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ABSTRACT 

The lithium metal is one of the most used anodes in battery cells. It is attractive as a battery anode 

material because of its interesting features namely light−weight, high voltage, high electrochemical 

equivalence and good conductivity. However, the potential of lithium battery cells is also highly 

dependent on the various materials utilized to formulate the cathode of the cells. Hence, in the present 

study, the feasibility of employing copper (II) oxide (CuO) as the cathode of lithium battery cells was 

investigated. The material CuO was calcined at six different temperatures namely 100 °C, 200 °C, 300 

°C, 350 °C, 400 °C and 450 °C, respectively for a fixed period of six hours before being subjected to 

characterization using X−ray diffraction (XRD) technique and comparison were made with standard 

sample of CuO at room temperature. The results obtained from the X−ray diffraction analysis revealed 

that a structural transformation from monoclinic at room temperature to tetragonal at 350 °C had occurred 

which was supported by the micrographs obtained from the Scanning Electron Microscopy (SEM) that 

showed the apparent changes in particle size and structure of the samples at the respective temperatures. 

In addition, it was found that the surface area was recorded less by 11.5013 m
2
 g

−1
 at 350 °C compared to 

that of data collected using the Isotherm Adsorption (BET) for samples at room temperature which was 

attributed to the collapse of the monoclinic structure and the rebuilding to the tetragonal structure at 350 

°C. The analysis from Energy Dispersive Analysis of X−Rays (EDAX) showed that osmium and thallium 

were present in minute quantities in both samples as impurities. These findings are clearly significant 

since they indicated that the calcination of the material CuO has altered the structure which in turn will 

impact the performance of the lithium battery cells. Therefore, further studies will be carried out in order 

to evaluate the potential of lithium battery cells when the altered material of CuO is utilized as the 

cathode. 
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INTRODUCTION 

There is a rapid development in the production of minute electronic devices which ultimately increases 

the demand in finding power source that is light, compact and highly efficient with huge capacity. The 

lithium battery cells fulfil these characteristics and become increasingly attractive as an optimum power 

resource.  

The lithium battery cells are utilized primarily as a power source when there is no electricity to operate 

electrical devices. In addition, the cells also play a substantial role as a source for memory backup which 

enables the storage of information for a certain duration of time (Linden, 1988). It is understood that the 

efficiency of this cell is highly dependent on the various materials utilized to formulate the cathode of the 

cells.  

The utilization of CuO as the cathode of lithium battery cells offers many benefits which include long 

shelf life, high performance even when the cells are exposed to high temperatures, no voltan delay 

phenomenon as shown by lithium battery cells with other materials as the cathode and possesses high 

volumetric coulomb capacity theoretically. The performance of lithium/CuO battery cells is known to 

amply govern by the temperature factor. Therefore, in the present work, the viability of employing CuO 

material after a series of calcination and characterization as the cathode of lithium battery cells is 

assessed.  
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MATERIALS AND METHODS 

Chemicals  

The material CuO is obtained from the BDH Lab Supplies Poole BH 15, ITD England, United Kingdom. 

Calcination of CuO 
An amount of 10 g of the material CuO was transferred into crucibles and calcined using a furnace 

(Carbolite RHF 1500, United Kingdom) at 100 °C, 200 °C, 300 °C, 350 °C, 400 °C and 450 °C, 

respectively for six hours. The selection of this range of temperature is due to the factor that there is a 

huge possibility for structural change to occur after calcination at 400 °C for CuO as reported in the 

literature (Chai, 2000; Basri, 1998). Samples which were calcined at 100 °C, 200 °C, 300 °C, 350 °C, 400 

°C and 450 °C, respectively for six hours along with standard samples at room temperature were kept in 

airtight containers and were made sure free from moisture. These samples were then used for 

characterization experiments and comparison was made with the samples at room temperature.  

Characterization of CuO Using XRD 

The samples were subjected to X−ray diffraction analysis (Siemens D5000, United States of America). 

The X−ray diffraction analysis was operated at 40 kV/30 mA with the utilization of copper Kα radiation 

(λ = 1.54 A). The diffraction angle which was used in the present study was 2θ in the range of 10° to 80°. 

The generated diffractogram was analysed using the Powder Diffraction File (PDF).  

Characterization of CuO Using SEM and EDAX 

Before the analyses using SEM and EDAX can be carried out, the samples must be coated with a 

conductor, which was gold in this case (D10−RAD, Germany). The coating was conducted for 2 minutes 

using a pressure of 10 Pa with an operational voltage of 2.4 kV. The plating of the samples with gold has 

to be done in order to adjust the samples in vacuum conditions and to allow the samples to receive 

electron bombardment. The SEM and EDAX instrument used for the current characterization was model 

Philips XL40, Amsterdam which utilized the tungsten filament as the electron gun with a resolution of 15 

kV and a magnification scale of 500 times. Microscope control was the program applied to analyse to the 

results from SEM investigation whereas for EDAX characterization, a software known as microanalysis 

software was used.  

Characterization of CuO Using Isotherm Adsorption 

The samples have to undergo treatment using nitrogen gas adsorption before analysis. The treatment was 

carried out at a temperature of 300 °C for 2 hours through utilization of helium gas as the treatment gas. 

The aim of the treatment was to eliminate moisture and to degas the samples before analysis. Upon 

completion of the treatment, the gas utilized for the analysis which was the nitrogen gas was passed 

through for the adsorption−desorption process within a stipulated time determined automatically by the 

instrument Micromeritis Pulse Chemi Sorb 2705, USA. Then, the information obtained such as relative 

pressure and scavenged volume were keyed in a software program that will generate the value for the 

surface area.   

 

RESULTS AND DISCUSSION 

Characterization of CuO Using XRD 

The structural information of CuO samples at room temperature and samples calcined at different 

temperatures were obtained by comparing the intensity data (%), 2θ values and d values from the Powder 

Diffraction File (Asbrink and Lorrby, 1970). As shown in Figure 1, there were three dominant peaks with 

the highest intensity values present in the diffractograms. These peaks will determine the structure of the 

crystal for each sample and any structural changes that may occur with increasing temperature values 

during the calcination process.  

When CuO sample at room temperature was subjected to XRD analysis, three sharp peaks with 2θ values 

of 38.573, 35.531 and 48.695, respectively were recorded which corresponded to d (Å) values of 2.32173, 

2.52452 and 1.86839, respectively (Figure 1). When these values were referred to the Powder Diffraction 

File, it was found that the crystal of CuO very closely exhibited the structure of monoclinic. The reference 

values of d (Å) obtained from the Powder Diffraction File which were in harmony with the diffractogram 
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of CuO samples at room temperature were 2.32171, 2.52264 and 1.86632, respectively. Peaks assigned to 

the same structure were also detected in the samples calcined at temperatures of 100 °C, 200 °C and 300 

°C, respectively. At 100 °C, the peaks were identified at 2θ values of 38.788, 35.529 and 48.748 which 

corresponded to d (Å) values of 2.31970, 2.52462 and 1.86650, respectively. The obtained 2θ values and 

the corresponding d (Å) values for samples calcined at 100 °C matched significantly with the reference 

data in the Powder Diffraction File. Similar values of 2θ resulting to 38.765, 35.540, 66.187 and 48.752 

and the corresponding d (Å) values of 2.32103, 2.52386, 1.41075 and 1.86634, respectively were 

observed for peaks allocated for samples calcined at 200 °C.  

 

 
Figure 1: Diffractograms of Samples (a) at Room Temperature and (b) Calcined at 350 °C 

 

It was clearly noticeable that the third highest peak in the diffractogram which demonstrated a value of d 

(Å) of 1.41075 did not complement the d (Å) value from the Powder Diffraction File for samples calcined 

at 200 °C (data not shown). However, the appropriate value of d (Å) was given by the d (Å) value of the 

fourth highest peak in the diffractogram recording a 2θ value of 48.752 and a d (Å) value of 1.86634. 

These values represented the monoclinic structure accordingly when comparison was made with the 

reference data from the Powder Diffraction File and contamination of samples with impurities might have 

contributed to the experimental error when samples calcined at 200 °C were subjected to XRD analysis. 

The structure of samples calcined at 300 °C remained as monoclinic when compared with the reference 

data from the Powder Diffraction File with peaks discovered at 38.801, 35.560 and 48.725 for 2θ values 

with corresponding d (Å) values of 2.31892, 2.52251 and 1.86732, respectively.  

Samples calcined at 350 °C demonstrated sharp peaks at 2θ values of 35.578, 38.808 and 48.798 with 

corresponding d (Å) values of 2.52129, 2.31856 and 1.86468, respectively. These data evidently revealed 

that a structural change had occurred since the d (Å) values for the highest and the second highest 

intensity were recorded at 2.52129 and 2.31856 compared to that of samples at room temperature and 

samples calcined at temperatures of 100 °C, 200 °C and 300 °C which read average d (Å) values of 2.32 

and 2.52 at the highest and second highest intensity, respectively. Hence, when the data obtained for the 

samples calcined at 350 °C were assessed against the reference data from the Powder Diffraction File 

(PDF 3−879), it was found that the structure of crystal CuO resembled the tetragonal shape aptly. The 

reference values of d (Å) obtained from the Powder Diffraction File which were in harmony with the 

diffractogram of CuO samples at 350 °C were 2.50, 2.47 and 1.58, respectively. Similar findings were 

observed for samples calcined at temperatures of 400 °C and 450 °C, respectively indicating that the 

structure of the sample remained as tetragonal. Samples calcined at 350 °C were subjected to further 

characterization and further study since the structural changes occurred from monoclinic structure to 

tetragonal structure at this temperature.  
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Further Characterization of CuO Using SEM, EDAX and BET for Samples at Room Temperature and 

Samples Calcined at 350 °C 

Figure 2 shows the micrographs representing samples at room temperature and samples calcined at 350 

°C, respectively. Samples collected at room temperature were in the form of relatively coarse particles 

with moderately uneven distribution. Meanwhile, samples calcined at a temperature of 350 °C showed 

apparent change in the particle distribution which was more homogeneous with smoother and smaller 

particles. This clearly reflected the occurrence of structural changes and the observations were supported 

by the information gained from the XRD analysis that showed changes in the structure from monoclinic at 

room temperature to tetragonal at 350 °C (Poncelet et al., 1976a). With magnification scale: 50 uM, 

particle size decreased almost 2.5 times on samples that have been calcined at a temperature of 350 °C as 

compared to that of the samples at room temperature. The size of particles ranged from 10 to 12 µm for 

samples at room temperature while for the samples calcined at a temperature of 350 °C, the size of 

particles ranged from 4 to 6 µm. From the morphological aspect, it was clearly evident that the samples at 

room temperature demonstrated spherically shaped particles compared to that of samples calcined at 350 

°C. The particles in the samples that have been calcined at a temperature of 350 °C disclosed various 

shapes such as squares and spheres as observed from the micrographs.  

 

 
Figure 2: Micrographs of Samples (a) at Room Temperature and (b) Calcined at 350 °C with 

Magnification of ×500 

 

The data obtained from the EDAX analysis described that the percentage by weight of copper element 

was higher compared to that of oxygen, yielding 74 % in comparison to only 26 % for samples analysed 

at room temperature as depicted in Figure 3. It was found that the K−ratio which was ration of counts per 

second (cps) for the pure samples at room temperature was low at 0.1406 and 0.5373 for oxygen and 

copper, respectively. This observation revealed that the pure samples may be contaminated by impurities 

or parts of the pure samples were not struck as accurately by the secondary electron during the EDAX 

analysis. Not much change in weight percent can be observed in the samples that had been calcined at the 

temperature of 350 °C as compared to the samples at room temperature. However, there was a clearly 

noticeable increase in the percentage by weight for oxygen which elevated to 26.11 % for samples 

calcined at 350 °C compared to that of samples at room temperature which recorded a percentage by 

weight of 26.00 %. This observation was as a result of calcination activity which required the samples to 

be burned in oxygen. In addition, for copper, the weight percentage depreciated by 0.11 %. The changes 

in the composition of both elements caused the peak in the diffractogram to shift to a different d value 

which accounted to the structural change from monoclinic at room temperature to tetragonal at 350 °C.  
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Figure 3: EDAX Spectrum of Samples (a) at Room Temperature and (b) Calcined at 350 °C 

 

The depreciation of the percentage by weight for copper did not denote that the element simply 

evaporated considering that the melting point of copper is relatively very high. Hence, the decrease in the 

percentage by weight value for copper was simply due to the fact that upon addition of oxygen via the 

calcination activity, the total composition of all elements that make up CuO also increased 

simultaneously. As a result, the percentage by weight for copper declined since the composition of the 

element had to be apportioned with the total composition of both copper and oxygen. Furthermore, there 

was an indication of the presence of the elements thallium and osmium in trace amounts in samples at 

room temperature and samples calcined at 350 °C which may occur during the processing of CuO in the 

factory. In addition, the presence of impurities even though was relatively minute could contribute to the 

structural change from monoclinic at room temperature to tetragonal at 350 °C. The transition metals, 

thallium and osmium, inclined to act as additional materials which may react with CuO to form new 

compounds. This reaction could account to the shift in the d values which described the structural change 

of the samples after calcination. 

The surface area of samples at room temperature was 21.1309 m
2
g

−1
 whereas samples calcined at 350 °C 

exhibited a surface area of 9.6296 m
2
g

−1
, demonstrating a decline in the surface area by 11.5013 m

2
g

−1
 as 

measured using the single point surface area data. This result contradicted the observation obtained from 

SEM which displayed smaller particle size which was homogeneously distributed. Such scattering of 

particles should be accompanied by higher surface area which was not the case in the present study. The 

monoclinic structure will collapse at the calcined temperature of 350 °C and the new structure of 

tetragonal will be assembled (Poncelet et al., 1976b). The reconstruction of the tetragonal structure will 

cause the surface area to decrease even though the particle size became smaller with homogeneous 

distribution at 350 °C as shown in Figure 2. 

Conclusion 

Collectively, the results obtained from this study revealed that a structural alteration from monoclinic 

structure to tetragonal structure occurred when diffractograms of samples calcined at 350 °C were 

compared with samples at room temperature, respectively. In addition, when comparison between 

samples at room temperature and samples calcined at 350 °C using characterization techniques such as 

SEM, EDAX and BET was made, supportive evidences were provided which further confirmed that a 
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structural transformation had indeed taken place after calcination at 350 °C. The data presented here 

revealed new insights in establishing CuO material after calcination at 350 °C as the cathode of lithium 

cell batteries. Further studies on the performance of the lithium cell batteries with CuO as the cathode 

material after calcination at 350 °C should be carried as future recommendation.  
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