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Abstract  
 

In this study, an adsorbent ZnO/GO/Zeolite-A nanocomposite was synthesized and characterized using standard methods 

for the removal of copper (Cu), iron (Fe), and chromium (Cr) from pharmaceutical effluents. The synthesis involved a 

multi-step approach comprising hydrothermal synthesis of Zeolite-A, sol-gel formation of ZnO nanoparticles, and 

incorporation of graphene oxide via ultrasonic dispersion to enhance surface area and functionality. The composite was 

characterized using X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), scanning electron 

microscopy (SEM), Brunauer–Emmett–Teller (BET) surface analysis, and energy-dispersive X-ray spectroscopy (EDX). 

The results confirmed a well-integrated, porous nanostructure with high surface area and active functional groups suitable 

for sorption. Batch sorption experiments were conducted to evaluate the influence of contact time, pH, and temperature. 

The nanocomposite showed rapid and high sorption efficiency, with maximum removal rates observed at pH 5–6 and 

equilibrium reached within 60 minutes. The composite exhibits a steady increase from 52.6 % to 100 % efficiency removal 

of Fe, attributed to its superior adsorption capacity and large specific surface area. The zeolite-A/ZnO/GO consistently 

shows the best performance compared to individual treatments at all temperatures with Cu, Fe and Cr, showing removal 

efficiencies of 65.15 % at 50 °C, 75.52 % at 60 °C, and 82.15 % at 70 °C, with synergistic effects becoming more 

pronounced at elevated temperatures. Thermodynamic studies indicated that the sorption process was spontaneous and 

endothermic. The integration of ZnO and GO significantly enhanced the adsorption capacity of Zeolite-A due to synergistic 

effects, making ZnO/GO/Zeolite-A a promising candidate for sustainable treatment of heavy metal-laden pharmaceutical 

wastewater, contributing to environmental protection and public health improvement. 
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INTRODUCTION 
The release of pharmaceutical effluents 

containing heavy metals into aquatic environments 

presents serious threats to both ecological systems and 

human health. Conventional techniques for eliminating 

these toxic elements often prove inadequate due to low 

efficiency and high operational expenses (Etsuyankpa et 

al., 2024). As a result, nanotechnology has emerged as a 

viable and innovative solution for treating wastewater. 

Among the numerous nanomaterials explored, zinc oxide 

(ZnO) and graphene oxide (GO) have attracted notable 

interest because of their distinct physicochemical 

properties and effectiveness in environmental cleanup 

efforts (Mathew et al., 2024a). ZnO nanoparticles are 

particularly valued for their large surface area and 

notable photocatalytic activity, which enhance their 

ability to adsorb metal ions. Nonetheless, their tendency 

to cluster together reduces their stability and 

effectiveness in water. In contrast, GO’s layered 

structure and abundance of oxygenated functional groups 

give it excellent dispersibility, mechanical strength, and 

a high surface-to-volume ratio in aqueous systems (Idris 

et al., 2024). 

 

The combination of ZnO particles with GO 

sheets leads to the formation of ZnO/GO 

nanocomposites, which harness the strengths of both 

materials (Musa et al., 2024; Mititelu et al., 2025). These 

hybrid materials exhibit improved capacity for heavy 

metal adsorption due to their expanded surface area and 

the presence of reactive functional groups that enhance 

metal ion attachment. Research findings confirm that 

ZnO/GO composites can efficiently eliminate hazardous 

metals like cadmium (Cd²⁺) and lead (Pb²⁺) from 
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polluted water. The development and application of these 

composites for heavy metal sorption from 

pharmaceutical wastewaters mark a key innovation in the 

field of water purification. Leveraging the combined 

capabilities of ZnO and GO, these nanocomposites 

represent an effective and eco-friendly strategy for 

reducing metal pollution, thereby safeguarding both the 

environment and human well-being (Rodríguez et al., 

2020; Mathew et al., 2023a). 

 

The anchoring of zinc oxide (ZnO) 

nanoparticles onto graphene oxide (GO) layers leads to 

the creation of ZnO/GO nanocomposites, which 

effectively unify the beneficial attributes of both 

materials. This composite structure exhibits superior 

heavy metal adsorption performance, attributed to its 

enlarged surface area and the functional groups that 

enhance interaction with metal ions. Research has 

confirmed the efficacy of ZnO/GO composites in 

eliminating toxic metals such as cadmium (Cd²⁺) and 

lead (Pb²⁺) from polluted water. Notably, studies have 

reported impressive adsorption capacities, with values 

reaching as high as 354.80 mg/g for cadmium ions 

(Inobeme et al., 2023; Chi et al., 2025). 

 

The development process—spanning synthesis, 

structural analysis, and practical application—of these 

ZnO/GO nanocomposites marks a notable breakthrough 

in the field of wastewater treatment. By exploiting the 

synergistic characteristics of both ZnO and GO, these 

materials provide an eco-friendly and highly effective 

method for addressing heavy metal contamination. Their 

use supports efforts to protect the environment and 

ensure public health. 

 

MATERIALS AND METHODS 
Sample Collection and Pre-treatment 

Clay used in this study was sourced from a 

natural deposit located in Gbako Local Government 

Area, Niger State, Nigeria. The pharmaceutical 

wastewater was obtained from a prominent 

pharmaceutical company situated in Minna, Niger State. 

It was collected into a thoroughly cleaned 50-litre 

container that had been rinsed with a dilute solution of 

nitric acid (HNO₃). The collected wastewater samples 

were then transported to the laboratory for analysis of 

selected physicochemical properties. 

 

Synthesis of zeolite-A 

The purified kaolin sample underwent 

calcination at 600 °C for 12 hours to produce metakaolin, 

which served as the precursor for synthesizing zeolite A. 

The synthesis followed a hydrothermal method, 

characterized as a multiphase reaction and crystallization 

process, as highlighted by Pereira et al.,,, (2019). This 

technique typically involves the coexistence of a liquid 

phase along with both amorphous and crystalline solids. 

Zeolite A was obtained by treating the metakaolin with a 

5.0 mol/dm³ sodium hydroxide (NaOH) solution, using a 

NaOH-to-metakaolin molar ratio of 8:1, assuming the 

chemical composition of metakaolin to be Al₂Si₂O₇. The 

reaction mixture was continuously stirred magnetically 

and maintained at 80 °C for 24 hours. After synthesis, the 

product was thoroughly rinsed with deionized water and 

subsequently dried at 110 °C. 

 

Synthesis of graphene oxide (GO) 

Graphene oxide (GO) particles were 

synthesized using the chemical vapor deposition (CVD) 

technique, following the procedure outlined by Saeed et 

al., (2020). The key variables examined in the process 

were the reaction temperature and the flow rate of the 

carbon source. Initially, nitrogen (N₂) gas was purged 

through the reactor for 15 minutes to eliminate residual 

oxygen. Subsequently, a nitrogen-hydrogen (N₂/H₂) 
mixture at a flow rate of 1 L/min was introduced to 

reduce surface copper oxides on the substrate. Acetylene 

gas was then introduced into the reactor at a steady flow 

rate for 1 minute. Following this, the gas injection was 

halted to initiate graphene growth using the trapped gases 

at varying temperatures. The system was then cooled 

under a nitrogen atmosphere with a controlled rate of 

8 °C per minute. 

 

Synthesis of zinc oxide nanoparticles via sol-gel 

method 

Zinc oxide nanoparticles were synthesized 

using a modified sol-gel technique. Precisely 50 grams 

of zinc acetate dihydrate [Zn(C₂H₃O₂)₂·2H₂O] was 

weighed into a 250 cm³ beaker, followed by the addition 

of approximately 100.0 cm³ of deionized water. The 

mixture was continuously stirred with a magnetic stirrer 

for 30 minutes at a speed of 150 rpm. A 0.5 M sodium 

hydroxide (NaOH) solution was then gradually added 

drop by drop until the pH values of 6, 8, 10, and 12 were 

achieved. Afterward, the solution was stirred for an 

additional 5 minutes, leading to the formation of a 

precipitate. This precipitate was collected using 

Whatman No. 1 filter paper and thoroughly washed with 

deionized water and ethanol to remove any remaining 

unreacted materials. The washed product was then dried 

in an oven at 105 °C for 24 hours and subsequently 

calcined at 450 °C in a furnace to yield the final ZnO 

nanoparticles (Mathew et al., 2023b). 

 

Synthesis of zeolite A/graphene oxide 

The zeolite A/ZnO/graphene oxide composite 

was synthesized using the wet impregnation technique. 

Equal masses of each nanomaterial were dispersed in 100 

cm³ of deionized water and stirred continuously for one 

hour. The resulting mixture was then placed in an oven 

and dried at 105 °C until complete dryness was achieved. 

 

Heavy Metal Determination 

About 50 cm³ of the wastewater sample was 

transferred into a 100 cm³ beaker. To this, 15 cm³ of 

concentrated nitric acid and 10 cm³ of 50% hydrochloric 

acid were added. The mixture was heated on a hot plate, 

after which an additional 7 cm³ of 50% hydrochloric acid 

was introduced. Heating continued for 10 minutes. The 
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solution was then allowed to cool before adding 

deionized water. Filtration was carried out using 

Whatman No. 42 filter paper into a 100 cm³ Pyrex 

volumetric flask. The volume was adjusted to the mark 

with deionized water and the sample was preserved for 

heavy metal analysis, including zinc (Zn), lead (Pb), 

cadmium (Cd), and chromium (Cr), using a Perkin Elmer 

200 Atomic Absorption Spectrophotometer, in line with 

the method outlined by Mathew et al., (2024b). 

 

Characterization of Nanoadsorbents 

Zeolite-A nanoparticles were analyzed using a 

range of advanced characterization techniques, including 

X-ray diffraction (XRD), high-resolution scanning 

electron microscopy (HRSEM), high-resolution 

transmission electron microscopy (HRTEM) combined 

with energy-dispersive X-ray spectroscopy (EDS), and 

Brunauer–Emmett–Teller (BET) surface area analysis 

(Musah et al., 2024). 

 

Batch Adsorption Process 

Batch adsorption experiments, including the 

investigation of contact time, adsorbent dosage, and 

temperature effects, were conducted following the 

standard procedures outlined by Mathew et al., (2024). 

 

Adsorption Isotherms 

The isothermal experimental data were 

evaluated using the Langmuir and Freundlich adsorption 

models, as described by Mathew et al., (2024) and 

Musah et al., (2022). 

 

Adsorption Kinetics 

The adsorption kinetics of metal ions onto the 

nanocomposites from wastewater were analyzed using 

the pseudo-first-order and pseudo-second-order kinetic 

models (Alhalili and Abdelrahman, 2024). 

 

RESULT AND DISCUSSION 

 
Figure 1: HRSEM images of Zn/GO 

 

The high-resolution scanning electron 

microscopy (HRSEM) image of the zeolite-

A/ZnO/graphene oxide nanocomposite, as illustrated in 

Figure 1, displays detailed microstructural features. 

Zeolite-A is identified within the composite as fine, 

crystalline particles exhibiting a consistent and orderly 

shape. Ashfaq et al., (2022), for instance, examined the 

controlled formation of TiO₂/zeolite nanocomposites, 

noting how variations in surface and chemical 

characteristics relate to zeolite morphology within the 

material. Similarly, Han (2023) explored functionalized 

nano-zeolite-based composites, stressing the role of 

zeolite structure in improving attributes like thermal 

performance. 

 

Dispersed throughout the matrix, zinc oxide 

(ZnO) nanoparticles appear as small, non-uniform 

particles that either attach to the graphene oxide surfaces 

or are embedded within the zeolite-A framework. 

Chaturvedi and Kundu (2022) highlighted that enhanced 

nanocomposite activity can be attributed to its porous 

texture and active functional groups, which likely 

promote effective ZnO dispersion. Amini (2023) further 

demonstrated the integration of MoS₂@Zeolite X 

nanocomposites into thin-film membranes, revealing 

how zeolite materials can be incorporated into selective 

membrane layers, supporting ZnO embedding or surface 

interaction with graphene oxide. 

 

Graphene oxide, meanwhile, presents itself as 

flat, layered sheets—often slightly wrinkled or folded—

serving as a structural platform for supporting both 

zeolite-A and ZnO nanoparticles. According to Xu et al., 

(2008), these sheets possess distinct nanoscale features 

and are excellent frameworks for forming hybrid 

structures and distributing nanoparticles uniformly. 

Overall, the HRSEM image reflects a uniformly 

distributed and tightly connected network of zeolite-A, 

ZnO, and graphene oxide, which collectively contribute 

to the composite’s mechanical robustness and functional 

enhancement. 
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Figure 2: HRTEM images of zeolite-A/ZnO/GO 

 

The high-resolution transmission electron 

microscopy (HRTEM) analysis of the zeolite-

A/ZnO/graphene oxide (GO) nanocomposite displays 

clearly defined structural features and visible lattice 

fringes, indicating a crystalline framework and effective 

dispersion of the constituent materials (Fig. 2). 

Elemental analysis using energy-dispersive X-ray 

spectroscopy (EDX), shown in Fig. 3, confirms the 

presence of elements corresponding to zeolite-A, ZnO, 

and GO, providing evidence of successful synthesis and 

uniform integration of the components within the 

composite. Similar observations were reported by Salih 

et al., (2016), who used HRTEM to examine a ZnO/GO 

nanocomposite and identified well-formed ZnO 

nanocrystals distributed across the GO surface. In 

addition, Raizada et al., (2017) employed EDX, SEM, 

and TEM to study a ZnO/ZnWO₄/activated carbon (AC) 

composite, confirming both effective synthesis and 

consistent distribution of the composite’s individual 

phases. 
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Figure 3: EDX spectra of zeolite-A/ZnO/GO 

 

The X-ray diffraction (XRD) pattern of the 

zeolite-A/ZnO/graphene oxide (GO) nanocomposite 

reveals distinct diffraction peaks attributable to each 

individual component (Fig. 4). Zeolite-A displays sharp 

reflections around 2θ = 9.7° and 22.5°, indicative of its 

crystalline framework. ZnO presents notable peaks near 

2θ values of 31.8°, 34.4°, and 36.3°, which correspond to 

its hexagonal wurtzite phase. Graphene oxide, due to its 

less ordered structure, typically shows a broad peak in 

the 2θ range of 10–25°, often overlapping with signals 

from other materials in the composite. Consequently, the 

XRD spectrum of the composite exhibits a 

superimposition of these characteristic peaks, 

confirming the coexistence and relative crystallinity of 

zeolite-A, ZnO, and GO within the nanomaterial (Ali et 

al., 2022). 

 

Earlier investigations have noted that the 

crystalline intensity of zeolite tends to decline upon 

integration with graphene oxide, although the structural 

integrity of the zeolite framework is maintained when 

reduced graphene oxide is used, as verified by XRD 

(Jeong et al., 2024). Moreover, XRD analysis of reduced 

graphene oxide/ZnO composites has demonstrated 
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enhancements in crystallinity linked to increased 

crystallite size, extended Zn–O bond length, and 

enlarged unit cell dimensions as the ZnO content rises 

(Elshypany et al., 2021). Additionally, studies on 

ZnO/graphene oxide nanocomposites have reported 

distinct, sharp peaks corresponding to the crystalline 

wurtzite ZnO phase and reduced graphene oxide, 

reinforcing the composite's structural configuration 

(Boukhoubza et al., 2020). 
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Figure 4: XRD pattern of zeolite-A/ZnO/GO 

 

The Brunauer–Emmett–Teller (BET) analysis, 

as presented in Table 1, provides valuable insights into 

the surface characteristics of the zeolite-

A/ZnO/graphene oxide (GO) composite. Notably, the 

composite exhibits a surface area of 121.02 m²/g, 

reflecting a synergistic improvement likely resulting 

from the integration of the individual structural 

components and their interactions. Among the materials 

examined, the composite also features the smallest pore 

diameter at 2.761 nm, which may be attributed to 

increased interlayer spacing or the presence of finer 

mesopores. 

Vu et al., (2016) explored the synthesis of 

micro/mesoporous zeolitic composites (MZCs), 

underscoring the growing relevance of hierarchical 

zeolite structures. The observed small pore size in the 

zeolite-A/ZnO/GO composite suggests the presence of 

both microporous and mesoporous features. 

Furthermore, the composite demonstrates the highest 

pore volume, recorded at 0.3812 cc/g, indicating a 

greater cumulative pore capacity likely resulting from 

the integration of diverse pore architectures. 

 

Table 1: Summary of BET results of zeolite-A/ZnO/GO 

Adsorbent Surface area (m2/g) Pore size (nm) Pore volume (cc/g) 

Zeolite-A/ZnO/GO 121.02 2.761 0.3812 

 

Table 2 presents the analysis of selected 

physicochemical characteristics of pharmaceutical 

wastewater. The sample exhibited a pale brown 

coloration, indicating the presence of dissolved organic 

substances and byproducts of pharmaceutical 

degradation. This coloration is often attributed to organic 

dyes and chemical compounds commonly found in 

pharmaceutical effluents. The pH value recorded was 

5.42, revealing a mildly acidic nature. This finding aligns 

with previous studies by Liu et al., (2023) and Satar et 

al., (2023), which note that acidic pH conditions can 

influence solubility and chemical speciation, thereby 

affecting biological treatment efficiency. Regulatory 

standards, such as those by the USEPA, recommend a pH 

range of 6.5–8.5, suggesting that pH modification is 

necessary before discharge (Onadeji, 2024; Zhao, 2024). 

It is well-documented that variations in pH impact 

aquatic ecosystems (Satar et al., 2023). Additionally, 

high values of pH, COD, and TSS are typically linked to 

elevated levels of proteins, fats, and carbohydrates, 

which contribute to water pollution (Adriansyah, 2023). 

The use of neutralizing agents like calcium hydroxide 

has been shown to enhance pollutant removal efficiency 

(Chen et al., 2022). 

 

The measured Chemical Oxygen Demand 

(COD) was 138.51 mg/L, which is consistent with 

findings that identify COD as a key indicator of the 

oxygen required to chemically oxidize organic matter in 

water (Yu et al., 2022). The observed COD level reflects 

a moderate organic load, potentially treatable via 

biological means, though additional processes may be 

necessary for thorough remediation. The USEPA 

threshold for COD in discharged wastewater is 410 

mg/L. The Biochemical Oxygen Demand (BOD) was 

recorded at 40.02 mg/L, signifying the oxygen needed by 
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microbes to break down biodegradable organic 

material—a parameter essential for assessing suitability 

for biological treatment (Damiao, 2024). 

 

The Total Dissolved Solids (TDS) 

concentration was 301 mg/L, indicating the presence of 

both organic and inorganic dissolved substances. This 

value remains within the USEPA permissible limit of 

500 mg/L but suggests attention to dissolved salts and 

compounds that may impact treatment and reuse options. 

Chloride levels were markedly high at 4916 mg/L, far 

exceeding the regulatory maximum of 250 mg/L, and 

likely originating from chlorinated substances or 

chemical formulations, thus necessitating specialized 

remediation to mitigate water quality deterioration. 

 

Nitrate concentration stood at 60.92 mg/L, 

significantly surpassing the USEPA limit of 10 mg/L. 

This may reflect contamination from pharmaceutical or 

nitrogen-rich waste, which poses environmental risks 

such as eutrophication and public health concerns. 

Phosphate content measured at 38.75 mg/L, suggesting 

input from detergents or other industrial sources; 

uncontrolled phosphate levels are known contributors to 

eutrophication in natural water bodies. 

 

Additionally, the sample contained heavy 

metals including Cadmium (Cd), Copper (Cu), 

Chromium (Cr), Iron (Fe), Manganese (Mn), and Nickel 

(Ni) in various concentrations. These elements are 

hazardous to aquatic organisms, bioaccumulate in 

sediments, and present long-term ecological risks. 

 

Table 2: Some physicochemical parameters of pharmaceutical wastewater 

Parameter Sample USEPA (Permissible limit) 

Colour Pale brown  

pH 5.42 6.5-8.5 

COD (mg/L) 138.51 410 

BOD (mg/L) 40.02  

TDS (mg/L) 301 500 

Chloride (mg/L) 4916 250 

Nitrate (mg/L) 60.92 10 

Phosphate (mg/L) 38.75  

Cd (mg/L) 0.001 0.005 

Cu (mg/L) 3.53 1.0 

Cr (mg/L) 2.09 0.10 

Fe (mg/L) 2.86 0.30 

Mn (mg/L) 0.38 0.05 

Ni (mg/L) 0.02  

 

 
Figure 5: Effect of contact time on the removal of (a) Cu (b) Fe and (c) Cr ions using zeolite-A/ZnO/GO 

 

Figure 5 illustrates the adsorption behavior of 

Cu, Cr, and Fe ions from pharmaceutical wastewater 

using the zeolite-A/ZnO/GO nanocomposite at various 

contact times (0, 5, 10, 15, 20, and 25 minutes). The 

removal efficiency for Cu ions increases progressively 

with time, peaking around 20 minutes, after which it 

stabilizes or slightly decreases—likely due to saturation 

of available active sites on the adsorbent surface. A 

similar trend is observed for Fe ions, where removal 

efficiency improves over time, particularly within the 

first 10 minutes, and levels off near the 20-minute mark. 

This behavior is associated with surface interactions and 

the adsorption mechanism specific to Fe ions. 
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Compared to Cr, the nanocomposite 

demonstrates higher efficiency in removing Fe and Cu, 

especially during the initial contact periods. Notably, Cu 

shows the most significant enhancement in removal 

performance with increasing contact time, attributed to 

the nanocomposite’s large surface area and strong 

adsorption affinity. The ZnO/GO/zeolite-A hybrid 

exhibits optimal removal efficiency for Cu, particularly 

within the 15–20-minute range, suggesting that the 

synergistic integration of these materials significantly 

boosts their collective adsorption performance, 

especially in removing Fe and Cu ions from 

pharmaceutical wastewater. 

 

 
Figure 6: Effect of dosage on the removal of (a) Cu (b) Fe and (c) Cr ions using zeolite-A/ZnO/GO 

 

Figure 6 displays the removal efficiency of Cu, 

Fe, and Cr ions from wastewater using the zeolite-

A/ZnO/GO nanocomposite across varying adsorbent 

dosages. The removal of Cu ions improves progressively 

with increasing dosage—from 43.51% at 0.4 g to 94.16% 

at 1.2 g—highlighting the role of increased surface area 

in enhancing adsorption. Similarly, Cr ions exhibit a rise 

in removal efficiency from 50.48% to 98.96% within the 

same dosage range, attributed to the composite’s high 

reactivity and surface characteristics. 

 

Fe ion removal efficiency also shows a 

consistent upward trend, increasing from 52.6% to 

complete removal (100%) as dosage increases, reflecting 

the nanocomposite’s strong adsorption capacity and 

extensive specific surface area. At the highest dosage of 

1.2 g, the ZnO/GO/zeolite-A composite achieves 100% 

removal efficiency, indicating the synergistic integration 

of the three components significantly improves 

adsorption performance over the individual materials. 

 

Overall, the enhancement in removal efficiency 

with increasing dosage is due to the greater number of 

available active sites and expanded contact area for 

adsorption. The composite consistently outperforms its 

individual constituents, underscoring the advantage of 

material synergy in improving wastewater treatment 

efficacy. 

 

 
Figure 7: Effect of pH on the removal of (a) Cr (b) Fe and (c) Cu ions using zeolite-A/ZnO/GO 

 

Figure 7 illustrates the influence of pH on the 

removal efficiency of Cu, Fe, and Cr ions using the 

ZnO/GO/zeolite-A nanocomposite. As pH increases 

from 2 to 10, there is a clear upward trend in removal 

efficiency for all three metal ions. At pH 2, the composite 

eliminates approximately 39.16 % of Cu ions, which 
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increases significantly to 87.1 % at pH 10. This trend 

indicates enhanced adsorption at higher pH levels, likely 

due to improved surface reactivity and ion exchange 

interactions. 

 

For Fe ions, removal efficiency also rises with 

pH, from 35.16 % at pH 2 to 80.15 % at pH 10 suggesting 

that the surface charge and chemical interactions of the 

composite favor Fe ion binding at more alkaline 

conditions. In the case of Cr ions, removal efficiency 

begins at 40.18 % at low pH and increases to 80.2 % by 

pH 10, benefiting from the material’s high surface area 

and reactive functional groups. 

 

The ZnO/GO/zeolite-A nanocomposite shows 

superior performance across pH levels compared to its 

individual constituents, with Cu ion removal starting at 

42.43 % at pH 2 and peaking at 85.63 % at pH 8. This 

enhanced performance is attributed to the synergistic 

integration of the three components, optimizing 

adsorption where each material demonstrates optimal 

efficiency. 

 

The observed pH dependence can be explained 

by changes in surface charge, the ionization state of 

functional groups, and shifts in metal ion speciation in 

solution. As highlighted by Li et al., (2022), pH plays a 

crucial role in determining the adsorption and desorption 

behavior of ionizable compounds on carbon-based 

materials, reinforcing its importance in wastewater 

treatment processes. 

 

 
Figure 8: Effect of temperature on the removal of (a) Cu (b) Fe and (c) Cr ions using zeolite-A/ZnO/GO 

 

At elevated temperatures (50 °C, 60 °C, and 

70 °C), the removal efficiency for Cu ions progressively 

increases, reaching 49.06 % at 50 °C, 56.76 % at 60 °C, 

and peaking at 73.7 % at 70 °C. This trend highlights the 

role of temperature in enhancing adsorption kinetics. The 

nanocomposite exhibits a consistent rise in performance 

with increasing temperature, achieving 60.45 % removal 

at 50 °C, 67.18 % at 60 °C, and 75.45 % at 70 °C, 

suggesting a strong temperature-dependent enhancement 

in its adsorption behavior. 

 

For Fe ions, removal remains efficient across all 

elevated temperatures, with values of 62.75 % at 50 °C, 

70.61 % at 60 °C, and 80.4 % at 70 °C, indicating a 

thermally responsive adsorption process. Similarly, Cr 

ion removal also improves as temperature rises, 

demonstrating the composite’s high sensitivity to 

thermal activation. 

 

Among all tested materials, the zeolite-

A/ZnO/GO nanocomposite consistently achieves 

superior removal efficiencies for Cu, Fe, and Cr ions. At 

50 °C, 60 °C, and 70 °C, it records 65.15 %, 75.52 %, and 

82.15 % removal, respectively. These results confirm 

that the synergistic interaction among the composite’s 

components becomes increasingly effective at higher 

temperatures, leading to improved adsorption capacity 

across the board. 

 

Table 3: Isotherm parameters on the removal of Cr, Fe and Cu ion from wastewater using zeolite-A/ZnO/GO 

Metal ion Langmuir   Freundlich   Temkin   

 𝐪𝐞 𝐊𝐋 𝐑𝟐 𝐊𝐅 𝟏

𝐧
 

𝐑𝟐 𝐚 𝐛 𝐑𝟐 

Cr 82.15 0.907 0.9998 4.215 0.570 0.9914 6.705 5.163 0.9902 

Fe 71.08 0.815 0.9956 3.057 0.611 0.9890 4.056 2.201 0.9845 

Cu 60.05 0.723 0.9930 2.816 0.672 0.9873 3.803 1.905 0.9801 
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Table 3 presents the isotherm analysis data for 

the ZnO/GO/zeolite-A composite in removing Cr, Fe, 

and Cu ions from dye-contaminated wastewater. The 

composite exhibits markedly superior adsorption 

capacities—reaching up to 82.15 mg/g—exceeding 

those of its individual components. This improvement 

reflects the synergistic interaction among ZnO, graphene 

oxide, and zeolite-A. The adsorption behavior aligns 

closely with the Langmuir isotherm model, as indicated 

by high correlation coefficients (R² > 0.99), suggesting 

efficient monolayer adsorption on a homogeneous 

surface. Additionally, the Temkin isotherm model also 

provides strong fits (R² ≈ 0.98–0.99), indicating uniform 

surface energies and robust adsorbate–adsorbent 

interactions. These findings underscore the composite’s 

enhanced binding affinity and adsorption performance, 

attributed to the integrated functionality of its constituent 

materials. 

 

Table 4: Kinetic parameters on the removal of Cr, Fe and Cu ion from wastewater using zeolite-A/ZnO/GO 
Material Metal ion Pseudo-

first-order 

  Pseudo-

second-order 

  Elovich   

  𝐪𝐞 𝐤𝟏 𝐑𝟐 𝐪𝐞 𝐤𝟐 𝐑𝟐 𝐚 𝐛 𝐑𝟐 

Zeolite-

A/ZnO/GO 

Cr 58.60 0.194 0.9381 78.76 2.513 0.9990 8.90 1.86 0.9510 

Fe 39.45 0.0960 0.9052 69.35 2.191 0.9968 4.04 0.88 0.8818 

Cu 30.08 0.0751 0.8950 57.16 1.962 0.9954 3.40 0.79 0.8706 

 

As shown in Table 4, the Elovich kinetic model 

parameters (𝑎 and 𝑏) indicate relatively slow initial 

adsorption rates (𝑏) but highlight a substantial overall 

adsorption capacity (𝑎) over time. Although the model 

demonstrates moderate to high correlation coefficients 

(R²), they are slightly lower than those observed for the 

pseudo-second-order model, implying that the Elovich 

model provides an adequate, though not the most precise, 

and representation of the adsorption behavior. This 

suggests that while chemisorption plays a role, it may not 

fully describe the kinetics involved. Similar findings 

have been reported by N’Diaye (2022), He et al., (2015), 

and Harrache and Abbas (2022), who compared the 

Elovich model to other kinetic models and found that it 

often yields fairly good, but not superior, fits. The 

zeolite-A/ZnO/GO nanocomposite demonstrates 

remarkable efficiency in adsorbing Cr, Fe, and Cu ions 

from pharmaceutical wastewater. Compared to the 

individual materials, the composite shows enhanced 

adsorption kinetics and capacity. The pseudo-second-

order model offers the best fit for the experimental data, 

reinforcing that chemisorption is likely the dominant 

mechanism controlling metal ion uptake by the 

composite. 

 

CONCLUSION 
The study showed that zeolite A/ZnO/GO 

nanocomposites exhibited remarkable effectiveness in 

eliminating various pharmaceutical contaminants, 

including heavy metals, dyes, and organic substances, 

when operated under optimal conditions. Key parameters 

such as contact duration, contaminant concentration, pH 

level, and temperature had a notable impact on the 

efficiency of pollutant removal. The exceptional 

performance of the nanocomposite is linked to the large 

surface area and porous structure of zeolite A, the 

photocatalytic capabilities of ZnO, and the excellent 

electrical conductivity and adsorption strength of 

graphene oxide. The combined effects of these materials 

facilitated efficient pollutant adsorption, degradation, 

and improved catalytic reactions under visible light 

exposure. 
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