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        Abstract



        
          

          Background


          Domestic gas cylinders are widely used in Iraq, and due to frequent usage and improper maintenance, organic sulfur group deposits accumulate. These deposits emit a pungent, harmful odor, and improper disposal methods, such as discarding cylinders in soil or rivers, pose environmental risks. Therefore, a need exists for an efficient and environmentally friendly method to remove these deposits.

        


        
          

          Objective


          This study aims to develop a green and safe method for removing organic sulfur group deposits from domestic gas cylinders using copper nanoparticles (CuNPs) synthesized through green chemistry.

        


        
          

          Methods


          Copper nanoparticles were synthesized using hot and cold aqueous extracts of coriander seeds (Coriandrum sativum L.) as reducing and stabilizing agents, with a 1mM aqueous solution of CuSO4•5H2O. The formation of CuNPs was confirmed by color change and UV-visible scanning, showing an absorption peak in the 400-500 nm range. Optimization of temperature, time, pH, concentration of copper sulfate pentahydrate, and reactant mixing ratios was performed to achieve the most effective CuNPs production. The adsorption of organic sulfide groups, the main contaminants in gas cylinder sediments, onto the CuNPs surface was carried out using column chromatography and surface adsorption techniques.

        


        
          

          Results


          The optimal conditions for CuNPs synthesis were 1 mM copper sulfate pentahydrate, 70 °C, pH 9, reaction time of 60 minutes, and the ratio of extract to Copper Sulfate pentahydrate was observed at 20:80 mL. The CuNPs exhibited a high adsorption rate (90%) for organic sulfide groups, effectively removing these contaminants from gas cylinder sediments.

        


        
          

          Conclusion


          The large surface area of CuNPs enabled efficient separation, providing a green, rapid, and environmentally friendly solution for treating hazardous deposits in domestic gas cylinders, making them safe for disposal or reuse.
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      1. INTRODUCTION


      Coriandrum sativum L. seed extracts were chosen in the present study because vitamin and mineral contents, including calcium, phosphorus, iron, carotene, riboflavin, thiamine, and niacin, also contain sodium, oxalic acid, and antioxidants [1]. Techniques involving reduction using seed plant (coriander) extracts are considered green synthesis methods [2]. Coriander plants belong to the family Apiaceae and contain several components, with the most important being fatty oil and essential oil. Coriander is also used as a medicinal agent to prevent convulsions, anxiety, insomnia, and loss of appetite. Coriander seeds, which are beneficial to health, are traditionally known for their anti-diabetic properties and their ability to reduce cholesterol levels [3]. The scientific classification of coriander is as follows: Kingdom: Plantae; Unranked: Angiosperms, Eudicots, Asterids; Order: Apiales; Family: Apiaceae; Genus: Coriandrum; Species: C. sativum; and the binomial name is Coriandrum sativum L [4].


      Nanotechnology is one of the branches of science and the most active areas of research in modern materials science. Nanoparticles are usually defined as particles with at least one dimension in the range of 1 to 100 nm [5]. Nanotechnology has attracted many researchers from Different fields such as biotechnology, physics, material sciences, chemistry, engineering, and medicine [6]. New techniques for producing nanoparticles aim to use more affordable reagents, be environmentally friendly, and involve less severe reaction conditions. Copper nanoparticles have attracted scientific interest due to their potential antibacterial and anti-inflammatory properties [7, 8].


      Research has shown that biomolecules such as flavonoids, proteins, and phenols not only aid in reducing particles to a nanosize but also play a crucial role in capping the nanoparticles [9]. Metal nanoparticles with antibacterial properties can be attached and coated onto various surfaces, opening up potential uses in various fields. Their antibacterial effect is attributed to their small size and high surface area-to-volume ratio, allowing for close interaction with microbial membranes [10]. Copper nanoparticles are produced from plant extracts, as depicted in Eq. (1) [11].
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            	(1)
          

        
      


      Catalytic applications of Cu-NPs synthesized from plant extracts are essential commodities in most industries, especially the chemical industries. Nano-catalysts are found to exhibit high specific surface area and surface energy, which ultimately promote their catalytic properties [12].


      Nano-catalysts offer greater benefits compared to other catalysts due to their ability to enhance reaction selectivity at lower temperatures, reduce side reactions, exhibit high rates of recycling, and enable efficient recovery of energy. The application of nanocatalysts has garnered significant interest in various fields, including green chemistry, environmental remediation, solar cells, and medicine, as well as in industries such as dye, textile, and water treatment [13, 14].


      An important means suggested to conquer the challenges arising from water contaminations and associated diseases is through wastewater treatment with nanoparticles because the traditional methods adopted in wastewater treatment cannot remove water pollutants [15]


      Likewise, biogenic Cu-NPs were found to display potential photocatalytic activity useful for the degradation of azo dyes when adopted for the treatment of textile effluent. This activity was linked with the functional groups present in the extract used as reducing agents [16].


      Organic sulfide is found widely in the environment due to human activities, such as tanning, chemical manufacturing, food processing, and the petrochemical industry. Sediments containing thiophene, an organic sulfide compound, is a major issue for gas-filling plants as they accumulate on the top of gas cylinders, leading to nozzle blockages, reduced efficiency, and potential explosions. These sediments are often disposed of in sewage water and rivers. Additionally, sulfate-reducing bacteria (SRB) use organic compounds as a carbon and energy source and utilize sulfate as the terminal electron acceptor for hydrogen sulfide production (H2S) and bicarbonate under anaerobic conditions, as shown in the Eq. (2) below [17]:
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      Therefore, besides organic compounds and sulfate, sulfide is also ubiquitous in these types of wastewater. The organic and sulfide /sulfate contamination is a typical corrosive, odorous pollutant and toxic to human health and living organisms, especially in anoxic sulfate-rich environment. Additionally, hydrogen sulfide is a gaseous molecule that accumulates in the environment from geothermal and anthropogenic sources. It exists naturally in crude petroleum, natural gas, hot springs, and foods, also produced in large quantities in industrial activities and places such as petroleum/natural gas drilling and refining [18].


      The wastewater must undergo treatment to eliminate harmful substances before being released into the environment. Sulfide can lead to the inhibition of the cytochrome oxidase enzyme system, causing a reduction in the use of oxygen by the cells. The buildup of lactic acid due to anaerobic metabolism results in an imbalance in the acid-base levels. The disruption of oxidative metabolism particularly affects the nervous system and cardiac tissues, often leading to respiratory arrest and, consequently, death. Additionally, hydrogen sulfide irritates the skin, eyes, mucous membranes, and respiratory tract. Pulmonary effects may become evident as late as 72 hours after exposure [19].


      This research aims to remove organic sulfide present in sediment commonly found in gas cylinders and transform it from hazardous and toxic compounds to environmentally friendly substances before releasing them into wastewater or rivers. Furthermore, the study seeks to advocate for sustainable green chemistry and generate nanoparticles from medicinal plants to safeguard the environment with minimal expense from chemical waste.

    


    
      

      2. MATERIALS AND METHODS


      
        

        2.1. Preparation of Copper Nanoparticles


        The Coriander Sativum seeds were gathered from the Iraqi local market. After thorough washing in deionized water, the seeds were allowed to air dry at room temperature. The seeds were lightly ground. Then, stored in a tightly sealed container. To prepare the hot extract, twenty grams of coarsely ground Coriander seeds were extracted by 100 ml of distilled water at 60 °C for 1 hour, then centrifuged at 3000 rpm for 15 min, and the supernatant was used as a colloidal solution to prepare the nanoparticles.


        The Copper nanoparticles were prepared by adding 20 ml of aqueous extract of C. Sativum to 80 ml of 1 mM of CuSO4•5H2O and heated with a stirrer at 70 °C for 60 min. The color change indicates the synthesis of copper nanoparticles.


        To study the optimum factors for Copper nanoparticles synthesis, the experiments were carried out in different conditions such as the Copper ion concentration (0.5,1,2 and 2.5 m M), pH (3,6, 7, 9, and 12), temperature (40 °C, 50 °C,60 °C,70 °C and 80 °C), time of reaction (10, 15, 30, 40, 60 min) and the ratio of C. Sativum extract to Copper sulfate pentahydrate (10:90, 20:80 and 30:70). The effect of these parameters on the synthesis of copper nanoparticles was detected by UV-Vis spectrophotometer.

      


      
        

        2.2. Characterization of Copper Nanoparticles


        
          

          2.2.1. By Color Change


          The color change from dark brown to slight brown in aqueous extract indicates that the copper nanoparticles (CuNPs) were synthesized.

        


        
          

          2.2.2. UV-visible Spectral Analysis


          The reduction of copper ions (Cu2+) to copper nanoparticles (Cu0) was identified spectrometerically by a double-beam UV-Vis spectrophotometer (PG-303 UV) at various wavelengths (400-500 nm).

        


        
          

          2.2.3. Atomic Absorption Spectrophotometer (AAS)


          The rate of conversion of the Cu2+ ions to the Cu° was analyzed by AAS (atomic absorption spectrophotometer (AA-6300 SHIMADZU). This method provides a good indicator for the synthesis of (CuNPs)

        


        
          

          2.2.4. X-Ray Diffraction (XRD)


          The copper nanoparticles produced were spun at a speed of 15,000 rpm for 30 minutes, and the particles were gathered. The CuNPs were rinsed with distilled water to eliminate impurities and then dried to form a powder. An X-ray diffraction analysis was conducted using the Shimadzu X-ray diffractometer XRD-6000 AS (3K. NOPC) to identify the crystalline structure of the metal nanoparticles.

        


        
          

          2.2.5. Scanning Electron Microscope (SEM)


          Copper nanoparticles were meticulously deposited onto a glass cover slip and allowed to dry. This same cover slip was utilized for the scanning electron microscopy (SEM) analysis.


          The SEM, or Scanning Electron Microscope, uses a beam of electrons to scan a sample in a raster pattern to create images. When the electrons interact with the atoms in the sample, they produce signals containing information about the sample's surface structure and composition. The INSPECT S50 FEI company conducted the SEM measurements.

        


        
          

          2.2.6. Surface Adsorption and Column Chromatography of Sediments of Gas Domestic Gas Cylinder


          The researchers selected sediments of domestic gas cylinders containing thiophene (an organic sulfide) for investigating the adsorption capacity of CuNPs. The experimental results were documented using a UV-Vis spectrophotometer configured at 225-250 nm [20]. CuNPs were synthesized and introduced into 100 cm3 of sediment solutions. The solutions were periodically agitated in the dark using a shaker for 1 hour. The absorbance at the maximum absorption wavelength was analyzed before and after the adsorption process.


          Batch adsorption testing was used to determine the removal percentage (R%) of organic sulfide on CuNPs. This involved placing 50, 100, 200 ppm of CuNPs with 100 cm3 serial solutions of 0.1-0.5g cm−3 of sediments in separate conical flasks. The CuNPs containing sediments were shaken nicely at 100 rpm on a shaker at 25 °C in the dark until they reached equilibrium. The concentration of sediments was determined using a UV–vis spectrophotometer (PG UV–visible spectrometer). The sediment removal percentage and the adsorption quantity of the sediments adsorbed per unit mass of adsorbent were calculated using a specific Eq. (3) [21].
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                	(3)
              

            
          


          The initial sediment concentration (C0) is the amount of sediments in solution (mg dm−3) before adsorption takes place. After a given time (t), the sediment concentration (Ct) will change due to adsorption.


          A column was filled with cellulose as a stationary phase and saturated with a solution of sediments (containing sulfide group as a contaminate). Copper nanoparticles of Coriander sativum were added as eluent, while the eluent was passed through the column, different components of the sample were carried at different rates, resulting in the separation of components, the eluate (the solvent leaving the column) was collected in separate fractions using clean vessels till the clarity of colour solutions achieved. The collected fractions were analyzed to identify the presence of different components by using spectrophotometry.

        

      

    


    
      

      3. RESULTS AND DISCUSSION


      
        

        3.1. Characterization of Copper Nanoparticles


        
          

          3.1.1. By Color Change


          The progress in the reduction of copper ions to copper nanoparticles using the hot seed extracts was indicated by the increased intensity of surface Plasmon absorption peak observed at 420-430 nm. Metal nanoparticles exhibit various colors in solution cause to their optical properties [22, 23]. The formation of CuNPs was primarily well known by the color change from dark brown to slight brown in aqueous extract (Figs. 1, 2).

        


        
          

          3.1.2. Effect of Copper Sulfate Pentahydrate Concentration


          The concentration of copper sulfate pentahydrate is considered as an important effect in the synthesis of copper nanoparticles using Coriandrum sativum L. The surface plasmon absorption band characteristic was observed for the copper ion concentration nanoparticles synthesized 1mM CuSO4.5H2O. The absorption was increased with increasing copper ion concentration from 0.5 mM, 1 mM, 2 mM, and 2.5 mM concentration were the optimum conditions for CuNPs shown in Fig. (3). Also, we have noticed that increasing the CuSO4.5H2O concentration leads to a distortion of the peak, which is moving away from the λ maximum for copper nanoparticles [24, 25].


          This result highlights the importance of the initial copper ion concentration in the synthesis process and its direct impact on the characteristics of the resulting copper nanoparticles.


          [image: ]
Fig. (1)


          Copper nanoparticles prepared from hot coriander sativum extracts.


          [image: ]
Fig. (2)


          UV- vis spectrum for cupper nanoparticles prepared from hot coriander sativum extract.


          [image: ]
Fig. (3)


          Effect of copper sulfate pentahydrate concentration on synthesis of copper nanoparticles using hot extract.

        


        
          

          3.1.3. Effect of pH


          The synthesis of copper nanoparticles was investigated to determine the impact of pH within a range of 3 to 12, as depicted in Fig. (4). The surface plasmon absorbance of copper colloids was obtained for all pH. The aggregation of the smallest copper nanoparticles under optimal conditions leads to a red-shift in the surface plasmon resonance, affecting the absorbance properties of the colloidal solution [26].


          The highest absorption in the UV-visible absorption spectra occurs at pH 9 when forming CuNPs from both hot and cold extracts. The synthesis of large nanoparticle size with a broadening surface plasmon resonance band may be due to different factors such as particle shape, size, and spatial distribution within a template. Moreover, the shape distribution of nanoparticles, ranging from cylinder to spheres, can notably affect the plasmon band broadening [27].


          [image: ]
Fig. (4)


          pH Effect of hot nanoparticles.


          Additionally, the spectral response of nanoparticles is affected by the size reduction, where smaller particles exhibit increased surface contributions to the localized surface plasmon resonance linewidth due to the quantum confinement of electrons [28].


          Arya. et al. [29] and Caroling. et al. [30] described how pH affects the shape and size of CuNPs, noting that a large number of particles form in alkaline pH, while acidic pH leads to increased aggregation of nuclei rather than particle formation. The study suggests that alkaline pH is better for synthesizing copper nanoparticles. These findings emphasize the relationship between metal nanoparticle properties and their impact on the formation of larger nanoparticles with extended surface plasmon resonance bands [24].

        


        
          

          3.1.4. Effect of Temperature


          In the process of nanoparticle formation, temperature is a critical factor that influences the nucleation process. According to Fig. (5), the absorbance rises as the temperature climbs from 60 °C to 70 °C, but then declines at higher temperatures. Lee et al. [31] discovered that as the reaction temperature increased from 25 °C to 95 °C, both the synthesis rate and the conversion to copper nanoparticles also increased. Similarly, Amjad R. et al. [24] noted that the optimal formation of CuNPs occurred at 70 °C. The green synthesis of CuNPs demonstrated the effect of temperature on production; at low temperatures, production was reduced by half, whereas at higher temperatures, the reduction of Cu2+ ions to form small nanoparticles was accelerated, although aggregates were also formed [30].


          At elevated temperatures, the rate of reduction was higher because copper ions were used up in forming nuclei, while the secondary reduction halted on the surface of the nuclei. According to Lee. et al. [31], the effect of temperature on the rate of copper nanoparticle composition rises as the temperature reaches 60-70 °C.

        


        
          

          3.1.5. Effect of Reaction Time


          Fig. (6) show that the absorbance spectrum gradually increased as the reaction time increased, leading to a corresponding increase in color intensity during the incubation period. The maximum absorbance was observed after 60 minutes of reaction time, indicating a direct relationship between reaction time, absorbance spectrum, color intensity, and the formation of CuNPs, which is essential for comprehending the kinetics of the process. Our research indicates that the absorbance spectrum and color intensity gradually increase with longer reaction times, peaking at 60 minutes, demonstrating a direct correlation between reaction duration and these optical properties. Moreover, the peak intensity of the surface plasmon resonance indicates the formation of CuNPs and increases with longer incubation periods, highlighting the relationship between reaction time and CuNPs generation. This changing process emphasizes the importance of monitoring and understanding the kinetics of these reactions to achieve the best results, as longer incubation results in increased absorbance, color intensity, and CuNPs formation, demonstrating the complex interaction between reaction time and product properties [32].


          Lee et al. [33] found that CuNPs formed within 24 hours of incubation, while another study demonstrated that the ideal reaction time for completion was 30 minutes [34].


          [image: ]
Fig. (5)


          Effect of different reaction temperature for hot CuNPs.
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Fig. (6)


          Reaction time for synthesis of CuNPs from hot extract.

        


        
          

          3.1.6. The Ratio of Copper Sulfate Pentahydrate and Coriandrum sativum L. Extract


          The study was conducted on the impact of extract concentration in the mixed solution on the biosynthesis of copper nanoparticles. The variance of extract concentration in the mixed solution was obtained by adjusting the volume of the added extract solution at different volumes. The optimization of extract to Copper Sulfate pentahydrate ratio was observed at 20:80 mL for the aqueous extract as shown in Fig. (7).

        


        
          

          3.1.7. Map of Copper Nano particulars


          The image map in Fig. (8) reflects the particular copper has a yellow color point.
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Fig. (7)


          Effect the ratio of coriandrum sativum L. hot extract (ml): CuSO4.5H2O(ml).
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Fig. (8)


          Map image of CuNPs.


          The nanoparticle of copper is represented by the yellow color points on an image map, which may be due to the fluorescent properties of copper nanoclusters (CuNPs). These particles are extremely small nanoclusters with strong fluorescence, making them well-suited for bioimaging applications, such as optical imaging technology commonly employed in biomedicine research. Thus, the yellow colour points on the image map could potentially indicate the presence and specific attributes of copper nanoclusters at a microscopic level [34-36].

        


        
          

          3.1.8. X-Ray Diffraction Studies (XRD)


          The synthesis of CuNPs using green methods was also confirmed by X-ray diffraction (XRD), as depicted in Fig. (9). The Debye Scherrer’s formula was employed to calculate the average diameter of the copper nanoparticles in the 30-90nm range, using the Full Width at Half Maximum (FWHM) obtained from the diffraction peaks: D= 0.89λ / βcosθ.


          The mean grain size is denoted by D, while β represents the FWHM of the diffraction peaks, and θ stands for the diffraction angle, where λ is the wavelength of the copper target. Consequently, XRD is a frequently employed technique for determining the chemical composition and crystal structure of a material [37]. The apparent peak broadening and interference may be attributed to the impact of nanoscale particles and the existence of various crystalline biological macromolecules in plant extract. In the results observed, the difference in preparation conditions between the hot and cold extracts has led to a noticeable disparity in the quality of the X-ray diffraction (XRD) patterns obtained.


          [image: ]
Fig. (9)


          X-Ray pattern of CuNPs hot aqueous extract.


          Preparation using the hot extract likely promotes the formation of more uniform and crystalline nanoparticles, reflected in the sharp and well-defined peaks in the diffraction pattern. These sharp peaks indicate a high degree of crystallinity and purity of the particles.


          In contrast, the noise observed in the diffraction pattern of the cold extract may suggest the presence of smaller or heterogeneous crystals or even a more random size distribution. This results in a less distinct diffraction pattern, where the peaks are less sharp and perhaps more broadened, indicating poor crystallinity or a higher presence of amorphous material.

        


        
          

          3.1.9. Scanning Electron Microscope (SEM)


          The result in (Fig. 10) shows the SEM images displayed various shapes of CuNPs, with particle sizes ranging from 40-76 nm for the hot extract and 32-68 nm for the cold extract. The synthesis of copper nanoparticles using plant extract is attributed to the electrostatic interactions and hydrogen bonds formed by the bio-organic capping molecules.

        


        
          

          3.1.10. Energy Dispersive X-ray Crystallography (EDX)


          The quantitative and qualitative analysis of elements may be concerned with the formation of copper nanoparticles. The identified EDX analysis Fig. (11). Due to the Surface Plasmon Resonance, the copper nanoparticle shows the absorption peaks of higher counts [32]. The strongest principal sharp signal was observed at 1 keV for copper, and some of the weak peaks for C, O, Al, Ca, S, and H was found in the hot extract, and C, O, Al, Ca, S, and H were found in the cold extract. The presence of the weak signal may possibly be due to the biomolecules that are bound to the surface of CuNPs [6, 29].

        


        
          

          3.1.11. Flame Atomic Absorption Spectrophotometer (AAS)


          It is feasible to measure the transformation of copper ions into copper particles using the AAS technique. This method demonstrates a gradual reduction in the concentration of copper ions until they completely vanish, suggesting the complete conversion of copper ions (Cu+2) into copper (Cu0) and the formation of nanoparticles. At the start, standard solutions of CuSO4.5H2O at 50, 100, and 200 ppm were prepared and analyzed immediately. Fig. (12) shows the rate of decrease in the concentration of copper ions (200 ppm at 0, 15, 30, and 45 min respectively). This data reflects the conversion of copper ions into copper particles. The observed decrease in ion concentration over time indicates that as the reaction progresses, more copper ions are being reduced and converted into nanoparticles [21].
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Fig. (10)


          SEM micrograph of CuNPs for hot extract.

        


        
          

          3.1.12. Surface Adsorption and Column Chromatography for Sediments of Domestic Gas Cylinder


          In this study, we investigated the removal of the sulfide group from the sediments. The UV-visible spectrum of the sulfide group in thiophene appears at 220–250 nm. The UV-visible spectra of the sediments are shown in Fig. (16). After adsorption on the surface of CuNPs, the spectra indicate the absence of these peaks.The effectiveness of the created CuNPs in eliminating the organic sulfide group was
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Fig. (11)


          EDX analysis of CuNPs.
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Fig. (12)


          Atomic absorption analysis of copper sulfate pentahydrate (ppm) with reaction time (min) using coriandrum sativum aqueous extract to synthesis of copper nanoparticles.
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Fig. (13)


          Removal of sediments with different concentrations of copper nanoparticles by using surface adsorption method. Where C0 is the sediment concentration at the beginning of adsorption; C is the concentration after degradation.


          evaluated, and the increase in CuNPs dosage led to a rise in the percentage of organo-sulfide adsorption. This was due to the greater probability of the organic sulfide coming into contact with the active sites of the CuNPs, which increases with the rise in the quantity of the adsorbent. However, the adsorption capacity for organic sulfide increased as the dosage of CuNPs increased, as illustrated in Fig. (13). This result may be due to the adsorption capacity, which is related to the quantity of adsorbent used. The current investigation examined the efficacy of nanoparticles in removing organic sulfide in sediments of gas domestic cylinder.


          The initial stages explained a rapid advancement in the adsorption of organic sulfide onto nanoparticles, but the rate gradually diminished, eventually reaching equilibrium after 50 minutes, as depicted in Fig. (14). Since all the adsorbent sites were initially unoccupied, the adsorption rate underwent rapid changes. Subsequently, the adsorption rate decreased due to the reduction in the number of vacant adsorbent sites and the sediment concentration. The decrease in the adsorption rate indicates the likely formation of a monolayer of organic sulfide on the adsorbent surface. Consequently, after reaching equilibrium, the insufficiency of available active sites necessitates further uptake [38].


          [image: ]
Fig. (14)


          Illustrates the impact of time on the percentage of organic sulfide removal from sediments. The initial concentration is 0.5 g cm−3, and the adsorbent dosage is 0.1 g in 100 cm3 of organic sulfide solutions. The shaking rate is consistently maintained at 100 rpm, and the temperature is set at 25 °C.
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Fig. (15)


          A UV–vis spectra of sediments solutions before and after adsorption on the CuNPs adsorbent.


          The adsorption of organic molecules is typically influenced by multiple mechanisms. Therefore, it is important to gain a deep understanding of the complex adsorption mechanisms involved in the uptake of pollutants to determine the predominant adsorption pathway, particularly when organic pollutants are present as a mixture in wastewater feeds. The effectiveness of nanoparticles in adsorbing organic compounds is significantly enhanced by surface functionalization. Functional groups such as Alkaloids, flavonoids, etc. in natural compounds play a crucial role in improving surface properties such as specific area, charge density, porosity, and hydrophilicity while also providing additional sorption sites for organic molecules [39].


          In Fig. (15), the UV–vis spectra were utilized to measure the concentrations of organic sulfide both before and after adsorption. It was observed that the organic sulfide


          [image: ]
Fig. (16)


          UV-visible of sediments adsorption before and after mixing with CuNPs using column chromatography.


          was eliminated from the aqueous solution and adsorbed onto the nanoparticles. Following adsorption, minimal absorption bands for organic sulfide were detected in the sediment solution through UV–vis spectra. This phenomenon could be attributed to the electrostatic attraction between the nanoparticles and organic sulfide, resulting in the capture of sediments on the nanoparticles.


          Also, the results in Fig. (16) show the sulfide and CuNPs peaks. The disappearance of the peaks gives an indication of the withdrawing of the sulfide group by the nanoparticles and perhaps the formation of a new compound, leaving environmentally friendly materials that can be safely handled.


          Nanoparticles possess valuable characteristics such as a high specific surface area, active sorption sites, solubility, efficiency, and fractal dimension. They also have a short intraparticle diffusion distance, a well-defined chemical composition, small particle size, and adjustable pore size compared to their bulk counterparts, which contribute to their effective sorption, especially chemical activity and fine grain size. The high surface area and active sorption sites in nanoparticles are attributed to their high surface energy and size-dependent surface structure at the nanoscale. Nanoparticles demonstrate the highest efficiency in adsorbing organic and inorganic pollutants, and their selectivity towards contaminants can be enhanced through surface functionalization [40, 41]. The strong adsorption strength, greater surface area, and chemical stability of nanomaterial adsorbents make them promising tools in the removal of hazardous contaminants from industrial effluents, which highlights their use in wastewater treatment.

        

      

    


    
      

      CONCLUSION


      The optimal conditions for the synthesis of copper nanoparticles were as follows: a copper sulfate pentahydrate concentration of 1 mM, temperature of 70 °C, pH of 9, incubation time of 60 minutes, and an extract to copper sulfate pentahydrate ratio of 20:80 ml. UV-visible scanning showed qualitative formation of CuNPs and characteristic absorption peak in the range of 400-500 nm. These results may be due to the phytochemical species in Coriander sativum extracts. The green synthesis of CuNPs is a simple, clean, eco-friendly, and nontoxic environmental method. The research demonstrated the ability of copper nanoparticles to adsorb pollutants such as the organic sulfide group and thus get rid of their toxicity by converting them into harmless compounds and converting the sediments as well into environmentally friendly materials. The unique properties of copper nanoparticles, such as high surface energy and size-dependent surface structure, may account for this ability.


      The utilization of copper salts in biosynthesizing copper nano catalysts further highlights the sustainable and effective nature of these nanoparticles, offering a viable alternative for removing the environmental pollutant and as a promising approach for removing sulfide groups in domestic gas cylinder sediments due to their adsorption potential.
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