
African Journal of Biological 

Sciences 

Gajendra Singh Lodhi/ Afr.J.Bio.Sc. 6(5) (2024). 5565-5581               ISSN: 2663-2187 

https://doi.org/ 10.33472/AFJBS.6.5.2024. 5565-5581 

Heavy metal ions contaminants removal from industrial waste water 

stream via using Zinc oxide nanoparticles (ZnO-NPs) 

Gajendra Singh Lodhia, Jyoti Sharmaa*, Laxman Singhb 
aDepartment of Chemistry, School of Basic and Applied Sciences, Shobhit Institute of 

Engineering and Technology (Deemed-to-be-University), Meerut, UP, India- 250110. 
bDepartment of chemistry, Faculty of Science, Siddharth University, Kapilvastu, Siddharth 

Nagar, UP, India- 272202. 

 

*Corresponding authors: lodhigajendra8@gmail.com (Gajendra Singh Lodhi), 

drjyotisharma24@gmail.com (Dr Jyoti Sharma). 

 

 

 

 

 

Article History 

Volume 6, Issue 5, 2024 

Received: 09 May 2024 

Accepted:  17 May 2024 
 doi: 10.33472/AFJBS.6.5.2024. 5565-5581 

 

 

 

 

 

 

 

 

Abstract 
In this recent research article, zinc oxide nanoparticles (ZnO-NPs) were 

successfully synthesized using the conventional hydrothermal technique. The 

present study determined comprehensive characterization of metal oxide-based 

nanoparticles and adsorption efficacy for heavy metal ions. X-ray diffraction 

(XRD) and Fourier transform infra-red (FT-IR) spectroscopy confirm alteration in 

the specific functional group and hexagonal structures within the synthesized ZnO-

NPs. Furthermore, N2 adsorption-desorption methodology application achieved a 

substantial 26.777m2/g surface area, as it accurately demonstrates with the 

Brunauer-Emmett-Teller (BET) analyzer. Additionally, the SEM-EDX analytical 

technique is employed to address the ZnO-NPs and heavy metal ions interactions, 

revealing a promising insight. Although, the batch adsorption kinetic experiment 

expresses a higher degree affinity of ZnO-NPs for cupric ions (Cu2+) compared to 

chromium (Cr3+), lead (Pb2+) and nickel (Ni2+). The maximum adsorption capacity 

(88.547 mg/g) was attained at optimal conditions (pH 4, 1 g/l adsorbent dose, 250-

minute contact time and 50 mg/l initial Cu2+ ion concentration). Furthermore, the 

adsorption process illuminates chemisorption mechanism, which point out the 

monolayer type removal of heavy metal ions, as evidently confirms with pseudo-

second-order kinetics model. The present study shows the potential of ZnO-NPs in 

eradicating positively charged heavy metal ions, particularly Cu2+ ions, from 

contaminated wastewater streams. This study findings advocate in a full support to 

the metal oxides-based nanomaterials, an outstanding role in the purification of 

contaminated wastewater. 

Keywords:  Nanoparticles, ZnO-NPs, adsorption, heavy metal ions (Cu, Cr, 

Pb,Ni) and mechanism of action.. 
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Introduction 

Heavy metal ions are accumulated in living organisms in an unregulated fashion and stored in an 

excess than excreted amount as a result of consequences of human population growth and 

industrialism. It also leads to a constant depletion of natural resources especially fresh water 

resources with the dumping of agri-waste, domestic, industrial waste in an uncontrolled manner. 

Among these metal ions, copper ion (Cu2+) is one of the most abundant pollutants in waste water 

(Ali et al., 2016) on account of wide scale applications in number of sectors such as 

electroplating industries (He et al., 2019), agricultural processes, wielding process, agricultural 

processes, plumbing and electrical materials [1,2]. Bio-accumulation of copper (Cu2+) ion 

consumption in high rate causes a number of harmful human disorders, which affect the normal 

functioning of main organs such as liver, kidney, brain and lung (Saleh, 2017; Kushwaha and 

verma,2017) [3,4]. Thus, conservation of our environment and human health is of utmost 

importance to eradicate the problem of copper (Cu2+) ion from industrial waste water before 

disposed off into main stream of water. However, discharge water cleaning can takes place 

possibly by means of chlorination (Al-Abri et al., 2019), ultraviolet and ozonation are widely 

known conventional methods (Bandyopadhaya, 2016) [5,6]. However, these highlighted 

conventional methods have several major challenges. Chlorination for instance, is ineffective 

against resilient water-borne pathogens and can produce carcinogenic byproducts when chlorine 

is added into polluted water streams. Ozonation is a costlier alternative option and forms bromate 

when ozone (O3) reacts with bromide ions in wastewater. Ultraviolet treatment is a vital in this 

sense, while leaving no residual materials in water streams after treatment, provides no 

protection against the possibility of re-infection within the distribution network as suggested by 

Environment Protection Agency (EPA, 2011). 

In the realm of environmental remediation, several advanced chemical technologies have been 

explored and utilized to remove copper ions from waste water (Fu and Wang, 2011), including 

precipitation (Negrea et al., 2008), electrocoagulation (Dermentzis et al., 2011), filtration (Kebria 

et al., 2015) and ion exchange (Da¸browski et al., 2004) [7-11]. However, these highlighted 

techniques are often inefficient and expensive when these are selected to eliminate trace amount 

of heavy metals. 

In this context, adsorption emerges as a popular method for its cost-effectiveness, ease of use, 

(Rafiq et al., 2014; Ali et al., 2016) and recyclability of adsorbents, making it a viable approach 

to eradicate even a trace-level of metallic ions in wastewater streams [12]. Consequently, newer 
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approaches based on adsorption phenomena are needed to be explore out in order to enhance the 

efficiency of trace heavy metal ion removal. 

This research focuses on the utilization of ZnO nanoparticles as an adsorbent for removing heavy 

metal ions (Wang et al., 2013a) [13]. The Zinc oxide nanoparticles offer low toxicity, 

biocompatibility, long-term stability (Talaiekhozani et al. 2019; Babu et al. 2019) and ease of 

reproduction [14,15]. (Leiva et al. 2021) reported that the ZnO-NPs have an ability to absorb 

heavy metal ions via hydroxyl groups (-OH) present in wastewater [16]. Numerous researchers 

have been extensively studied the maximal removal of heavy metal ions under optimized 

environmental conditions using ZnO-NPs, yielding varying conclusions. 

This article delves into the adsorption process, selectively employing ZnO-NPs to remove 

prominent metal ions and assess their adsorption capacities. Furthermore, it examines the impact 

of various optimal conditions, such as ionic strength, pH, initial concentration, contact time, and 

adsorbent doses on the adsorption phenomenon. The study reveals the significantly higher 

affinity of ZnO-NPs for metallic ions in industrial waste water, shedding light on their potential 

as an effective solution for environmental remediation. 

1. Materials and Methods 

1.1 Chemical reagents supplied 

The Merck India Pvt. Ltd delivered a range of chemicals including sodium hydroxide (NaOH), 

Zinc acetate dehydrate Zn (CH3COO)2. 2H2O, Copper nitrate Cu(NO3)2, Nickel nitrate Ni(NO3)2 

and Lead nitrate Pb(NO3)2 for conducting this research work. The purchased chemical 

compounds were of high purity and analytical grade quality in order to ensure highest level of 

reproducibility and accuracy in our research results. 

1.2 Methods  

1.2.1 ZnO-NPs synthesis  

ZnO-NPs powder was prepared using a previous reported hydrothermal method. At initial phase, 

Zn(CH3COO)2.2H2O was added into absolute ethyl alcohol, and then dispersed into NaOH 

solution at a molar ratio of 1:2 with continuous stirring at 400 rpm for 30 mins to achieve a 

uniform solution. Subsequently, the prepared reaction mixture was transferred into a Teflon-

lined autoclave at 110 °C for 5 h for sterilization purpose. The samples were kept for cooling at 

room temperature; the resulting solution was subjected to centrifugation. The precipitate was 
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then washed thoroughly with distilled water and ethanol, and the resulting white products was 

dried at 60°C for 24 h. 

2.2.2 ZnO-NPs Materials characterization  

The structural characterization of ZnO-NPs was conducted with the help of high resolution and 

powered wider angle-X-ray diffractometer, with scanning at a rate of 4°per min over the 5° to 

80° (2θ) range. The FTIR spectra was acquired using a FT-IR spectrometer (Thermo Scientific 

Nicolet (iS10) employing the KBr pressed disc method, covering a spectral range starting from 

500 to 4000cm−1to analyze the presence of surface functional groups. The surface texture and 

elemental analysis of the synthesized ZnO-NPs were carried out with scanning electron 

microscopy coupled with energy dispersive-X-ray spectroscopy (SEM-EDX) in the absence or 

presence of heavy positive metal ions. However, other peculiar chemical properties such as 

surface area and pore size distribution measurement of ZnO-NPs were explored through the 

nitrogen based adsorption-desorption methodology, conducted on a BET surface analyzer at 

77K.  

2.2.3 Experimental protocol: Batch-wise adsorption  

The reaction mixture was prepared by addition of Nickel nitrate Ni(NO3)2, Copper nitrate 

Cu(NO3)2 and Lead nitrate Pb(NO3)2 containing 20 ppm, to compute the adsorption behavior of 

ZnO-NPs at room temperature. The batch adsorption studies for Cu2+ions removal with ZnO-

NPs were conducted. In this respect, several physiochemical factors including pH, contact time, 

initial concentration and adsorbent quantity were studied to investigate the optimal adsorption 

behavior of ZnO-NPs as shown in table.1.  

 

Table.1 Physiochemical parameters and analytical conditions 

Physiochemical Parameters 

 

Experimental Conditions 

pH values 2.0, 3.0, 4.0, 5.0,6.0,7.0 

Contact time 20, 60, 10, 20, 30,50, 70, 160 

Initial metal ions concentration (mg/L) 10, 20, 30,40,60,80,100,150, 200, 300,500 

Adsorbent dosage (mg) 3.0, 5.0, 8.0, 10.0, 15, 20, 30 

 

The prepared solution pH value was adjusted by adding 0.1M HCl or NaOH strength solution.  

Adsorption behavior of prepared solution was measured at equilibrium state, wherein; 

supernatant suspension solution was discarded through 0.22µm filter membrane and calibrates 
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the Cu2+ ions concentration using the Flame atomic absorption spectroscopy (Perkin Elmer, 900F 

USA). Until adsorption process was achieved an equilibrium, Cu2+ ions adsorption capacity (Qe, 

mg/g) and efficiency (ƞ) were determined with the help of equation (1) and (2), respectively. 

 

 

 

 
Whereas; Ci, Ceq are initial and equilibrium concentration of copper Cu2+ ions (mg/l), (V) 

volume of copper Cu2+ cationic solution (L) and (m) the weight of ZnO-NPs (gms), respectively. 

2.2.4 Statistical Analysis  

All the experimental procedures were conducted in a triplicate manner and obtained data were 

analyzed. Other than this, the research data of adsorption capacity and efficiency were subjected 

to analyze significantly by means of one-way ANOVA in SPSS statistical vers.21 software (p ≤ 

0.05). 

2. Results and Discussion 

3.1 ZnO-NPs characterization 

The powered XRD pattern results estimate the phase purity and crystallographic structure of 

synthesized ZnO-NPs. Notable diffraction peaks were observed at 31.62°, 34.34°, 36.23°, 

47.63°, 56.64°, 62.94°, 67.91° and 69.04°, corresponding to the crystal planes (1 0 0), (0 0 2), (1 

0 1), (1 0 2), (1 1 0), (1 0 3), (2 0 0), (1 1 2), (2 0 1), (0 0 4) and (2 0 2). The obtained results 

were found consistent with the standard data relevant to hexagonal ZnO crystal structure as 

already enlisted in the ICDD card (Jatoi et al. 2019) [17]. The highest intensity peaks shown in 

figure 1(a), confirms the well-graded crystalline three-dimensional structure of the synthesized 

Zn-NPs. Notably, no additional peaks were observed in the XRD patterns, indicating the 

synthesis of pure ZnO-NPs could occur when the low-temperature hydrothermal method was 

utilized, as depicted in figure 1 (a). 
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Fig.1 (a) Powered XRD diffraction pattern graph 

 

Fig.1 (b) FT-IR Spectral graph 

A shown fig (1b) FT-IR spectrum depicts analteration in the chemical functional groups and 

chemical composition of ZnO-NPs. The shown spectra reflect the ZnO-NPs peaks at different 

3403cm-1, 2362cm-1, 1643cm-1, 1383cm-1, 568cm-1 and 423 cm-1 wave number, respectively. 

The absorption peaks at 3403cm−1 correspond to O-H stretching vibration while band pattern at 

1643cm−1 and 1383 cm−1 were related to the bending mode of H2O, originated from adsorption in 

the air as it was discussed earlier by Saravanakumar et al. (2019) [18]. 

The characteristic peaks at 2362cm−1 exhibit the asymmetric stretching of bonds and the CO2 

adsorption onto the zinc oxide (ZnO)-NPs surface as determined by Sharifalhoseini et al. (2015) 

[19]. However, the highlighted adsorption bands at 428cm−1and 568cm−1 support the stretching 

vibrations of Zn-O bonding (He et al. 2019) [20]. Additionally, N2 adsorption-desorption method 

display the specific surface area and porous structures development on ZnO-NPs. 

Shown fig 2 (a, b) SEM images related to the presence of ZnO-NPs mesoporous structure and 

slit hole growth. The constructed isotherm typically shown in fig 1 (c) is IV-type manner with H3 

hysteresis loops.  
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Fig.1 (c) Pore size distribution in ZnO-NPs and N2-desorption-adsorption isotherm  

Moreover, the calibrated BET specific surface areaof ZnO-NPs was 26.777m2/g, and measured 

surface area was found much larger than those of average size of ZnO-NPs as it follow Zheng et 

al. (2018) prescribed methodology [21]. The average pore volume and pore size were 0.104 ml/g 

and 7.8429 nm were found smaller compared to the current studied results. These 

physiochemical properties calibrations follow the Barret-Joyner-Halenda (BJH) methodology. 

The surface area and mesoporous structural properties typically have a significant role in a 

cleanup of heavy metal ions as stated by Sharifalhoseini et al. (2015). Besides this, fig. 2 SEM 

images represent the alteration in the surface textural and ZnO-NPs chemistry before and after 

reaction with copper ions. Shown fig. 2(a) SEM images illustrate the ZnO-NPs spherical shape 

and a significant micro-porous structure before reacting to copper ions as this is typically a prime 

indicator particularly in the chemi-adsorption processes.  

Whereas, ZnO-NPs interspaces show denser behavior as their surface is covered with a Cu2+ ions 

without affecting the physiological behavior of ZnO-NPs that was found close conformity with 

Mahdavi et al. (2012) studied results [22]. Furthermore, the ZnO-NPs EDX spectra (Fig. 2b) 

showing (3.89% weight percentage and 3.57% atomic percentage), which confirm the good 

adsorption of Cu2+ ions as these results represent the proper interaction of ZnO-NPs with Cu2+ 

ions.However, this experimental work purely define the ZnO-NPs has a property to uptake Cu2+ 

ions significantly from industrial waste water stream compared to other prominent heavy metal 

ions includingNi2+, Pb2+, Cr3+ 

Before Adsorption 

Eleme
nt 

Weight
% 

Atomic
% 

O K 22.17 53.79 
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Fig 2(a) 

 

 

Fig 2(b) 

Fig.2 (a) SEM-EDX spectra of ZnO-NPs before adsorption and Fig.2 (b) SEM-EDX spectra 

of ZnO-NPs after adsorption of copper ions. 

3.2 ZnO-NPs sensitivity towards metallic ions 

Four dominantly exists heavy metal ions including Ni2+, Pb2+, Cr3+ and Cu2+were assessed in this 

study and all the relevant data were shown in fig 3.  Shown fig 3 data represent the adsorption 

at19.95 mg/g adsorption capacity and percentage recovery (99.77%) from the contaminated 

solution, which showed higher affinity towards Cu2+ ions.It was concluded a significant greater 

recovery of Cu2+ ions than the other three respective metal ions (P < 0.05).  

In this respect, the different adsorption measurement may be co-related to the physicochemical 

property of studied metal ions (Le et al. 2019;Bora and Dutta, 2019) [23,24]. Actually, ZnO-NPs 

contain –OH- group, that is responsible for entangle heavy metal ions on its surface but this kind 

of interaction follows the complementary acid and base lewis principle suggested by CK, (1975) 

Zn L 77.83 46.21 

Totals 100.00  

After Adsorption 

Eleme
nt 

Weight
% 

Atomic
% 

O K 11.65 34.76 

Zn L 84.46 61.67 

Cu K 3.89 3.57 

Totals 100.00  
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[25]. This principle is more preferable to Cu2+ ion compared to Ni2+, Pb2+and Cr3+ ions. Thus, 

Cu2+ ion removal was found highly selective and prominent for further physiochemical study.  

 

 

Fig.3 Heavy metal ions (Cu2+, Ni2+, Pb2+, Cr3+) adsorption screening on ZnO-NPs surface 

 

3.3 pH effecton adsorption capacity  

In the adsorption experiment, change in pH values affects the adsorbent surface charges and the 

degree of ionization of metal ions which ultimately predict the adsorption capacity of adsorbent. 

In this study adsorption capacity determination was carried out at different pH typically at (2.0-

7.0) values on account of copper ion precipitation, which significantly predominantly shown at 

pH ≥6 as discussed by Bagheri et al., (2014) compared to other metal ions [26]. 

Shown figs 4 reflect the pH effect on adsorption capacity of heavy metal ions on ZnO-NPs 

surface was evaluated. The maximal removal of (Cu2+) ions is strongly dependent on the pH 

wherein; it observed that percentage removal of (Cu2+) ions is actually happen at >90% relatively 

higher  humid condition at pH>3, which means maximal adsorption of copper ion would occur 

on ZnO-NPs at pH 3-4 range. Thus, with increment in the pH value to neutral pH promotes 

adsorption phenomenon because when solution pH reached closer to pH=7; initiates the more 

activation of hydroxylated active sites on to the ZnO-NPs surface for positive metallic ion 

especially selective to Cu2+ ions. As per our results, it was observed that pH ≥ 5 reduce the 

adsorption frequency of ZnO-NPs because it forms a coordination complex with metal ions and 

hindered adsorption phenomenon on to ZnO-NPs surface. Henceforth, this experiment data 
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concluded that the effective adsorption of Cu2+ions on to ZnO-NPs surface was occurred at pH 4 

value which is valuable for further research work. 

 

 

Fig.4 pH effect on Cu2+ ions adsorption on ZnO-NPs surface 

 

3.4 Adsorption behavior kinetics and contact time effect 

Shown figure (5) represent the contact time affect on metallic ion adsorption percentage at 

particular reaction time at fixed pH 4. Actually, metal ions adsorption capacity would depend on 

the available active sites on ZnO-NPs and indirectly interlinked to the contact time of metal ions 

on to the ZnO-NPs surface.  

 

 

Fig. 5 Amount of Cu2+ ion removal using ZnO-NPs as adsorbent 
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Shown fig.5 describes the time variable influence on Cu2+ ions adsorption illuminate a consistent 

increment in Cu2+ ions adsorption onto ZnO-NPs surface would occur when the 50mg/ l of ZnO-

NPs was utilized at 25 mins to 225 mins. As per shown fig.5 ZnO-NPs adsorption capacity in-

consistency is altered with time and it follow the pseudo-first order kinetic model. Each recorded 

experimental data was calibrated as per given equations (3) & (4): 

 

Whereas; Qt(mg g−1) is the amount of Cu (II) adsorbed at given time t (min); K1 pseudo-first 

order adsorption rate constant (min−1). 

 
 

Where K2 (g/mg/min) is the pseudo-second-order adsorption rate constant. 

 

The present study data showed the significant Cu2+ ion removal with the time and it achieves the 

equilibrium state at 225mins. Afterwards, no significant change was observed in between the 225 

to 300 mins time frame. In addition, fig.6 and table-2 results show the adsorption behavior, 

which support the pseudo-second-order kinetic instead of pseudo-first order kinetic, as it shows 

linear correlation coefficient relation (r2 ≥0.99) at all Cu2+ ions removal from solution at 25°C.  

 

 

Fig.6 Evaluation of Cu2+ ion excluded amount per unit time 
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Table.2 Evaluation of Cu2+ ion exclusion kinetics parameters after ZnO-NPs adsorption 

Sample 

(mg/g) 

Qe, 

exp 

 

Pseudo first order kinetic                              Pseudo second order kinetics 

Ci (mg/L) Qe (mg/g) 10-2K1  h
-1 r2

1 Qe (mg/g) 10-2K1  h
-1 r2

2 

ZnO-NPs 9.88 50 6.78 2.64 0.822 9.83 1.53 0.997 

 

This pseudo-second-order kinetic data are closer to the Qe quantified data, thereby; encoded data 

revealed that adsorption phenomenon is actually correlated to the Cu2+ ion removal and available 

ZnO-NPs active sites as discussed by Almeida et al., (2010); and Jaerger et al., (2015) [27,28]. 

The encoded results were found in line with the Rafiq et al. (2014) and Kumar et al. (2013) and 

they also worked on adsorption of metal ion on ZnO-NPs surface [29,30]. Furthermore, an intra-

particle diffusion analysis follows the approved Weber and Moris equation (5):  

   Eq. (5) 

Whereas; Kidis the rate constant (mgg−1 t−0.5) and values of Ct defines the thickness of the 

boundary layer. However, Kid calibration would be essential when the graph between Qt vs. t0.5 is 

plotted which follows the intra-particle diffusion based adsorption phenomenon.  

 

 

Fig.7 Intra-particle diffusion analysis of Cu2+ ion adsorption on ZnO-NPs surface 

 

Shown(fig.7) represent the Cu2+ ion removal using zinc oxide nanoparticle, as cupric ion 

removal is easily comprehensible through the intra-particle diffusion model.  

The linear curvature in (fig.7) illustrates the adsorption of Cu2+ ion by ZnO-NPs which display 

adsorption at available active sites of zinc oxides surface. Subsequently, intra-particle diffusion 
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begin to decline and reached to plateau state when the maximal adsorption have been achieved 

on the adsorption site of oxide surface or it depend on the lowered metal ion concentration (Rafiq 

et al., 2014; Jaerger et al., 2015). This intra-particle diffusion mechanism is initially regulated by 

the external mass transfer and subsequently controlled during intra-particle diffusion until it 

reached to equilibrium state (Almeida et al., 2010; Jaerger et al., 2015). In addition, at initial 

stage, degree of diffusion rate constant (Ki) is greater than the equilibrium state (Ke) as thickness 

increment of adsorbent surface is frequently raised (Rafiq et al., 2014), as shown in table.3. 

 

Table.3 Intra-particle diffusion analysis for Cu2+ ion adsorption onZnO-NPs 

Sample Cid1 (mg/L) 10-2Kid1  h
-1 r2

1id Cid2(mg/L) 10-2Kid2  h
-1 r2

2id 

ZnO-NPs 0.291 0.916 0.990 7.98 0.120 0.999 

 

3.5 Effect of Metal Ion Concentration  

 
Shown fig.8 represents the Cu2+ ion removal percentage that is influenced by the initial metal 

concentration. The effect of metal ion concentration was conducted at 25°C for 250 mins.  

The present study results illustrate the Cu2+ ion removal percentage, initially at low metal ion 

concentration, metal adsorption phenomenon will occur very easily on the ZnO-NPs surface. 

However, the Cu2+ ion accumulation causes saturation of ZNO-NPs available active sites, which 

leads to a hindrance in metal exchange (Rafiq et al., 2014). Other than this, quick adsorption of 

Cu2+ ions on to a ZNO-NPs surface, indicate selectively higher adsorption capacity of ZnO-NPs 

for Cu2+ ions, which leads to a steady increment in copper adsorbed per gram of adsorbent (Qe). 

 

 

Fig.8 Initial metal ion concentration (Cu2+ removal) effect (Cimg/L) on adsorption and 

equilibrium Qe, (mg/g) status of ZnO-NPs surface 
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3.6 Effect of adsorbent dosage  

Adsorbent dosage plays an important role in the heavy metal ion uptake. Different dosage of 

ZnO-NPs was applied onto (pH-4) 10ml Cu2+ solution. Shown fig.9 reflects the adsorption 

capacity calibration. Fig.9 shows increment in 17.67 mg/g to 19.93 mg/g adsorption capacity, 

which raised efficacy from 88.37% to 99.63% respectively, as the amount of ZnO-NPs is raised 

from 3mg to 10mg, create sufficient adsorption sites for Cu2+ions.  

 

 

Fig.9 Effect of adsorbent (mg) amount on adsorption capacity of ZnO-NPs 

 

However, increment in adsorption capacity and their efficacy as adsorbent dose is increases from 

10mg to 50 mg as shown in fig.9, and these results were found in line with the Kera et al. (2017) 

results [31]. A 10.0mg desired dose of adsorbent per 10 ml (i.e., 1g/l) was recorded as the 

minimum adsorbent dose, that was required to efficient Cu2+ ions removal from waste water 

streams. 

3. Conclusion 

This study focused on the synthesis of ZnO-NPs using the hydrothermal method and conducted a 

thorough characterization using XRD, FTIR, SEM-EDX, and BET-specific surface area analysis. 

The adsorption behavior of ZnO-NPs was investigated with respect to various physicochemical 

factors, including pH levels, adsorbent dosage, contact time, initial metal ion concentration, and 

the presence or absence of heavy metal ions. The research findings clearly demonstrate that the 

synthesized ZnO-NPs exhibit a remarkable affinity for Cu2+ ions compared to other heavy metal 

ions. The highest adsorption capacity of ZnO-NPs for Cu2+ ions was observed within a broad pH 
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range of 3-7, utilizing an adsorbent dosage of 1 g/L, a contact time of 250 minutes, and an initial 

Cu2+ concentration of 10 mg/L in aqueous solutions. Furthermore, the adsorption process 

followed pseudo-second-order kinetics, with ZnO-NPs achieving an impressive maximum 

removal efficiency of 89.56 mg/g for Cu2+ ions under the optimized conditions, surpassing the 

performance of other adsorbent materials. In summary, this study concludes that ZnO-NPs 

possess selective capabilities for the removal of positively charged heavy metal ions, making 

them a promising and sustainable solution for purifying industrial wastewater streams, 

representing an innovative approach in waste water purification strategies. 
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