites and 

pseudo-first order for activated carbon. 

Keywords: Zeolite clinoptilolite a sustainable material; ammonium removal; adsorption; ionic 

exchange; equilibrium and kinetic studies; mathematical model characterization 
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1. Introduction 

The removal of the ammonium ion from water was and still is an area of current research. A 

challenge is the removal of ammonium ion with increasingly high concentrations from natural waters 

and from industrial and agricultural wastewater using simple and cheap methods with high 

efficiency [1,2]. 

Lately, the growth of the global population has determined a sharp development of 

anthropogenic, agricultural and industrial activities that have a special impact on the environment, 

especially regarding the increase in the concentration of the ammonium ion [2,3]. 

The intensive exploitation of agricultural areas and the administration of large quantities of 

fertilizers have altered the underground water resources where, in some cases, the ammonium ion 

has reached concentrations around 10 mg/L. In industrial wastewater and agricultural wastewater, 

ammonium ion concentrations can reach over 50 mg/L [3,4]. 

In the literature studies, numerous methods of ammonium ion removal are presented, which are 

effective. Of these, special attention is given to biological degradation processes for domestic 

wastewater [5], adsorption and biosorption on various materials [6,7], ion exchange [8,9], oxidation 

with ozone [10], chlorine compounds [11] with ultrasound [12], stripping [3], membrane processes 

[13], etc. Although these processes are effective in choosing the optimal method of water treatment 

and purification, the following aspects must be taken into account: the efficiency of the process, the 

cost of materials, the costs of operation, exploitation and maintenance, the amount and fate of the 

materials resulting from the processes after exhaustion (waste), their toxicity, their capacity for 

regeneration and valorization [14,15]. 

In order to choose a sustainable method of water treatment and purification, materials must be 

chosen that have low costs, that are found in natural deposits with low exploitation and preparation 

costs, that after exhaustion are not toxic and can be exploited or regenerated, with long life cycles, in 

accordance with the principles of sustainable development and circular economy policies. [16,17]. A 

viable solution is the retention of the ammonium ion on clinoptilolite-type zeolite. There are 

numerous studies that have developed this subject where numerous zeolites from various corners of 

the world are used, each with its own specificity. to give examples [18,19]. 

There are numerous natural deposits of zeolites worldwide (China, South Korea, Japan, Jordan 

and Turkey, Brasil, Romania, etc.) that deserve to be exploited and used taking into account their 

efficiency, cost, but also their capacity for adsorption and ion exchange, their long life span with the 

capacity for regeneration and long-term use, but also for valorization after total exhaustion as an 

amendment in agriculture [3,20]. 

The general purpose of the study is to identify viable solutions for removing the ammonium ion 

from water up to the limits imposed by the legislation in force depending on the final utility of the 

water (water discharged into a natural receiver or drinking water). 

Maximum admissible limit is 0.5 mg/L for drinking water - according to the European Directive 

2020/2184 and the World Health Organization (WHO) and of 7 mg/L -10 mg/L total nitrogen 

depending on the number of equivalent inhabitants according to the Directive 91/271/EEC for 

wastewater. It will soon be replaced by the Proposal for a Directive of the European Parliament and 

of the Council concerning urban wastewater treatment (recast) of the Council of the European Union, 

which will impose a minimum 80% reduction of the total nitrogen concentration values at the exit 

from the treatment plant [21,22]. 

In the article, we evaluated the performance of the ammonium ions adsorption process on two 

adsorbents, zeolite clinoptilolite, ZR, (manufacturer Zeolite Development SRL, Rupea, Brasov, 

Romania) and the other granular activated carbon type Norit GAC 830 W. In the first step the study 

presents the mineralogical (XRD) and structural (SEM and EDX) characterization of the ZR and 

determination of the pH zero-point charge, pHZPC, for all the adsorbents. Studies were carried out in 

equilibrium and kinetic conditions. The influence of the zeolite particles sizes, the initial 

concentration of the ammonium ion, the temperature, pH and the ionic strength on the adsorption 

capacity were identified. The experimental results were compared with mathematical models of 

Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich isotherms, and the mathematical model 
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that best describes the process was identified. In order to identify the mathematical model that best 

describes the adsorption kinetics, we compared the experimental results with the kinetic models type 

of pseudo-first order, pseudo-second order, Elovich and intra-particle diffusion. 

2. Materials and Methods 

2.1. Characterization of Adsorbents 

2.1.1. Adsorbents Preparing 

The article presents a comparative study of the equilibrium and kinetics of the adsorption 

process of ammonium cations, from synthetic waters, on natural zeolites of the clinoptilolite type, 

ZR, and on granular activated carbon, CAG 830 W, in statical conditions. The zeolite and activated 

carbon samples used in these experiments were washed with distilled water until all dust was 

removed and the washing water remained clear. The adsorbents were dried in an oven at 105 °C until 

constant weight, cooled and stored in a desiccator. From them, the necessary samples for the 

experiments were weighed. In the first step the study presents the mineralogical (XRD) and structural 

(SEM and EDX) characterization of the ZR and determination of the pH zero-point charge, pHZPC, for 

all the adsorbents. 

2.1.2. XRD Characterization 

The crystallographic structure was determined by X-ray diffraction technique (XRD), using 

PANalytical Empyrean (Almelo, Netherlands) equipment provided with a characteristic Cu X-ray 

tube (λ Cu Kα1 = 1.541874 Å). The sample was scanned in the 2θ angle range of 10-80°, with a scan 

increment of 0.02° and a time of 100 s/step. Phase identification and Rietveld quantitative phase 

analysis were performed, using the X′Pert High Score Plus 3.0 software (PANalytical, Almelo, The 

Netherlands). The results are shown in Figure 1 and Table 3. 

2.1.3. SEM and EDX Analysis for ZR 

The internal structural aspect of zeolite ZR was analyzed using the HRSEM high-resolution 

scanning electron microscopy images (secondary electron images – SEI) technique. Scanning electron 

microscope QUANTA INSPECT F50, equipped with a field emission electron gun - FEG (field 

emission gun) with a resolution of 1.2 nm, and an energy dispersive X-ray spectrometer (EDX) with 

a resolution of MnK of 133 eV was used. The results are shown in Figures 2 and 3 and Table 4. 

2.1.4. Zero-Point Charge for Adsorbents 

In this study we determined pHZPC for ZR with sizes between 0.5<d<1.25 mm and d>3 mm and 

for GAC. In this sense, were contacted 0.5 g each adsorbent sample with 50 mL of 0.01 M NaCl 

solution for 48 hours. The initial pH of the solutions between 2 and 12 was corrected with 0.1 M HCl 

and 0.1 M NaOH solutions. The initial and final pH was measured with a pH meter Jenway 370 pH-

meter [ccc]. It was graphically represented ∆pH (pH initial - pHfinal), as a function of the pHinitial and the 

point of intersection with the Ox axis represents the pHzPC. See Figure 4 (a), (b), (c), (d). 

2.2. Adsorption Experiments 

2.2.1. Experiments Development 

In the studies carried out both for equilibrium and for kinetics, ZR with sizes in ranges 

0.5mm<d<1.25 mm, 1.25<d<2.5, and d>2.5 mm and GAC with sizes in range 0.6<d<3 mm. A 

solid/liquid ratio of 1/1 was worked on. The samples were shaken using a VELP analog orbital shaker, 

at frequency of 150 rotations per minute. The influence of initial concentration, particles sizes, pH, 

temperature and ionic strength on the adsorption process was studied. It was worked at three 

temperatures 10°C, 20°C and 40°C, at three ionic states, 0, 0.01 and 0.1 M obtained with KCl solution, 
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and at a pH variation in the range 5.02 – 9.16. The pH was maintained at the working values using 

buffer solutions prepared from an equimolecular mixture of phosphoric, acetic and boric acids to 

which different doses of sodium hydroxide were added [24]. 

The concentration of ammonium ions in the synthetic solutions for the sorption equilibrium 

study varied between 0 and 50 mg/L and the contact time was 93 hours. In the case of reaction 

kinetics, synthetic solutions were used with an ammonium concentration of 38.6 mg/L, working pH 

6.09. The initial and final NH4+/N (ammonium) concentrations from the systems were determined 

according to SR ISO 7150-1 /2001 using a Jenway Aquanova spectrophotometer. 

Adsorption capacity (a) at equilibrium or for kinetics studies of adsorbents is calculated using 

relations: 

a = 
(𝐶𝑜−𝐶)𝑥 𝑉

𝑚
, mg/g (1) 

where: C0 and C represent the initial at equilibrium or for moment t concentration of ammonium 

solution; mg/L, V – the volume of the solution, L; and m -mass of the adsorbent, g. 

2.2.2. Mathematical Models for Characterization the Equilibrium of Adsorption Processes 

In order to identify the mathematical models that best describe the adsorption process in static 

conditions, at equilibrium, the experimental results were compared with the adsorption isotherms 

models Langmuir, Freundlich, Temkin and Dubinin-Radushkevich. Table 1 shows the linear, L, and 

non-linear, NL, equations specific for the adsorption isotherms models used. 

Table 1. Characteristic mathematical equations for adsorption isotherms models [25–28]. 

Isotherm 

 model 

Form 

type 

Mathematic relation Parameters signification  

    

Langmuir NL 𝑎𝑒 = 𝑎𝐿
𝐾𝐿𝐶𝑒

1+𝐾𝐿𝐶𝑒
         (2) 𝑎𝑒 - adsorption capacity, mg/g; 

Ce - equilibrium concentration, mg/l, 

aL- maximum adsorption capacity, mg/g 

KL - Langmuir constant, L/mg 

L 1

𝑎𝑒
=

1

𝑎𝐿
+

1

𝑎𝐿𝐾𝐿𝐶𝑒
       (3) 

Freundlich NL 𝑎𝑒 = 𝐾𝐹𝐶𝑒
1 𝑛⁄           (4) ae - adsorption capacity, mg.g–1; 

Ce - equilibrium concentration, mg/L; 

KF - Freundlich constant, mg.g–1; 

n - empirical constant related to 

heterogeneity of the adsorbent surface. 

L 𝑙𝑛 𝑎𝑒 = 𝑙𝑛 𝐾𝐹 +
1

𝑛
𝑙𝑛 𝐶𝑒   (5) 

Temkin NL 𝑎 =
𝑅𝑇

𝑏𝑇
𝑙𝑛 𝐾𝑇𝐶𝑒         (6) T - temperature, K; 

R - universal gas constant, 8.314, J.mol-1K-

1; 

bT - Temkin isotherm constant related to 

the heat of adsorption, J/mol; 

KT - equilibrium constant for the 

maximum binding energy, L/mg. 

L 𝑎 =
𝑅𝑇

𝑏𝑇
𝑙𝑛 𝐾𝑇 +

𝑅𝑇

𝑏𝑇
𝑙𝑛 𝐶𝑒    (7) 

 

Dubinin-

Radushkevich. 

NL 𝑎 = 𝑎𝑚𝑒−𝐾𝑝𝜀2
         (8) am maximum adsorption capacity, mg/g; 

ε - Polanyi potential that can be 

calculated from Eq. 10 

Ce - equilibrium concentration, mg/L; 

KD -- constant, (mol2 J–2) 

L 𝑙𝑛 𝑎𝑒 = 𝑙𝑛 𝑎𝑚 −𝐾𝐷𝜀2      (9) 

 𝜀 = 𝑅𝑇 ln (1 +
1

𝐶𝑒
)    (10) 

E=
1

(2𝐾𝐷)
1
2

               (11) 

The experimental results and characteristic parameters of mathematical models. are presented 

in Figure 5 and Table 5. 

1.2.3. Mathematical Models for Characterization the Kinetic of Adsorption Processes 
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The experimental results obtained in the study of the kinetics of the adsorption process were 

compared with mathematical models. The mathematical model’s pseudo first order, pseudo second 

order, Elovich, and intra-particle diffusion were used. The characteristic equations are presented in 

Table 2. 

Table 2. Characteristic mathematical equations for kinetics adsorption models [24,25,29]. 

Kinetic 

model 

Form 

type 

Mathematic relation Parameters signification  

Pseudo- first 

order  

NL 𝑑𝑎𝑡

𝑑𝑡
= 𝑘1(𝑎𝑚 − 𝑎𝑡)                     (12)  am - adsorption capacity at 

equilibrium, mg.g–1; 

at- adsorption capacity at moment t, 

mg/g 

k2 - rate constant for the pseudo-first 

order kinetics model, (g.mg-1min-1) 

 t, contact time t, min.  

L 𝑙𝑛(𝑎𝑚 − 𝑎𝑡) = 𝑙𝑛 𝑎𝑚 − 𝑘1𝑡  (13) 

`Pseudo-

Second order  

NL 𝑑𝑎𝑡

𝑑𝑡
= 𝑘2(𝑎𝑚 − 𝑎𝑡)2          (14) am - adsorption capacity, mg.g–1; 

at- adsorption capacity at moment t, 

mg/g 

k2 - rate constant for the pseudo-

second order kinetics model, g.mg-

1min-1 

t - contact time t, min.  

L 𝑡

𝑎𝑡
=

1

𝑘2𝑎𝑚
2 + (

1

𝑎𝑚
) 𝑡            (15) 

Elovich  NL 𝑑𝑎𝑡

𝑑𝑡
= 𝛼𝑒−𝛽𝑎𝑡                   (16) at -adsorption capacity at time t, mg/g 

t-time, minute 

α - initial adsorption rate, mg. 

g−1.min−1, 

β - desorption constant, g.mg−1;  

L 𝑎𝑡 =
𝑙𝑛 (𝛼𝛽)

𝛽
+ 

1

𝛽
 𝑙𝑛( 𝑡)       (17) 

Intra-particle 

diffusion  

L 𝑎𝑡 = 𝑘𝐼𝐷𝑡1 2⁄ + 𝐶𝐼𝐷          (18) KID - intra-particle diffusion rate 

constant, mg-1·min1/2 

cID - ammonium concentration, mg/L 

at - adsorption capacity at moment t, 

mg.g-1; 

t - contact time, minutes. 

The experimental results and characteristic parameters of mathematical methods. are presented 

in Figures 9 and 10 and Table 7. 

3. Results and Discussions 

3.1. Characterization of Adsorbents 

The zeolite, ZR, used in their experiments has the total surface area BET analyses 41 m2/g, 

apparent density 2.38 kg/m3 [30]. Activated carbon type—Norit GAC 830 W, has a particle size grater 

to 2.36 mm maximum 15 % in mass unit and particle size slowly 0.6 mm maximum 5% in mass unit, 

the total surface area BET analyses 1100 m2/g and apparent density 500 kg/m3 [31. 

3.1.1. Mineralogical Structure of ZR, XRD Characterization 

The mineralogical composition of ZR are showen in Figure 1 and The proportion of phases 

highlighted after the Rietveld processing, was centralized in Table 3. 

The main cristallyne form present in ZR are Ca Clinoptinolite ((Na1.32K1.28Ca1.72Mg0.52 ) 

(Al6.77Si29.23O72)(H 2O)26.84), over 80 %, fallowed by Phlogopite-1M (KMg3Si3AlO10(OH)2), over 11 %, 

Albite ((Na0.84Ca0.16 )Al1.16Si2.84 O8) and SiO2 over 2%. 
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Figure 1. Characteristic diffractograms for ZR. 

Table 3. Proportion of cristals in ZR. 

No. Compound Quantity (%) Quantity (%) 

P 

1 Clinoptilolite Ca (Na1.32K1.28Ca1.72Mg0.52)(Al6.77Si29.23O72)(H2O)26.84 81.0 

2 Phlogopite-1M  (KMg3Si3AlO10(OH)2) 11.5 

3 Albite (Na0.84Ca0.16)Al1.16Si2.84O8 5.4 

4 Quartz SiO2 2.1 

3.1.2. SEM and EDX Analysis for ZR 

Figure 2 represents the morphological image of a ZR granule at various magnification levels: (a)- 

100 times, (b) -1000 times, (c) - 10,000 times, and (d) - 20,000 times. 

From the analysis of Figure 2 we can see that the external and internal aspect of zeolite particle 

shows a morphological uniformity with a lamellar structure with platelet thicknesses of up to 100 

nm. Zeolite can adsorb chemical species with sizes ranging from nanometers to micrometers, 

according to Figure 2 (c) and (d), the pore sizes varied around 1 µm. The EDX spectrum, Figure 3 

highlighted the presence of the main elements: O, Na, Mg, Al, Si, K, Ca and Fe. The main component 

element is oxygen, which confirms that the metals present are in the form of oxides, and the high 

content of silicon, atomic ratio Si/Al equal with 4.8 greather like 4, that ensures of ZR good 

performance in terms of adsorption capacity, (see Table 3). 
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Figure 2. The SEM analysis for ZR. 

 

Figure 3. EDX spectrum specific to ZR. 
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Table 4. Elemental composition and weight and atomic percent of the component elements for ZR. 

Element Weight % Atomic % 

O K 52.54 66.94 

Na K 0.39 0.35 

Mg K 0.52 0.44 

Al K 6.97 5.27 

Si K 32.81 23.81 

K K 2.52 1.32 

Ca K 2.32 1.18 

Fe K 1.92 0.7 

3.1.3. Zero-Point Charge, pHZPC, for Adsorbents 

The zero-charge point, pHZPC, of the ZR varied with the particles sizes if the particle size 

increases, the zero-charge point value decreases (see Figure 4 (a), (b), (c)). Thus, for particle sizes 

between 0.5 <d<1.25mm, pHZPC is 4.34 and for sizes d> 3 mm, pHZPC is 2.97. If the zeolite is in the ZR-

Ca form, the pH is 5.43. It can also be seen that the pH for CA is 6.79 (see Figure 4(d)). 

As you know, the zero point charge (pHzpc) represents the pH at which the electric charge of a 

solid surface is zero, when of equal numbers of cations and anions [32]. At pH less than pHZPC, the 

surface of adsorbent has positive charges and while at pH greater than pHZPC, the surface has 

predominated negative charges [25]. 

 

Figure 4. The pHzPC for adsorbants. 

Cotton A. in 2008 highlighted that pHzpc for SiO2 is 2.4, and for Al(IV)2O3 is pH 5–7 and 

Al(VI)2O3 is pH 8 (where IV and VI represent tetrahedrally and octahedrally co-ordinated Al, 

respectively). This suggesting that silica is most likely a source of negative charges at higher pH [32]. 

In ZR clinoptilolite, the higher ratio between Si/Al influences the values of pHzpc. The low pHzpc 

values of 2.97 for d>3mm and of 4.34 for d>0.5 mm values determines the increase in the pH range 

for which the adsorbent surface is negative, stimulating the retention processes of positively charged 

species. The increase in pHzpc values with the decrease in the size of the zeolite particles suggests 
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that the proportion of Si in smaller particles decreases through mechanical processes. Activated 

carbon is loaded with negative charges from a pH higher than 6.79, which explains the low 

adsorption capacity of positive ions compared to the very large active surface of 1100 m2/g. 

3.2. Adsorption Process 

3.2.1. Equilibrium of Adsorption 

3.2.1.1. Isotherm of Adsorption 

The experiments to obtain the adsorption isotherms for ZR at the three particle sizes and for AC 

were carried out at a temperature of 20 C, pH=-6.09, at a stirring speed of 150 ratation per minute, 

and at an initial concentration of the ion ammonium in synthetic solutions ranging from 0 to 50 mg/, 

the contact time of 93 hours. The experimental results are presented in Figure 5. 

 

Figure 5. Izotherms of adsorption for ZR and AC. 

 

Figure 6. Effect of temeprature on adsorption capacity of ZR and AC. 
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Figure 7. Effect of initial pH on adsorption capacity of ZR and AC. 

 

Figure 8. Effect of ionic streangh on adsorption capacity of ZR and AC. 

It can be seen that GAC has an adsorption capacity for ammonium ion that varies depending on 

the working conditions between 15 and 19 mg/g at an ionic strength of 0.1 M KCl and at zero ionic 

strength and 40 C respectively. Similar results were obtained by Halim and Latif (2013) for organic 

acid modified activated carbon whose adsorption capacity was 19.34 mg/g [33]. Other activated 

carbons obtained from vegetable waste have adsorption capacities betweern 1.7 and 39.2 mg/g [2]. 

Rupea zeolite has an adsorption capacity for ammonium that decreases with increasing grain size, 

varying from 12.34 mg/g for 0.5 <d<1.25 mm to 10.46 mg/g for d>3 mm, under the working conditions 

mentioned in Figure 5. Similar results were obtained for Chinese clinoptilolites (11.2 mg/g) [34], and 

for natural Iranian zeolites (8.5-10.30 mg/g), [35]. For the zeolitic tuff from Romania, for a 

granulometry between 0.16 and 0.25 mm, the adsorption capacity was 19 mg/g under similar working 

conditions [36]. In order to identify the mechanism by which the adsorption process takes place, the 

experimental data were compared with different mathematical models of Langmuir, Freundlich, 

Temkin and Dubinin-Radushkevich adsorption isotherms, and which are presented in Table 1, both 

in non-linear (NL) and linear (L) form, equations 2 - 11. In Table 5, the values of the specific 

parameters of the mathematical models were presented. They were obtained through the graphic 

representation of the linearized forms, the identification of the specific equation, the specific 

coefficients from which the parameters were determined and the mean square deviation, R2. The 

latter highlights the degree of overlap of the mathematical model on the experimental results, the 

closer its value is to the value 1, the better the equation describes the process [27]. 
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Table 5. Parameters of isotherm models for ammonium cations adsorption at 20°C. 

Model Parameters 

Ammonium 

Active 

carbon 

ZR 

0.5<d<1.25 

ZR 

1.25<d<3  

ZR 

d>3 

Langmuir 

aL(mg/g) 15.22 11.99 9.50 11.04 

KL (L/mg) 0.26 0.31 0.34 0.13 

R2 0.990 0.991 0.990 0.970 

Freundlich 

1/n 0.251 0.632 0.630 0.757 

KF (mg/g) 2.21 2.04 1.726 1.031 

R2 0.899 0.917 0.936 0.948 

Temkin 

KT (L.mg–1) 0.0027 0.01 0.0225 0.07 

bT (J.mol–1) 8323.21 6328.9 5724.2 5644.1 

R² 0.829 0.898 0.897 0.857 

D-R 

KD (mol2J–1) 1.43 1.42 1.43 0.3 

am (mg/g)) 9.41 7.95 7.09 9.74 

E (J.mol-1 ) 0.59 0.59 0.59 1.58 

R² 0.825 0.854 0.845 0.812 

The results presented in Table 4 show that the Langmuir model best describes the ammonium 

ion adsorption process on all four adsorbent materials, R 2 having values over 0.970. This suggests 

that the adsorption process takes place in a monolayer, there is a small number of active sites on the 

surface of the adsorbent involved in the process, and the binding forces between ammonium and 

active sites are weak, Van der Waals type [27]. 

𝑅𝐿 =
1

1 + 𝐾𝐿𝐶0
 (19) 

In order to highlight the affinity of the adsorbent for an adsorbate, RL is calculated, a 

dimensionless constant referred to as separation factor or equilibrium parameter. Relation (19) allows 

the calculation of RL, where KL (L mol−1) is Langmuir constant and C0 (mol. L−1) the highest initial 

ions concentration [3,27] 

If the values of the RL coefficient are lower than 1, then it means that the adsorption process is 

favoured. In Table 6 the values of RL calculated for all the adsorbents used are presented 

Table 6. The RL values for ZR and GAC from equation (19). 

dimensionless constant 

Ammonium  

GAC 
ZR 

0.5<d<1.25 mm 

ZR 

1.25<d<3mm 

ZR 

d>3 mm 

RL 0.5806 0.5373 0.5142 0.7346 

From Table 6 it can be seen that the values of RL are sub-unit, which proves a high affinity of the 

studied adsorbents for ammonium ions [25]. 

3.2.1.2. Influence of Temperature 

The temperature influences the adsorption process. It can be observed that the adsorption 

capacity of the ammonium ion on both activated carbon and zeolite increases with increasing 

temperature. Thus, between 10 and 40 degrees, the adsorption capacity for the ammonium ion 

increases by 4.25 mg/g, 5.09 mg/g, 4.31 mg/g and 3.36 mg/g for CAG and zeolite in the increasing 

order of sizes, respectively, (see Figure 6) 
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3.2.1.3. Influence of pH 

The adsorption capacity of the ammonium ion increased with increasing pH for all adsorbent 

samples see Figure 7.. The increase in the adsorption capacity for CAG is reduced until the pH value 

is equal to the pHZPC, after which this increase is constant with the increase in pH. This increase is 

slow in the range 5.02 -7.0 with a capacity of 0.2 mg/g for each pH unit, after which the increase in 

capacity is uniform and equal to 1.2 mg/g for each pH unit. ZR also has a slow increase in adsorption 

capacity of only 0.28 mg/g per pH unit for the range 5.02 - 7.0, after which there is an increase in 

adsorption capacity for ammonium ion of 1.6 mg/g per pH unit. The sharp increase in the adsorption 

capacity of the ammonium ion in the basic pH range can be explained by the increase in the 

concentration of hydroxyl ions in the solution, which stimulates the processes of charging the active 

surface of adsorbents with negative charges with affinity for the ammonium ion [32]. Added to this 

is the fact that the hydroxyl ions react with the ammonium ion forming ammonia, a slightly volatile 

compound that can be removed from the system by desorption through agitation. [3]. 

3.2.1.4. Influence of Ionic Strength 

The ionic strength is another important parameter that influences the adsorption capacity of the 

ammonium ion on ZR and GAC as seen in Figure 8. To simplify the evaluation, we defined by 

analogy with the pH: 

pIS = -log [IS],  (20) 

where [IS] is the ionic strength of the solution expressed in mol/L. 

Research was done at three ionic states, the initial one introduced by the ammonium ion, and 

two others introduced by KCl, of 0.01 M and 0.1 M. Work was done at a temperature of 20 C, pH=6.09, 

the initial concentration of 39 mg/ IT. In Figure 8, we graphically represented the variation of the 

adsorption capacity of the ammonium ion as a function of pIS for all ZR with the three dimensions 

and for GAC. It can be observed that as the ionic strength increases, the adsorption capacity decreases 

for all four adsorbents. With an increase in the ionic strength at a pIS equal to 2, it can be observed 

that there is a decrease to 98% of the adsorption capacity of GAC, and at a pIS equal to 1, the capacity 

decreases to 91% compared to the value of the initial adsorption capacity, of 16.64 mg/g. This 

demonstrates that the active centers on the active surface of GaC do not have a high affinity for the 

ionic species present in the solution. 

Zeolite has a different behaviour. An ionic strength with pIS equal to 2 the adsorption capacity 

of the ammonium ion decreases to values between 96% and 98% compared to the initial capacity 

between 10.5-12.34 mg/g. At pIS values of 1, the ammonium ion adsorption capacity is between 75% 

and 82% of the initial adsorption capacity. This decrease shows us that the active surface has active 

centres for which the ammonium ion competes with the potassium ion and possibly with other ions. 

Therefore, there is a possibility that under the conditions of using real waters with a varied content 

of cationic species, the adsorption capacity for the ammonium ion will be much lower due to the 

competition between ammonium and the other cations for the active centres. 

3.3. Kinetic of Adsorption 

From the analysis of Figure 9, it can be seen that the size of the granule influences the time 

required to reach the sorption equilibrium of the ammonium ion on ZR, so it is approximately 48, 72 

and 93 hours for ZR with 0.5<d<1.25 mm, 1.25<d<3 mm, d>3 mm respectively. In the first 10 minutes 

of contact, ZR at all sizes retain about 12% of the total adsorption capacity, after 60 minutes the 

adsorption capacities are 41%, 22.5% and 25.6% for ZR in the order of increasing size respectively. 

After 48 hours, the adsorption capacities increase to values of 98%, 94% and 85.4% for ZR in order of 

increasing size. Other studies have been done on ammonium sorption on zeolites, times mentioned 

as being necessary to reach equilibrium in the range of tens and hundreds of minutes [2] up to 72 

hours for New Zealand zeolites and modenites [38]. GAC has a different behavior, it retains 60% of 
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the total adsorption capacity in the first 15 minutes and after two hours it reaches a capacity of 96.6% 

of this. 

 

Figure 9. Variation of ZR adsorption capacity for ammonium ion over time. 

 

Figure 10. Variation of CA adsorption capacity for ammonium ion over time. 

The kinetic study of the adsorption process is very important because it provides information 

about the rate at which the adsorption process takes place and the mass transfer mechanism. The 

kinetics of the adsorption process takes into account the particularities of adsorbents that have a 

porous structure [29]. The porosity of the adsorbent must be high and the size of the pores must be 

larger than the size of the chemical species that are adsorbed. Another important parameter is the 

size of the internal surface of the adsorbent, the larger it is, the better the adsorbent can come into 

contact with the adsorbate. In order for the adsorbent to perform well, it is absolutely necessary that 

on the internal surface there is a significant number of active centers that show affinity for the 

adsorbate and that they are uniformly distributed on the surface.[29] 
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Table 7. Characteristic parameters of the kinetic models that describe the adsorption of the 

ammonium ion on ZR and GAC. 

kinetics model Parameters 

Adsorbents 

AC 

GAC 

ZR 

0.5<d,1.25 

mm 

ZR 

1.25<d<3mm 

ZR 

d>3 mm 

Pseudo- first order model 

am,exp (mg/g) 16.64 12.20 9.876 8.26 

K1 (min-1) 2.75 0.0051 0.04 0.034 

am,cal(mg/g) 12.97 7.84 7.042 6.59 

R2 0.990 0.875 0.945 0.976 

Pseudo-Second order model 

am,exp (mg/g) 16.64 12.20 9.876 8.264 

K2 (g.mg-1min-1) 0.018 0.056 0.043 0.036 

am,cal(mg/g) 14.1 12.24 9.794 8.21 

R2 0.964 0.999 0.9985 0.995 

Elovich model 

am,exp(mg/g) 16.64 12.20 9.876 8.264 

α 0.0063 0.0026 0.018 0.018 

β 6.834 1.63 1.32 1.32 

R2 0.984 0.941 0.951 0.951 

Intra-particle diffusion  

KInt(mg.g-1min-1/2) 0.2384 1.21 0.97 0.74 

CI 0.671 2.43 1.2 1.3 

R2 0.943 0.790  0.895 0.947 

The mass transfer kinetics in the adsorption process takes place in three stages: external diffusion 

determined by the concentration difference between the solution and the adsorbent surface; internal 

diffusion that depends on the size of the pores and the adsorbed species; and the proper adsorption 

at the level of the active center where physical or chemical processes take place between the active 

center and adsorbates [37.]. 

To characterize the kinetics of the ammonium ion adsorption process on zeolites ZR and CA, 

they chose pseudo first order, pseudo second order, Elovich, and intra-particle diffusion 

mathematical models. In Table 2 are the mathematical equations that characterize the different 

kinetics models. From Table 7 it can be seen that the kinetics of the ammonium ion adsorption process 

on ZR zeolite for all three dimensions is best characterized by the pseudo second order mathematical 

model, the values of R2 are between 0.995 -0.999. 

In this case, the retention of the ammonium ion is controlled by the stage of the chemical 

adsorption process, that is, the reaction between the active center and the ammonium ion. In this 

situation, the concentration of the ammonium ion in the solution in the pores is equal to its 

concentration outside the granule. This model characterizes the materials that have a very large 

number of active centers, uniformly distributed on the specific surface of the adsorbent and the 

concentration of the adsorbate is low [29.]. The zeolite ZR has an active surface of 41 m2/g and an 

adsorption capacity of 12.34 mg/g, which proves that there is a large number of active centers that 

are involved in adsorption or ion exchange processes. 

The kinetics of the ammonium ion adsorption process on CAG is best characterized by the 

pseudo first order kinetic model, R2 is 0.990. This kinetic model is specific to processes in which the 

adsorbents have a small number of active cents that react with ammonium, the concentration of 

ammonium is very high and the rate-determining step is either external diffusion or internal diffusion 

[29]. Although activated carbon has a specific surface area of 1100 m2/g, 23 times greater than ZR, the 

ammonium ion retention capacity is reduced by only 16.7 mg/g. Active cents can contain hydroxyl, 

carboxyl groups that can react with the ammonium ion, the process can be especially a Van der Waals 

type physical process. 

The characteristic values of the specific parameters of all kinetic models are presented in Table 

7 
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5. Conclusions 

This paper presents a comparison between efficiency of Zeolite type clinoptilolite from Romania 

with Granular Activated carbon Norit GAC 830 E, an adsorbent frequently used in water treatment. 

The choice of this absorbent was not accidental. Zeolite is found in very large deposits in Romania, it 

is a natural, cheap material, with costs between 50-100 Euro/ton compared to other adsorbents that 

cost over 500 Euro/ton and which can be regenerated and reuse in the technological process of water 

treatment and purification, but also after exhaustion as an amendment for the soil. The zeolite type 

clinoptilolite from Romania is a material that meets all the conditions to be called sustainable. 

The main cristallyne form present in ZR are Ca Clinoptinolite ((Na1.32K1.28Ca1.72Mg0.52 ) 

(Al6.77Si29.23O72)(H 2O)26.84), over 80 %, with a ratio of Si/ Al greater than 4. The size of the pores is 

predominantly of the order of micrometers. The adsorption capacity of the zeolite for the three 

dimensions. The pH for which the number of positive charges is equal to the number of negative 

charges, ZPC pH, is between 2.97 and 4.34 for zeolite and 6.79 for GAC. The adsorption capacity of 

ammonium ion from synthetic solutions, at 20 °C, pH = 6.09, for the range of initial concentrations 0 

- 50 mg/L for Rupea Zeolite is in the range of 10.46 mg/g -12.34 mg/g and for granular activated carbon 

GAC W830 is 16.64 mg/g. It was found that the increase in temperature and pH have a positive effect 

on the adsorption capacity of the ammonium ion on the studied adsorbents, and the ionic strength 

determines the decrease in the adsorption capacity. The Langmuir isotherm proved to be the most 

appropriate to describe the adsorption of ammonium ions on all types of adsorbents used. Kinetic 

models were also identified that best describe the experimental processes. The results of the 

investigation showed that second-order kinetics governs the adsorption process on ZR zeolites and 

pseudo-first order for activated carbon. 
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