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In this research study, the removal of ammonium ions from aqueous solution 
by hydroxy-sodalite (HS) was evaluated. The effects of the contact time, pH, 
initial concentration, adsorbent dose, and the presence of other competing 
ions on ammonium ions removal were also studied. The result showed that 
the pH less than 7 was the best for ammonium adsorption, and the optimum 
removal was achieved at pH 7. Langmuir (Two linear forms), Freundlich, 
Harkin-Jura, Halsey, and Elovich isotherm models were fitted to the 
experimental data. These data were found to fit well with the Freundlich 
isotherm model. Kinetic experiments showed that equilibrium was reached 
after 60 min and the data correlated best with the pseudo-second order 
model. The presence of competing ions in solution affected the ammonium 
ions adsorption capacity. Overall, this adsorbent has the potential to remove 
ammonium ions from wastewater. 
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Graphical Abstract 

 

 

Introduction 

Nitrogen is one of the macronutrients necessary for plant growth and ammonium which is one of 

the forms by which plants consume nitrogen. Excess ammonium nitrogen in the environment could 

result to eutrophication of lakes and rivers [1], spoil the quality of water and increase toxicity to 

aquatic organisms [2]. Excessive use of nitrogen fertilizers in agriculture is a major source of 

ammonium in groundwater and surface water [3]. Ammonium is also emanated from industrial 

wastewater and urban sewage and dissolution of solid waste [4]. Zeolites have been evaluated as 

potential adsorbents for the removal of ammonium ions from wastewater due to their high cation 

exchange capacity, high adsorption capacity and high ammonium selectivity [5]. Zeolites are 

crystalline microporous aluminosilicates of alkali and alkaline earth metals with well-defined pores 

structures. They are built up of 3-dimensional frameworks of [SiO4]4- and [AlO4]5- tetrahedral, linked 

at their corners to form different channels and cages [6]. The negative charge on the lattice is 

neutralized by the positive charge of cations, typically, alkali or alkaline earth metal ions located 

within the pores of the material.   

Hydroxy-sodalite (HS) which is a type of zeolites that belongs to clathrasils group which is made 

of cubic array of β-cages and exhibits similar structure of sodalite (Na8[Al(SiO4)]6Cl2) where 

framework charges are balanced with hydroxide anions [7]. Because of small pore size (2.8 Å) and 

high ion exchange capacity, hydroxy-sodalite has been considered as a good candidate material for a 
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wide range of applications such as hydrogen storage, optical materials, adsorbent and base catalyst. 

Furthermore, this product with the high cation exchange capacity (CEC) could be used for waste- 

water treatment as an inorganic ion exchanger or an ion adsorbent capable of removing cations such 

as NH4+ and toxic heavy metal ions from water and sewage [8]. However, the adsorption of 

ammonium ions from aqueous solutions has been focused on natural zeolites such as clinoptilolite 

or mordenite [2‒9]. Studies on the adsorption of ammonium ions on synthetic zeolites are scanty 

most especially the sodalites. The aim of this study therefore, is to evaluate the adsorption capacities 

of hydroxy-sodalite for ammonium ions from aqueous solution. In this sense, some isotherms and 

kinetic models were also studied. 

Experimental 

Materials and methods 

Ammonium chloride (BDH, analytical grade) was used in the preparation of the synthetic 

wastewater. The stock solution of 1000 mg/L NH4
+ was prepared by dissolving NH4Cl in distilled 

water. Working standard solutions were prepared from stock solution by dilution with distilled 

water. Other adsorption tests were carried out using natural mineral water to ensure the presence 

of competing ions in solution (The properties of natural mineral water are listed in Table 1 as 

supplied by Supermont Company, Muyuka, Cameroon). Initial pH values of the working solutions 

were adjusted with HCl and NaOH to the desired values.  

Hydroxy-sodalite 

Hydroxy-sodalite used in this experiment was synthesized from fine fractions of sandy clay loam 

soil (SCL) with low organic matter content collected from Ikasa village, Ndian Division, South West 

Region of Cameroon (N04° 58.321´ E008° 47.970´) by alkaline fusion followed by hydrothermal 

synthesis method as reported by Nanganoa et al. [10]. The particle size distribution of SCL was 

carried out by the pipette method and the chemical analysis by ICP-AES (Inductive Coupled Plasma-

Atomic Emission Spectrometry). The results have been reported elsewhere [11]. 10 g of SCL raw 

material was mixed with 12 g of NaOH powder. This mixture was heated in a ceramic crucible in a 

muffle furnace at 600 °C for 1 h. The resultant material was cooled in a desiccator and ground to 

obtain fused material. 93.6 mL of distilled water and 0.93 g Al(OH)3 were added to the fused materials  

in a Teflon bottle. This was followed by a 24 h aging process which involves agitation on a reciprocal 

shaker at room temperature to obtain the aged material. The aged material was then heated in an air 

oven at 90 °C for 24 h in order to obtain the product. The product was filtered and washed several 

times with distilled water until the filtrate had pH≤10. The product was then dried in an oven at 105 
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°C overnight. The synthesized hydroxy-sodalite synthesized was denoted as HS. Cation exchange 

capacity (CEC) of zeolitic products was determined using sodium acetate procedure described by 

Chapman [12], zeolitic phase (s) in the solid products were identified by X-ray diffraction using a 

Rigaku D/Max 2500 instrument, operating on the Cu-kα radiation and 2θ scanning ranging from 5° 

to 80° with a scanning step of 0.02°. Morphology of SCL and the end products were examined by 

scanning electron microscope (SEM) using an S-4700 (Hitachi) instrument. Surface area and 

porosimetry measurements of the zeolitic product were obtained on a Micrometrics Tri-Star surface 

area and porosity analyzer at 77 K by nitrogen isotherms according to BET method. The cation 

exchange capacity of HS was found to be 203.06 meq/100 g. The BET surface area and the total pore 

volume were 46.23 m2/g and 0.21 cm3/g respectively. The XRD pattern and SEM micrograph of the 

HS are shown in Figures 1 and 2, respectively. 

Ammonium adsorption experiments  

Batch adsorption experiments of ammonium adsorption onto the HS (Particles size less than 250 

µm) were carried out at ambient temperature (24 °C) to investigate different parameters such as: 1) 

the effect of contact time with time ranging from 5 to 240 min, and initial concentration of  

ammonium nitrogen kept at 50 mg/L; 2) pH by varying from 4 to 10 and employing ammonium 

nitrogen concentration of 50 mg/L at equilibrium time; 3) Initial ammonium nitrogen concentrations 

by varying it from 25 to 125 mg/L at equilibrium time; 4) adsorbent dosages as increased from 0.1 

to 1 g in 50 mg/L ammonium nitrogen solution at equilibrium time; and 5) the presence of competing 

ions in solution to reflect the coexistence of NH4
+ and other ions in a real water/wastewater using 

synthetic wastewater solutions prepared with natural mineral water. The ammonium nitrogen 

concentration interval was from 25 to 125 mg/L. In all the batch adsorption, the solutions containing 

25 mL adsorbate and 0.5 g adsorbent (Unless otherwise specified) were taken at the desired pH in a 

250 mL capacity stoppered flasks and, then, stirred at 250 rpm at the given time intervals. The 

solutions were filtered and the concentrations of the supernatant were also determined by titrimetric 

method [13]. Control experiments were also carried out by mixing adsorbent with distilled 

water/natural mineral water. All the experiments were carried out at least in duplicate and the 

arithmetic average value reported. 

Ammonium adsorption capacities qt and qe at time t and equilibrium were respectively calculated 

based on the following equations. 

                                   𝑞𝑡 =  
(𝐶𝑜 −  𝐶𝑡 )𝑣

𝑚
                                                                                                                   (1)   
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Figure 1. XRD pattern of HS 

 

Figure 2. SEM image of HS 

where 𝐶𝑜 (mg/L) is the initial NH4
+ concentration, 𝐶𝑡 (mg/L) is the NH4

+ concentrations at time t in the 

solution,  𝑣 is the volume of aqueous solution (L) and 𝑚 is the mass of adsorbent (g) used in the 

experiment. 
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Results and discussion 

Ammonium adsorption studies 

Effect of contact time 

Figure 3 shows the ammonium uptake by the synthesized zeolite (HS) as a function of contact time 

at ambient temperature. The result revealed that the removal of ammonium by the HS was a very 

rapid process and ammonium uptake was almost completed within the first 10 min of the reaction 

process. Between 10 and 45 min of uptake, fluctuations could be observed and equilibrium was 

reached after 60 min. Previous studies have also shown that ammonium uptake by zeolite is a fast 

process, and uptake equilibrium is achieved at a shorter time periods of 10 and 15 min [14]. 

Effect of pH 

The uptake of ammonium by HS was investigated at pH values ranging from 4 to 10. The result 

(Figure 4) showed that the ammonium removal by HS weakly increased with increasing the pH up to 

7. Moreover, it was observed that the pH value around and below 7 is best suited for the adsorption 

process with the optimum removal being achieved at pH 7. The decrease in uptake at pH values 

higher than 8 might be due to the significant presence of NH3 species as a result of the transformation 

of ammonium ions to ammonia [15]. The synthesized zeolite cannot remove NH3 because of the fact 

that it is only the ionized form that can be removed from the solution by ion exchange/adsorption. 

Effect of initial concentration 

The result of ammonium ion removal by HS for different initial concentrations is shown in Figure 

5. The higher the initial concentration of the ammonium ions, the higher amounts of ions are removed 

from the solution using HS. HS showed a better adsorption capacity as compared to the adsorption 

capacity of the raw material (SCL) for the different initial concentrations at pH 7 [11]. This can be 

attributed to the higher cation exchange capacity (CEC) of HS [16]. Franus a et al. [17, 18] respectively, 

obtained a sorption capacity of ammonium ion on synthetic sodalite from flyash of 4.45 mg NH4
+/g at 

initial concentration of 500 mg/L. 

Isotherm models 

In finding a suitable isotherm model that will be best described as the adsorption process, the 

isotherm data were fitted to the six two-parameters isotherm models. Two linear forms of Langmuir 

model referred to as Langmuir I and II, Freundlich, Harkin-Jura, Halsey and Elovich isotherm models 

were used to describe the equilibrium isotherm data [19]. The fit between the experimental data and 
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the linearized forms of the isotherm equations was also compared by judging the correlation 

coefficients (R2) while the average percentage errors (APE) were calculated according to Eq. 3 

indicating the fit between the experimental and predicted values of adsorption capacity.  

                            𝐴𝑃𝐸(%)  =
100

𝑁
 ∑

|𝑞𝑒,𝑒𝑥𝑝  − 𝑞𝑒,𝑡ℎ|𝑖

𝑞𝑒,𝑒𝑥𝑝

𝑁

𝑖=1

                                                                       (3) 

where qe, exp is the experimental value, qe, th is the predicted value, and N is the number of 

experimental data if data from the models are similar to the experimental data, APE (%) will be a 

small number [20, 21]. The corresponding correlation coefficients, average percentage error (APE 

(%)) and the isotherm constants are calculated and presented in Table 1. 

The expression of the Langmuir isotherm model is as follows:  

                                      𝑞𝑒 =  
𝑞𝑚𝐾𝐿𝐶𝑒

1 + 𝐾𝐿𝐶𝑒
                                                                                                                     (4) 

where 𝑞𝑒 is the amount of solute adsorbed per unit mass of adsorbent (mg/g), 𝐶𝑒 is the equilibrium 

concentration of adsorbate in solution after adsorption (mg/L). 𝑞𝑚  is the maximum adsorption 

capacity (mg/g) and 𝐾𝐿 is the Langmuir constant related to energy of the adsorption (L/mg) [19‒23]. 

Two of the linear forms of Eq. 4 are written as: 

                                       Langmuir I:      
1

𝑞𝑒
=  

1

𝑞𝑚𝐾𝐿𝐶𝑒
+  

1

𝑞𝑚
                                                                              (5) 

                                      Langmuir II:    
𝐶𝑒

𝑞𝑒
=  

𝐶𝑒

𝑞𝑚
+

1

𝑞𝑚𝐾𝐿
                                                                                      (6) 

The essential characteristics of a Langmuir isotherm can be expressed in terms of a dimensionless 

constant separation factor or equilibrium parameter,  𝑅𝐿, which is defined as: 

                                              𝑅𝐿  =  
1

1 + 𝐾𝐶𝑜
                                                                                                            (7)   

This value indicates the shape of the isotherm to be either unfavorable ( 𝑅𝐿 >1), linear (𝑅𝐿 =1), 

favorable (0< 𝑅𝐿<1), or irreversible (𝑅𝐿=0) [24]. 

The freundlich isotherm is represented by the equation: 

                                     𝑞𝑒  =  𝐾𝑓𝐶𝑒
1 𝑛⁄

                                                                                                                         (8) 
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Figure 3. Effect of contact time on ammonium ion adsorption on HS at pH 6.8, initial ammonium 
concentration; 50 mg NH4

+ /L 

 

Figure 4. Effect of pH on ammonium adsorption on HS 
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Figure 5. Effect of initial concentration on ammonium ion adsorption on HS 

Table 1. Isotherm model constants for ammonium adsorption on HS  

Isotherm Parameter 
Langmuir I ZHS 2 

qm (mg/g) 4.51 

KL (L/g) 0.25 

R2 0.988 

APE 7.04 

Langmuir II  

qm (mg/g) 5.46 

KL (L/g) 0.15 

R2 0.972 

APE 9.91 

Freundlich  

KF  

(mg/g)(L/mg)1/n 1.07 

n 2.31 

R2 0.990 

APE 3.95 
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Harkin-Jura  

A 2.10 

B 1.42 

R2 0.846 

APE 20.07 

Halsey  

KH 0.86 

nH -2.31 

R2 0.990 

APE 74.68 

Elovich  

qm (mg/g) 1.97 

KE 1.21 

R2 0.964 

 

This model suggested that the sorption process involved heterogeneous sorption with different 

classes of adsorption sites where: 𝑞𝑒 (mg/g) is the quantity of solute adsorbed at equilibrium, 𝐶𝑒 is 

the concentration of adsorbate at equilibrium (mg/L). 𝐾𝑓 and 𝑛 are Freundlich constants related to 

adsorption capacity and adsorption intensity of the adsorbent respectively. The linear form is written 

as: 

                                𝑙𝑛 𝑞𝑒  =  𝑙𝑛 𝐾𝑓   +   
1

𝑛
𝑙𝑛 𝐶𝑒                                                                                                         (9) 

The magnitude of the exponent ‘𝑛’ gives the indication of favourable condition of adsorption with 

values of 1< 𝑛 < 10 [25, 26]. 

The Harkin-Jura adsorption isotherm is expressed as: 

                                       𝑞𝑒 = √(
𝐴𝐻

𝐵𝐻 + log 𝐶𝑒
)                                                                                                        (10) 

Where 𝐴𝐻  and 𝐵𝐻  are the isotherm constants. The isotherm equation accounts for multilayer 

adsorption and can be explained by the existence of a heterogeneous pore distribution [27]. The 

linear form is given in Eq. 11: 
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1

𝑞𝑒
2 =  (

𝐵𝐻

𝐴𝐻
) −  

1

𝐴𝐻
log 𝐶𝑒                                                                                                (11)  

The Harkin-Jura isotherm parameters are obtained from the plot of 1/𝑞𝑒
2 versus log 𝐶𝑒.  

The Halsey adsorption isotherm model can be expressed as: 

                                                𝑞𝑒 =  √(
𝐾𝐻

𝐶𝑒
)

𝑛

                                                                                                             (12) 

where 𝐾𝐻 and 𝑛 are the Halsey isotherm constant and exponent respectively. The linearized form is 

given by: 

                                  ln 𝑞𝑒 =  
1

𝑛
 ln 𝐾𝐻 −  

1

𝑛
 ln 𝐶𝑒                                                                                                (13) 

This equation is suitable for multilayer adsorption and the isotherm parameters are obtained by the 

graph of ln 𝑞𝑒 versus ln 𝐶𝑒  [20]. 

The Elovich model is based on a kinetic principle assuming that the adsorption sites increase 

exponentially with adsorption, which implies a multilayer adsorption [28]. It is expressed by the 

relation:  

                                    
𝑞𝑒

𝑞𝑚
=  𝐾𝐸𝐶𝑒 exp (−

𝑞𝑒

𝑞𝑚
)                                                                                                     (14) 

where 𝐾𝐸  is the Elovich equilibrium constant (L/mg) and 𝑞𝑚  is the Elovich maximum adsorption 

capacity (mg/g).  𝐾𝐸  and 𝑞𝑚 values and the correlation coefficient are obtained from the linear form 

of the Elovich equation (Eq. 15) by plotting ln 𝑞𝑒/𝐶𝑒 versus 𝑞𝑒/𝑞𝑚. 

                                        ln
𝑞𝑒

𝐶 𝑒
= ln 𝐾𝑒 𝑞𝑚 − 

𝑞𝑒

𝑞𝑚
                                                                                                  (15) 

The Freundlich adsorption model gave the best fit (R2=0.990 and APE (%)=3.95) as compared to 

Langmuir I and II, Harkin-Jura, Halsey and Elovich (Table 1). A better fit for Freundlich model was 

also obtained when ammonium ion was adsorbed by synthetic zeolites Na-X, Na-P and Sodalite 

synthesized from fly ash [17] and Chinese natural clinoptilolite and modified zeolite [29]. 

The values of 𝑅𝐿 for NH4+ removal by ZHS are shown in Figure 6. The 𝑅𝐿 values were found to vary 

within the ranges, 0.138–0.031 and 0.215–0.052 for Langmuir I and II, respectively, the initial NH4+ 

concentration values being 25–125 mg/L. All values are in the range of 0–1 which indicates a 

favorable adsorption. The n value from Freundlich model is greater than 1, which also represented 
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favourable adsorption (1< 𝑛 < 10) [30]. These proved that HS is a potential adsorbent for NH4
+ ion 

from aqueous solutions. 

Table 2. Chemical properties of Natural mineral water 

pH Ca2+ 

(mg/L) 

Mg2+ 

(mg/L) 

K+ 

(mg/L) 

HCO3- 

(mg/L) 

Cl- 

(mg/L) 
7.1 30 5.9 3.8 134 1.3 

 

 

Figure 6. Variation of separation factor with initial ammonium ion concentration of HS 

 

Figure 7. Effect of HS dose on uptake of ammonium ion 
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Figure 8. Comparison of ammonium ions uptake on HS with and without the presence of competing 
ions (q1: adsorption capacities without the presence of competing ions; q2: adsorption capacities 
with the presence of competing ions) 

Effect of adsorbent dose  
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Kinetic model 

In the present research, the kinetics of ammonium ion uptake on the HS was studied. Four types 

of kinetic models, pseudo-first order, pseudo-second order model, Elovich and the intra particle 

diffusion models, were employed to fit experimental data. The correlation coefficients (R2) values 

and comparison of experimental and theoretical adsorption capacity 𝑞𝑒 were also used to determine 

the fitness of the kinetic models to the adsorption systems [23‒33]. The mathematical equations of 

these models are illustrated in Table 3, where 𝑞𝑒 and 𝑞𝑡 are the adsorption capacity at equilibrium 

and at time t respectively (mg/g), 𝐾1 and 𝐾2 are the rate constant of pseudo-first order adsorption 

(min-1) and pseudo second order adsorption (mg-1 min-1), respectively while 𝐾𝑖𝑑  is the intraparticle 

diffusion rate constant (mg/g min1/2). α is the initial sorption rate (mg/g-1 min) and β is the 

desorption rate constant (g/mg-1) during any one experiment of the Elovich kinetic model.  The 

parameters of the aforementioned kinetic models are given in Table 4. Values of 𝐾1 and 𝑞𝑒 of pseudo-

first order model were obtained from the linear plot of 𝑙𝑛(𝑞𝑒 − 𝑞𝑡) against 𝑡 (Figure 9), 𝐾2 and 𝑞𝑒 of 

pseudo-second-order model from the straight-line plots of 𝑡/𝑞𝑡  against 𝑡  (Figure 10). 𝛼  and 𝛽  of 

Elovich kinetic model were obtained from 𝑞𝑡  versus 𝑙𝑛 𝑡  (Figure 11) and 𝑘𝑖𝑑  of intra-particle 

diffusion model from the plot of 𝑞𝑡  versus 𝑡1/2  (Figure 12). Based on the difference between the 

experimental equilibrium adsorption capacity ( 𝑞𝑒 , exp) and calculated equilibrium adsorption 

capacity (𝑞𝑒 , th), as well as the correlation coefficient R2, it is clearly observed that adsorption of 

ammonium ions onto HS can be satisfactorily described by the pseudo-second order equation. The 

results in Table 4 show that the correlation coefficient (R2=0.9999) for the pseudo-second order 

model was much higher than those obtained using the Lagergren first-order model (R2=0.5484), 

Elovich (R2=0.1723) and the intraparticle diffusion model (R2=0.1283). Thus, the pseudo-second 

order model explains the kinetic process best, indicating a two-step process of ammonium 

adsorption by HS. 

Table 3. kinetic models and their linear forms 

Model Equation Linear form 
Pseudo–first order dqt

dt
=k1(qe- qt) 

ln(q
e
 - q

t
)  = ln q

e
 - K1t 

Pseudo–second order dqt

dt
 = K2(qe - qt)

2
 

t

q
t

 = 
1

K2q
e
2

  +  
t

q
e

 

Elovich dqt

dt
 =α exp(-βqt) q

t
 = 

1

β
ln(αβ)   +  

1

β
ln t 

Intra-particle diffusion / qt = Kidt1/2 +C 
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Table 4. Kinetic parameters and the calculated (𝒒𝒆, th) and experimental (𝒒𝒆, exp) of ammonium ion 

adsorption on HS 

 qexp  Pseudo-first-

order 

  pseudo-second-order  

  k1 R2 qe, th k2 R2 qe, th 

HS 2.25 0.02 0.548 0.04 5.79 0.999 2.25 

   Elovich   Intraparticle diffusion  

  α β R2  kid R2 

HS  1.02E+100 106.38 0.172  0.004   0.128 

 
 

Figure 9. Pseudo-first-

order adsorption kinetic 

model of ammonium ions 

on HS 

 
Figure 10. Pseudo-

second-order adsorption 

kinetic model of 

ammonium ions on HS 
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Figure 11. Elovich adsorption kinetic model of ammonium ions on HS 

 

Figure 12. Intra-particle diffusion model of ammonium adsorption on HS 
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factor 𝑅𝐿 from Langmuir model and adsorption intensity 𝑛 from the Freundlich model suggested that 

the removal of ammonium by HS was favourable. Kinetic studies indicated that ammonium uptake 

by HS is best described by the pseudo-second order model and the effect of the presence of competing 

ions in solution significantly affected the uptake of ammonium. This material (HS) has potentials in 

the adsorption of ammonium ions from wastewater. 

Acknowledgments 

The authors would like to acknowledge all the members of Soil, Plant and Water Analytical 

Laboratory, Institute of Agricultural Research for Development, Ekona for their support. 

Disclosure statement 

No potential conflict of interest was reported by the authors. 

References 

[1]. Kučić D., Markić M., Briški F. Holistic Approach Environ., 2012, 2:145 

[2]. Liu H., Dong Y., Wang H., Liu Y. J. Environ. Sci., 2010, 22:1513 

[3]. Poly B., Sredeep S., Nadia S. IJCEBS., 2013, 1:157 

[4]. Mingshan W., Libing L., Xiuli Z., Zhaohui L, Zhiguo X, Weida C. Clays Clay Miner., 2011, 59:459 

[5]. Breck D.W. Wiley-Interscience Publication, Wiley. 1973; p 771 

[6]. Tounsi H., Mseddi S., Djemel S. phys. procedia, 2009, 2:1065 

[7]. Naskar M.K., Kundu D., Chatterjee M. Mater. Lett., 2011, 65:3408 

[8]. Henmi T. Soil Sci. Plant Nutr., 1987, 33:517 

[9]. Wasielewski S., Rott E., Minke R., Steinmetz H. Water, 2018, 10:584  

[10]. Nanganoa L.T., Mbadcam K.J., Kang S. Inter. J. ChemTech Res., 2016, 9:725 

[11]. Nanganoa L.T., Mbadcam K.J., Tchakunte H.K. IJRSR., 2013, 4:2021 

[12]. Black C.A., Method of Soil Analysis, American Society of Agronomy, Madison, Wisconsin USA, 

1965; p 891 

[13]. APHA, AWWA, WEF, Standard Methods for the Examination of Water and Wastewater (20th ed.); 

American Public Health Association: Washington DC, 1998; p 110 

[14]. Karadag D., Koc Y., Turan M., Armagan B. J. Hazard. Mater., 2006, 136:604 

[15]. Thornton A., Pearce P., Parsons S.A. J. Hazard. Mater., 2007, 147:883 

[16]. Zhang C., Tang H., Advances in Water Resources and Hydraulic Engineering, Springer: Berlin, 

2009; p 656 

[17]. Franus W., Wdowin M. Gosp Sur Miner—Miner Res Manag. 2010, 26:133 



 Removal of ammonium ions from aqueous …                                                                                                                         186 

[18]. Franus M., Wdowin M., Bandura L., Franus W. Fresen. Environ. Bull., 2015, 24:854 

[19]. Hameed B.H., Mahmoud D.K., Ahmad A.L. J. Hazard. Mater., 2008, 158:65 

[20]. Hadi M., Samarghandi M.R., McKay G. Chem. Eng. J., 2010, 160:408 

[21]. Rawajfih Z., Al Mohammad H., Nsour N., Ibrahim K. Microporous Mesoporous Mater., 2010, 

132:401 

[22]. Zheng H., Liu D., Zheng Y., Liang S., Liu Z. J. Hazard. Mater., 2009, 167:141 

[23]. Hameed B.H., Krishni R.R., Sata S.A. J. Hazard Mater., 2009, 162:305 

[24]. Hameed B.H., El-Khaiary M.I. J. Hazard. Mater., 2008a, 159:574 

[25]. Subramanyam B., Das A. Desalination, 2009, 249:914 

[26]. Ketcha M.J., Bougo T.C. Res. J. Chem. Environ., 2010, 14:60 

[27]. Malkoc E., Nuhoglu Y. Chem. Eng. Process., 2007, 46:1020 

[28]. Hamdaoui O., Naffrechoux E. J. Hazard. Mater., 2007, 147:381 

[29]. Wang Y.F., Lin F., Pang W.Q. J. Hazard. Mater., 2007, 142:160 

[30]. Liu H., Dong Y., Wang H., Liu Y. Desalination, 2010, 263:70 

[31]. Zhang M., Zhang H., Xu D., Han L., Niu D., Tian B., Zhang J., Zhang L., Wu W. Desalination, 2011, 

271:111 

[32]. Nsami J.N., Mbadcam J.K., Hindawi Publishing Corporation Journal of Chemistry, 2013, 2013:7 

[33]. Daifullah A.A.M., Yakout S.M., Elreefy S.A. J. Hazard. Mater., 2007, 147:633 

How to cite this manuscript: Lawrence Tatanah Nanganoa*, Guy Tagne Merlain, Julius Nsami 
Ndi, Joseph Mbadcam Ketcha. Removal of ammonium ions from aqueous solution using hydroxy-
sodalite zeolite. Asian Journal of Green Chemistry, 3(2) 2019, 169-186. DOI: 
10.22034/ajgc.2018.140227.1083 

 

http://www.ajgreenchem.com/article_70718.html

