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Abstract 

There are two types of zeolites, namely natural and synthetic zeolite. Several techniques have been used to prepare zeolite, 

such as hydrothermal, solvothermal, microwave-assisted method, and ionothermal techniques. The prepared zeolite could be used 

in water purification, adsorption processes, ion exchangers, agricultural fields, air purification, and catalysis applications. The 

physical properties of the obtained zeolites were investigated using scanning electron microscopy, atomic force microscopy, Fourier 

transform infrared spectroscopy, the x-ray diffraction technique, thermogravimetric analysis, and X-ray fluorescence spectroscopy. 

Experimental findings revealed that the adsorption capacity of dyes, heavy metals, and phenol compounds is strongly dependent on 

the conditions. In addition, zeolite was modified with metal elements to improve quality and adsorption performance. It was noted 

that zeolite showed a negative charge and was able to remove cationic species but was very hard to remove anionic species in 

wastewater treatment. Adsorption data were studied using Langmuir, Temkin, and Freundlich isotherm models, while the kinetic 

study was measured through pseudo-first-order and pseudo-second-order models.  
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1. Introduction 

Zeolite has been used in gas separation, wastewater 

treatment, ion exchange, and catalysis due to its unique 

structural properties [1, 2]. In general, zeolite could be 

identified as natural zeolite or synthetic zeolite [3, 4]. Natural 

zeolite is a hydrated aluminosilicate material, can be observed 

in rocks and volcanic origin [5, 6]. Table 1 shows the physical 

properties of some natural zeolites. Currently, more than 150 

zeolites are synthesized via the slow crystallization process 

[7] due to high demand. Zeolite has a three-dimensional 

crystalline [8], microporous [9], rigid structure, and contains 

oxygen, silicon, and aluminium [10]. Moreover, aluminum 

and silicon atoms were tetrahedrally coordinated through 

shared oxygen [11]. Obviously, crystals serve as molecular 

sieves due to the channel sizes [12] and the pores are nearly 

uniform. Advantages of zeolites include no disposal problems 

[13], less time for softening, no corrosion issues [14], and 

high thermostability [15]. However, there are some 

limitations, such as low catalytic site density [16], treated 

water consisting of more salts [17], and the health issue of 

inhaled zeolite dust [18]. China is the largest manufacturer of 

natural zeolite, followed by South Korea and Slovakia. 

Nowadays, several zeolite companies such as Zeolyst 

International, Clariant, KMI zeolite Inc, Zeocem, Tosoh, 

Grace, Resonac Corporate, Chemiewerk Bad Kostritz GmbH 

and Huiying Chemical Industry (Xiamen) Co. Ltd provide 

high-performance products to consumers.  

Currently, numerous adsorbents have been reported 

for the removal of pollutants in wastewater treatment. 

Activated carbon was synthesized using carbonization 

process [19], physical activation, and chemical activation 

techniques [20]. Sometimes, annealing and activating agents 

have been employed for better pore development and 

improved adsorption capacity [21]. The prepared activated 

carbon displayed a higher surface area, high hydrophobicity, 

and a well-developed porosity structure [22]. On the other 

hand, fly ash [23], layered double hydroxide [24], and 

bentonite [25] have been chosen to adsorb undesired 

materials.       

In this work, various techniques have been used to 

prepare zeolite. The properties of prepared zeolite were 

studied using scanning electron microscopy (SEM), X-ray 

fluorescence spectroscopy (XRF), Fourier transform infrared 

spectroscopy (FTIR), thermogravimetric analysis (TGA), and 

x-ray diffraction technique (XRD). The removal efficiency of 

dye compounds, phenol compounds, heavy metal, and carbon 

dioxide gas was investigated. The adsorption data was 

measured through various types of isotherms (Langmuir 

model, pseudo first-order model, Freundlich isotherm, 

pseudo second-order models, and Temkin isotherm). 

 

2.  Removal of various types of pollutants using zeolite    

The obtained experimental findings [26] reflected 

that adsorption capacity on natural chabazite (namely as CH-

N) was found to be 114.989 mg/g, 19.68 mg/g and 18.716 

mg/g for lead, chromium, and cadmium. The As(V) ions have 
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been absorbed by modified zeolite, namely CH-MS (79%) 

effectively removing lead, chromium, and cadmium in the 

range of 33 % to 67 %. According to the XRD analysis, 

natural zeolite showed several diffraction peaks such as 

9.39, 20.43 and 30.37, while the modification process 

takes place only on the external surface and crystalline 

structure will remain. In the FTIR studies, natural zeolite 

displayed higher intensities (1640 cm-1, 3600 cm-1and 3380 

cm-1) if compared to modified samples due to the higher water 

content. While modified zeolite indicated a typical band at 

3640 cm-1 (hydroxyl group). According to thermogravimetric 

(TGA) analysis (figure 1), the weight of prepared adsorbents 

reduced significantly when the temperature was increased up 

to 600 C. A higher deduction could be observed in modified 

zeolite (19.92 %) than in natural zeolite (16.55 %). In 

differential analysis (DTG), water loss could be identified in 

two steps, namely humidity loss (81 C) and loss of water 

(118 C). Also, the decomposition of calcium carbonate could 

be seen at 270 C. Other results have been highlighted in 

Table 2.  Ciprofloxacin is employed for treating bacterial 

infections such as diarrhea, bone, typhoid fever, skin 

infection, and joint infection. However, the residual 

ciprofloxacin can cause harm to human health and 

ecosystems. Researchers have pointed out that conventional 

techniques (biological treatments, ozonation, and oxidation) 

were unable to remove ciprofloxacin effectively because of 

the stable chemical structure of ciprofloxacin. Ciprofloxacin 

has two groups [27], namely the carboxyl group (pKa=8.89) 

and the amine group (pKa=5.9). In general, it could exist in 

three forms (figure 2), namely cation (pH 3-6), anion (pH 9-

12), and zwitterion (pH 6-9) strongly dependent on the pH 

value. Iron (5%) was added to 5A zeolite via the ozonation 

process [28]. A smooth surface, pore size of 0.5 nm, porous 

structure, and surface area of 93.25 m2/g (figure 3) were 

reported. The highest adsorption capacity in UV/O3/Fe-Z5A 

(73.4 %) if compared to O3 (49.3 %), O3/UV (57.1 %) and 

O3/Fe-Z5A (65.6 %). It was noted that more ozone will be 

consumed in the synergic process. Also, it is worth 

mentioning that UV/O3 has a higher removal efficiency than 

ozone alone because UV rays can produce active oxygen 

species. Table 3 shows the removal efficiency of 

ciprofloxacin using various types of adsorbents.  

Chitosan is a nontoxic fibrous substance, usually 

from the outer skeleton of shrimp, lobster, and crab [39]. It 

was employed in drug production and medicine 

manufacturing. Also, it could help blood clot and reduce the 

uptake of fat from foods. It was noted that the degradation of 

chitosan depended on several factors, such as the physical 

method, the chemical technique and the type of enzyme used. 

Endar and co-workers [40] have reported that chitosan 

(mixed with acetic acid in a ratio of 1:1) was cross-linked 

with zeolite to remove methylene blue. The characterization 

part was studied using SEM (adhesive structure, porous 

morphology, had interlayers), EDX (carbon=3.11 %, 

oxygen=45.37 %, sodium=12.69 %, aluminum=7.99 %, 

silica=30.84 %), FTIR (peaks at 1011 cm-1, 1423 cm-1, 1645 

cm-1 and 3332 cm-1) and pH zero-point charge (pH=9.2). 

According to the adsorption data, the pseudo-second-order 

model (R2=0.9978) and Freundlich isotherm (R2=0.9926) 

were matched to the adsorption process. In addition, the 

obtained results confirmed that the removal percentage was 

97% (adsorption capacity=242.51 mg/g) at pH 10, for 1 hour.  

Radoor and co-workers [41] have used bio-polymer 

poly(diallyl dimethyl ammonium chloride) to modify the 

ZSM-5 zeolite for removing cationic dyes. This modified 

zeolite showed a larger pore diameter and higher surface area 

based on the TEM, SEM, and nitrogen adsorption analysis. 

The highest adsorption capacity was 4.31 mg/g (time= 300 

minutes, adsorbent dose=0.1g, initial dye concentration=10 

mg/L, pH=10, temperature=30 C). Adsorption data could be 

described using a pseudo-second-order model and the 

Freundlich isotherm. In the reusability studies, the obtained 

adsorbent can be employed at least six times without loss in 

the percentage of removal. Zeolite-X (particle size=0.45 nm) 

was used to absorb dye from textile wastewater [42]. The 

highest removal efficiency reached 97.77 % in the 

highlighted conditions (pH=4, time=60 minutes, adsorbent 

dose=0.4 g). The FTIR technique has been used to determine 

several functional groups, such as OH stretching vibration 

(3854 cm-1), OH adsorbed water (3447 cm-1), Al-OH 

stretching (3650 cm-1), C=C bond (1400 cm-1), Si-O-Si 

stretching (1094 cm-1) and symmetric Si-O-Si stretching (809 

cm-1). In the XRD analysis, several diffraction peaks could be 

observed at 6, 11.94, 23.1, 25.52 and 28.94. These broad 

peaks represented amorphous phases with a microporous 

structure.          

 Chromium has the symbol “Cr” and an atomic 

number of 24. It has been reported that chromium showed 

complex chemistry [43], displayed different oxidation states 

(from +6 to -2). Several industries, such as the energy sector, 

metal production, chemical manufacturing, wood production, 

tanning, and dyeing processing, release chromium 

compounds into water and air. Chromium (VI) ions have been 

identified as carcinogenic to humans due to respiratory 

disorders, internal haemorrhage, kidney, and liver damage. 

Physical properties of clinoptilolite, such as solid density (2.1 

g/cm3), particle size (0.68 mm), packing density (2.25 

g/cm3), total surface area (800 m2/g) and cation exchange 

capacity (2.5 meq/g) were reported [44]. Experimental 

findings confirmed if higher chromium ion adsorption 

capacity in zeolite treated with NaCl (4.5 mg/g) if compared 

to as received (2.2 mg/g) zeolite. Also, more bed volume and 

a longer breakthrough time could be seen in treated NaCl 

samples (64 bed volume, 1500 minutes). Based on the TEM 

images, lamellar-shaped particles can be seen in figure 4c. 

The composition of the clinoptilolite was studied using the x-

ray fluorescence technique. Major elements such as SiO2 (73 

%) and Al2O3 (12 %) were detected, while some trace 

elements, included CaO (2.1%),K2O (6.7 %), MgO (1.9 %), 

and Fe2O3 (4.3 %) were also observed. According to the FTIR 

studies, several peaks at 3400, 1640 cm-1 (water), 1100 cm-1 

(SiO4 tetrahedral), 1000 cm-1 (Al-O), 750-700 cm-1 (SiO4 

symmetric vibration) were found in the prepared samples. 

Kouli and co-workers [45] have reported that chromium 

removal percentage increases when the contact time (1 hour 

to 6 hours) is increased for the different concentrations of 

zeolites, such as 1g/L (42 % to 63 %), 2g/L (46 % to 79 %), 

5 g/L (54 % to 75 %), 10 g/L (63 % to 79 %) and 20 g/L (75 

% to 79 %), respectively. Based on the SEM images, different 

results could be observed in pure zeolite-X (uniform 

spheroidal cubic, greyish-black color, average diameter was 

less than 10 m) and pure magnetite (bright black, size=40 to 

70 nm).  
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Table 1. Physical properties of several types of natural zeolites. 

Zeolite Porosity (%) Exchange capacity 

(meq/g) 

Specific gravity 

(g/cm3) 

Bulk density 

(g/cm3) 

Heat stability 

analcime 18 4.54 2.24 to 2.29 1.85 High 

chabazite 47 3.84 2.05 to 2.1 1.45 High 

heulandite 39 2.91 2.18 to 2.2 1.69 Low 

mordenite 28 4.29 2.12 to 2.15 1.7 High 

philipsite 31 3.31 2.15 to 2.2 1.58 Moderate 

clinoptilolite 34 2.16 2.15 to 2.25 1.15 High 

erionite 35 3.12 2.02 to 2.08 1.51 High 

 

 

 

 

 
 

Figure 1: TGA and DTG analysis of (a) CH-N zeolite (b) CH-MS zeolite [26] 
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Table 2: Textural properties of the prepared zeolite. 

 Natural zeolite Modified zeolite 

Surface area (m2/g) 324.2 325.9 

Pore diameter (nm) 2.94 3.04 

Pore volume (cm3/g) 0.198 0.216 

Morphological studies Well-defined structure, rhombohedral crystals Partially rhombohedral structures 

EDX studies Fe=3.76 % 

Ca=5.95 % 

Mg=4.31 % 

K=3.12 % 

Si=60.11 % 

Na=3.65 % 

Al=18.22 % 

Others=0.88 % 

 

Fe=3.75 % 

Ca=0 % 

Mg=3.98 % 

K=3 % 

Si=64.65 % 

Na=0 % 

Al=24.1 % 

Others=0.52 % 

 

 

 

 

 

 

Figure 2: Several types of ciprofloxacin such as cationic (a), zwitterionic (b) and anionic (c) were reported [27] 

 

 

Figure 3: BET isotherm for Fe-zeolite A [28] 
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Table 3: Removal of ciprofloxacin using different types of adsorbents. 

Adsorbent Removal efficiency 

(%) 

Conditions Researchers 

Nano-sized magnetite [29] 80 Time=24 hours, pH=5.97, adsorbent 

dose=10 g/dm3, initial 

concentration=33 mg/dm3 

Rakshit and co-workers, 

2013 

Graphene hydrogel [30] 75 Initial concentration=50 mg/dm3, 

temperature=25 C, time=36 hours 

Ma and co-workers, 

2015. 

Carbon from date palm leaflets 

[31] 

56 pH=6, Initial concentration=100 

mg/dm3, adsorbent dose=2 g/dm3, 

temperature=45 C, time=48 hours 

El-Shafey and co-

workers, 2012. 

Halloysite nanotubes [32] 95 pH=5-6, Initial concentration=30 

mg/dm3, adsorbent dose=1.7 g/dm3, 

temperature=20 C, time=90 minutes 

Cheng and co-workers, 

2018. 

-Al2O3 nanoparticles [33] 53 Initial concentration=20 mg/dm3, 

adsorbent dose=0.775g/dm3, pH=7.5, 

time=46.25 minutes 

Najafpoor and co-

workers, 2019. 

Biomaterials from banyan aerial 

roots [34] 

97 pH=8, Initial concentration=60 

mg/dm3, adsorbent dose=1.2 g/dm3, 

temperature=25 C, time= 48 hours 

Fan and co-workers, 

2020 

Biochar montmorillonite [35] 86 Initial concentration=25 mg/dm3, 

adsorbent dose=1 g/dm3, pH=5-6, 

time=400 minutes 

Ashiq and co-workers, 

2019. 

Coal fly ash [36] 39 Initial concentration=160 mg/dm3, 

adsorbent dose=40 g/dm3, 

temperature=40 C, time=100 

minutes 

Zhang and co-workers, 

2011. 

Clinoptilolite [37] 99 pH=6, Initial concentration=5 

mg/dm3, adsorbent dose=2 g/dm3, 

temperature=25 C 

Ngeno and co-workers, 

2019. 

Synthesized zeolites (A,X,Y) 

[38] 

27-61.4 adsorbent dose=0.5 g/dm3, Initial 

concentration =150 mg/dm3, pH=3 

Zide and co-workers, 

2018. 

 

 

 

 

 

 

 

 

 

 

Figure 4: TEM images before pretreatment (a) after pretreatment (b) and after adsorption process (c) for clinoptilolite [44] 
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Table 4: Several techniques have been used to remove chromium ions. 

Method Experimental results 

Chemical reduction Removal of chromium ions [46] has increased with increasing doses from 

0.25 (45%), 0.5 (85%), 0.75 (88%) and 1 mg/L (92%) at initial chromium 

concentration of 50 μg/L. 

 

Experimental results confirmed that the concentration was less than 10 

μg/L in treated water through continuous flow treatment using sand 

filtration. 

electrocoagulation The removal of chromium [47] ions from electroplating wastewater was 

found to be low (pH<2), it increased when the pH was 4, remained high 

(pH 4-8), finally dropped when the pH was more than 8. 

 

 

Removal rate increases when the current densities are increased from 10-

40 mA/cm2 in specific conditions (concentration of chromium was 800 

mg/L, pH=7.5). The percentage of removal reached 99% after 40 minutes. 

 

 

Bacterial remediation capabilities Over 90 % Cr(VI) removal could be observed using bio-reduction and 

bio-precipitation (Bacillus cereus and Enterococcus sp), after 45 days, 

through a continuous feed of 40 mg/L-60 mg/L [48]. 

 

Cr(VI) ions have been reduced to Cr (III) ions through anaerobic 

conditions. 

Biosorption Seven bacterial strains have been isolated from tanning processing wastes 

[49]. 

 

They observed that a highly significant positive and negative correlation 

value could be found between Cr (VI) removal by strains. 

Bioaccumulation Srinath and co-workers [50] have observed that Bacillus circulans (34.5 

mgCr/g) and Bacillus megaterium (32 mg Cr/g) were able to remove 

chromium ions (in 24 hours, initial concentration was 50 mgCr/L) from 

tannery effluent. 

 

Raman and co-workers have investigated the bioremediation 

Stenotrophomonas maltophilia isolated from tannery wastewater. 

The obtained results reflected that the chromium ion bioaccumulation rate 

was higher if compared to reduction. 

Adsorption Fly ash [51] was treated with concentrated sulfuric acid and heat 

conditions (150 C for 24 hours). 

The highest adsorption capacity reached 21 mg/g at pH 1-3. 

 

Adsorption The percentage of removal was found to be 40.04 % and 0.34 % at pH 3 

and pH 10, respectively. 

Based on the XPS analysis [52], 78.8% of the chromium absorbed on the 

wood-based powdered activated carbon was in trivalent states. 

Several types of functional groups (C=O, C-OH) were presented. 

 

Membrane filtration Adsorption data were supported by the Langmuir model and pseudo-

second-order-kinetic isotherm [53]. 

Adsorption capacity was 14.451 mg/g (batch system) and 14.104 mg/g 

(continuous in-flow system) as reported when chitosan-coated iron oxide 

immobilized hydrophilic poly(vinylidene) fluoride membrane was used. 

Competing ions (𝑃𝑂4
3−, 𝐶𝑙−, 𝑁𝑂3

−𝑎𝑛𝑑𝑆𝑂4
2−) will not affect the removal 

efficiency. 
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Table 5: Properties of nano zeolite and copper supported nano zeolite. 

 Nano zeolite Copper supported nano zeolite 

Surface area (m2/g) 680 890 

Pore volume (cm3/g) 0.271 0.18 

XRD diffraction peaks 7-9 and 23-25 35.6 and 38.9 

 

 

Table 6: Removal of 2-chlorophenol using different types of adsorbents. 

Absorbent Adsorption capacity (mg/g) Researchers 

Activated carbon fibers [62] 141 Ozgur and Ferhan, 2009 

Surfactant modified bentonite [63] 50 Rawajfih and Nsour, 2006 

Graphene zirconiumoxide [64] 140 Rao and co-workers, 2014 

Surfactant modified natural zeolite [65] 12.7 Kuleyin, 2007 

Bagasse fly ash [66] 52.52 Shah and co-workers, 2011 

 

Table 7: Malachite green dye compounds removal ability using different adsorbents. 

Adsorbent Adsorption capacity (mg/g) Researchers 

Jute fiber carbon [69] 136.6 Porkodi and Kumar, 2007 

Rice husk derived biochar modified [70] 373.02 Tsai and co-workers, 2022 

Bamboo pulp black liquor based activated 

carbon [71] 

847 Mengyuan and co-workers, 2022 

Cyclodextrin-based adsorbent [72] 91.9 Crini and co-workers, 2007 

Wood apple shell [73] 80.645 Ashish and co-workers, 2017 

Sugarcane baggase particels [74] 190 Nilay and Barun, 2013 

Montmorillonite [75] 262.494 Baybars, 2016 

degreased coffee beans [76] 24.8 to 55.3 Baek and co-workers, 2010 

Untreated oil palm empty fruit bunch [77] 714.3 Rohani and co-workers, 2021 

Reduced graphene oxide [78] 279.85 Dibya and Hara, 2021 

Catha edulis stem based activated carbon [79] 5.6 Abate and co-workers, 2020 

Rumex abyssinicus derived activated carbon 

[80] 

98.43 Abewaa and co-workers, 2023 

Teak leaf litter powder [81] 333.33 Oyelude and co-workers, 2018 

Rubber wood sawdust [82] 27.4 Linh and co-workers, 2012 

Lemon peel based activated carbon [83] 66.67 Sayed and co-workers, 2014 

Apricot stone based activated carbon [84] 23.8-88.05 Abbas, 2020 

 

Experimental results confirmed that magnetite with 

zeolite-X displayed higher magnetic fields (more than 1.5 T) 

and 29 Am2/kg based on the mass magnetization saturation. 

While pure magnetite showed 70 Am2/kg (saturated mass 

magnetization) and lower magnetic fields (less than 1.5 T). 

Table 4 shows several strategies that have been employed for 

chromium pollution remediation, such as ion exchange, 

precipitation, adsorption, electrocoagulation, chemical 

reduction method, and biological reduction. Nickel has the 

symbol “Ni”, and atomic number of 28. In general, this 

element is a hard, silvery-white metal. Exposure to nickel 

may cause allergies, lung fibrosis, nasal cancer, 

cardiovascular and kidney diseases. Phosphoric acid has been 

used to treat the HZSM-5 zeolite [54] in the mentioned 

conditions (60 C, 180 minutes) and showed a surface area of 

422 m2/g. A higher uptake of nickel ions could be seen in this 

zeolite than sodium modified zeolite (surface area=385 m2/g) 

because of the more exchangeable sodium ion. Experimental 

results confirmed that percentage removal increased when the 

pH was increased (3 to 4). However, precipitation was formed 

when the pH was greater than 4. Adsorption data were 

described using the Langmuir model (maximum capacity was 

39.96 mg/g) and pseudo-second-order model in both zeolites. 

NaCl was used to treat Jordanian zeolite tuff, as reported [55]. 

According to the XRF investigations, the major elements are 

SiO2 (35.63 %), Fe2O3 (11.71 %), MgO (11.27 %), Al2O3 

(9.71 %), and CaO (6.65 %). While some trace elements such 

as TiO (1.73 %), Na2O (1.42 %), K2O (1.29 %), P2O5 (0.53 

%) and MnO (0.12 %). Experimental findings confirmed that 

adsorption capacity decreased when the particle size was 

increased from 45 m-90 m (1.005 meq/g), 90 m-180 m 

(0.681 meq/g), 180 m-355 m (0.409 meq/g), to 355-710 

m (0.358 meq/g). It is shown that a higher correlation 

coefficient (R2=0.991) was found in the Langmuir isotherm. 

On the other hand, bentonite was employed to treat Jordanian 

zeolite (philipsite) [56]. The adsorption process is a 

spontaneous reaction, and the adsorption capacity reached 33 

mg/g (Langmuir model, R2=0.967). Zeolite-Y membrane was 
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synthesized using the hydrothermal technique and 

successfully reduced the concentration of nickel ions [57]. 

The highest adsorption capacity reached 126.2 mg/g within 3 

hours. The adsorption mechanism was best fitted to the 

Freundlich isotherm and pseudo-second-order model 

(R2=0.9996). Peng and co-workers have reported the 

formation of coordination bonds between the nickel ions and 

the adsorbent based on XPS results. Experimental results 

highlighted that pH could affect the adsorption process in -

zeolite and -zeolite-ethylenediamine. It was noted that the 

adsorption process was spontaneous, endothermic, and 

obeyed the pseudo-second-order kinetic model. Sadat and co-

workers have pointed out that the highest nickel uptake could 

be observed in specific conditions (initial concentration=10-

15 mg/L, pH=4.8-6, time=56-68 minutes, adsorbent 

dose=0.37-0.43 g/L). In organic chemistry, when hydroxyl 

groups are bonded to aromatic groups, it is called phenol. It 

is a white solid with the molecular formula C6H5OH. This 

substance may cause seizures, dermatitis, lung edema, 

dysrhythmia, liver, and kidney damage. Zeolite (NaP1) is 

prepared using fly ash and sodium hydroxide via a 

hydrothermal process [58]. Several elements could be found, 

such as sodium (0.18 %), aluminium (21.52 %), silicon (47.4 

%), potassium (5.65 %), iron (14.71 %), copper (0.06 %), 

calcium (2.96 %) and magnesium (0.8 %). When chitosan 

was employed for the synthesis of zeolite, this product was 

called NaP1CS. Physical properties including surface area, 

total pore volume, and average pore width were found to be 

98.5 m2/g, 0.302 cm3/g, 11.38 nm and 53.5 m2/g, 0.134 cm3/g, 

11.17 nm, respectively, in NaP1 and NaP1CS. Functional 

group in the NaP1 sample was studied using FTIR technique 

and some peaks at 1638 cm-1 (bending vibration of water), 

3420 cm-1 (O-H stretching vibration), 977 cm-1 (Si-O-Si), 

1000-1100 cm-1 (C-O-C), and 1600-1650 cm-1 (N-H) could 

be seen. It is noticed that there are different 

thermogravimetric analysis (TGA) results in NaP1CS and 

NaP1. Obviously, there are two weight losses at 40 C-120 

C and 300 C-450 C due to the evaporation of water and 

degradation of the saccharide ring, respectively, NaP1Cs. In 

NaP1 sample, water loss could be observed at 100 C-200 C, 

then remained stable. When the pH was 7, the highest 

adsorption capacity was found in the NaP1 sample, and the 

adsorption data was described using the Freundlich model 

(R2=0.966). Also, enthalpy (-13.08 kJ/mol), entropy (-76.6 

J/K.mol), and free energy (-6.6 to -7.4 kJ/mol) have been 

reported based on thermodynamic parameters. On the other 

hand, the highest removal of phenol was found when the pH 

was 6 in the NaP1CS sample, and the adsorption study data 

fitted well with pseudo-second-order isotherm. According to 

the thermodynamic parameters, enthalpy (-26.67 kJ/mol), 

entropy (114.3 J/K.mol), and free energy (-6.21 to -11.48 

kJ/mol) were highlighted. Nonylphenol contains a phenol 

group bearing nine carbon tails. It can be used in laundry 

detergent, antioxidants, emulsifiers, lubricating oils, and 

solubilizers. Natural zeolite (San Luis Potosi, Mexico) was 

screened (1-2.5 mm) and washed with water [59]. The 

prepared sample contained calcium clinoptilolite (XRD data), 

and the percentage of aluminum and silicon were 3.85% and 

27.92%, respectively (EDX data). Experimental results have 

proven that equilibrium will be achieved within 30 minutes 

using 0.4 g of zeolite. It is convenient to describe the 

adsorption process using the pseudo-second-order model 

(R2=0.999) and the Temkin model (R2=0.994). Ayse [60] has 

collected zeolite samples from the Cankiri-Corum Basin, 

Turkey. Based on the SEM images, high microporosity and a 

drusy texture could be observed. The percentage removal of 

phenol and 4-chlorophenol increases when the initial 

concentration and adsorbent dose are increased. Phenol 

removal efficiency was found to be 41-74 % and 45-80 % in 

hexadecyltrimethylammonium and benzyl tetradecyl 

ammonium modified zeolite, respectively (adsorbent 

concentration=20-100 g/L). The adsorption process was 

tested for various types of isotherms, and finally obeyed the 

Freundlich model. The preparation of copper supported nano 

zeolite was reported for the removal of 2-chlorophenol [61]. 

In the surface morphology studies, there are different results 

that could be seen in nano zeolite (very small particles, 

size=100 nm) and copper-nano zeolite. It was noticed that 

three steps could be observed at 50-250 C (dehydration 

process), below 250 C (dehydroxylation), 400-600 C (no 

change) in copper supported nano zeolite based on the 

thermogravimetric analysis. Other properties of these zeolites 

have been listed in Table 5. The highest adsorption capacity 

reached 204.68 mg/g (pH=6, time=150 minutes) if compared 

to other adsorbents (Table 6). The Freundlich isotherm 

(R2=0.999) and second-order-kinetic model (R2=0.99) 

correlated well with the adsorption data. Based on the 

regeneration studies, the percentage of removal was 

maintained (about 80 %) after 9 cycles. The adsorption cost 

was found to be USD 0.58/g using copper supported zeolite, 

cheaper than activated carbon (USD 0.675/g).   

Malachite green is used as a green-colored dye for 

paper, silk, and leather. It was banned in many countries due 

to mutagenicity, carcinogenicity, and teratogenicity. The 4A 

zeolite (surface area=35.5 m2/g) was synthesized through the 

gas dehydration unit of the TFT plant [67]. Chemical 

components such as SiO2 (55.39 %), Al2O3 (27.18 %), Na2O 

(4.49 %), K2O (1.03 %), CaO (3.34 %), P2O5 (0.79 %), Fe2O3 

(4.47 %), TiO2 (0.32 %), and MgO (2.99 %) were observed 

based on the X-ray fluorescence spectroscopy technique. 

Functional groups on the surface of the adsorbent can be 

studied using the FTIR technique. Several peaks at 3441 cm-

1 (stretching vibration H-O-H), 1660 cm-1 (bending vibration 

H-O-H), 994 cm-1 (asymmetric stretching vibration Si-O-Si 

or Al-O-Al), 787 cm-1 (symmetric Si-O-Si), 684 cm-1 

(stretching vibration Si-O-Al) and 464 cm-1 (bending 

vibration O-Si-O) have been identified. The point of zero 

charge (pHpzc) is pH 10.5, and the surface was 

predominantly negative if the pH was greater than pHpzc. 

The highest removal capacity reached 45.64 mg/g according 

to the Langmuir model (R2=0.994) and followed pseudo-

second-order kinetic model [R2=0.99]. In thermodynamic 

studies, entropy, free energy and enthalpy were found to be 

204.5 J/mol.K, -35.4 to -40.5 kJ/mol and 25.5 kJ/mol, 

respectively. A single phase of zeolite with a formula of 

Na12Al12Si12O48 has been produced by Moussa and co-

workers [68]. Rapid adsorption could be observed and 

reached saturation level after 40 minutes. Adsorption 

capacity increased (9.8 to 43 mg/g) when the initial 

concentration was increased (10-45 mg/L) because of the 

diffusion of dye compounds to the zeolite, accelerated by the 

gradient of concentration. The influence of agitation speed 

was studied (100-500 rpm), and the highest adsorption 

capacity was seen at 200 rpm due to the best homogeneity and 
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avoided vortex process. Evaluating the fitness of adsorption 

data by the Langmuir model (R2=0.999), confirmed that the 

highest adsorption capacity was 83.33mg/g. The performance 

of the prepared zeolite with other adsorbents has been 

highlighted based on previous works (Table 7).  

3. The future prospects of zeolites  

In 2021, world zeolites markets were valued at about 

USD 12.1 billion due to rapid urbanization, environmental 

regulations, and changing lifestyles. The market share value 

is expected to reach USD 14.1 billion in 2026. Natural zeolite 

can dominate the global market because of its high demand 

in building materials, wastewater treatment, animal feed, and 

soil remediation, and may replace synthetic zeolites (toxicity 

due to dust particle). A well-developed porosity structure and 

higher surface area must be studied for the removal of 

pollutants. Process improvement and process intensification 

should be carried out. Adsorption capacity should be 

investigated using acid-treated and basic-treated zeolites. 

Pilot-scale studies should be conducted using real wastewater 

to replace synthetic solutions.     

 4. Conclusions 

In this work, the removal of dyes, phenol 

compounds, and heavy metals was studied using zeolite. 

Based on the obtained experimental results, natural zeolites 

and synthetic zeolites have been prepared in specific 

conditions for wastewater treatment processes. Several 

isotherms have been used to study the adsorption process, and 

the best model could be highlighted based on the 

experimental data. The adsorption capacity of the pollutant or 

undesired materials depended on the adsorbent dose, initial 

concentration, pH, agitation effect, and temperature.  
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