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ABSTRACT: The adsorption of silver ion in aqueous solution onto Japanese natural zeolites, i.e., mordenite 

(MZ) and clinoptilolite (CZ), from Iizaka mine, Fukushima Prefecture and Koriyama mine, Kagoshima 

Prefecture, respectively, is analyzed in this study. The effects of various parameters, i.e., solution pH, adsorbent 

dosage, adsorption time, silver ion solution concentration, and temperature, on silver ion adsorption onto the 

Japanese natural zeolites are investigated as a comparative study. For both zeolites, the optimum pH for silver 

adsorption is determined to be 3–4, and the adsorption processes can be described better using the Langmuir 

isotherm model than the Freundlich isotherm model. The calculated maximum adsorption capacities of MZ 

and CZ are 0.728 mmol‧g-1 and 0.546 mmol‧g-1, respectively. Adsorption kinetics studies are conducted, and 

the results show that the adsorption processes for both zeolites correspond to the pseudo-second-order kinetics 

model instead of the pseudo-first-order model. These results suggest Japanese natural zeolites have a potential 

for removing silver ion from aqueous solution.   
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1. INTRODUCTION 

 

The removal of metal ions from industrial 

wastewater using different adsorbents has received 

significant interest [1] because industrial 

wastewater often contains considerable amounts of 

metal ions that pose a potential threat to public 

health and the environment if discharged without 

adequate treatment. High concentrations of 

problematic metals in solution can affect humans, 

animals, and vegetation. Water and soil pollution by 

metal cations increases proportionally with the 

amount of industrial activities. To minimize costs 

associated with the treatment of such industrial 

wastewater, most previous investigations have 

focused on the use of low-cost adsorbents [2, 3]. 

Recently, the use of natural zeolites to control 

heavy metal ion pollution in effluents has increased. 

Natural zeolites exhibit ion-exchange capabilities 

for removing metal ions, rendering them suitable 

for use in wastewater treatment [4-6]. In addition, 

natural zeolites are inexpensive [7]. Zeolites are 

naturally occurring crystalline aluminosilicates that 

comprise a framework of tetrahedral molecules 

linked by shared oxygen atoms, exchangeable 

alkaline and alkaline earth metal cations (typically 

Na+, K+, Ca2+, and Mg2+), and water. Additionally, 

zeolites exhibit a porous structure that encloses 

interconnected cavities, which contain metal ions 

and water molecules [8]. The fundamental building 

block of zeolites is a tetrahedron of four oxygen 

atoms surrounding a relatively small silicon or 

aluminum atom. Because aluminum has one less 

positive charge than silicon, the framework has a 

net negative charge of one at each aluminum atom 

site and is balanced by exchangeable cations (ECs) 

[9]. 

Silver is typically used as a raw material in 

various industries owing to its excellent 

malleability, ductility, electrical and thermal 

conductivities, photosensitivity, and antimicrobial 

properties. Accordingly, copious amounts of silver 

are lost in effluents discharged from such industries. 

Furthermore, owing to the toxicity of silver to living 

organisms, it must be removed from wastewater. 

The applicable methods for removing silver include 

precipitation, electrolysis, solvent extraction, and 

those involving the use of ion-exchange resins and 

chelating agents. These methods can be used on a 

large scale when the metal effluent concentrations 

are sufficiently high (>100 ppm). To minimize 

processing costs and reduce the metal concentration 

in industrial wastewater, most recent investigations 

have focused on the use of low-cost adsorbents such 

as zeolites [10, 11]. 

Additionally, silver–zeolite composites have 

been reported to inhibit bacterial growth under 

aerobic and anaerobic conditions [12, 13]. Some 

microorganisms that exist in our living environment 

assist in ecological cycles, whereas others cause 

diseases in people, animals, and plants [14]. 

Microorganism growth and death are affected by 

environmental factors, such as temperature, pH, 

oxygen level, pressure, and light irradiation. 

Antimicrobial agents, such as alcohols, phenols, 

halogenated compounds, quaternary ammonium 
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salts, heavy metal ions (Ag+, Zn2+, Cu2+, Fe2+/3+, 

Cd2+, and Pd2+), silver nanoparticles, metal oxides 

(ZnO, MgO, and Ag2O), zirconium phosphates, 

oxidizing agents (ozone, chlorine, and its 

derivatives), heat, and ultraviolet light are used to 

prevent contamination or sterilize contaminated 

materials. Owing to its broad-spectrum antibacterial 

and anti-microbial properties, non-toxicity to 

humans, high biocompatibility degree, excellent 

resistance to sterilization conditions, and long-term 

antibacterial efficiency, silver, either in metallic or 

nanoparticle form or as an ion, is the most 

frequently used antibacterial agent for controlling 

bacterial growth. Antibacterial agents such as silver 

plates, silver nitrate solution, or silver sulfadiazine 

can be used directly but not preferred owing to the 

high cost incurred. However, preparing 

antibacterial silver as a support material with a high 

specific surface area and porosity is preferable. 

Examples of carrier support materials for silver 

include polymers, metal oxides, silica, glass, clay, 

synthetic zeolites (such as LTA, LTX, LTY, ETS-

10), and natural zeolites (such as mordenite) and 

clinoptilolite) [15-19]. These exemplified supports 

are the most typical and economical carriers owing 

to their user-friendly management, non-toxicity, 

and controlled long-term release rate. 

In the present study, we investigated the 

potential of locally available Japanese natural 

zeolites, i.e., mordenite (MZ) and clinoptilolite 

(CZ), for removing Ag+ from aqueous solutions and 

the optimization of conditions for maximum 

adsorption. The effects of various parameters (pH, 

adsorbent dosage, initial solution concentration, 

reaction time, and temperature) on the Ag+ 

adsorption process were investigated to evaluate the 

adsorption properties of Japanese natural zeolites 

MZ and CZ as Ag-supported materials for use as 

bactericides or for removing Ag+ from polluted 

industrial waters. 

 

2. RESEARCH SIGNIFICANCE 

 

This research explores the potential of Japan’s 

abundant natural zeolites, particularly from 

volcanic regions, as a sustainable and cost-effective 

resource for future development. By investigating 

the silver adsorption capacity of two Japanese 

natural zeolites, the study aims to assess their 

effectiveness in various applications, including 

wastewater treatment and the preparation of silver-

supported materials. The findings could offer 

valuable insights into utilizing local, 

environmentally friendly materials for industrial 

purposes, promoting both resource efficiency and 

environmental sustainability. This work contributes 

to the development of innovative solutions for 

managing waste and enhancing material 

applications in Japan’s growing technological 

landscape. 

 

3. MATERIALS AND METHODS  

 

3.1 Samples  

 

Two natural Japanese zeolite samples, i.e., MZ 

and CZ, were used in this study. MZ was obtained 

from the Iizka mine, Fukushima Prefecture, Japan, 

whereas CZ was obtained from the Koriyama mine, 

Kagoshima Prefecture, Japan. Prior to performing 

experiments, the sample was ground to a certain 

particle size (< 250 μm) and dried at 80 °C in a 

drying oven overnight. Table 1 shows the ECs and 

cation exchange capacity (CECs) of the natural 

zeolites, which were determined using a modified 

Schollenberger method. The CECs (1.67 and 1.51 

mmol‧g-1) were relatively high, and most of the EC 

sites were occupied by Na+ and Ca2+. Therefore, 

these two Japanese natural zeolite samples 

exhibited similar CECs and ECs, although their 

crystal structures were different. 

 

Table 1 Exchangeable cations and cation exchange 

capacities of natural zeolites, MZ and CZ. 

 

 

Exchangeable cations (mmol•g-

1) CEC (mmol‧g-1) 

Na+ K+ Mg2+ Ca2+ 

MZ 0.56 0.21 0.03 0.44 1.67 

CZ 0.58 0.28 0.02 0.40 1.51 

 

3.2 Experimental  

 

Ag+ solution was prepared from nitrate salt 

AgNO3 (>99% purity, Wako, Japan) and distilled 

water. The amount of Ag+ adsorbed per unit mass 

of zeolite at equilibrium, qe (mmol‧g-1), and the 

removal of Ag+ from solution, R (%), were 

calculated based on changes in the Ag+ 

concentration in the medium by considering the 

adsorption volume and amount of zeolite sample 

used, as follows: 

 

( ) wVCCqe •-= 0                                     (1) 

( ) 100×-= 00 CCCR                               (2) 

 

where C0 (mmol‧L-1) and C (mmol‧L-1) are the 

initial and measured concentrations, respectively; V 

is the solution volume (L); w is the weight of zeolite 

sample (g). 

 

3.2.1 Effect of pH 

The effect of solution pH on Ag adsorption was 

investigated using a 0.5 mM AgNO3 solution over a 

pH range of 1–8. The pH of the Ag solution was 
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adjusted using HNO3 solution. Adsorption tests 

were conducted in 50 mL polypropylene 

centrifuged tubes. In each adsorption trial, zeolite 

(0.1 g) was added to 20 mL of the Ag+ solution at 

room temperature, and the tube was agitated using 

a reciprocal agitator (200 rpm). After 2 h of mixing, 

the aqueous phase was separated from the solid 

(adsorbent) via centrifugation (3000 rpm, 10 min), 

the pH of the supernatant was measured using a pH 

meter (Horiba, D-53, Japan), and the concentration 

of Ag+ in the supernatant was determined via 

inductively coupled plasma–atomic emission 

spectroscopy (ICP-AES; Seiko, SPS5510, Japan) to 

obtain qe. 

 

3.2.2 Effect of dosage 

The effect of adsorbent dosage on Ag+ removal 

was investigated using a 0.5 mM AgNO3 solution. 

Varying amounts of zeolite samples ranging from 

0.02 to 0.2 g were added to a 20 mL Ag+ solution in 

a tube at room temperature, and the tube was 

agitated for 2 h using a reciprocal agitator as per the 

procedure above. Subsequently, the aqueous phase 

was separated from the solid via centrifugation, as 

described above. The pH of the supernatant was 

measured using a pH meter, and the concentration 

of silver ions in the supernatant was determined via 

ICP-AES to calculate R. 

 

3.2.3 Effect of initial silver concentration 

The effect of the initial Ag+ solution 

concentration on the adsorption capacity of the 

natural zeolites was determined using solutions 

with concentrations ranging from 0.1 to 5 mM. First, 

a zeolite sample (0.1 g) was added to 20 mL of Ag+ 

solution in a tube at room temperature, and the tube 

was agitated for 2 h. Subsequently, the aqueous 

phase was separated from the solid via 

centrifugation, and the Ag+ supernatant 

concentration was determined via ICP-AES to 

calculate qe. 

 

3.2.4 Effect of temperature and adsorption time 

To determine the adsorption time of Ag+ from 

the aqueous solution onto natural zeolites, 1 g of the 

zeolite sample was added to 200 mL of 1 mM 

AgNO3 solution in a 500 mL glass beaker, and the 

mixture was stirred using a magnetic stirrer at 20 °C. 

While stirring, 2 mL aliquots were sampled from 

the solution at varying times, filtrated, and the Ag+ 

concentration in the filtrate was determined via 

ICP-AES to calculate the amount of Ag+ adsorbed 

on the zeolite at sampling time t, qt, by Eq. (1) based 

on the difference between the initial Ag+ 

concentration and the Ag+ concentration at the 

sampling times. To investigate the effect of 

temperature on the adsorption time, experiments 

were conducted at two additional temperatures, i.e., 

30 °C and 40 °C. In addition, the concentrations of 

Na+, K+, Mg2+, and Ca2+ from the ECs of the natural 

zeolites in the solution were determined via ICP-

AES. 

 

4. RESULTS AND DISCUSSION 

 

Solution pH is an important factor that affects 

Ag+ adsorption at solid–liquid interfaces. The pH 

dependence of Ag+ adsorption on natural Japanese 

zeolites is shown in Figure 1. The experiments were 

conducted using silver ion solutions with different 

pH values. As observed for both MZ and CZ, the 

adsorption uptake of Ag+ was low at low pH values; 

subsequently, it increased with the pH level before 

decreasing as the pH increased further (> 4); finally, 

it stabilized at pH > 6.0. The highest Ag+ adsorption 

was achieved at an equilibrium pH ~ 4. These 

results are consistent with those of several 

investigations pertaining to Ag+ removal [20-24]. In 

these studies, the low adsorption capacity at pH < 4 

was attributed to the competition between protons 

and Ag+ for exchange sites on zeolite particles [25, 

26]. As the pH increases, the precipitation of Ag on 

the zeolites can occur, which decreases the 

adsorption/ion exchange uptake for achieving the 

equilibrium Ag+ concentration. Notably, MZ 

affords a higher adsorption amount than CZ in 

acidic solutions (pH 1–4); however, the maximum 

adsorption at pH ~ 4 and the adsorption behavior 

above pH 4 are similar for both natural zeolites. 

 
Fig.1 pH dependence of silver adsorption on 

Japanese natural zeolites, MZ and CZ 

 

Figure 2 shows the change in solution 

equilibrium pH as a function of the initial pH. The 

solution equilibrium pH increased when the initial 

pH was between 2 and 6. This implies that the 

zeolites have a negative surface charge at a pH 

lower than 2, and that the lower uptake is due to 

competition between the Ag+ and H+ ions for the 

adsorption/exchange sites. In the pH range between 
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2 and 6, the Ag+ uptake is accompanied by an 

increase in solution pH owing to the decrease in H+ 

in the solution. This Ag+ uptake is believed to have 

occurred via ion exchange and/or adsorption. 

Notably, the equilibrium pH values of the solution 

containing MZ are lower than those containing CZ, 

which implies that MZ is more acidic than CZ. 

 
Fig.2 Variation in solution equilibrium pH as a 

function of solution initial pH 

 

Figure 3 illustrates the effect of adsorbent 

dosage on the solution pH and silver removal by the 

natural zeolites. For both MZ and CZ, as the 

absorbent dosage increased, both the removal 

percentage and solution pH increased. Furthermore, 

adsorbent dosages greater than 5 g/L efficiently 

removed silver (approximately 95%) from the 

solution. Regardless of the dosage, the pH of the 

solution containing MZ was lower than that 

containing CZ, whereas the removal of Ag+ using 

MZ was more effective than that using CZ. 

Figure 4 shows the Ag adsorption isotherms of 

the zeolite samples. The silver ad-sorption of MZ 

was higher than that of CZ, and as their equilibrium 

concentrations in-creased, the silver ion uptake of 

MZ and CZ increased to approximately 0.6 and 0.5 

mmol‧g-1, respectively, before reaching a plateau. 

The equilibrium distribution of Ag+ between the 

zeolite and solution is important for determining the 

maximum sorption capacity. Several isotherm 

models are available to describe the equilibrium 

sorption distribution. In the present study, two 

models, i.e., the Langmuir and Freundlich models, 

were used to fit the experimental data. 

The linear forms of the Langmuir and 

Freundlich models can be expressed as follows: 

 

maxmax +)•(1= qCKqqC eLee                (3) 

nCKq eFe )ln(+)ln(=)ln(                          (4) 

where Ce is the equilibrium concentration 

(mmol‧L-1), and qe (mmol‧g-1) is the amount sorbed 

at equilibrium (mmol‧g-1). Additionally, qmax 

(mmol‧g-1) and KL (L‧mmol-1) are the Langmuir 

constants associated with the maximum adsorption 

capacity (which corresponds to the complete 

coverage of the available adsorption sites) and the 

adsorption energy (equilibrium adsorption 

constant), respectively; KF and n are the Freundlich 

constants. 

 

 
Fig.3 Effect of adsorbent dosage on (a) solution pH 

and (b) silver removal by natural zeolites, MZ and 

CZ 

 
 

Fig.4 Silver ion adsorption capacities of natural 

zeolites, MZ and CZ 

 

The Langmuir and Freundlich isotherm models 

were applied to the experimental data presented in 

Figure 4, and the associated parameters calculated 

from the fitted data are listed in Table 2. For both 

natural zeolites, the Langmuir model fitted the data 

better than the Freundlich model owing to the 
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higher correlation regression coefficient R2 (a 

goodness-of-fit indicator) of the data fitted with the 

Langmuir model. As discussed in a previous study 

[27], the uptake of various metals by natural zeolites 

is attributable to different ion-exchange 

mechanisms and adsorption processes. The 

maximum silver adsorption capacities (qmax) of MZ 

and CZ, as calculated using the Langmuir isotherm 

model, were 0.728 and 0.546 mmol‧g-1, respectively, 

which are comparable with those reported in the 

literature. For instance, the adsorption of Ag+ onto 

H-Na-ZDM-5 zeolite [28], mordenite [29], different 

types of chitosan [30], and coal [31] generated 

maximum adsorption capacities of 0.57, 0.04–0.21, 

0.4, and 0.017 mmol•g-1 of adsorbent, respectively. 

 

Table 2 Isotherm parameters and correlation 

regression using Langmuir and Freundlich models 

for Ag+ adsorption of Japanese natural zeolites 

 

Langmuir Freuldlich 

qmax KL R2 n KF R2 

0.728 5.68 0.982 1.77 0.485 0.790 

0.546 4.75 0.998 1.77 0.218 0.897 

 

Figure 5 shows the adsorption profiles of Ag+ 

onto the natural zeolites at reaction temperatures of 

20 °C, 30 °C, and 40°C. For MZ, as the solution 

temperature increased, the uptake of Ag+ increased, 

and the amount of adsorbed Ag+ increased rapidly 

before reaching an equilibrium value after 20 min. 

For CZ, regardless of the temperature, the uptake 

behavior of Ag+ was similar, and the amount of 

adsorbed Ag+ increased rapidly before reaching an 

equilibrium value after 10 min. Notably, the 

temperature dependence of silver adsorption for 

MZ was greater than that for CZ. 

 

The kinetic adsorption data obtained from 

Figure 5 were analyzed using different kinetic 

models, i.e., the Lagergren pseudo-first-order and 

pseudo-second-order models, as follows: 

 

tkqqq ete •-)ln(=)-ln( 1                        (5) 

eet qtqkqt +)•(1= 2

2
                          (6) 

 

where qt is the amount removed from the 

adsorbent at any time (mmol‧g-1); k1 (min-1) and k2 

(g‧(mmol‧min)-1) are the adsorption rate constants.  

The values of k1, k2, R
2, and qe (i.e., qe,1 and qe,2) are 

listed in Table 3. A comparison of the R2 values 

revealed that the adsorption process for both natural 

zeolites corresponded to the pseudo-second-order 

model instead of to the pseudo-first-order model. 

Regardless of temperature, the adsorption rate 

constants, k2, of CZ (123.6–158.8) were higher than 

those of MZ (12.7–20.9), indicating that the 

adsorption kinetics of CZ for silver is faster than 

that of MZ. Meanwhile, the adsorption amounts of 

silver, qe, for both natural zeolites were similar. 

 

 
Fig.5 Silver ion adsorption on natural zeolites (a) 

MZ and (b) CZ at 20, 30 and 40 oC as a function of 

reaction time 
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 Temperature (oC) 
Pseudo-first-order kinetics model Pseudo-second-order kinetics model 

k1 qe R2 k2 qe R2 

MZ 

20 0.169 0.060 0.794 14.0 0.184 1.000 

30 0.165 0.062 0.792 12.7 0.180 1.000 

40 0.182 0.052 0.773 20.9 0.172 1.000 

CZ 

20 0.220 0.022 0.967 133.2 0.155 1.000 

30 0.208 0.008 0.841 158.8 0.156 1.000 

40 0.382 0.013 0.886 123.6 0.167 1.000 

Table 3 Kinetics parameters and correlation regression using pseudo-first-order and pseudo-second-

order kinetics models 
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Fig.6 Concentrations of Ag+, Na+, K+, Ca2+ and Mg2+ in solution with 10 mM Ag+ at reaction temper-

atures of 20, 30 and 40 oC after MZ and CZ additions, as a function of reaction time: (a) MZ, 20 oC; (b) 

MZ, 30 oC; (c) MZ, 40 oC; (d) CZ, 20 oC; (e) CZ, 30 oC; (f) CZ, 40 oC 
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Figure 6 shows the concentrations of Ag+, Na+, 

K+, Ca2+, and Mg2+ in the solution with 10 mM Ag+ 

at reaction temperatures of 20 °C, 30 °C, and 40 °C 

after the addition of MZ and CZ. Regardless of 

temperature and the zeolite type, the concentration 

trend of the divalent cations, Mg2+ and Ca2+, was 

similar, whereas the concentrations of monovalent 

cations, Na+ and K+, by adding CZ increased faster 

than those by adding MZ, resulting in the decrease 

in Ag+ concentration due to CZ being faster than 

that due to MZ. It is speculated that the silver 

adsorption of natural zeolites primarily depends on 

the ion exchange be-tween Ag+ and the monovalent 

ECs in the natural zeolites, i.e., Na+ and K+. 

 

5. CONCLUSION 

 

In the present study, the interaction between Ag+ 

and Japanese natural zeolites was investigated, and 

the different properties of Japanese natural zeolites, 

i.e., MZ and CZ, for removing silver from aqueous 

solutions were clarified. The results indicated that 

several factors, such as pH, adsorbent dosage, 

adsorption time, initial Ag+ solution concentration, 

and temperature, affected the adsorption process 

using those natural zeolites. 

The optimum pH for silver adsorption by both 

natural zeolites was approximately 4. The 

equilibrium adsorption capacities of both natural 

zeolites for silver ions were measured and 

extrapolated using the Langmuir and Freundlich 

isotherm models, and the experimental data fitted 

better with the Langmuir isotherm model. The 

calculated maxi-mum adsorption capacity of MZ 

was 0.73 mmol‧g-1, which was higher than that of 

CZ (0.55 mmol‧g-1). The adsorption kinetics of both 

natural zeolites were tested for pseudo-first-order 

and pseudo-second-order reactions, and the rate 

constants of adsorption for these kinetic models 

were calculated. Adsorption experiments on both 

natural zeolites demonstrated that the adsorption 

process corresponded to a pseudo-second-order 

kinetics model instead of a pseudo-first-order.  

In summary, the current findings demonstrated 

the potential of natural Japanese zeolites as 

effective and efficient materials for removing Ag+ 

from aqueous solutions. 

 

6. REFERENCES 

 

[1] Abollino O., Aceto M., Sarzanini C. and 

Mentasti E., The Retention of Metal Species by 

Different Solid Sorbents: Mechanism for 

Heavy Metal Speciation by Sequential Three 

Column Uptake, Analytica Chimica Acta, Vol. 

411, 2000, pp. 223-237. 

https://doi.org/10.1016/S0003-670(00)00742-

X 

[2] [2] Al-Haj Ali A., and El-Bishtawi R., 

Removal of Lead and Nickel Ions Using 

Zeolite Tuff, Journal of Chemical Technology 

and Biotechnology, Vol. 69, 1997, pp.  27-34. 

https://doi.org/10.1002/(SICI)1097- 

4660(199705)69:1<27::AID-

JCTB682>3.0.CO;2-J 

[3] Sanchez A.G., Ayuso E.A., Blass O.J., 

Sorption of Heavy Metals from Industrial 

Waste Water by Low-Cost Mineral Silicates, 

Clay Minerals, Vol. 34, 1999, pp. 469-477. 

[4] Nishimura F., Tamada T., Tanaka M., Kassai 

H., Masuda M., Ammonia Removal 

Characteristics of Porous Concrete with Zeolite 

for Enhancing Self-purification Ability in 

River System, International Journal of 

GEOMATE, Vol. 8, 2015, pp. 1130-1137. 

https://geomatejournal.com/geomate/article/vi

ew/1888/1738 

[5] Pertiwiningrum A., Wuri M. A., Harto A. W., 

Budiarto R., Gozan M., Heating Value 

Enhancement by Biogas Purification using 

Natural Zeolite and Rice Straw-based Biochar, 

International Journal of GEOMATE, Vol. 16, 

2019, pp. 80-85. 

https://doi.org/10.21660/2019.55.4715  

[6] Ahmed N. A-H. H., Ibraheem A. T., Greening 

the Future of Construction: Unleashing Natural 

Zeolite for Eco-friendly High-performance 

Cement, International Journal of GEOMATE, 

Vol. 27, 2024, pp. 59-69. 

https://doi.org/10.21660/2024.119.4383 

[7] [7] Grant D.C., Skriba M.C. and Saha A.K., 

Removal of Radioactive Contaminants from 

West Valley Waste Streams using Natural 

Zeolites, Environmental Progress, Vol. 6, 1987, 

pp. 104-109. 

https://doi.org/10.1002/ep.670060212 

[8] Ouki S. and Kavannagh M., Performance of 

Natural Zeolites for the Treatment of Mixed 

Metal-Contaminated Effluents, Waste 

Management and Research, Vol. 15, 1997, pp. 

383-394. 

https://doi.org/10.1006/wmre.1996.0094 

[9] Sheppard R.A., Zeolites in Sedimentary 

Deposits of the Northwestern United States–

Potential Industrial Minerals, Montana Bureau 

of Mines and Geology, Vol. 74, 1976, pp. 69. 

[10] Hashemian S., Hosseini S.H., Salehifar H. and 

Salari K., Adsorption of Fe(III) from Aqueous 

Solution by Linde Type-A Zeolite, American 

Journal of Analytical Chemistry, Vol. 69, 2013, 

pp. 27-34. 

https://doi.org/10.4236/ajac.2013.47A017 

[11] Chmielewska E., Environmental Zeolites and 

Aqueous Media: Examples of Practical 

Solutions, Bentham Books, Beijing, China, 

1999.https://doi.org/10.2174/97816080593241

140101 

[12] Inoue Y., Hoshino M., Takahashi H., Naguchi 



International Journal of GEOMATE, July, 2025 Vol.29, Issue 131, pp.112-120 

119 

 

T., Murata T., Kanzaki Y., Hamashima H. and 

Sasatsu M., Bactericidal Activity of Ag-Zeolite 

Mediated by Reactive Oxygen Species under 

Aerated Conditions, Journal of Inorganic 

Biochemistry, Vol. 92, 2002, pp. 37-42. 

https://doi.org/10.1016/S0162- 

0134(02)00489-0 

[13] Kawahara K., Tsuruda K., Morishita M. and 

Uchida M., Antibacterial Effect of Silver-

Zeolite on Oral Bacteria under Anaerobic 

Conditions, Dental Materials, Vol. 16, 2000, pp. 

452-455. https://doi.org/10.1016/S0109- 

5641(00)00050-6 

[14] Alcamo I.E., Microbes and Society: An 

Introduction to Microbiology, Jones and 

Bartlett Publishers: Sudbury, Canada, 2004. 

[15] Albarrán M., De-La-Rosa-Gómez I., Olguín M. 

T., Response of the Antimicrobial activity of 

Silver-modified Natural Zeolites at Different 

Water Electrical Conductivities, Desalination 

and Water Treatment, Vol. 249, 2022, pp. 218-

231.https://doi.org/10.5004/dwt.2022.28112 

[16]  Ruíz-Baltazar Á. J., Reyes-López S. Y., 

Méndez-Lozano N., Medellin-Castillo N. A., 

Pérez R., Sustainable Zeolite-Silver 

Nanocomposites via Green Methods for Water 

Contaminant Mitigation and Modeling 

Approaches, Nanomaterials, Vol. 14, 2024, 

258.  

https://doi.org/10.3390/nano14030258 

[17] Sánchez-López P., Hernández-Hernández K. 

A., Moyado S. F., Nava R. D. C., Smolentseva, 

E., Antimicrobial and Virus Adsorption 

Properties of Y-Zeolite Exchanged with Silver 

and Zinc Cations, ACS Omega, Vol. 9, 2024, 

pp. 7554-

7563.https://doi.org/10.1021/acsomega.3c064

62 

[18] Silva J. R. R., Andrade C. O., Ribeiro A. C., 

Macruz P. D., Duarte E. C. N. F. A., 

Bergamasco R., Portela-Castro A. L. B., 

Fernandes C. A., In Vivo Test to Evaluate the 

Cytotoxicity and Genotoxicity of Natural 

Zeolite(NZ) Functionalized with Silver 

Nanoparticles (NZ-AgNPs) on Erythrocytes of 

Yellowtail Tetra Fish Astyanaz Lacustris, 

Biologocal Trace Element Research, Vol. 25, 

2024. https://doi.org/10.1007/s12011-024-

04451-7 

[19]  Pavlova E. L., Nenova E. P., Yocheva L. D., 

Ivanova I. A., Georgiev P. A., 1antimicrobial 

and Oxidative Activities of Different Levels of 

Silver-Exchanged Zeolites X and ZSM-5 and 

Their Ecotoxicity, Pharmaceuticals, Vol. 17, 

2024, 1586. 

https://doi.org/10.3390/ph17121586 

[20] Ouki S.K., and Kavannagh M., Treatment of 

Metals-Contaminated Wastewaters by Use of 

Natural Zeolites, Water Science and 

Technology, Vol. 39, 1999, pp. 115-122. 

https://doi.org/10.1016/S0273-

1223(99)00260-7 

[21] Doula M. and Ioannou A., The Effect of 

Electrolyte Anion on Cu Adsorption–

Desorption by Clinoptilolite, Microporous and 

Mesoporous Materials, Vol. 58, 2003, pp. 115-

130. https://doi.org/10.1016/S1387- 

1811(02)00610-8 

[22] Cabrera C. and Gabaadon C., Sorption 

Characteristics of Heavy Metal Ions by a 

Natural Zeolite, Journal of Chemical 

Technology and Biotechnology, Vol. 80, 2005, 

pp. 477-481. https://doi.org/10.1002/jctb.1189 

[23] Akgül M., Karabakan A., Acar O. and Yürüm 

Y., Removal of Silver (I) from Aqueous 

Solutions with Clinoptilolite, Microporous and 

Mesoporous Materials, Vol. 94, 2006, pp. 99-

104.https://doi.org/10.1016/j.micromeso.2006.

02.023 

[24] Lihareva N., Dimova L., Petrov O. and 

Tzvetanova Y., Ag+ Sorption on Natural and 

Na-Exchanged Clinoptilolite from Eastern 

Rhodopes, Bulgaria, Microporous and 

Mesoporous Materials, Vol. 130, 2010, pp. 32-

37.https://doi.org/10.1016/j.micromeso.2009.1

0.009 

[25] Haris P.O. and Ramelow G.J., Binding of 

Metal Ions by Particulate Biomass Derived 

from Chlorella Vulgaris and Scenedesmus 

Quadricauda, Environmental Science and 

Technology, Vol. 24, 1990, pp. 220-228. 

https://doi.org/10.1021/es00072a011 

[26] Algarra M., Jimenez M. V., Rodriguez-

Castellon E., Jimenez-Lopez A. and Jimenez-

Jimenez J., Heavy Metals Removal from 

Electroplating Wastewater by Aminopropyl-Si 

MCM-41, Chemosphere, Vol. 59, 2005, pp. 

779-786. 

https://doi.org/10.1016/j.chemosphere.2004.11

.023 

[27] Erdem, E., Karapinar, N., and Donat, R., The 

Removal of Heavy Metal Cations by Natural 

Zeolites, Journal of Colloid and Interface 

Science, Vol. 280, 2004, pp. 309-314. 

https://doi.org/10.1016/j.jcis.2004.08.028 

[28] Zhanpeisov N. U., Martra G., Ju W. S., 

Matsuoka M., Coluccia S. and Anpo M., 

Interaction of N2O with Ag+ Ion-Exchanged 

Zeolites: An FT-IR Spectroscopy and Quantum 

Chemical ab initio and DFT Studies, Journal of 

Molecular Catalysis A: Chemical, Vol. 201, 

2003, pp. 237-246. 

https://doi.org/10.1016/S1381- 

1169(03)00159-6 

[29] Bogdanchikova N. E., Petranovskii V. P., 

Machorro R. M., Sugi Y., Soto G.V.M. and 

Fuentes M.S., Stability of Silver Clusters in 

Mordenites with Different SiO2/Al2O3 Molar 



International Journal of GEOMATE, July, 2025 Vol.29, Issue 131, pp.112-120 

120 

 

Ratio, Applied Surface Science, Vol. 150, 1999, 

pp. 58-64. https://doi.org/10.1016/S0169-

4332(99)00223- 8 

[30] Yi Y., Wang Y. and Liu H., Preparation of New 

Crosslinked Chitosan with Crown Ether and 

their Adsorption for Silver Ion for Antibacterial 

Activities, Carbohydrate Polymers, Vol. 53, 

2003, pp. 425-430. 

https://doi.org/10.1016/S0144- 

8617(03)00104-8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[31] Karabakan A., Karabulut S., Denizli A. and 

Yürüm Y., Removal of Silver (I) from Aqueous 

Solutions with Low-Rank Turkish Coals, 

Adsorption Science and Technology, Vol. 22, 

2004, pp. 135-144. 

 

Copyright © Int. J. of GEOMATE All rights reserved, 

including making copies, unless permission is obtained 

from the copyright proprietors.  


