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 In this research work, CuO nano-particles were synthesized at several temperature 570, 

600, 650, 675, 710,and 750 °C (for 2 h) by the direct thermal-decomposition method. 

The nano-particles were characterized using X-ray diffraction (XRD), and scanning 
electron microscope (SEM). SEM image showed that the CuO nanoparticles shape in 

varicose temperature were of ellipse, spherical, and cylinder shape with diameter and 

length of 100 nm- 70nm, respectively. As a result, this method could be used at an 
industrial scale as a cheap and convenient way in production of pure tenorite 

nanoparticles. 
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INTRODUCTION 

 

 In recent years, the preparation, characterization, and surface modification of nanostructured materials has 

been become a topic of great interest because of their unique properties and possible uses in technological 

applications [1, 2]. Especially, the range of 1–10 nm for metal nanoparticles has been most attractive for 

theoretical and practical reasons [3] [4]. For example, colloidal particles of 1–3 nm mean diameter with narrow 

size distributions showed high activity and selectivity for the hydrogenation of olefins and dienes. [5] In 

addition, The combination of nanotechnology with chemistry, biology, physics, and medicine for the 

development of ultrasensitive detection and imaging methods in the analytical or biological sciences has become 

increasingly important in modern science [6]. copper oxide is widely used as catalyst because of its high activity 

and selectivity in oxidation/reduction reactions, and also due to their unique physical and chemical properties is 

used as thermoelectric materials gas sensors, solar cells etc [7, 8]. Various methods exist for the synthesis of 

CuO powder such as sol-gel, precipitation-stripping, solid state reaction, alkoxide-based synthesis, 

sonochemical preparation, microwave irradiation and precipitation–pyrolysis are used to prepare copper oxide 

nano-particles[7-10]. However, there has been limited work on copper oxide nanowires and nanorods [11]. The 

main objective of this work is the synthesis of CuO nanoparticles with secondary material such as copper pipes 

in different temperature, 570, 600, 650, 675, 710,and 750 °C. The method is based on a convenient reaction 

between CuSO4 and Na2CO3 in aqueous solution without using any surfactants at 55°C. This method provides a 

useful, low-cost, nontoxic route for the synthesis of pure nanostructures of copper oxide from copper leaching 

and bioleaching sites [12,13]. 

 

Experimental: 

Materials and Instrumental: 

 CuSO4.5H2O (copper (II) sulfate5-hydrate, 99.95%), Na2CO3 (sodium carbonate, 99.9%), the industrial 

and home copper pipes was used such as secondary source. distilled and deionized water were used in the 

experiments, and all of the chemicals were of analytical grade.The sample powder was analyzed by X-ray 

diffraction (XRD). This instrument (Philips, xpertpro, nitherland) works with voltage and current settings of 40 

kV and 30 mA, respectively and uses Cu–Kαradiation (1.540510 Å). For the qualitative analysis, XRD diagrams 

were recorded in the interval of 10°≤2θ≤80° at scan speed of 2°/min. The crystalline size of the synthesized 

particle was calculated following Scherrer's equation. The morphology of catalysts and their precursors were 

observed by means of a Hitachi S-4160 scanning electron microscopy (SEM). Magnetic mill MR 3001 

HEIDOLPH also. 
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General Procedure for the Preparation of Copper Oxide Nano-Particles: 

 For preparation of CuSO4, 1 g of copper pipes and 1ml copper sulfate was mixed in reflux condition for 2h 

and then the precipitation was washed with ethanol several times, so the precipitation was put in presence of air 

for three day. In addition, the procedure pathway of the preparation process is shown in Fig. 1. Precursor was 

synthesized at 50°C by adding 0.5 M Na2CO3 solution to 100 ml of 0.5 M CuSO4 solution with vigorous 

stirring. The green precipitate were separated by filtration and washed three times with warm deionized water to 

remove possible remnant ions in the final product, and dried at 70˚C in air for several hours. The thermal 

decomposition of the precursor in air in a muffle furnace at different temperature 750˚C for 2 h led to the final 

product of CuO nanocrystals. 

 

RESULTS AND DISCUSSION 

 

 In this study, copper oxide nano particle were synthesized by a mixing method through copper pipes as 

secondary material for CuSO4 solution and Na2CO3 solution in different temperature for thermal 

decomposition, also, the copper oxide nano particle t was characterized through X-ray diffraction (XRD) and 

SEM for all temperature. copper oxide nano particle are characterized with X-ray diffraction,  

As shown in Fig. 1, almost all the diffraction peaks of the precursor could be indexed to Brochantite 

[Cu4(SO4)(OH)6] and Posnjakite [Cu4(SO4)(OH)6.H2O] which are in good agreement with the standard XRD 

data (JCPDS card No. 01- 078-1588. The peak CuO nanoparticle according to standard card is (2θ=37.0433-

40.7443-44.4996-53.9097-56.0940-56.0940-64.8861) and the peak for copper sulfate is (2θ=24.9044-28.8955-

37.0433), so it was shown in fig.1.  

 

 
 

Fig. 1: The XRD of copper oxide nanoparticle. 

 

 The copper sulfate were decomposed thermally to copper oxide via the three well-known thermal 

behaviors: (1) thermal dehydration, (2) in situ crystallization of dehydrated amorphous compound, and (3) 

thermal desulferation [14]. The reaction pathway of the thermal decomposition of basic copper sulfate to copper 

(II) oxide includes the thermal dehydration and desulferation processes (Eq 1-3) [15], so the different 

temperature in this step was investigation such as 570, 600, 650, 675, 710,and 750 °C. Therefore, the 

characterization of nanoparticle synthesized CuSO4 and Na2CO3 solution in different temperature were also 

carried out using scanning electron microscopy. 

 

Cu4(SO4)(OH)6 xH2O CuSO4.3Cu(OH)2 + xH2O   (1)

CuSO4.3Cu(OH)2                          CuSO4.2Cu(OH)2 +xH2O         (2)

CuSO4.2Cu(OH)2                        3CuO +2H2O +SO2 +1/2 O2  (3)

80- 170 °C

250- 400 °C

610- 750 °C

 
 

 SEM all the electron micrographs were obtained from powder specimens of these materials, and it was 

shown the morphology of nanoparticle in (Error! Reference source not found.).  
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Fig. 2: SEM images of the copper oxide nanoparticle at A) 570, B) 600, C) 650, D) 675, E) 710, and F) 750 °C 

 

 From the SEM image of CuO nanoparticles it can be seen that the particles shape with different temperature 

are various, while the morphology of the tenorite nanoparticles in the previous work were of rod shape [15]. 

Comparison of morphology for six temperatures showed that the shape of CuO nanostructures can be changed 

by changing the temperature fig. 2A-F. In 570°C average size of nanoparticle is 100 nm with ellipse shape, and 

for 600, 650, 675, 710, and 750 °C the average size are 95,90, 80, 75, 70 nm respectively with cylinder and 

spherical. 

 

Conclusions: 

 Ellipse, Spherical, and cylinder CuO nanoparticles have been successfully prepared by a thermal 

decomposition method with secondary material as original source for cooper sulfide with varicose diameter, so 

higher temperature is necessary for small size diameter. This method does not require organic solvents, 

expensive raw materials, and complicated equipment. Therefore, it is concluded that the presented method is 

superior to the other methods for the synthesis of CuO nanoparticles from dilute CuSO4 solution. 
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