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Abstract

:

In this study, zinc oxide (ZnO) as well as ZnO/GO (zinc oxide/graphene oxide) were successfully synthesized. The Carica papaya leaf extract was used to synthesize ZnO and oil palm empty fruit bunch biomass to obtain graphene, which was further used to obtain graphene oxide. The samples were characterized through a variety of analytical methods such as scanning electron microscopy, transmission electron microscopy, X-ray diffraction analysis, Fourier transform infrared spectroscopy and UV–Visible spectroscopy in order to understand their morphology, size, structural phase purity, functional groups and optical properties. Various peaks such as O-H, Zn-OH and Zn-O were found in the case of ZnO. Some additional peaks, such as C-C and C=C, were also been detected while analyzing the sample by Fourier-transform infrared spectroscopy. The results of the XRD and SEM studies demonstrated that the synthesized material shows the crystalline nature of the substance in the case of ZnO, and the crystallinity decreases for ZnO/GO. The average crystallite size was found to 80.0 nm for ZnO and 74.0 nm for ZnO/GO. Further, a red shift was shown in the case of ZnO/GO, which was indicated by the UV–Vis absorption spectrum. In the TEM analysis, the particles were shown to be nanosized. For instance, the highest number of particles was found in the range of 100 to 120 nm in the case of ZnO, while 80–100 nm sized particles were found for ZnO/GO. Using synthesized ZnO and ZnO/GO, the decolorization of methylene blue was found to be 64% and 91%, respectively.
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1. Introduction


Water pollution has threatened the survival of human beings, as many industries have been expelling harmful substances into the environment in recent decades [1,2,3]. Even though chemical compound-based companies have played an important role in modern life (especially those that make dyes, insecticides, pharmaceuticals, etc.), a lot of waste is thrown into the environment by them, which potentially disturbs our ecosystem on a continuous basis [4]. For instance, compounds which are soluble in water, such as pesticides, dyes, and drugs, are predominately accountable for contaminating aquatic environments and have become a major cause of water pollution. These contaminants may also cause chronic diseases for human beings and are also harmful to our environment, even if they were present at very low levels. Therefore, the occurrence of such contaminants in water resources has emerged as a significant concern for environmental scientists [3,5]. In addition, several pesticides, drugs, and dyes have already been reported in various water resources across the globe in groundwater and surface water due to various types of activities [6,7,8]. Among them, dyes are producing a high level of water pollution, as yearly 70,000 tons is manufactured globally and 12% of these dyes are lost during the dying process in color industries, which eventually leads to the obliteration of our aquatic system [6,9]. Therefore, it is necessary to remove/degrade such pollutants from the polluted water before releasing them into the water sources.



The photocatalytic degradation method has emerged as a feasible process for the elimination of different pollutants from the aqueous solution. To address this issue, in the past several years various photocatalysts such as ZnO, TiO2, etc, have been used [10,11,12,13]. Among them, ZnO is considered a prominent photocatalyst because of its higher stability, while irradiation is inexpensive, and has low toxicity [14]. Nevertheless, despite these benefits, the single semiconductor has certain drawbacks as it exhibits low photocatalytic activity in visible light because of its high bandgap energy [10,15]. The band gap energy was calculated for ZnO (3.3 eV), which demonstrates that it was only capable of absorbing close-ultraviolet light (λ < 387 nm) but is not suitable for working in visible light regions [13]. Therefore, there is a need for doing the necessary modifications to make it fit for working in the visible range.



Conversely, graphene derivatives are gaining considerable attention because their structure makes them ideal building blocks for a wide variety of novel applications such as photocatalysts [16], biosensors [17], batteries [18], and supercapacitors [19]. Moreover, because of graphene oxide’s mechanical, electric, thermal, and optical properties, it has also been considered a material platform in modern technology. The properties of these materials can be modified through the application of a simple chemical functionalization process [20,21]. There have also been a number of publications in recent years that discuss the combination of ZnO with graphene oxide as a means of degrading a variety of pollutants [22,23,24,25,26]. Additionally, the synthesizing of ZnO in different sizes and shapes has been attempted using a variety of techniques, including hydrothermal, chemical microemulsion, wet chemical, sol-gel, direct precipitation, vapor phase, solvothermal, microwave, and sonochemical techniques [27,28]. However, a high amount of chemicals has been used while applying these techniques in the process of synthesis. Therefore, a simple and less chemically oriented method is still needed for the preparation of photocatalysts.



There has been much attention given to green synthesis methods for the preparation of metal oxides because they offer many advantages over chemical methods (non-green). The benefits of this synthesis environment include simplicity, energy efficiency, eco-friendliness, and low toxic levels [29]. Thus, there are many articles that report on synthesizing ZnO via the green synthesis method. For instance, the synthesis of ZnO using coffee powder as a photocatalyst [30,31]. In addition, plant extracts of Physalis alkekengi L. and Sedum Alfredii Hance were also used to synthesize crystalline ZnO [32,33]. As far as the extract of papaya leaf is concerned, which was used in this study, it contains many flavonoid and phenolic compounds with reducing and stabilizing properties that may play an important role in metal oxide synthesis [34,35,36,37,38].



Furthermore, the synthesis of graphene oxide using biomass such as agro-waste can also be considered a good idea to prepare a valuable compound as well as to reduce the waste from the environment, as few studies have been reported in the literature [39,40,41,42]. Hence, in the present work, we reported a green synthesis of zinc oxide (ZnO) using Carica papaya leaf extract. Moreover, the oil palm empty fruit bunch biomass was utilized to obtain graphene, which was further employed for the formation of graphene oxide. The synthesized ZnO/GO (zinc oxide/graphene oxide) was able to work as a photocatalyst active in visible light. There are some techniques that were used in the current work to characterize the synthesized material, and the photocatalytic performance was investigated by degrading methylene blue (dye).




2. Results and Discussion


2.1. SEM Analysis


Scanning Electron Microscopy (SEM) was employed in order to investigate the morphology of ZnO and ZnO/GO. Figure 1a,b describe the morphology of ZnO and ZnO/GO, respectively. The crystalline nature of ZnO can be seen in the SEM image of ZnO, while in the case of ZnO/GO, with some modification, zinc oxide particle could be seen on GO. Moreover, the ZnO/GO catalyst also shows a cross-linked amorphous structure; however, the dispersibility of particles were found to be excellent without agglomeration.




2.2. TEM Analysis


Transmission Electron Microscopy (TEM) was used for ZnO and ZnO/GO and the results of this investigation are depicted in Figure 2a,b. TEM images provided evidence of the nanoscale range and a homogeneous distribution of the particles. Moreover, nanoparticle aggregations do not appear in any of these images, which is an additional significant quality of the synthesized material. Furthermore, Figure 2c,d demonstrated the particle distribution pattern of ZnO and ZnO/GO, respectively. The maximum number of particles were found in the range of 100 to 120 nm in the case of ZnO, while the 80–100 nm size was found for ZnO/GO, which could also account for the better photocatalytic performance [21].




2.3. XRD Analysis


The XRD spectra results for ZnO and ZnO/GO were shown in Figure 3a,b. Figure 3a depicts the results of an XRD analysis, showing the crystalline nature of ZnO, while in the case of ZnO/GO crystallinity decreases to some extent. The peaks at dispersion inclinations (2 theta) of 32, 34.6, 36.4, 47.8, 56.8, 63, 66.6, 68 and 69.2 are detected for ZnO and well indexed to the hexagonal phase for ZnO, as reported in JCPDS card number 36–1451 [13,37]. These peaks correspond to the reflection from the crystal planes (100), (002), (101), (102), (110), (103), (200), (112) and (201), respectively.



As can be seen in Figure 3b, a peak appears roughly at 10 (with a scattering angle of 2 theta), which corresponds to graphene oxide [42]. Moreover, no considerable shifting of other peaks is observed in the case of ZnO/GO. The average crystallite size of ZnO was governed by the Scherrer equation (Equation (1)), and was found to be 80.0 nm (ZnO) and 74.0 nm (ZnO/GO).


  D =   K λ   β cos θ    



(1)




where D = crystallite size, K = shape factor, λ = wavelength, θ = diffraction angle, β = full width at half maximum.




2.4. UV–Visible Absorption Spectra


As shown in Figure 4a,b, the UV–Visible absorption spectra of ZnO and ZnO/GO were measured. In this study, band gap energies for nanocomposite systems of ZnO and ZnO/GO were determined using Equation (2). Based on the absorbance data collected from these figures, the band gap energy was calculated [43,44].


Band gap (eV) = 1240/(wavelength) (nm)



(2)







ZnO and ZnO/GO were found to have bandgap energies of 3.16 eV and 2.99 eV, respectively. In the case of ZnO/GO, a shifting of the absorption edge towards the higher wavelength could be seen in Figure 4b, meaning a decrease in the value of band gap energy [45,46]. Furthermore, this meant that the formation of this heterojunction between ZnO and graphene oxide is responsible for the photoresponse in the visible region. In addition, this reduction in band energy was found to be helpful to work the photocatalyst in the visible range of light. These findings are in great accordance with previous studies (12, 15, 43, 44).




2.5. FTIR Analysis


Figure 5 demonstrates the findings of an FTIR spectrum assessment that was accomplished for the purpose of the evaluation of functional groups for ZnO and ZnO/GO. Because of the stretching and going-to-bend vibration of OH groups, GO exhibited a wide peak at 3100 and 3600 cm−1 and a sharp peak was observed at 1626 cm−1 [47]. It is conceivable that this was caused by the appearance of water molecules that had been trapped in GO. It is also possible that the symmetric and anti-symmetric stretching of C-H to the absorption peaks may be found in the mid-frequency region at 2750 cm−1 and 2830 cm−1, respectively. The values found in the literature have been consistent with the ZnO frequencies that were discovered through infrared study [48,49,50]. A fingerprint absorption zone may be found below 1000 cm−1, due to the inter-atomic vibrations that occur in metal oxide. The appearance of peaks at 3450 cm−1 demonstrates that water molecules may be adsorbed onto the zinc surface. In addition, a widening of the peak was observed in the scenario of ZnO/GO, which may be caused by the interaction between two components, specifically ZnO and GO [48].




2.6. Photoluminescence Spectroscopy (PL)


Figure 6 illustrates the results of the photoluminescence intensity for ZnO and ZnO/GO. As the recombination of stimulated holes and electrons is strongly associated with the PL emission, a smaller value of the obtained peak suggests a delay in the rate of recombination and, as a result, photocatalytic activity will be better. It is, additionally, owing to better charge movement at the interface and decreased electron recombination, which suggests that photoinduced electrons produced in ZnO are quickly moved to GO [29,49,50,51,52]. The layer of GO performs the function of an electron sink, providing an alternative pathway for the separation of charge carriers.





3. Photocatalytic Activity


3.1. A study of Photocatalysis of Methylene Blue in the Presence of Nanocomposites ZnO and Zn/GO


In an irradiation experiment, an aqueous solution (250 mL) of methylene blue (0.30 M) was irradiated with a visible light halogen lamp. The concentration of photocalatysts (ZnO and ZnO/GO) was 1 gL−1. Throughout this process, the solution was continuously stirred and atmospheric oxygen was supplied by using an air pump. By utilizing the absorbance as a function of the irradiation time, the degradation process of the dye was observed. The analogous condition was applied in the case of the ZnO/GO, too. Figure 7 and Figure 8 demonstrate the variation in absorbance that occurs at various time intervals as a result of the irradiation of methylene blue in the existence of ZnO and ZnO/GO, respectively. It is obvious that the intensity of the irradiation’s absorption decreases with an increase in the exposure time, as is shown in the figures.



The change in the initial dye concentration (C/C0) as a function of the irradiation time was depicted in both conditions, the presence and absence of ZnO and ZnO/GO nanocomposites, as shown in Figure 9 [12]. When ZnO was irradiated with Methylene Blue for 80 min, 64% of the dye was removed; however, in the case of ZnO/GO nanocomposite, 91% of the decolorization was observed. On the other hand, if there was no photocatalyst available then there was no detectable reduction in the concentration of the dye. The reason for this efficient activity may be due to the decrease in the band gap that results from the formation of the heterojunction of ZnO and GO, which may be attributable to the fact that the material is able to absorb light with longer wavelengths, i.e., visible region [21]. The heterojunction formation with ZnO and GO also affect the life of charge carriers by trying to delay the time through which photogenerated holes and electrons reach the surface of the photocatalyst [50].




3.2. Reusability of the Photocatalyst


The reusability of the synthesized nanocomposites of GO/ZnO has been assessed in order to study the performance and reliability, durability, operational stability, and effectiveness of the particles. Filtration has been performed to retrieve the catalyst, so that it could be utilized in continuing to follow reusability process. The decolorization of methylene blue following recycling four times has been observed to be retained at 89% (only 2% was decreased, as compared to the original value after four cycles), and as shown in Figure 10, GO/ZnO exhibits a very high degree of stability during the photocatalytic degradation process. A study performed by Chuhan et al. [53], also observed the same results; that is, a decrease (small) in the effectiveness of degradation might result from the accumulation of specific oxidation products at the surface of the catalyst, which has the effect of limiting multiple active catalysts zones. Moreover, the strong redox capability of the substance additionally enables it to produce remarkable reducing efficiency for the organic pollutants at smaller concentrations. As a result, the GO/ZnO nanocomposite has the potential to be of practical application in the elimination of contaminants with the help of a catalyst using visible-light-responsive.





4. Material and Methods


4.1. Chemical Reagents


Herewith, oil palm empty fruit bunch received from Sabutek (M) Sdn. Bhd, Malaysia and papaya leaves collected from the main campus of Universiti Sains Malaysia (USM), which is located at Penang (Malaysia), were used in this study. Moreover, sodium nitrate, potassium, permanganate (Sigma-Aldrich), 99% of hydrochloric acid (AR grade; QRec), ammonium persulfate (R & M chemicals), 30–32% of hydrogen peroxide (QRec), 95–97% of sulfuric acid (QRec) and >99.5% of zinc acetate dihydrate (Merck) were also used.




4.2. Synthesis of ZnO


In this study, zinc oxide synthesis and extraction of papaya leaf were carried out according to [29], with some modification. Briefly, firstly 50 g of papaya leaf was taken and carefully chopped. In the next step, distilled water (10 mL) was added and then it was refluxed at 100 °C for 60 min before being filtered through the Whatman filter paper. Subsequently, ZnO was synthesized with the help of the papaya leaf extract that was prepared. A typical ZnO synthesis involves adding 15 mmol of zinc acetate dihydrate (>99.5%, Merck) to 75 mL of distilled water, followed by 30 min of the solution sonication. After that, 50 mL extract of papaya leaf was added to the solution with continuous stirring, and the solution temperature was fixed at 70 °C throughout the process. In the end, the white color precipitate was obtained and, after washing with ethanol and water, it was centrifuged. Finally, it was dried at 85 °C for 15 h.




4.3. Preparation of Carbonized Carbon and Synthesis of ZnO/GO Nanocomposite


The biomass (empty fruit bunches of oil palm) was chopped into little pieces and then put in the furnace for 3 h at 700 °C. After the carbonization process, the carbon flakes were pulverized into a fine powder before the oxidation process of the GO synthesis. A modified Hummer’s method was applied to prepare GO from the carbonized material [42]. During the preparation process, 5 g of the carbonized carbon powder and 6 g of sodium nitrate were treated with sulfuric acid for 1 h As a result of stirring continuously for 3 h at 0–5 °C with the continuous addition of potassium permanganate, a violet-brown colored material was obtained.



The mixture was then added with constant stirring to 150 mL of distilled water, until it was dark brown in color. Moreover, the temperature was maintained at 90–120 °C throughout this process. Then, the mixture was cooled down to room temperature in order to decrease the impact of the potassium permanganate. After that, 200 mL water was added, followed by a 30 mL solution of hydrogen peroxide. Later, the solution of zinc acetate dihydrate and the papaya leaf extract was added drop wise to the above solution with continuous stirring. Afterward, the ZnO/GO material was obtained by filtering out and rinsing it many times with water. Finally, a powder was collected after keeping it in an oven at 100 °C for 24 h. Figure 11 illustrates the systematic synthesis of ZnO and ZnO/GO nanocomposite using green chemistry.




4.4. Material Characterization


The synthesized material was investigated using different techniques in terms of its morphological, structural, and optical characteristics. For instance, the scanning electron microscope (SEM) (Quanta FEG 650, Fei; Columbia, MO, USA), X-Ray diffraction (XRD) (Philips PW 1710 X-ray diffractometer; New York, NY, USA), UV–Visible spectrophotometer (Shimadzu UV–Vis 1601), fluorescence spectrometer (Perkin Elmer LS 55) with excitation wavelength 350 nm, Fourier transform infrared (FTIR) (Perkin Elmer model System 2000; Norwalk, CT, USA) and the transmission electron microscope (TEM) (Model Zeiss Libra 120; Jena, Germany) were applied to obtain the characteristics/properties of the synthesized material in this study. Especially, for TEM analysis, a beam of electrons interacts with the sample and forms a picture of the sample on a photographic plate. As a consequence, the sample must be capable of sustaining electrons in a vacuum chamber. TEM requires ultra-thin samples, so preparing samples for TEM is a time-consuming process. Firstly, the pinch of the sample was dispersed in solvent, and with the help of a dropper one drop of the dispersed sample was deposited onto support grid. By applying plastic embedding, the particles were fixed to facilitate the handling of the sample.




4.5. Photocatalytic Experiments


In order to examine the photocatalytic properties of synthesized materials, Pyrex glass photochemical reactors were used. For this purpose, the required amount of methylene blue (MB, 0.30 M) was added to distilled water to make a solution. Aqueous solutions of dye and photocatalyst (1 gL−1) were placed in the reactor to carry out the irradiation experiments. Throughout the period of the experiment, the solution was stirred (250 rpm) continuously in the presence of oxygen. Before starting the irradiation process, the system was stirred for at least 15 min. Later, the irradiation was carried out with the help of a visible light halogen lamp that possessed 500 W (9500 Lumens). During the irradiation process, the samples were taken at certain intervals of time with the help of a syringe. Then, the solution was centrifuged and analyzed by using a UV–VIS spectrophotometer.





5. Conclusions


Biomass-mediated syntheses of zinc oxide (ZnO) and zinc oxide/graphene oxide (ZnO/GO) have been successfully achieved. Carica papaya leaf extract was used to synthesize ZnO. The crystalline (ZnO) and partially crystalline nature (ZnO/GO) were found in the analysis by XRD and SEM. The nano range of synthesized materials were confirmed with TEM results and the average crystallite size was found to be 80.0 nm for ZnO and 74.0 nm for ZnO/GO, while regarding the formation of heterojunction of ZnO/GO, the UV–Visible absorption spectra showed λmax shift towards a longer wavelength. Furthermore, the obtained peaks for FTIR are also in good agreement with the synthesized materials. The smaller value of the obtained peak in the case of ZnO/GO suggests a delay in the rate of recombination, which supports the better photocatalytic activity. The photocatalytic activity of ZnO/GO showed high efficiency when compared to ZnO for the decolorization of the dye, i.e., a 64% decolorization of methylene blue took place in the presence of ZnO after 80 min of irradiation, whereas in the presence of ZnO/GO a 91% decolorization was observed. Furthermore, the reusability test also confirms the goodness and stability of ZnO/GO.
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Figure 1. SEM image of ZnO (a) and ZnO/GO (b). 
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Figure 2. TEM images of ZnO (a) and ZnO/GO (b). Particle size distribution histograms for ZnO (c,d). 
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Figure 3. XRD patterns of ZnO (a) and ZnO/GO (b). 
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Figure 4. ZnO absorption spectrum (a) and ZnO/GO absorption spectrum (b). 
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Figure 5. FTIR spectra of ZnO (a) and ZnO/GO (b). 
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Figure 6. PL spectra of ZnO and ZnO/GO. 
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Figure 7. An absorption spectrum for methylene blue decolorization in the presence of zinc oxide. 
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Figure 8. An absorption spectra for methylene blue decolorization in the presence of ZnO-GO. 
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Figure 9. Observation of changes in methylene blue concentration with time following irradiation in the absence and presence of ZnO and ZnO/GO. 
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Figure 10. Reusability of ZnO-GO nanocomposite for the decolorization of methylene blue. 
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Figure 11. A systematic diagram showing the green synthesis method for ZnO and ZnO/GO. 
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