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    Abstract


    This paper shows the synthesis of copper sulfide (CuS) nanoparticle by co-perception method at low temperature and the synthesis of copper sulfide/graphene sheets (CuS/Gs) nanocomposite by hydrothermal method at 120 ℃. The structure, surface morphology and size of nanoparticles (NPs) are discussed and analyzed by X-ray diffraction analysis (XRD), energy dispersive X-ray analysis (EDX) and transmission electron microscopy (TEM). The obtained nanoparticles have sizes between (4-10 nm). We are studied the effect of graphene-based nanoparticles nanocomposite on the thermal properties by thermogravimetric analysis (TGA). The photocatalysis properties are investigated at different conditions. The result shows that the graphene sheet (Gs) nanocomposite effect the composition and the thermal properties of nanoparticles.

  


  
    Keywords


    Hydrothermal, Nanoparticle, Graphene sheets, Nanocomposite, Thermogravimetric analysis


    Introduction


    Copper sulfide (CuS) nanoparticles are widely used in various applications of different fields such as p-type semiconductor, cathode materials in high capacity secondary type lithium batteries and other applications [1-6] due to their potential importance for application and fundamental scientific research.


    At present, the transition semiconductor NPs adoption of chalcogenide material is interesting too because of the physical and chemical properties of the unusual, including electrical conductivity, and the ability to chemical sensing properties ideal for solar energy conversion [7-10].


    The copper sulfide nanocrystals with various morphologies (nanoparticles, nanorods and nanotubes) have been prepared by various methods such as microwave-assisted methods [11], electrosynthesis [12], solvothermal process [13], solid-state reactions [14], mechanochemical route [15] and chemical vapor deposition (CVD) [16]. Most of these methods need special instruments, high temperature, inert gas environment, and long reaction time.


    The more simple routes and the cheap materials have been used to fabricate copper sulfide NPs. Co-precipitation method of preparing CuS nanoparticles is technologically convenient and ecologically safe for the environment. We have studied the thermal properties of CuS and CuS/Gs nanocomposite. Our results have been showed that the synthesized CuS/Gs nanocomposites have controllable size, the morphology more homogeneous and enhanced the thermal properties.


    Material and Methods


    Preparation of copper sulfide


    The synthesis of copper sulfide nanoparticles at low temperature was carried by co-precipitation method. The NPs were prepared in solution using the starting materials ionic copper (II) chloride dihydrate (CuCl2·2H2O) and thiourea (CH4N2S) in the presence of dextrose. In this method reaction is carried out in ethanol, distilled water acts as a mild fuel and help stimulates the reaction with sufficient activation energy at a lower temperature. Copper (II) chloride dihydrate (dried powder) was dissolved in 60:40 ratio solvent mixture of ethanol: Distilled water to a concentration of 0.1 M and stirring for 30 minutes at room temperature. 0.5 g dextrose was added to the solution, the final pH of the solution is maintained to 9.0 using 10 mM sodium hydroxide (NaOH). The prepared solution was subjected to continuous stirring for 30 min at of 70 ℃. Thiourea (CH4N2S) is dissolved in ethanol (concentration 0.1 M), then the solution was added dropwise to the final solution and stirred for 2 hours with continuous heating at 70 ℃. The powder obtained was washed with ethanol, distilled water four times to remove the uncapped dextrose and finally with ethanol and dried at ambience.


    Preparation of copper sulfide/graphene sheets (CuS/Gs)


    (0.2986 g) of copper (II) chloride dihydrate is dissolved in 12 ml of ethanol:distilled water mixture ratio (60:40) respectively and stirring 30 min, 0.4 g of dextrose was added and the final pH of the solution is maintained to 9.0 by using 10 mM sodium hydroxide (NaOH). The prepared solution was stirred for 30 min at of 70 ℃.


    0.008 g Gs solution dissolved in 2 ml ethanol and sonicated then added to the solution above.


    Results and Discussion


    X-Ray diffraction of copper sulfide


    Figure 1 shows the XRD patterns of synthesized copper sulfide NPs. Samples are well crystallized. All primary diffraction peaks of the curve are in good agreement with the standard data of CuS (JCPDS № 06-0464). There are peaks with 2θ values of (29.354°, 31.990°, 39.000°, 47.799°, 53.024°, 56.104°, 58.716°) corresponding to copper sulfide nanoparticles crystal planes of the preferential orientation (102), (103), (105), (110), (108) , (202), (116) respectively and are in good agreement with the pattern (JCPDS № 06-464). The most intense peak at 2θ = 31.990 relates to (103). The other peaks seen on the XRD scan have low intensities and full-width half-maximum (FWHM). The copper sulfide particles have a cubic structure.


    The XRD pattern demonstrates that the products grown under low temperature are copper sulfide NPs with cubic structure, the obtained diffraction peaks broadened by the small diameter of the nanoparticles. To calculate the size of nanoparticles used Scherrer equation:


    g= 0.89λ βcosθ                                                                                        (1)


    Values of the grain size (g), fullwidth at half maximum (β), wavelength (λ) and diffraction angles (θ). Miler's index (lattice plane) are summarized in the following (Table 1):


    Transmission electron microscope (TEM)


    Figure 2 shown the TEM images of copper sulfide nanoparticles produced at a temperature of 70 ℃ for 2 h. It can be observed that the sample appears to have a dimension of 6 nm and 11 nm, and weak agglomeration because of physical and chemical properties of the two metals, the TEM image that the average nanoparticles size is proximally 9 nm, which is in agreement with the size obtained from XRD of copper sulfide NPs.


    Energy dispersive X-ray analysis (EDX)


    Figure 3a shows the energy dispersive X-ray analysis (EDX) of CuS that the required phase of copper (Cu) and Sulfide (S) is present in the sample. The graph also shows the presence of carbon (C) and oxygen (O) in the EDX picture of copper sulfide NPs. The chemical compositions and mineral phases of each sample are approved. Figure 3b shows the energy dispersive x-ray analysis (EDX) of CuS/Gs nanocomposite proved that the required phase of copper (Cu) and sulfide (S) is present in the sample also. The graph shows the presence of carbon (C) and oxygen (O) are present in the EDX picture of copper sulfide/graphene sheets.


    Thermogravimetric analysis of copper sulfide


    The thermal degradation, impurity concentration and phase change of copper sulfide have been studied under various temperature program of 50°-900 ℃ at a scan rate of 10 ℃/min in the N2 atmosphere.


    A quantitative thermogram of CuS has shown four weight losses with a total degradation of 44.04%. The step 1 degradation between the temperatures of 50°-140 ℃ has shown 9.94% weight loss that is attributed to the moisture content in the sample. A substantial degradation of 23.0% around 170°-380 ℃ has been associated with removal of oxygenated entities and the impurities related to the solvents or its bi-products. A decomposition of 8.2% between the temperatures of 387 ℃-480 ℃ is accompanied by removal of residual amorphous carbon contents remained with the copper sulfide even after washing. A mild degradation of 2.9% is observed in a broad temperature range of 650°-713 ℃ that is attributed to the phase change in CuS. Furthermore, no any other weight loss is observed in the remaining temperature range up to 900 ℃. The corresponding differential scanning calorimetric (DSC) have shown endothermic reaction coordinate for removal of moisture contents while exothermic for the elimination of oxygen related moieties, phase change and the oxidation of carbon contents into CO2.


    Figure 4a of copper sulfide NPs shown thermogravimetric analysis (TGA) and derivative thermogravimetry (DTG) curves have shown four-step degradation process; one associated with the elimination of moisture contents while other with the ionization of oxygen individuals, residual amorphous carbon contents, phase change and removal of associated impurities. Differential scanning calorimetric (DSC) analysis has shown the endothermic and exothermic enthalpy change during the alleviation of copper sulfide impurities.


    Figure 4a of copper sulfide NPs shows differential scanning calorimetric (DSC) curve corresponding to TGA curves in certain temperature ranges revealed exothermic peak at 438 ℃. The first transition corresponding to the second weight loss occurs at 68 ℃, the third transition corresponding to weight loss at 445 ℃.


    Thermogravimetric analysis of copper sulfide/graphene sheets composite


    The thermal degradation, impurity concentration and phase change of copper sulfide/graphene sheet have been studied under the temperature program of 50°-900 ℃ at the scan rate of 10 ℃/min in the N2 atmosphere. A quantitative thermogram of CuS/Gs has shown four weight losses with a total degradation of 37.68%. The loss weight of (6.6%) in the region between 54 ℃-203 ℃ that is attributed to the moisture content in the sample, substantial degradation of (21.56%) in the region 228 ℃ and 345 ℃ due to decomposition of dextrose. The third transition between 360.91℃ and 515.12 ℃ a weight loss of 30.9%, the fourth decomposition between 718.46 ℃-891.24 ℃ weight losses (37.95%).


    Figure 4b of copper sulfide/graphene sheets shows differential scanning calorimetric (DSC) curves corresponding to thermogravimetric analysis (TGA) curves in certain temperature ranges revealed endothermic reaction coordinate for removal of moisture contents while the exothermic peak at 410 ℃ for the elimination of oxygen related moieties. The first transition, corresponding to the second weight loss, occurs at 68 ℃, the third transition corresponding to weight loss at 440 ℃.


    In the (Figure 4b) we observed the maximum peak temperatures detected on the derivative thermogravimetry (DTG) curve, which depends on the heating rate, the maximum temperature of 223 ℃ is due to the decomposition this is attributed to the loss of physically adsorbed water, the next stage peak maximum at 386.3 ℃ is due to the decomposition.


    The successful synthesis of metal sulfide nanoparticles offers an opportunity to examine their Photocatalytic activity, in order to study the effect of the UV light on the degradation of Copper sulfide and copper sulfide/graphene sheets nanocomposite.


    The plot of absorption vs. wavelength at various times for the photodegradation of dye is represented in (Figure 5).


    Figure 5a shows the absorption peaks of Copper sulfide at different periods (0, 10, 20, 30, 40, 50, 60 and 70) minutes. The copper sulfide/graphene sheets placed under 365 nm to 600 nm UV-V is irradiation, (Figure 5b) shows the absorption peaks at different periods (0, 15, 30, 45, 60, 75 and 90) minutes. We can note that the highest absorption peaks in the region (362 nm - 384.05 nm), the absorption decrease with time, and at (420 nm-430 nm) there is little increase ~ (0.35), so the absorption decrease with time as shown in Figure 5b.


    The higher photocatalytic property was probably caused by the smaller particle size and higher crystallinity. These results have shown that the prepared copper sulfide/graphene sheets (CuS/Gs) photocatalysis higher than copper sulfide (CuS) photocatalysis in photocatalytic activity under UV light irradiation.


    Conclusion


    The synthesized copper sulfide nanoparticles were successfully prepared by co-precipitation method. The suggested reaction mechanism for the formation of CuS nanoparticles considers a combination of S-2 with Cu + 2 to form CuS. The XRD results show grain size of CuS (4 nm - 10 nm) with cubic structure and their structure compared by JCPDS data. TEM results revealed that these nanoparticles have grains with average sizes less than 10 nm. Also, in this paper, we prepared CuS nanoparticles anchored onto Gs were prepared by hydrothermal method. The effect of nanocomposite graphene sheets on the composition of nanoparticles was investigated by EDX. The thermal resistance of CuS/Gs is higher than the thermal resistance of CuS NPs, and thus enhanced the thermal properties of nanoparticles. The graphene sheet nanocomposite-based nanoparticles enhanced the photocatalytic properties. The synthesized CuS/Gs nanoparticles structure can be useful in photocatalytic application [17].
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