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ABSTRACT. Zeolite crystals were synthesized by combining sodium silicate and sodium aluminate to form an 
aluminosilicate gel, which was then hydrothermally treated to produce the final product. The zeolite crystals were 

analyzed using X-ray diffraction (XRD), Scanning electron microscopy (SEM), Energy dispersive x-ray diffraction 

(EDX), and Fourier Transform Infrared (FTIR) Spectroscopic Analysis. Batch adsorption tests and the atomic 
absorption spectroscopy with the synthetic zeolite demonstrated effective removal of chromium(III) ions from the 

contaminated water. During the treatment, various amounts of zeolite from 0.5 to 2.5 g were utilized, along with 

different concentrations of Cr(III) ions (10, 15, 20, 25, 30 ppm). The percentage of adsorption rose from 55.75 to 
96.6% and fell from 98 to 88.3% in each of the stages. As the pH levels were adjusted between 1 and 11, the 

percentage of adsorption increased from 55 to 97%, with a significant rise at pH 7. The high percentage of adsorption 

in the zeolite samples indicates that zeolites are effective adsorbents for removing Cr from aqueous solutions. 
Additionally, the batch experiment revealed that the adsorption pattern conformed to the Langmuir and the 

Freundlich isotherm models, with correlation factors (R2) of 0.997 and 0.963, respectively. 
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INTRODUCTION 

 

Water contamination is a significant environmental issue that affects both human health and 

ecosystems [1]. Industrial activities, including mining, electroplating, and tannery operations, 

often release a variety of toxic pollutants into aquatic environments [2]. Among these, heavy 

metals such as chromium are of particular concern due to their toxic, carcinogenic, and non-

biodegradable nature [3,4]. Chromium exists in two main oxidation states in environmental 

settings: chromium (Cr³⁺) and chromium(Cr⁶⁺).  While Cr(VI) is highly toxic, carcinogenic, and 

mobile in the environment, Cr(III) is generally considered less hazardous due to its relatively low 

toxicity and reduced mobility [5-7]. However, elevated concentrations of Cr(III) in water still 
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pose risks to aquatic organisms and can affect the overall quality of drinking water [8,9]. 

Therefore, the removal of Cr(III) ions from contaminated water sources is crucial for 

environmental and public health protection [10-12]. To mitigate the impact of chromium ions in 

contaminated water, various techniques have been developed, including chemical precipitation, 

ion exchange, membrane filtration, and adsorption [13-15]. Among these, adsorption is 

considered one of the most effective, economical, and sustainable methods due to its simplicity, 

cost-effectiveness, and ability to remove pollutants to very low concentrations [16-18]. Zeolites, 

a class of crystalline aluminosilicate minerals, have gained considerable attention as potential 

adsorbents due to their high surface area, porous structure, and ion-exchange properties [19]. They 

are naturally occurring and can also be synthesized, offering a versatile material for water 

treatment applications [20, 21]. The specific properties of zeolites, such as their pore size, ion-

exchange capacity, and stability under various environmental conditions, make them an ideal 

candidate for removing heavy metals like chromium, especially Cr(III), which can be adsorbed 

via ion-exchange and surface interactions [22]. Zeolites can be synthesized by various methods, 

including hydrothermal synthesis, sol-gel processes, and the use of templates [23]. The synthetic 

approach and the conditions under which zeolites are prepared influence their structure, surface 

properties, and overall efficiency in ion removal [24]. Furthermore, modifying zeolite frameworks 

by incorporating different elements or functional groups can enhance their adsorption capacity 

and selectivity for specific contaminants, such as chromium ions [25-27]. 

While there has been significant research on the use of zeolites for removing heavy metals from 

water, including chromium, several gaps in knowledge remain that hinder the widespread 

application of these materials [28-30]. These gaps include: (i) Limited Focus on Cr(III) vs. Cr(VI) 

Removal: Most of the research on zeolite-based adsorbents has concentrated on Cr(VI) removal, 

given its higher toxicity and greater mobility in aquatic environments. Cr(VI) is soluble in water 

and readily migrates, making it a more pressing concern for water treatment. However, Cr(III) 

also poses environmental risks and is often found in water sources in substantial concentrations, 

particularly from industrial processes like metal finishing and leather tanning [31-33]. Despite 

this, the majority of studies on zeolite adsorption have focused more on Cr(VI), and less attention 

has been given to the specific mechanisms involved in the adsorption of Cr(III). This gap in 

research on Cr(III) removal limits our understanding of how zeolites can be optimized for this 

particular metal ion [34]. (ii) Performance at High Chromium Concentrations: Another important 

gap in the research is the limited exploration of zeolite performance at high chromium 

concentrations, which are typically encountered in natural water bodies. Most laboratory studies 

use low concentrations of chromium to test zeolite efficiency, but in real-world applications, 

chromium levels in some water are often much higher. As a result, zeolite materials that work 

well at low concentrations may not be effective at high concentrations, which are more typical of 

contaminated water sources [35, 36]. This gap in research underscores the need for more realistic 

testing conditions that mimic actual environmental scenarios. 

This research focuses on the synthesis and characterization of zeolites for the removal of 

chromium (III) ions from water. The study aims to investigate the adsorption properties of 

synthesized zeolites, including their efficiency and capacity involved in chromium (III) removal. 

Additionally, the work explores various characterization techniques to analyze the 

physicochemical properties of the zeolites, including X-ray diffraction (XRD), scanning electron 

microscopy (SEM), Energy dispersive X-ray Diffraction (EDX) and Fourier Transform Infrared 

(FTIR) Spectroscopic Analysis. By understanding the structure and behavior of zeolites, the study 

seeks to develop a more efficient and sustainable method for removing chromium (III) from 

contaminated water sources [37, 38]. Through this investigation, the potential of zeolites as an 

eco-friendly and efficient material for environmental remediation can be better understood, 

contributing to the development of cost-effective water treatment solutions for the removal of 

toxic chromium(III) [39, 40]. 
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EXPERIMENTAL 

 

All reagents and chemicals utilized were of commercial (analytical) grade and were employed as 

received without any additional purification unless stated otherwise. Sodium metasilicate                    

(99.99 % purity), Sodium hydroxide (90% purity), Aluminum hydroxide (64.5% purity), all from 

Sigma Aldrich, Potassium hydroxide (90% purity) (Qualikems), and Chromium nitrate salt (99% 

purity) (M and B England) were used, while distilled water was sourced from the Department of 

Physics, University of Nigeria, Nsukka. 

 

Methods for the synthesis of zeolites 

 

The synthesis method employed was based on the procedure outlined by [41], with certain 

modifications, that is, by using a different molar ratio of sodium silicate and sodium aluminate. 

Zeolite crystals were produced through a hydrothermal process (where crystallization occurred in 

an aqueous environment containing the requisite reactants at elevated temperatures) with slight 

alterations (by using a temperature of 180 °C and a Pressure of 2 atm) as previously documented 

of temperature of 150 °C and a Pressure of 3 atm by [41]. The design of the experiment involves: 

Preparation of the Gel, addition of alkaline solution, addition of water, addition of structure-

directing agent, hydrothermal crystallization, Cooling and Filtration, Washing and purification, 

and finally drying of the zeolite. The synthesis of zeolite can be summarized with two phases: the 

first phase involves the formation of sodium silicate, while the second phase pertains to the 

creation of the initial gel. Both reactions are represented by the following chemical equations; 

 

Formation of sodium aluminate 

 

2NaOH+ Al2O3 3H2O 2NaAlO2 4H2O
Sodium aluminate

+ +
 

Starting gel formation 

 

+ 2NaAlO 2
Sodium aluminate

+Na4SiO 4 H2O
Starting gel

Sodium sil icate

2Na 2O.Al2O3.1.75SiO 2.7H2O

 
 

Preparation of starting gel 

 

To make the synthesis gel, 10 g of sodium hydroxide was mixed with 10 g of water while stirring 

continuously until it fully dissolved. Then, 9.75 g of aluminum hydroxide was measured and 

added to the clear mixture, which was heated at 100 °C for 3 hours to create a uniform mixture. 

After that, the mixture was cooled to 25 °C and combined with 20.25 g of distilled water. This 

mixture was labeled as solution A. Next, 10 g of solution A was combined with 6.12 g of water 

and 5.91 g of sodium hydroxide, stirring until everything dissolved. Solution B was created by 

mixing 21.97 g of sodium silicate solution, 61.20 g of water, and 5.91 g of sodium hydroxide until 

fully dissolved. Solutions A and B were then quickly mixed together while stirring vigorously for 

3 hours, resulting in an opaque gel. 

 

Gelation and aging 

 

After mixing the ingredients, that is, solution A and B, the gel was allowed to age at room 

temperature for 8 hours so that it could give the desired characteristics of the zeolite we want. 

Aging was carried out to ensure the development of the initial gel structure, which is important 

for crystallization.  The aging of the gel was also carried out to stabilize the gel before it undergoes 

crystallization. 
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Crystallization 

 

The resulting homogeneous opaque gel after aging was the final product before crystallization. 

This gel was placed into a Cylindrical Polytetrafluoroethylene [PTFE] vessel, which was then put 

inside a sealed PTFE pressure vessel. The vessel was placed in an oven at 180 °C and 2 atm for 8 

hours to allow crystallization to occur without stirring. This process is done under these high 

temperature and pressure conditions to promote the crystallization of the zeolite structure we 

desired. 

 

Product recovery 

 

Cooling and filtration 

 

After the crystallization period, the Cylindrical Polytetrafluoroethylene [PTFE] vessel was cooled 

in ice water for 30 minutes before being opened. After cooling, the zeolite crystals are recovered 

by filtration to separate them from the remaining liquid phase. 

 

Washing and purification 

 

The zeolite crystals are washed several times with deionized water to remove any residual alkali, 

organic template, or unreacted starting materials and centrifuged. This process was repeated until 

the supernatant solution reached a pH of 7. The washing process is essential to remove any 

impurities and ensure the purity of the final product. 

 

Drying and activation 

 

After washing and template removal, the zeolite was dried in an oven at around 100 °C for 6 hours 

to remove any remaining water. After drying, further thermal treatment was done to activate the 

zeolite, making it more effective for its use as an adsorbent. This was done by heating the zeolite 

to temperatures of from 200 °C to be suitable for the intended use of removing chromium (iii) 

ions from water.  

 

Batch adsorption studies 

 

Adsorption experiments were conducted using synthesized zeolite particles in glass beakers. To 

find out how much chromium metal can be absorbed by the zeolite, a stock solution of Cr3+ at 

1000 mg/L was made by dissolving 6.67 g of Cr(NO3)3.9H2O in distilled water and filling it up to 

the mark in a 1000 mL volumetric flask. A series of tests was done to observe how zeolite adsorbs 

Cr3+ ions. In each test, 50 mL of the Cr3+ solution was added to 100 mL vessels to keep the 

concentration and volume consistent. 

 

Effect of metal ion concentration 

 

To examine the impact of metal ion concentration, the zeolite mass was kept constant at 2 g for 

50 mL of Cr3+ solution across various Cr3+ concentrations (10, 15, 20, 25, 30 ppm). Exactly 2 g 

of the zeolite sample was placed in 100 mL vessels with different Cr3+ ion concentrations. The 

mixture was stirred using a multifix mixer for 1 hour. After stirring, the mixture was filtered, and 

the filtrate was analyzed using Atomic Absorption Spectroscopy (AAS). 

 

 

 



Synthesis, characterization, and use of zeolite to remove cr³⁺ from water 

Bull. Chem. Soc. Ethiop. 2026, 40(10) 

2161 

Effect of adsorbent dosage 

 

The influence of adsorbent quantity was studied by keeping the Cr3+ concentration constant at            

20 ppm while varying the mass of the zeolite samples (0.5 g, 1.0 g, 1.5 g, 2.0 g, 2.5 g). Different 

amounts of zeolite were mixed with 50 mL of the 20 ppm Cr3+ solution. The mixture was stirred 

for 1 hour and then filtered. The resulting filtrates were analyzed using AAS. 

 

Impact of pH on the adsorption rate 

 

This research examined how pH affects the adsorption of Cr3+ ions on zeolite particles across a 

pH range of 1.0 to 11.0, using a constant zeolite dosage of 2 g and a Cr3+ concentration of 20 ppm 

at room temperature. The pH was adjusted with 0.5 M HNO3 or 0.5 M NaOH solutions (before 

adding the adsorbent) while shaking continuously for 1 hour. The final ion concentration in the 

filtrate was measured using AAS. 

 

Effect of varying particle sizes 

 

To assess the impact of different particle sizes on the adsorption rates of various synthesized 

samples, 2 g of each zeolite sample (with distinct particle sizes) was measured into separate 

reaction vessels containing 20 ppm concentrations of the Cr3+ solution. The mixtures were 

subsequently stirred using a multifix mixer for 1 hour at ambient temperature. Following this, the 

suspensions were filtered using a centrifuge, and the resulting filtrate samples were examined for 

ion concentration through atomic absorption spectroscopy (AAS). 

 

Statistical analysis  

 

Descriptive statistics were used to determine the average adsorption at each concentration, along 

with standard deviation, to provide insight into the central tendency and spread of the data. A 

linear regression statistics model was also used to quantify the relationship between Cr3+ 

concentration and adsorption, as shown in Figures 5A and 5B. This approach ensures that the 

observed effects were not due to random chance but provides a clear mathematical model for 

predicting adsorption behavior at various Cr3+ concentrations. 

 

RESULTS AND DISCUSSION 

 

Characterization before adsorption  

 

To begin any synthesis process, it is essential to understand the composition or structure of the 

final product. After synthesizing zeolite, it is important to clarify its physical morphology and 

chemical components. The final products were characterized using SEM and XRD, which provide 

useful insights into the chemistry of the zeolite, helping to determine if zeolite was successfully 

produced through this method [42]. 

 

Scanning electron microscopy (SEM) and X-ray diffraction (XRD) 

 

Scanning electron microscopy (SEM) is a specialized tool that captures images of a sample by 

scanning its surface with a focused electron beam. This interaction generates various signals that 

create micrographs, offering valuable information about the sample's composition and surface 

topography. Figure 1 B and C shows the SEM micrographs of the zeolite. The main goal of SEM 

is to display the surface structure and actual morphology of the zeolite, which has a rough and 

irregular shape, porosity, and a compact structure. These SEM images clearly demonstrate that 
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the particles are disc-shaped, with sizes ranging from 13.4 to 54.0 µm. The differences in the sizes 

of the synthesized zeolite particles resulted from carefully adjusting the size and shape of the 

zeolite samples produced. The growth in particle sizes, as indicated by these SEM images, can be 

linked to the increased volume of water used in preparing the initial gel. A similar perspective 

was expressed by [43] regarding the synthesis of nanoporous zeolite [44]. 

The X-ray diffraction (XRD) method is widely used to assess the crystallinity and 

noncrystallinity of materials through their diffraction peaks. By analyzing these specific peaks, 

including their sharpness, quantity, intensity, positions, and spacing, one can evaluate the 

crystallinity of the synthesized nanoparticles. Crystalline substances usually display clear, sharp 

peaks with several distinct peaks and high intensity, indicating a greater degree of crystallinity. 

On the other hand, amorphous materials with lower crystallinity may show broad or diffuse peaks 

with reduced intensity. Figure 1A illustrates the XRD spectrum featuring diffraction peaks for 

zeolite. The diffraction positions align well with the JCPDS44-0141 file. Based on the pattern 

obtained, faujasite zeolite was identified through the XRD results. The characterization of the 

XRD pattern revealed a single phase of faujasite zeolite. This finding is consistent with previous 

research by [21].      

               A 

 

 
 

 
B 

 
C 

 

Figure 1. Imaging characterization of synthesized zeolites (A), XRD (B and C), various 

morphologies of SEM images.  
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The energy-dispersive X-ray (EDX) 

 

The Energy Dispersive X-ray Diffraction (EDX) analysis is a key instrumental method that 

identifies the elemental components present in materials based on their weight percentages. When 

an element is stimulated by an external source, typically an electron beam in an electron 

microscope, it emits characteristic X-rays that are captured by the instrument. The energy-

dispersive X-ray (EDX) spectra illustrated in Figure 2 indicate that the zeolite's composition 

comprises three primary elements: silicon, aluminum, and sodium, along with trace amounts of 

potassium, magnesium, iron, and calcium. The chemical compositions (weight percent) of the 

zeolite are presented in Figure 2. The zeolite spectra reveal optical absorption values as follows: 

SiO2 at 70.3% (w/w), Al2O3 at 17.7% (w/w), Na2O at 5% (w/w), K2O at 1.4% (w/w), MgO at 

0.75% (w/w), Fe2O3 at 0.39% (w/w), and CaO at 0.89% (w/w), respectively. No additional 

elements were detected as impurities, indicating the successful synthesis of the zeolite. Other 

elements that appeared, such as iron and calcium, may have originated from the synthesis process 

or the reagents utilized in the preparation of the zeolite. The energies of these X-rays correspond 

to specific elements within the sample, facilitating the identification and quantitative analysis of 

individual components. 

 

 
 

Figure 2. EDX spectrum of synthesized zeolites. 

 

Fourier transform infrared (FTIR) spectroscopic analysis 

 

Figure 3 illustrates the chemical characteristics of the synthesized zeolite, specifically 

highlighting the functional groups located on its surface. The analysis was conducted using FTIR 

spectrophotometry with the model Nicolet iS10 FT-IR Spectrometer, operating within a wave 

number range of approximately 3000 to 763 cm−1. The prominent bands of the aluminosilicate 

were identified within the range of 752–827 cm−1. These absorption bands correspond to the 

asymmetric stretching of Si–O–Si and the stretching vibrations of Si–O–Al, which were noted at 

1006.4 and 1118.2 cm−1, respectively [45]. Additionally, peaks observed at 1565–1371 cm−1 and 

around 3000 cm−1 delineate the presence of two distinct groups of bands. The first group is 

associated with the bending vibrations of H2O molecules that are adsorbed on the zeolite's surface, 

while the second group, characterized by a broad band near 3000 cm−1, signifies the elongation 

vibrations of the OH groups from the water molecules within the zeolite [45]. 
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Figure 3. FTIR Spectral for the synthesize zeolite. 

 

Characterization after adsorption 

  

The energy-dispersive X-ray (EDX) and scanning electron microscopy (SEM) 

 

For the energy-dispersive X-ray (EDX), after the adsorption of chromium(III) ions, the EDX 

spectrum of the zeolite clearly displays the characteristic peaks for chromium, typically around 

4.8 keV (Kα). The presence of these peaks, alongside the stable peaks for silicon and aluminum, 

provides direct evidence of the zeolite’s ability to adsorb chromium from water, as shown in 

Figure 4b. The intensity of the chromium peaks showed the amount of chromium adsorbed and 

also quantifies the adsorption process; while minor, the shifts in the silicon and aluminum peaks 

suggest subtle changes in the zeolite's structure or chemistry. Thus, this characterizes EDX 

analysis after the sorption as a powerful tool for monitoring the effectiveness of chromium 

removal and understanding the underlying interactions between the metal ions and the zeolite 

structure. 

For the scanning electron microscopy (SEM), after chromium (III) ion adsorption, the SEM 

characterization of the zeolite showed significant changes in surface morphology, including 

roughening of the surface, particle aggregation, possible surface deposits, and alterations to the 

pore structure, as shown in Figure 4a. These visual alterations are indicative of the zeolite's 

interaction with the chromium ions, reflecting its adsorption capacity and providing insights into 

the efficiency and mechanism of chromium removal from water. Additionally, the presence of 

chromium species or oxide phases in the EDX further confirms the ion-exchange and adsorption 

processes. 
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Figure 4. (a) SEM Image of the zeolite after adsorption, (b) EDX spectra of the zeolite after 

adsorption 

 

Fourier transform infrared (FTIR) spectroscopic analysis 

 

FTIR spectra of the zeolite after Cr(III) adsorption showed noticeable shifts and intensity changes 

in the O–H stretching and Si–O–Si/Si–O–Al vibration bands, indicating interaction between 

chromium ions and surface hydroxyl groups. The appearance of weak bands in the 680–520 cm⁻¹ 

region further confirms the formation of Cr–O bonds, suggesting that Cr(III) adsorption occurs 

mainly via ion exchange and surface complexation mechanisms without significant alteration of 

the zeolite framework. 

 
Figure 4. FTIR Spectral after adsorption. 

 

Adsorption of chromium ion 

 

Impact of adsorbent dosage 

  

Table 1 illustrates how zeolite dosage affects the adsorption of Cr3+ from water. The percentage 

removal efficiency rises as the amount of adsorbent increases, as shown in the table. The rise in 
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adsorption rate with more zeolite may be due to a larger surface area; a greater quantity of 

adsorbent (zeolite) effectively reduces the saturation of the adsorption sites, leading to a decrease 

in the number of available sites per unit mass. It was noted that increasing the mass of zeolite 

enhanced the adsorption rate of metal ions. This can be linked to the increase in surface area per 

unit volume of solution available for adsorption with the zeolite sample. 

 
Table 1. Shows the effect of the mass of adsorbent at an initial metal ion concentration (Co) of 20 ppm and 

the concentration of unadsorbed metal ion (C). 

 

Samples Mass of adsorbent         

(g)    

Concentration(C) 

       (ppm) 

Percentage adsorption   

(%) 

 

1 0.5 8.85 55.75 

2 1.0 6.02 69.90 

3 1.5 3.98 80.35 

4 2.0 0.85 95.75 

5 2.5 0.68 96.60 

 

Effect of metal ion Cr3+concentration 

 

The adsorption rate based on metal ion concentration was examined at room temperature with a 

shaking duration of 1 hour, while the amount of zeolite (the adsorbent) remained constant at 2 

grams. The concentration of heavy metal ions varied from 10 ppm to 30 ppm. The results of this 

experiment are presented in Table 2. Also, from the table, it indicates that the percentage of 

adsorption decreased as the metal ion concentration increased. The quantity of metal ions 

adsorbed per unit mass of zeolite (adsorbent) gradually rose with the increase in metal ion 

concentration; however, the overall extent of adsorption declined with higher metal ion loading. 

It was noted that at lower metal ion concentrations, the ratio of metal ions to available adsorption 

sites was low, making the adsorption independent of the initial concentration. As the concentration 

of metal ions increased, competition for adsorption sites intensified, leading to a unit mass of 

zeolite being exposed to more metal ions, which gradually occupied the binding sites. 

 
Table 2. Effect of metal ion concentration at initial concentration (Co), concentration of unabsorbed metal ion 

(C) and mass of adsorbent, 2.0 g. 

 

Samples Co (ppm) C (ppm) Percentage adsorption (%) 

1 

2 

3 

4 

5 

10 

15 

20 

25 

30 

0.20 

0.45 

0.83 

1.95 

3.50 

98.0 

97.0 

95.9 

92.2 

88.3 

   

Effect of pH  

 

Table 3 presents data on how pH affects the adsorption rate of Cr3+ on zeolite particles.  From the 

table, it is evident that as pH rises, the percentage of adsorption also increases, peaking at pH 7, 

where there is a significant jump in percentage adsorption. This increase continues at a slower 

rate as pH rises from 9 to 11. This pattern may occur because, at lower pH levels, H3O
+ ions 

outnumber Cr3+ ions, making it difficult for Cr3+ ions to compete for binding sites on the zeolite. 

However, as pH increases, the concentration of H3O
+ ions drops, providing more binding sites for 

Cr3+ ions. 
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Table 3. Effect of pH on adsorption rate. 
 

pH Percentage adsorption (%) 

1 55 

3 68 

5 71 

7 93 

9 95 

11 97 

 

Effect of varying particle sizes 

 

The scanning electron microscopy (SEM) images in Figures 1 clearly indicate that the synthesized 

zeolite samples have varying pore diameters between 13.4 and 53.6 µm. The adsorption rate 

related to the sizes of the zeolite particles was examined at room temperature, with a shaking 

duration of 1 hour, using 2 grams of zeolite and a heavy metal concentration of 20 ppm. The 

findings of this experiment are presented in Table 4. The results clearly demonstrate that as the 

water content of the initial gel increased, the particle size of the synthesized zeolite particles also 

increased progressively. Table 4 illustrates that as the sizes of the synthesized zeolite particles 

grew, the percentage of adsorption decreased. This may be due to the fact that larger particle sizes 

diminish the surface area of the zeolite particles, resulting in fewer adsorption sites; conversely, 

smaller zeolite particle sizes offer a greater surface area for metal ion attachment. 

      
Table 4.  Effect of particle size on adsorption rate. 

 

Samples Particle Size (µm) C (ppm) Percentage adsorption (%) 

A 13.4 0.22 98.9 

B 13.6 0.38 98.1 
C 26.4 1.52 92.4 

D 26.7 1.50 92.5 
E 27.0 1.81 91.0 
F 43.8 3.63 81.9 
G 46.5 3.90 80.5 

H 53.6 5.31 73.5 
I 53.7 5.90 70.5 
J 54.0 6.01 70.0 

 

Adsorption isotherms 

 

The adsorption study was confirmed using two types of adsorption isotherms: Langmuir and 

Freundlich. For initial metal concentrations of 10, 15, 20, 25, and 30 ppm, with a constant amount 

of adsorbent (2 g), the linear forms of the Langmuir and the Freundlich isotherms, based on 

equations 1 and 2, regarding Cr3+ ion removal by zeolite, are illustrated in Figures 5A and 5B, 

respectively. Both isotherms fit the experimental data well, but the Langmuir model fit better, 

achieving a correlation factor (R2) of 0.997, which surpasses the Freundlich correlation factor 

(R2) of 0.963. A high Q max value indicates a significant uptake of Cr3+ ions by the zeolite 

particles. Adsorption isotherm constants of the adsorption of Cr3+ by zeolite are: 𝑄𝑚𝑎𝑥  (Langmuir) 

is 100, KL (Langmuir) is 0.001,  KF(Freundlich) is 0.163, and n (Freundlich) is 2.9, respectively.        
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A                                                                       

 
 

 

B 

 
 

Figure 5. (A)Linear Langmuir isotherm plot for the removal of Cr3+ by zeolite (A) Linear 

Freundlich isotherm plot for Cr3+ removal by zeolite.  

 

CONCLUSION 

 

In this research, zeolite particles were created in the lab using a hydrothermal method with sodium 

hydroxide and sodium metasilicate. The composition of the starting gel materials was adjusted to 

produce zeolites of various particle sizes. The zeolite particles were analyzed using XRD and 

SEM. The synthesized zeolite particles were then tested in adsorption studies with different 

factors: adsorbent dosage, initial metal ion concentration, pH, and varying particle sizes. It was 

observed that the percentage of adsorption increased as pH, particle size, and initial Cr3+ ion 

concentration decreased. Additionally, increasing the adsorbent dosage led to a rise in percentage 

adsorption. The experimental data were evaluated using linear plots of the Langmuir and the 

Freundlich models, which fit the data well with correlation factor (R2) values of 0.997 and 0.963, 

respectively. The Langmuir and the Freundlich models describe the adsorption capability of the 

adsorbent (zeolite) with a single-layer adsorption, indicating that the adsorption layer is one layer 

thick. Langmuir supports a scenario where each site has a specific affinity for adsorption, resulting 

in homogeneous adsorption. Consequently, the Langmuir equation provided a better fit than the 

Freundlich equation due to its higher correlation factor of 0.997. The findings from this research 
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indicate that zeolites can effectively sorb chromium metal ions from aqueous solutions. Thus, it 

can be concluded that zeolites are effective adsorbents for removing chromium ions from aqueous 

solutions. 
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