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Abstract 

Cd (II) is among the most hazardous transition metals for biological species Due to 

its cumulative toxicity and its effect on the kidneys and vital tissues. Consequently, 

it is imperative to develop effective strategies for the remediation of cadmium from 

water and soil. Spherical alumina and zeolite alumina nanocomposites have been 

investigated theoretically and empirically for their efficacy in removing Cd ions 

from their aqueous solution. Various advanced techniques, such as X-ray 

diffraction, scanning electron microscopy (SEM-EDS), Fourier Transform Infrared 

Spectroscopy (FT-IR), and (BET) surface area analysis, were utilized to examine 

the crystalline, morphological, chemical, and porosity properties of adsorbents. 

Optimal Cd(II) removal occurred at pH 6, and the efficiency was influenced by 

both the initial Cd(II) concentration and the alumina content in the adsorbents. The 

sorption of Cd ions on spherical alumina exhibited a higher removal efficiency due 

to their high surface area and active sites, that achieved a removal efficiency of 

92.5%, compared to 90% of zeolite-alumina nanocomposite with multilayer 

adsorption capacities of 3.07 mg/g and 8.95 mg/g, respectively. The collected 
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experimental adsorption data were analysed using five isotherm models. The 

Freundlich, Dubinin, and Temkin adsorption isotherm models yielded the most 

accurate fit for the Cd (II) ions adsorption data, indicating that the adsorption 

process is multilayered. The obtained thermodynamic values demonstrated that the 

adsorption process is spontaneous and exothermic on the zeolite-alumina 

nanocomposite with decreased randomness in contrast to spherical alumina at the 

solid adsorbents –ions adsorbate interface during the adsorption process. 

Keywords: heavy metals; Aluminium oxide; Nanocomposites; Adsorption; 

Removal  

1-Introduction 

Heavy metal contamination represents the foremost concern in the global 

assessment of drinking water quality. Due to its toxicity, bioaccumulation, and lack 

of biodegradability, using this contaminated water can have catastrophic 

consequences for communities and individuals 
(1)

. In recent years, several 

adsorbents, such as agricultural waste, leaf powder from Lycopersicon esculentum, 

tea waste, microorganisms, yeast, and red mud, have been employed to remove 

heavy metals from wastewater. Because of their improved adsorption properties, 

nanomaterials are used for heavy metal contamination removal
 (2)

. Bimetallic 

nanocomposites have a larger surface area than their monometallic counterparts, 

which increases their adsorption capacity 
(3)

. Cadmium ions are often considered 

among the most detrimental pollutants in the ecosystem. They can permeate soil 

and aquatic environments via the electroplating industry, battery manufacturing, 

plating procedures, fertilizers, insecticides, dyes, and alloy production 
(3,4)

. The 

elimination of these toxins is a burgeoning area of research and a pressing 

necessity in environmental science. Researchers have devised numerous methods 

for the remediation of wastewater from heavy metals, including precipitation, ion 

exchange, filtration, membrane separation, coagulation, and adsorption 
(5, 6)

. 

Numerous ways are costly, each possessing distinct advantages and downsides. 
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Among the methods for heavy metal removal from wastewater, adsorption is one 

of the most often employed and effective techniques relative to other processes 
(7)

. 

Recently, researchers dedicated considerable work to the study of nano-adsorbents. 

These are materials possessing nanoscale characteristics utilized for the removal of 

molecules from liquids or gasses 
(8)

. Nanomaterials function as attractive 

adsorbents owing to their large surface area and distinctive physical and chemical 

characteristics. Consequently, researchers are developing nano-adsorbents with 

specific functionalization to enhance adsorption selectivity 
(9, 10)

. Reversible base-

exchange reactions can be carried out using zeolites, which are inexpensive and 

crystalline tectosilicate adsorbents. Mixing certain amounts of feldspar, clay, and 

soda ash was the traditional method for synthesizing zeolites 
(11)

. Due to their many 

useful properties, such as being inexpensive, naturally occurring, thermally stable, 

selective, and having a small-pore structure with a large specific surface area 
(12,13)

 

zeolites are used in many different contexts. They are catalytic agent
 (14, 15)

 ion 

exchangers 
(16)

, airborne purifiers 
(17)

, and adsorbents surfaces for inorganic 

materials 
(18,19)

. However, they have a limited capacity to absorb cationic 

contaminants 
(20)

. Natural zeolites can be changed by inorganic substances to make 

them better at absorbing heavy metal ions and organic pollutants 
(21)

. Zeolites have 

a three-dimensional structure made of SiO₄ and AlO₄ tetrahedra 
(22)

. The 

aluminium or silicon ion occupies the core of the tetrahedron, while oxygen atoms 

are positioned at the four vertices. The substitution of Si₄₄ with Al₄³ induces a 

negative charge in the lattice, which is neutralized by exchangeable cations such as 

sodium, potassium, or calcium
 (23)

. The monoethanolamide modification of zeolite 

improved its CO2 absorption capacity relative to the raw zeolite. Researchers 

recorded the removal of amoxicillin from wastewater using modified zeolite-MgO 

(24)
. The adsorption characteristics of C22H24N2O9.ClH on magnetic zeolite/Fe₄O₄ 

nanoparticles exhibited the superparamagnetic features of zeolite/Fe₄O₄, 

facilitating the effective adsorption of oxytetracycline hydrochloride
 (25)

. Efficient 

treatment methods, including adsorption technologies for water purification, are 
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essential to alleviate the detrimental effects that toxic metals—such as cadmium, 

chromium, lead, mercury, and nickel—impose on human health and ecosystems
 

(26)
. Recently, nanoscale materials presented a compelling approach for the removal 

of hazardous metals from aquatic ecosystems. Al₄O₄ nanoparticles are a 

significant oxide mineral in geological settings and are extensively utilized as 

sorbents and catalysts in many chemical processes in aqueous environments
 (27)

. 

The acidic and basic properties of alumina are the principal drivers driving its 

widespread applications. Consequently, aluminium oxide is pivotal in the 

adsorption process as it enhances the aggregation of adsorbate ions on solid 

surfaces. 

The main goal of this study is to find out how adding aluminium oxide to zeolite 

affects the removal of cadmium ions from aqueous solutions by developing 

effective and cost-effective adsorbents, particularly for wastewater applications. To 

our knowledge, this is the first time that zeolite modified with aluminium oxide 

nanoparticles has been reported and tested as a nanocomposite for cadmium ion 

removal from synthetic wastewater. The shape, structure, chemical composition, 

surface area and particle size of the doped zeolite were also examined. The 

experimental results were examined using Freundlich, Langmuir, Temkin, Harkin-

Gora, and Dubinin adsorption isotherm models, along with thermodynamic values. 

2. Practical Methods 

2.1. Materials description and preparation methods 

Sigma-Aldrich provided all high-purity chemicals that were used without further 

processing. Al(NO₄)₄ · 9H₄O (99.99%), Cd(NO₄)₄·4H₄O (99.9%), NaOH 

(98.0%), HCl (99.8%), and C₄H₄OH (99.50%). At room temperature, 10 g of 

zeolite were weighed out and mixed with 100 ml of a solution that had 2 wt.% Al 

(NO₄)₄ · 9H₄O, at ambient temperature. The resultant mixes were agitated 

vigorously for 30 minutes and thereafter transferred to autoclaves. The spacemen 

subjected the specimens to a temperature of 180°C for 24 hours before allowing 

them to cool to ambient temperature. The product was centrifuged at 4000 rpm for 



Journal of Kufa for Chemical Sciences Vol. (5) No. (2) ………….….Jun. 2026 
 

 364 

 

15 minutes and then washed several times with ultrapure water. The sample was 

calcined at a rate of 2°C/min until it reached 500°C to eliminate any moisture or 

hydroxide integrated into the structure. 

2.2. Adsorbent Characterization 

The chemical characteristics of adsorbents were analysed using FTIR (Shimadzu, 

Japan), BET (Quantachrome Autosorb-1), SEM (Hitachi TM3000), EDS (Bruker 

Quantax 70 EDS system), and XRD (Bruker D8 Advance). The Brunauer Emmett 

Teller (BET) method is used to calculate the adsorbents’ specific surface area and 

pore porosity by nitrogen gas as adsorbent. About 200 mg of samples were heated 

to 350°C in a vacuum for 5 hours. The pore diameter and pore volume were 

obtained using Barrett Joyner Halenda (BJH) models. The crystal structure of the 

adsorbent samples was characterized by X-ray diffraction (Shimadzu XRD 6000) 

measurements that were performed on a Bruker diffractometer with a CuKα 

radiation source (λ = 1.5406Å) and the X-ray intensities were recorded every 

0.027° step from 0° to 80°. The diffractometer works at 40 kV with a step-scan 

time of 4 s. These absorbents were described by their morphologies and structures 

using a Hitachi TM3000 scanning electron microscope at a voltage of 20 kV and 

magnifications of up to 100X, along with a Bruker Quantax 70 EDS system for 

elemental analysis. 

2.3. Cd
+2

 adsorption process 

A solution of Cd
+2

 with a concentration of 500 mg/L was prepared. Different 

amounts (20–100 mg/l) of cadmium ions concentration were added to a conical 

flask that already had 0.1 g of modified zeolite nanocomposites and 0.3 g of 

alumina as an adsorbent, then it was put in a vibrating water bath that was kept at a 

constant temperature of 293 K. After shaking for required times, the solutions were 

centrifuged at 4000 rpm for 15 minutes and then filtered to get rid of the ions that 

stuck to the surface. The quantity of adsorbed ions and removal was determined 

using Equation (1 and 2), where 𝑞𝑒𝑖𝑜𝑛 denotes the amount of adsorbed ions of 

cadmium (mg/g), 𝐶𝑖 indicates the initial amount of ions (mg/L) in solution, 𝐶𝑓 
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signifies the final concentration of ions (mg/L),  𝑉𝑠𝑜𝑙 represents the volume of 

Cd(II) ions solution, and M is the mass of the adsorbent, 𝑅𝑖𝑜𝑛% is percentage ions 

removal 
(28)

. 

𝑞𝑒𝑖𝑜𝑛 =
(𝐶𝑖−𝐶𝑓) 𝑉𝑠𝑜𝑙

𝑀
                     Eq.1 

𝑅𝑖𝑜𝑛% =
(𝐶𝑖−𝐶𝑓)

𝐶𝑖
 𝑥 100             Eq.2 

2.4. Simulations of adsorption using mathematical isotherms 

The effectiveness of cadmium ion adsorption was assessed utilising five distinct 

isothermal models: Langmuir, Freundlich, Timken, Dubinin, and Harken-Jura: In 

this equation, 𝐶𝑒𝑞 represents the concentration of ions at equilibrium, (𝑞𝑚 and 𝑘𝐿) 

are the Langmuir coefficients, and 𝑞𝑒𝑖𝑜𝑛 represents the amount of adsorption 

which is present at equilibrium
(29)

. 

𝐶𝑒𝑞

𝑞𝑒𝑖𝑜𝑛
=

1

𝑞𝑚𝑘𝐿
+

𝐶𝑒𝑞

𝑞𝑚
              𝐸𝑞. 3 

The Freundlich isotherm applies to systems exhibiting a heterogeneous surface, 

characterised by the heterogeneity constant (1/n). The linear representation of the 

model is as follows 
(30)

: 𝐾𝑓 denotes the Freundlich constant. 

𝑙𝑜𝑔 𝑞𝑒𝑖𝑜𝑛 = 𝑙𝑜𝑔 𝐾𝑓 +
1

𝑛
𝑙𝑜𝑔 𝐶𝑒𝑞      Eq.4 

The Temkin isotherm model is predicated on robust electrostatic interactions, 

with 𝑘𝑇 representing the variation in adsorption energy. The heat of adsorption for 

all molecules in the layer is supposed to decrease linearly with increasing coverage 

(31)
: B pertains to the heat of adsorption. 𝐵 =

𝑅𝑇

𝑏
, where T is the absolute 

temperature (K), R is (8.314 J mol
-1

 K
-1

), b signifies the Temkin constant. 

𝑞𝑒𝑖𝑜𝑛 = 𝐵𝑙𝑛 𝑘𝑇+ 𝐵 𝑙𝑛𝐶𝑒𝑞         Eq.5 

In the case where the adsorbed layer is of the condensed type, the Harkins-Jura 

adsorption isotherm (Eq.6), which was initially formulated for gas-solid systems, is 

applicable to solution-solid systems as well 
(32)

. Where A and B are the Harkins 

model constants. 
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1

𝑒𝑞𝑖𝑜𝑛
2 = [

𝐵

𝐴
] − [

1

𝐴
] 𝑙𝑜𝑔𝐶𝑒𝑞        𝐸𝑞. 6 

3. Results and discussion 

3.1. Sorbents characterization 

The distinctions between spherical alumina and zeolite alumina nanocomposites 

regarding surface area, pore volume, and pore diameter are encapsulated in Table 

1. Mesoporous alumina is found favoured as an adsorbent due to its elevated 

surface area, compared to zeolite nanocomposite. From the values mentioned in 

Table 1, the surface of spherical alumina has the highest surface area, reaching 

(193.75 m
2
. g

-1
) with the pore volume (0.373cm

3
. g

-1
) according to the BET theory 

and the average of pore diameter is (7.693 nm) according to the BJH isotherm. On 

the other hand, the zeolite nanocomposite has low surface area (134.24 m
2
. g

-1
), the 

low pore volume (0.207cm
3
. g

-1
), and its average pore diameter is (6.20 nm). From 

the pore diameter measurements of the two surfaces, the surfaces are of the 

mesoporous type according to the categorisation established by the International 

Union of Pure and Applied Chemistry 
(33, 34)

 for porous solids that have a pore 

diameter range between (2-50) nm. 

 

 

 

Table 1. Specific area of adsorbents, pore volume, and pore diameter. 

Adsorbents 
Surface area 

(m
2
/g) 

pore volume 

(cm
3
/g) 

Pore diameter 

(nm) 

alumina 

nanoparticle 
193.75 0.373 7.693 

zeolite-alumina 

composite 
134.24 0.207 6.201 

 

The crystalline structure of adsorbents was analysed using X-ray diffraction. 

(XRD) analysis of the zeolite nanocomposite revealed three broad peaks and three 



Journal of Kufa for Chemical Sciences Vol. (5) No. (2) ………….….Jun. 2026 
 

 367 

 

sharp peaks with high intensity, indicating the presence of oxide combinations and 

the creation of the new compound. Figure 1 shows the angles and relative 

intensities of the absorption peaks for each of the adsorbents separately. The d 

values that got from X-ray diffraction were compared to those on standard table 

cards in the ICDD database. This indicated that silicon oxide (SiO₄) peak at 2 

θ=29.23, which has a hexagonal crystal structure, is the main inorganic crystalline 

material on the surface of the zeolite. As well as the presence of a crystal structure 

of calcium alumina silicate 8CaAl₄Si₄O on the surface nanocomposite 
(35)

. Figure 

1 A displays the XRD pattern of alumina, with the highest-intensity peaks of the 

phase composed of sodium aluminium silicate indexed at 31, 37.5, 39.4, 45.92, 

60.7 and 66.97 degrees. The X-ray diffraction pattern of the synthesised zeolite 

nanocomposite is depicted in Figure 1B with diffraction peaks at 38.2, 46.5, and 

68.9 [JCPDS No. 04-0787] indicating the presence of aluminium metal and 

diffraction peaks at 37.6, 47.8 [JCPDS No.10-0425] showing the formation of Al-

O phase indicating the presence of Al2O3 
(36)

. Based on the X-ray diffraction peaks 

and the Scherrer equation (Eq.7) 
(37)

, the crystallite diameters of alumina and 

zeolite nanocomposite were found to be 4.58 nm and 6.47 nm, respectively. 

𝐷 =
0.9𝜆

𝛽.𝐶𝑂𝑆 𝜃
         Eq.7 

 

Figure1. XRD-diffraction pattern of (A) alumina and (B) zeolite-alumina 

nanocomposite. 

Energy-dispersive X-ray (EDX) was employed to determine the atomic and weight 

ratios of the elements present on the adsorbents, as shown in Figure 2. The analysis 
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showed a significant increase in the oxygen content of the surfaces due to the 

improvement from the presence of alumina and silicon oxides; this outcome is 

consistent with previous studies 
(38)

. 

 

Figure 2. Elemental analysis of alumina and zeolite alumina nanocomposite A 

Understanding the morphological differences between alumina and zeolite-alumina 

nanocomposite is crucial for improving their effectiveness in adsorption 

applications. The sorbents have a heterogeneous porous structure, as depicted in 

Figure 3A, which characterizes the alumina sorbent as a non-uniform 

amalgamation of pore geometries 
(39)

. Conversely, Figure 3B depicts the existence 

of metal oxide on the surfaces of the zeolite alumina nanocomposites, 

distinguished by the most pronounced wrinkles.  
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Figure3. SEM images of (A) alumina and (B) zeolite alumina nanocomposite 

at different magnifications. 

The absorbents were analysed spectroscopically via infrared spectroscopy, with 

measurements conducted at ambient temperature. The data indicated adsorption 

maxima within the region of 400-4000 cm₄¹. This spectral area encompasses 

numerous significant stretching modes, including those of carbon, hydrogen, 

oxygen, and alumina. The spectra below 1000 cm
-1 

illustrate the fundamental 

properties of alumina. A broad range ranging from 3700 to 3100 cm
₄1

, with the 

acid sites Si-OH–Al (Brønsted site) centred at 3448 cm
₄1 (40)

. The initial peak at 

443 cm
₄1

 was attributed to Al-O or Si-O buckling vibrations. At the second high of 

565 cm₄
1
, T-O-T (T = Al or Si) bonds in five-membered rings exhibited unequal 

stretching 
(41)

. The various valence vibrations of the (Si, Al)–O bond result in the 

absorption bands shifting at 1015cm
-1 (42)

. Hydrated aluminosilicates exhibit 

stretching and bending absorption bands for OH groups at 3700 -1100 cm
−1

 and 

1655 cm
−1

, respectively 
(43)

. 

 

Figure 4. FT-IR analysis of alumina A and zeolite alumina nanocomposite B. 
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3.2. Batch adsorption investigations for the removal of Cadmium ions  

3.2.1 weight of the adsorbents, the contact time, and pH value. 

The influence of adsorbent mass on cadmium ion concentration was assessed. A 25 

mL solution of cadmium ions at a concentration of 40 mg/L was prepared and 

mixed with different weights of surfaces, ranging from 0.05 g to 2 g. Figure 5 

illustrates that an increase in adsorbent weight modifies the surface uptake. The 

ideal explanation is the presence of several active sites and the resulting increased 

surface-to-volume ratio 
(44)

. Moreover, beyond a certain quantity of each adsorbent, 

there has been no improvement in the removal efficiency of cadmium ions. This 

may be because the surface is saturated with adsorbate molecules, resulting in no 

observable effect with an increase in adsorbent dose. So, the best weights for 

alumina, and zeolite-alumina composite surfaces are 0.3 g, and 0.1 g, respectively. 

However, increasing the adsorbent dose by more than 0.3 g, results in a decrease in 

the metal ion uptake. An excessive dosage of the adsorbent might cause 

aggregation, leading to a decrease in active sites; thus, the overall surface area of 

the adsorbent material is reduced, and the diffusional path length is extended 
(45)

. 

As cadmium ions adsorb onto the spherical alumina, it was seen that the amount of 

adsorption goes up as the amount of adsorbent goes up until it reaches a certain 

weight (0.3 g). This may be due to the presence of a few effective sites on the 

surface at low weight of the adsorbent material and thus leads to the possibility of 

the adsorbent material binding to the adsorbent surface being weak due to the 

limited number of sites existing on the surface
 (46)

. 

The time of equilibrium is also examined. A suitable quantity of each surface of a 

40 mg/L cadmium concentration was combined for 10 to 100 minutes at 20°C. 

Figure 5 illustrates that the efficacy of removal increases with prolonged contact 

time, ultimately achieving removal percentages of 92.5% for alumina and 90% for 

the zeolite-alumina composite. 

According to pH value, the results indicate that adsorption on examined surfaces 

rises with concentration, peaking at pH= 6. This effect is due to the significant 
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probability of electrostatic attraction between the cadmium cation and the negative 

surface charge. The elevated value of the acidic function will increase the 

hydroxide ion and induce negative charges on the surface, hence enhancing the 

extent of adsorption. When the pH level reached 6, the zeolite alumina-silicate (Al-

Si–O) structure system 
(47)

 could remove up to 90% of the Cd (II) ions and 92.5% 

of them from the zeolite composite and alumina, with multilayer adsorption 

capacities of 8.95 mg/g and 3.07 mg/g, respectively. 

 

Figure 5. The effect of the adsorbents weight, contact time and pH on Cd (II) 

removal  

3.2.2. Adsorption of Cadmium ions isotherms 

Isotherms serve to characterise interactions between adsorbates and adsorbents. 

Five significant isotherm models, specifically Langmuir, Freundlich, Temkin, and 

Harken-Jura, were evaluated for their ability to fit the experimental adsorption data 

(figures 6 and7). The evaluation of adsorption onto sorbents was conducted by 

comparing their respective R
2
 values. The experimental results were evaluated 

across the selected models, revealing that the experimental equilibrium data of 

sorbents exhibited a strong correlation with the Freundlich and Temkin isotherms, 

as confirmed by the highest R
2
 value. The adsorption surfaces exhibit 

heterogeneity with multilayer coverage until the saturation of active sites is 

reached on both adsorbents. As can be seen from Figure 7, based on the B values 

for alumina (0.326) and zeolite alumina composite (0.1), the Temkin adsorption 

model says that the heat of adsorption went down during the sorption process 
(48)

, 

which is in line with thermodynamic values. In contrast, the Langmuir model, 

which asserts homogeneous monolayer adsorption, yielded an R
2
 value of 0.426 
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for the zeolite alumina, which is lower than the R
2
 values for the Freundlich 

adsorption models, indicating the presence of heterogeneous multilayer adsorption. 

 

Figure 6. Freundlich and Langmuir straight lines for adsorption of Cd (II) by 

alumina (A) and zeolite alumina nanocomposite (B) at pH=6, and 293 K. 
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Figure 7. Temkin and Harkin-Jura straight lines for adsorption of Cd (II) by 

alumina (A) and zeolite alumina nanocomposite (B) at pH=6, and 293 K. 

Three different temperatures (293, 303, 313) K is explained the adsorption trend as 

shown in Figure 8. Zeolite alumina nanocomposite exhibited high ions adsorption 

capacities, likely attributable to its porous structure and elevated surface area, 

which may facilitate the availability of additional adsorption sites, hence enhancing 

the adsorption capacity 
(49)

. These results of enhancement in adsorption uptake with 

increasing adsorbate concentration align with prior investigations conducted by 

Yan et al. 
(50)

. It has been also observed that Cd ions adsorption increases by 

increasing the temperature on alumina in contrast on zeolite alumina composite.  

 

Figure 8. Temperature effect of Cd (II) adsorption by alumina (A) and zeolite 

alumina nanocomposite (B) at pH=6. 
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3.2.3  Thermodynamic Functions calculation 

The thermodynamic parameters, including enthalpy, Gibbs free energy, and 

entropy variations, were computed adsorption of Cd (II) and presented in the table 

3. The value at each temperature was computed using the following vant Hoff 

equation to determine the values of enthalpy (ΔH) and entropy (ΔS) as presented in 

it 
(51)

. The equilibrium constant (Kequ.) serves to examine the thermodynamic 

parameters, with the alteration in Gibbs free energy of adsorption represented by 

Equation 9 and 10 
(52)

. 

𝐿𝑛 𝐾𝑒𝑞𝑢. =  −
∆𝐻 ֠

𝑅𝑇
+ 

∆𝑆 ֠

𝑅
                𝐸𝑞. 8 

𝐿𝑛 𝐾𝑒𝑞𝑢. =  
𝑄𝑒𝑞 ∗ 𝑀

𝐶𝑒𝑞 ∗ 𝑉
                       𝐸𝑞. 9 

∆𝐺 ֠ =  −𝑅𝑇 𝐿𝑛 𝐾𝑒𝑞𝑢.                      𝐸𝑞. 10 

The adsorbent surface's dose is represented by M (g). V (L) represents the volume 

of the solution. R is constant (8.314 J mol₄¹ K₄¹); The values of ΔH֠ and ΔS֠ can 

be determined from the slope and intercept, respectively, of the linear plot of ln 

Kequ. vs 1/T. In Table 3, the negative value of ΔG signifies the feasibility and 

spontaneity of the adsorption process on adsorbents under study. A positive value 

of ΔH indicates that the adsorption of cadmium ions onto alumina was 

endothermic in contrast on modified Zeolite nanocomposite was exothermic. An 

increase in temperature elevates the kinetic energy of the ions adhered to the 

adsorbent surface, resulting in reduced mobility of the adsorbate molecules on the 

adsorbent surface, thereby weakening the attractive forces between the cadmium 

ions and the active sites on the surface 
(53)

. Furthermore, the negative value of ΔS 

signifies a reduction in randomness and a decrease in the degrees of freedom of the 

adsorbed ions, indicating that the ions are constrained by the adsorbent surface, 

resulting in a more ordered arrangement; hence, the type of adsorption is 

physisorption. The negative value of ΔG◦ with rising temperature signifies the 
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feasibility and spontaneous nature of adsorption, which becomes increasingly 

spontaneous at higher temperatures 
(54)

.   

 

 

Table 3. Thermodynamic parameters for adsorption of Cd (II) onto sorbents 

at Temp=293 K. 

Absorbent surfaces 
Thermodynamic functions 

ΔH kJ/mol ΔG kJ/mol ΔS J/mo1. k 

Spherical aluminium oxide +13.974𝑥10−3 −5.299 +65.811 

Zeolite-alumina composite −21.724𝑥10−3 −4.877 −57.316 

 

Conclusion 

This study aimed to examine eliminating Cd (II) ions using two different 

adsorbents: spherical alumina and zeolite-alumina nanocomposite. The study 

showed that a modified zeolite nanocomposite made using the hydrothermal 

calcination method can effectively adsorb cadmium ions because it makes 

aluminosilicate nanocomposites with a lot of surface area. Maximum removal 

efficiencies of 92.5% and 90% were observed for alumina and modified zeolite 

nanocomposite, respectively demonstrating its potential for practical applications 

in wastewater treatment. Optimal Cd(II) removal by both adsorbents occurred at 

pH 6. The isotherm analysis indicated that the Freundlich and Temkin models were 

better at explaining ion adsorption on alumina than the modified one due to a 

higher R² value. Adsorption isotherms typically fit the Freundlich model best, with 

maximum adsorption capacities ranging from 7.48 mg/g for alumina to 22.03 mg/g 

for zeolite-alumina nanocomposite. When the temperature is raised from 293 K to 

313 K, the alumina's maximum Cd (II) adsorption capacity goes up from 7.48 

mg/g to 7.73 mg/g. On the other hand, the zeolite nanocomposite's maximum Cd 

(II) adsorption capacity goes down from 22.03 mg/g to 20.18 mg/g. 
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Thermodynamic studies revealed that adsorption processes were spontaneous, 

with varying endothermic or exothermic nature depending on the adsorbent.  
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