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Abstract 

A series of copper oxide (CuO) nanoparticles catalysts were prepared via electrochemical method. The addition of different        

concentrations of Durian Shell Husk (DSH) extract in the electrolyte system was evaluated for degradation of paracetamol      

under visible light irradiation. The catalysts were characterized by using X-ray diffraction (XRD), Fourier Transform Infrared 

(FTIR) and Scanning Electron Microscopy (SEM). The characterization data showed that the different sizes of CuO were          

obtained when the amount of DSH extract added into the electrolyte system were varied. The crystallite size of CuO prepared 

with DSH was decreased from 40 nm to 29 nm, which showed the role of DSH extract as a capping agent. The particle sizes   

reduction caused a significant increment towards paracetamol degradation. The initial degradation rate was increased from      

2.67×10-2 to 7.28×10-2 mg/L.min. From this study, the optimum condition was noticed for CuO that was prepared by using     

0.06 mg/L of DSH extract at a paracetamol initial concentration of 10 mg/L (pH 9) by using 0.1 g/L catalyst. Finally, the result 

could contribute to the production of copper oxide with ideal sizes using abundant agriculture waste extract for the removal of 

paracetamol in wastewater. 

 

Keywords:  electrochemical, copper oxide, durian shell husk, paracetamol  
 

Abstrak 

Satu siri pemangkin nanozarah tembaga oksida (CuO) telah disediakan melalui kaedah elektrokimia. Penambahan pelbagai 

kepekatan ekstrak sekam kulit durian (DSH) dalam sistem elektrolit telah dinilai untuk degradasi paracetamol di bawah sinar 

cahaya boleh lihat. Pemangkin telah dicirikan menggunakan pembelauan sinar-X (XRD), spektroskopi inframerah transformasi 

Fourier (FTIR) and mikroskopi imbasan elektron (SEM). Data pencirian menunjukkan bahawa pelbagai saiz CuO diperoleh 

apabila jumlah ekstrak DSH yang ditambah di dalam sistem elektrolit telah diubah-ubah. Saiz kristal CuO yang disediakan 

menggunakan DSH menurun dari 40 nm ke 29 nm, yang mana menunjukkan peranan ekstrak DSH sebagai ejen pelekatan. 

Pengurangan saiz zarah ini menyebabkan kenaikan ketara terhadap degradasi paracetamol. Kadar degradasi awal meningkat 

daripada 2.67×10-2 kepada 7.28×10-2 mg/L.min. Daripada kajian ini, keadaan optimum telah dikenalpasti untuk     CuO yang 

disediakan menggunakan 0.06 mg/L ekstrak DSH pada kepekatan awal paracetamol 10 mg/L (pH 9) dengan               
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menggunakan 0.1 g/L pemangkin. Akhirnya, hasil kajian ini dapat menyumbang kepada penghasilan tembaga oksida dengan saiz 

yang ideal menggunakan ekstrak sisa buangan pertanian untuk penyingkiran paracetamol dalam air sisa.  

 

Kata kunci:  elektrokimia, tembaga oksida, sekam kulit durian, paracetamol 

 

 

Introduction 

The pharmaceutical market in Malaysia increases 9.5% annually, which is double than average of the Asia Pacific 

region. The market is still predicted to grow from $ 2.3 billion in 2015 to $ 3.6 billion in 2020. The increasing 

demand of drugs will be followed by large municipal and discharge waste which is hazardous to the environment. 

Paracetamol (PCT) is the largest analgesic and antipyretic drug without prescription worldwide. PCT was detected 

0.033-0.071 μg/L at water surface in Korea [1], 0.22-6.8 μg/L at treated water in Spain [2] and 0.01-0.07 μg/L in 

surface and sewage water in Malaysia [3]. Therefore, it was proven that the conventional technology still needs 

some advancements. 

 

Advanced Oxidation Process (AOPs) is one of promising method to degrade emerging pollutants. This technology 

is based on massive reaction between organic radicals with pollutants. The radical compounds were produced from 

heterogeneous catalyst (for example, TiO2 and ZnO) which activates after exposure to external light such as 

ultraviolet, visible or solar light. The common photocatalysts are TiO2 and ZnO [4]. However, these catalysts 

mainly absorp UV light and consume extensive energy [5, 6]. CuO is p-type semiconductor which has the potential 

to become a photocatalyst with low band gap energy in the range of 1.2 eV -1.8 eV and active under visible or 

fluorescent lamp [7, 8]. There are many approaches reported for synthesis of CuO, such as precipitation [9], sol-gel 

[10] and solution combustion method [11]. However, these methods require an extremely controlled set-up 

including high temperature or a long reaction time to obtain the CuO. Therefore, it is necessary to find a simple and 

rapid method for synthesis. Electrochemical method seems to be a potential method due to its effectiveness, facile 

experimental set-up and can also be operated at ambient temperature and pressure [12]. However, from the previous 

study, an expensive ionic liquid are usually used as a synthesis media in electrochemical method [13]. 

 

Hence, it is crucial to find a low cost material as an alternative media. To date, the synthesis of CuO nanoparticles 

by using plant extract has received great attention due to the expanding need in environmentally friendly 

technologies in material synthesis. Plant extracts are basically enriched in polysaccharide compound that acts as a 

stabilizing agent in the synthesis of CuO [14]. However, the synthesis of CuO nanoparticles using plant extract 

through electrochemical method is still rare since most of the studies used precipitation and sol gel method. 

Therefore, this study aims to synthesize CuO nanoparticles via electrochemical method by using durian shell husk 

(DSH) extract as a media. The DSH extract contains polysaccharides which act as capping agent and stabilizer 

during the synthesis. As compared to ionic liquid, the DSH extract also has other advantages, such as cost effective 

and environmentally friendly. The synthesized CuO nanoparticles were then analysed by X-ray diffraction (XRD), 

Fourier Transform Infrared (FTIR) and Scanning Electron Microscopy (SEM). Next, the photocatalytic activity of 

the CuO nanoparticles was studied towards the degradation of paracetamol (PCT). 

 

Materials and Methods 

Preparation of copper oxides assisted by DSH  

An open electrolysis cell consisted of copper plate electrode (2x2 cm
2
) and platinum plate electrode (2x2 cm

2
) were 

placed in parallel each other. 10 mL of solution containing different amounts of DSH extract (0 mg/L, 0.02 mg/L, 

0.06 mg/L and 0.1 mg/L) were added to the solution at a constant stir (150 rpm). The solution also comprised of 0.1 

M of tetraethyl ammonium perchlorate (TEAP) as the supporting electrolyte. The electrolysis was conducted at 0°C 

and ambient pressure with constant current density (120 mA/cm
2
) . After electrolysis, the mixture was dried 

overnight at 60 °C and calcined at 550 °C for 2 hours. The catalyst was donated as CuOx (x= 0, 0.02, 0.06 and 0.1 

mg/L of DSH extract). 

 

Characterization 

Catalyst crystallinity structure was evaluated by using X-ray diffraction (XRD, D8 Advance Bruker X-ray 

diffractometer). Meanwhile the chemical functional groups in catalyst were identified by Fourier Transformation 
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Infrared (FTIR, Perkin Elmer Spectrum GX FTIR spectrometer). Finally, the catalyst morphologies were observed 

with Scanning Electron Microscopy (SEM, JEOL JSM-6300). 

 

Photodegradation test 

PCT degradation was tested under visible light irradiation (36 watts). Before exposure to the visible light, a certain 

amount of catalyst was added into 100 mL of PCT solution in dark condition and was continuously stirred. This 

procedure was conducted to achieve equilibrium between the PCT solution and catalyst. The solution was exposed 

to the visible light radiation for another 1 hour. Then, 1.5 mL of solution was taken periodically for every 10 

minutes and degradation of PCT was analyzed by using a UV-Vis spectrometer (Shimadzu UV-2600) at maximum 

wavelength of 245 nm. 

 

Results and Discussion 

Catalyst characterization 

Crystallinity and purity of copper oxides (CuO) nanoparticles were confirmed with X-ray diffraction (XRD). Based 

on the XRD pattern as presented in Figure 1, the diffraction peaks appeared at 33°, 35°, 39°, 49°, 53°, 57°, 62°, 68° 

and 75°. These peaks correspond to monoclinic CuO and match with JCPDS no.5-661 [15]. The crystallite sizes (D) 

of CuO0, CuO0.02, CuO0.06 and CuO0.1 from Debye Scherrer equation were 40.74, 40.73, 29.6370 and 29.6371 nm 

respectively. From this result, its was obvious that the various DSH concentrations affected the CuO particle size. 

As reported by Song et al, the particle size of the synthesized gold nanoparticles was decreased at a high 

concentration of Magnolia kobus plant extract [16]. At low concentration, the gold nanoparticles were hexagonal or 

triangular in shape, but changed to spherical at high concentration. In this present study, at low concentration of 

DSH (0.02 mg/L), the amount of DSH might not be enough to cover all the Cu
2+ 

ions, and thus could not act as a 

good capping agent. However, the crystallinity of CuO nanoparticles increased while using 0.06 mg/L, followed by 

significant reduction in particle size. Meanwhile, the particle size was almost the same at a higher concentration of 

DSH (0.1 mg/L). The concentration of plant extract needed to be optimized since its did not only affect the particle 

size, but also the morphology catalyst as reported in literature [17].  

 

 

Figure 1.  XRD patterns of (a) CuO0 (b) CuO0.02 (c) CuO0.06 (d) CuO0.1 

 

The functional groups of raw DSH and series of CuO were determined by using FTIR spectroscopy to verify the 

formation mechanism of the catalyst. FTIR spectra of DSH in Figure2(a) shows four major spectra at 3323 cm
-1

, 

1732 cm
-1

, 1610 cm
-1

 and 1033 cm
-1

. The peak at 3323 cm
-1

 corresponded to stretching of –OH group of 

macromolecular association. Meanwhile, the peaks at 1732 cm
-1

 and 1610 cm
-1

 were contributed from the carbonyl 

group and –OH stretching from H2O. The band around 1033 cm
-1

 referred to the C-O band of polysaccharide group. 

In CuO catalyst series, there was no observed DSH peak due to the removal of DSH after calcination at 550 °C. In 
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these catalysts, a new intense peak appeared at 560 cm
-1

,
 
which corresponded to the Cu-O stretching bond, had 

proven the existence of CuO nanoparticles [18].  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  FTIR result for (a) DSH (b)CuO0 (c) CuO0.02 (d) CuO0.06 (e) CuO0.1  

 

The CuO morphology was spherical shaped as presented by the SEM result in Figure 3. The SEM result had 

convinced that CuO0.06 is much smaller than CuO0 which proved that DSH is good stabilizer. A study by Naika et 

al. also obtained the spherical shape of CuO using Gloriosa superba L plant extract which dominantly contained the 

alkaloid compound [19]. 

 

 

Figure 3.  SEM result for (a) CuO0 (b) CuO0.06 

 

Photodegradation test 

The series of synthesized CuO nanoparticles were tested for paracetamol degradation. Several parameters were 

studied to obtain the optimum condition. 

   

Effect of pH 

Initial pH solution affected the interaction between pollutants and catalyst (Figure 4). The point of zero charge 

(PZC) of CuO and PCT were at 7.9 and 9.2, respectively [20-22].  At lower pH than pHPZC, the molecules became 

positively charged and became negative charged at higher pH than pHPZC. In pH 5 and 7, both CuO and PCT were 

in positively charged, which would lead to repulsion with each other. Meanwhile, the degradation rate increased at 

pH 9 due to the attractive interaction between the negatively charged CuO and positively charged PCT. However, 

the reaction rate decreased again as both CuO and PCT were negatively charged.    

(a) (b) 
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Figure 4.  The effect of initial pH for PCT degradation 

 

Effect of catalyst dosage 

The rate of photocatalytic degradation was also influenced by catalyst dosage. Figure 5 display the effect of catalyst 

dosage from 0.1 to 1 g/L for PCT degradation. The rate of reaction was slightly increased at catalyst dosage of 0.1 

to 0.5 g/L. Then, the rate of reaction increased drastically by using catalyst dosage of 1 g/L. The increase in 

degradation rate with increasing catalyst dosage was due to the increase in the number of active sites and active 

radicals in the solution. A similar result was also observed in another copper-based catalyst to degrade the PCT [23]. 

The degradation efficiency increased from 38.6% to 90% when the catalyst dosage increased from 0.1 to 0.3 g/L. 

This phenomenon occurs due to increase in active sites when the catalyst dosage was increased.  

 

 

Figure 5.  The effect of catalyst dosage 

 

Effect of DSH concentration 
DSH is one of potential stabilizers in nanoparticle formation. As reported, the concentration of plant extract had 

differentiated the particle size of nanoparticle [24]. This study was conducted at different concentrations of DSH 

extract which were 0, 0.02, 0.06 and 0.1 mg/L. Figure 6 shows the different catalytic activities of the catalysts for 

PCT degradation. It was observed that the highest reaction rate was obtained with CuO prepared by using 0.06 

mg/L of DSH extract. The introduction of 0.02 mg/L DSH showed only little improvement on its catalytic activity 

as compared to without DSH extract. At low concentration, DSH may not covered all the CuO nuclei, which then 
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caused the large particle size was confirm with XRD. The particle size of CuO decreased significantly after the 

addition of 0.06 mg/L DSH and it was also highly crystalline indicating a complete covering of CuO nuclei. 

However, the particle size increased again after the insertion of 0.1 mg/L DSH. This phenomenon may be assigned 

to the agglomeration of DSH extract which hindered CuO nuclei stabilization.    

 

 

Figure 6.  The effect of DSH concentration 

 

Effect of reaction temperature 

Figure 7 demonstrates the effect of reaction temperature for PCT degradation. In this study, the effect of 

temperature was carried out at 30, 40 and 50 °C. It was observed that the degradation rate at 30 °C was much higher 

than at 40 and 50 °C. The highest degradation rate was 6.99 x 10
-2

 mg/L.min. Therefore, the degradation of PCT 

was considered as an exothermic reaction with unnecessary high temperature condition is needed. This gives an 

advantage to this reaction as the other copper catalyst is commonly an endothermic reaction which requires an 

extensive energy [25]. Then, by using the degradation constant and temperature, activation energy (Ea, J/mol) can 

be estimated by using Arrhenius equation as presented in equation (1),  

 

ln kapp = (
−𝐸𝑎

𝑅
 

1

𝑇
) + ln A                  (1) 

 

This equation consisted of R as the gas constant (8.314 J.K/mol) where kapp and A are as apparent rate constant and 

frequency factor, respectively. This plot exhibited high R
2
 (0.9995) with activation energy of 101 kJ/mol, as 

presented in inset Figure 7. This activation energy was lower than other copper catalyst as reported in literature [25]. 

With lower activation energy, the reaction time was faster, and the energy consumption can be reduced.    

   

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  Effect of reaction temperature 
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Effect of initial concentration 

The Initial concentration of pollutant is essential in a degradation studies, especially for industrial application. This 

study showed that reaction rate increased from 0.0407 to 0.122 mg/(L.min), when increasing the PCT concentration 

from 5 to 20 mg/L. The reaction rate decreased to 0.0170 mg/(L.min) at higher initial concentration of 30 mg/L. 

From this result, its was obvious that CuO nanoparticles were efficient until 20 mg/L of PCT as presented in Table 

1. At higher concentration than 20 mg/L, the turbidity of solution hindered the light penetration, and then decreased 

degradation rate significantly. 

 

Table 1.  Effect of initial concentration of PCT 

Concentration of PCT 

(mg/L) 

Rate of Reaction 

(mg/L.min) 

5 0.04 

10 0.08 

20 0.12 

30 0.02 

  

Propose mechanism for CuO formation and PCT degradation 

The possible mechanism for CuO formation was proposed according to the characterization results and literature as 

shown in Figure 9. The electrolysis at anode and cathode involved the following reactions (2-3): 

 

Anode  : Cu → Cu
2+

 + 2e
-
                 (2) 

Cathode  : 2H2O + 2e
- → 2H2 + 2OH

-
               (3) 

 

The copper plate was oxidized to generate copper cations (Cu
2+

)
 
and released electrons at the anode. As reported, 

DSH is rich with polysaccharide compound. The presence of polysaccharide in electrolyte formed a complex 

compound with Cu
2+

 to form Cu[polysaccharide]
2+

. This Cu[polysaccharide]
2+ 

then played an important role in the 

formation of CuO nuclei. The polysaccharide reacted as a capping agent as well as a stabilizer which controlled the 

growth of CuO nuclei. Therefore, as observed in XRD, the particles size of synthesized CuO in the presence of DSH 

extract was much smaller than in the absence of DSH extract. Since the electrochemical synthesis was conducted in 

open air, part of oxygen could be dissolved and formed a highly crystalline CuO [26]. Meanwhile at the cathode, the 

generated electrons reacted with the hydroxyl group from electrolyte to form hydrogen gas on the electrode surface.  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.  Propose mechanism for CuO nanoparticles formation 
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PCT degradation was initiated by the reaction between free electron from Cu oxidation and oxygen to produce O2∙-. 
Then, the O2

-
 will react with hydrogen ion (H

+
) from water to produce ∙OH with HOO∙ as the intermediate reaction. 

Meanwhile, the holes in VB were positive enough to oxidize water or OH
-
 on the copper surface to produce 

hydroxyl radicals (∙OH). Therefore, ∙OH would react with PCT and produce degradation product. The degradation 

product mainly consists of carbocyclic acid which further decreases the pH value after reaction [27]. The proposed 

degradation is presented in Figure 10.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10.  Propose PCT degradation 

 

 

Conclusion 

Pure copper oxide (CuO) nanoparticles were successfully prepared by using electrochemical method. CuO was 

spherical in shape and the particles sized was highly affected by the durian shell husk (DSH) concentration. The 

particle size decreased drastically from 40 nm to 29 nm in the presence of optimum DSH content. The 

photodegradation rate of paracetamol (PCT) by using CuO in the presence of DSH increased by more than twice as 

compared to in the absence of DSH. The optimum condition for PCT degradation was obtained by using 1 g/L of 

CuO0.06 in pH 9 at 30 °C to degrade 20 mg/L of PCT with the highest degradation rate of 0.1222 mg/L.min. These 

findings suggested that DSH extract was remarkably important for an efficient nanoparticle’s synthesis and PCT 

degradation. For future prospect, the combination of CuO with a catalyst support or other metal oxides will be a 

great contribution to enhance the photocatalytic activity and stability of the catalyst.  
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