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ABSTRACT 

In this study, copper wires were upcycled as copper oxide (CuO) powder through hydrometallurgical and 
biotreatment processes, which are economically and environmentally attractive. Lactic acid, an organic weak acid, 
is chosen as the lixiviant to improve the sustainability of the leaching process; meanwhile, Camellia sinensis leaf 
extract is chosen for the biogenesis of CuO particles. The leaching behavior was investigated. A crystallized Cu 
powder was successfully generated during the biogenesis process, which became the precursor to CuO. The sintering 
of Cu resulted in high crystalline CuO particles with monoclinic structure (space group C2/c) based on several 
characterization methods such as X-ray diffraction analysis and Fourier transform Infrared spectroscopy. SEM 
images exhibited the submicron secondary particle with a raspberry-like shape of CuO and nanosized primary 
particles. The band gap of the as-prepared CuO is 3.17 eV. The as-prepared CuO particles were used as a photocatalyst 
and an active supercapacitor material. The photocatalytic performance was evaluated in a photodegradation process of 
acid orange 7 (AO7) and methyl orange (MO) dyes, which are considered harmful to the environment. The AO7 and 
MO photodegradation efficiency are 92.5 and 97.8, respectively. The electrochemical performance of CuO particles 
showed a pseudocapacitive behavior with a specific capacitance of 252 and 120 F/g at a current density of 0.5 and 5 
A/g in 5 M of KOH electrolyte, respectively. This approach can be applied for numerous applications, specifically in 
overcoming heavy metal pollution from wide selections of metal-based wastes.
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ABSTRAK

Dalam kajian ini, wayar kuprum dikitar semula sebagai serbuk kuprum oksida (CuO) melalui proses hidrometalurgi 
dan biorawatan yang lebih baik daripada segi ekonomi dan alam sekitar. Asid laktik adalah asid lemah organik, 
dipilih sebagai bahan pengikat untuk meningkatkan kemampanan proses larut lesap; Sementara itu, ekstrak daun 
Camellia sinensis dipilih untuk biogenesis zarah CuO. Tingkah laku larut lesap telah dikaji. Serbuk Cu terhablur 
berjaya dihasilkan semasa proses biogenesis yang menjadi pendahulu kepada CuO. Pensinteran Cu menghasilkan 
zarah CuO berhablur tinggi dengan struktur monoklin (kumpulan ruang C2/c) berdasarkan beberapa kaedah pencirian 
seperti analisis pembelauan sinar-X dan spektroskopi Inframerah transformasi Fourier. Imej SEM menunjukkan 
zarah sekunder submikron dengan bentuk seperti raspberi CuO dan zarah primer bersaiz nano. Jurang jalur bagi 
CuO seperti yang disediakan ialah 3.17 eV. Zarah CuO yang disediakan telah digunakan sebagai pemangkin foto dan 
bahan aktif untuk superkapasitor. Prestasi fotokatalitik telah dinilai dalam proses fotodegradasi pewarna jingga asid 7 
(AO7) dan metil jingga (MO), yang dianggap berbahaya kepada alam sekitar. Kecekapan fotodegradasi AO7 dan MO 
masing-masing ialah 92.5 dan 97.8. Prestasi elektrokimia zarah CuO menunjukkan tingkah laku pseudokapasitif 
dengan kapasitans tertentu 252 dan 120 F/g masing-masing pada ketumpatan arus 0.5 dan 5 A/g dalam 5 M elektrolit 
KOH. Pendekatan ini boleh digunakan untuk pelbagai aplikasi, khususnya dalam mengatasi pencemaran logam berat 
daripada pelbagai pilihan sisa berasaskan logam. 
Kata kunci: Biogenesis; fotomangkin; kuprum; larut lesap; superkapasitor; sisa
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INTRODUCTION 
Copper (Cu) wires have been widely used as the 
main component of electric cables for transportation, 
construction, internet networks, communication, and 
various electronic applications. A couple of decades 
ago, copper cables were effectively used to transmit 
data via electrical signals, allowing significant internet 
connection at a reasonable speed (Lambert et al. 2021). 
However, copper-based internet networking became 
less efficient due to performance instability during 
data transmission, resulting in low data transfer, signal 
strength, and financial losses in business sectors. With 
the invention of reliable, superior, and resilient fiber 
optics, the use of copper wires was reduced drastically. 
As a result, spent copper wires are generated in large 
amounts (Addanki, Amiri & Yupapin 2018). Usually, 
this type of cable can be recycled for reuse; however, 
most wires were processed using the high-energy 
pyrometallurgical technique. Physical processing of 
copper wires was conducted at a lower temperature, such 
as dismantling, shredding, and separation using gravity 
or electromagnets. These approaches generate residual 
copper, often left unprocessed but still economically 
valuable. 

The hydrometallurgical approach has significant 
advantages compared to the physical and pyrometallurgical 
techniques. Hydrometallurgical processing requires a 
relatively low temperature at atmospheric pressure, which 
is beneficial for large-scale implementation. Specifically, 
the leaching process often has high leaching efficiency, 
especially using cheap and commercially available 
mineral acids such as nitric acid (HNO3), sulfuric acid 
(H2SO4), and hydrochloric acid (HCl) (Soraya Ulfa et al. 
2019). Bioleaching (biohydrometallurgy) has similar 
features, with lower metal recoverability and lower 
leaching efficiency and significantly longer processing 
time (Lambert et al. 2021). Therefore, acid-leaching using 
acids is still economically feasible for Cu recovery. To 
enhance the eco-friendliness of the process, researchers 
have performed leaching using organic acids. Organic 
acids are considered weak, resulting in a safer approach 
and handling than mineral acids. In the past years, 
organic acids have been utilized to extract copper from 
ores, rocks, and various electronic waste (Li et al. 2012; 
Zhuang et al. 2019). Acetic acid, citric acid, oxalic acid, 
and maleic acid have been employed as a lixiviant for the 
Cu recovery of various materials (Lisińska et al. 2022; 
Nagarajan & Panchatcharam 2023). The use of lactic 
acid, widely used in food, cosmetics, and medicine, as a 

lixiviant is also promising; however, it was scarcely and 
seldom reported. 

The recovered Cu-containing solution is potentially 
adapted as advanced materials for Li-ion batteries, 
sensors, and photocatalysts (Bekru et al. 2022; Seong 
& Manthiram 2020; Shah et al. 2019). The solution 
route method for Cu-based advanced materials has 
been extensively investigated, including chemical 
precipitation, pechini’s method, spray pyrolysis, and 
electrochemical method, with outstanding study results. 
The as-prepared copper-based material has antifungal, 
antibacterial, and anticancer activity, making it suitable 
for medicinal application (Devanthiran et al. 2021).  
Nowadays, a greener and more cost-effective method is 
preferred due to environmental and economic perspectives 
responsible for the technology’s sustainability. 
Biogenesis of copper-based materials is an interesting 
topic and has also been successfully conducted to 
produce material with exceptional characteristics by 
utilizing plant extracts (Cuong et al. 2022; Dharshini et 
al. 2023). Therefore, lactic acid-assisted leaching and 
biogenesis are interesting combinations that can be used 
to upcycle spent copper wires to Cu-based material. 

Copper-based materials, such as Cu or CuO 
nanoparticles, have been successfully fabricated through 
metal reduction and capping mechanisms using leaf 
extracts of various plants such as soursops, kales, beets, 
olives, and palms (Devanthiran et al. 2021; Muhammad 
et al. 2021; Shanmugam et al. 2018). Even though many 
other plant parts can be utilized as the capping agent, 
leaves are often preferred due to their abundance, cost, 
and biomolecule content which helps the formation of 
materials and the sustainability of the technology. A tea 
leaf (Camellia sinensis) is a promising candidate for the 
biogenesis of Cu/CuO materials due to its high number 
of tannins, flavonoids, and polyphenol content (Emima 
Jeronsia et al. 2019). Tea is also a cheap and traditional 
beverage in many countries, and it is rated as the most 
consumable drink, besides water.  

This study will explore the leaching process of 
copper wire using lactic acid as the lixiviant. Also, the 
recovered copper ions were used along with black tea 
extract to form Cu/CuO advanced material biogenetically. 
The as-produced Cu/CuO materials will be used for 
the supercapacitor active material and photocatalysts 
to photodegrade dye pollutants, namely acid orange 7 
(AO7) and methyl orange (MO). The overall process is 
environmentally and economically attractive, considering 
the rapidly growing energy sector technology and 
environmental issue of genotoxic organic pollutants. 
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MATERIALS AND METHODS 

MATERIALS 

The black tea (Camellia sinensis) leaf was obtained from 
an Indonesian tea producer (PT Teh Kartini Nasional, 
Indonesia). The copper cable was obtained during the 
alteration of copper cable to fiber optics. Lactic acid 
(Merck, Germany) was used as the lixiviant. NaOH 
(Merck, Germany) was used as a pH controller.

METHODS

Extraction of dry Camellia sinensis leaves 25 grams of 
pre-dried and pre-ground tea leaves were added to 500 
mL of boiling water in a 1 L beaker glass. The beaker 
glass was covered, and the maceration lasts for 30 min. 
The beaker was cooled to room temperature, and the 
tea residue was separated using a vacuum filter. The 
volume of the tea extract was adjusted to 500 mL using 
deionized water. 

Copper cable leaching using lactic acid The copper 
wire was protected with rubber and plastic. The rubber 
and plastic were peeled off. The as-obtained copper wire 
was cut into 0.5 cm lengths, washed, dried in an oven, 
and stored in a dry container. The cable was leached 
using 1 M lactic acid. The solid-to-liquid (S/L) ratio 
was maintained at 25:1000. 5%v/v of H2O2 was added 
to the solution as an oxidizing agent. The leaching was 
conducted for 5 hours at 70 ℃ to obtain a green-blue 
copper (II) lactate solution. The solution was analyzed 
using AAS and UV-visible to predict the leaching behavior 
of spent copper cable. 

Biogenesis of Cu powder 50 mL of as obtained copper 
(II) lactate solution was mixed with 950 mL of Camellia 
sinensis extract. The mixture was continuously stirred 
at 300 rpm. After 30 min, the 4 M NaOH solution 
was added dropwise to the mixture to achieve a pH of 
10-11. After the desired pH was achieved, the mixture 
was allowed to age for a total of 24 h. Afterward, a red-
brownish suspension was centrifuged. The supernatant 
was carefully removed and replaced with deionized 
water until the pH solution was neutral. The formed 
precipitate was recovered, dried in the oven, and labeled 
as Cu-CS.

Formation of CuO powder The as-prepared powder was 
dispersed in a NaOH-containing solution with a pH level 

of ~10. The suspension was heated at 80 oC to achieve 
a black precipitate. The precipitate was taken using the 
same technique for Cu powder recovery. The as-prepared 
powder was labeled  CuO-CS-LT. The CuO-CS-HT was 
obtained by annealing of Cu-CS at 500 oC for 3 h under 
an air atmosphere.  

Material characterization The morphological and 
quantitative analysis was performed using a scanning 
electron microscope (SEM) by FEI Inspect-S50, FEI 
Company, USA, at 20 kV. The X-ray diffraction pattern 
of the samples was analyzed using D2-Phaser Bruker, 
Germany. The FTIR analysis was conducted using 
IR-Spirit, Shimadzu, Japan. TG/DTA analysis was 
performed using Thermogravimetric Analyzers 60, 
Shimadzu, Japan. UV-Visible spectra of the CuO powder 
were analyzed using Specord 200 Plus, Analytik Jena, 
Germany. 

Elec t rochemica l  Per formance  Analys i s  in  a 
Supercapacitor The as-prepared CuO-CS was mixed 
with Acetylene black (AB) and Polyvinyl difluoride 
(PVDF) at a gravimetric ratio of 80:10:10. The mixture 
was dispersed in N-methyl 2 pyrrolidone (NMP) solvent 
to obtain a stable and homogenized slurry. The slurry 
was coated on a stainless-steel plate with a 10 mg/cm2 
mass loading. The coated plate was dried in a vacuum 
oven to obtain CuO electrodes. The electrode was tested 
using a three-electrode system. 5 M KOH (Merck, 
Germany) was used as the electrolyte. Ag/AgCl and Pt 
wire were used as the reference and counter electrodes. 
The cyclic voltammetry was conducted at various scan 
rates. Galvanostatic charge discharge was also conducted 
using various current densities. Both cyclic voltammetry 
and GCD analysis were performed using EZ-Ware, 
NuVant Potentiostat, USA. 

Photocatalytic activity of CuO-CS The photocatalytic 
activity of the as-prepared CuO was evaluated by 
photodegradation analysis of AO7 and MO dye. 500 
mL of 20 ppm of each dye was prepared as a pollutant 
sample. 50 mg of CuO sample was added to each solution. 
As a control, solutions with no CuO were also prepared. 
The CuO was allowed to be dispersed for 30 min to 
ensure chemical equilibrium in the photocatalyst. H2O2 
(Merck, Germany) was added to the solution with a final 
concentration of 10 mM. The dispersion was put under 
UV light. The UV-Visible spectra of the solutions were 
collected at various times.
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RESULTS AND DISCUSSION 

LEACHING BEHAVIOR OF COPPER CABLE IN LACTIC 
ACID AND CHARACTERIZATION OF THE LEACHATE 

Leaching behavior analysis The results of the analysis 
of the UV-Vis spectra show that the samples shown in 
Figure 1(a) contain CuO-LA samples with a comparison 
of samples with and without the addition of H2O2. The 
copper can be leached due to the presence of oxidized 
state of copper which is thermodynamically feasible 
to be leached using acid. The addition of H2O2 in this 
experiment aims to increase the leaching efficiency of 
the samples. The results of the UV-Vis spectral analysis, 
the addition of H2O2 was very crucial on the leaching 
efficiency marked by the high peak at a wavelength of 
802 nm. Based on the FTIR spectra in Figure 1(b), the 
Copper (II) lactate extract has the molecular formula 
Cu(CH3CHOHCOO)2. The reactions that occur in the 
leaching process are as follows:

CuO(s) + 2CH3CHOHCOOH → Cu(CH3CHOHCOO)2 + 

H2O(g)			                                            (1)

Figure 2(a) shows the behavior of copper cable 
leaching with lactic acid. It can be seen that the 
concentration of the solution always increases with 
increasing time. The rate of reaction become slower 
as the efficiency approach 90%. From the results of 
comparing AAS data with UV-Vis, there is no significant 
difference in the measurement results, this indicates 

that UV-Vis spectroscopy can be used to evaluate the 
leaching behavior of copper in various acids for future 
project (Habbache et al. 2009). Based on the leaching 
data, we performed a preliminary kinetic study to predict 
the suitable reaction mechanism. Shrinking Core Model 
(SCM) is often used to predict the kinetic model of 
heterogenous reaction. However, the particle is often 
considered as a spherical and non-porous, which will 
affect the leaching mechanism prediction. The overall 
reaction is often controlled by the internal reaction or 
external physical driving force such as mass transfer. 
The dissolution kinetic of copper can be expressed in 
these equations:

For mass transfer in the liquid, the equation is: 
			 

 (2)

For surface reaction control, the equation is: 	
	

(3)

For diffusion of product layer, the equation is: 	
	

(4)

where LE is leaching efficiency. The kinetic plot 
according to these equation can be seen in Figure 2(b)-
2(d). Based on the plots and the R2 values, the reaction 
is controlled by surface reaction which is consisten to 

For mass transfer in the liquid, the equation is  :   𝐿𝐿𝐿𝐿 = 𝑘𝑘 × 𝑡𝑡     

For surface reaction control, the equation is  :  1 − (1 − 𝐿𝐿𝐿𝐿)
1
3 = 𝑘𝑘 × 𝑡𝑡  

For diffusion of product layer, the equation is :  1 − 2
3 𝐿𝐿𝐿𝐿 − (𝐿𝐿𝐿𝐿)

2
3 = 𝑘𝑘 × 𝑡𝑡  

 

For mass transfer in the liquid, the equation is  :   𝐿𝐿𝐿𝐿 = 𝑘𝑘 × 𝑡𝑡     

For surface reaction control, the equation is  :  1 − (1 − 𝐿𝐿𝐿𝐿)
1
3 = 𝑘𝑘 × 𝑡𝑡  

For diffusion of product layer, the equation is :  1 − 2
3 𝐿𝐿𝐿𝐿 − (𝐿𝐿𝐿𝐿)

2
3 = 𝑘𝑘 × 𝑡𝑡  

 

For mass transfer in the liquid, the equation is  :   𝐿𝐿𝐿𝐿 = 𝑘𝑘 × 𝑡𝑡     

For surface reaction control, the equation is  :  1 − (1 − 𝐿𝐿𝐿𝐿)
1
3 = 𝑘𝑘 × 𝑡𝑡  

For diffusion of product layer, the equation is :  1 − 2
3 𝐿𝐿𝐿𝐿 − (𝐿𝐿𝐿𝐿)

2
3 = 𝑘𝑘 × 𝑡𝑡  

 

FIGURE 1. (a) UV-visible spectra and (b) FTIR spectra of copper extract (copper lactate) by 
leaching process for 120 min with (black) or without the addition of 5% v/v H2O2 (red)

 
 

 
(a) 

 

 
(b) 
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previous studies (Habbache et al. 2009; Li et al. 2018, 
2012). The surface reaction is relatively slow due to the 
utilization of organic weak acid such as lactic acid, 
which require more than 5 h to achieve full copper 
dissolution.

XRD analysis The extract obtained was used to 
produce Cu particles by the biogenesis method. Figure 
3(a) shows the results of the XRD analysis of Cu, CuO 
samples formed at low temperature (80 °C) (CuO-
CS-LT) and CuO formed at high temperature (500 °C) 
(CuO-CS-HT). It can be seen that pure copper particles 
can be seen in the X-ray diffraction pattern of Cu-CS 
sample which in accordance to JCPDS 003-1018 proving 

that face-centered cubic (FCC) structured copper can 
be formed from the biogenesis process with black tea 
extract. The CuO-CS-LT sample was formed when Cu is 
oxidized under alkaline conditions at a mild temperature 
(80 °C). Meanwhile, based on the diffraction pattern, 
CuO-CS-LT showed Cu2O phase according to JCPDS 
05-0667 and CuO phase according to JCPDS 45-0937 
are accompanied by sodium impurities which indicate 
that the oxidation is not uniform or partial oxidation 
was occurred. The crystallinity of Cu-CS is reduced 
during the low-temperature oxidation due to the peaks 
broadening and intensity reduction in the diffraction 
pattern. This phenomenon occurs due to the leaching 

FIGURE 2. Leaching behavior of spent copper cables using 1 M lactic acid and 5%v/v H2O as 
lixiviant at S/L of 25/1000 and the preliminary copper leaching kinetic study using shrinking core 

model : (b) Mass Transfer Controlled ; (c) Surface reaction controlled; (d) Diffusion layer controlled

 
(a) 

 
(b) 

 
(c) 

 
(d) 
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of the as-prepared Cu-CS resulting in poor crystalline 
property of CuO-CS-LT (Gennero De Chialvo, Marchiano 
& Arvía 1984). A pure CuO phase is formed which is 
characterized by the formation of a crystalline phase 
that corresponds to the miller index reference (Dana 
& Sheibani 2021). Based on structural analysis, CuO-
CS-LT has a monoclinic crystal structure with space 
group C2/c and lattice parameters a, b, c, α, β, and γ, 
respectively, 4.703, 3.457, 5.123, 90, 90 and 93.825o. 

This is in accordance with other studies that have been 
performed. Based on calculation using debye-scherer’ 
equation, the CuO-CS-LT sample has a crystallite size of 
12.96 nm (Hyba et al. 2023; Liu et al. 2020). Based on 
the XRD data, high-temperature sintering is preferred in 
order to obtain high purity CuO-NPs. 

FTIR analysis Figure 3(b) shows the FTIR spectra 
of Cu-CS samples derived from pure copper and CuO-
CS-HT samples obtained from heating Cu particles. In 

FIGURE 3. (a) X-ray diffractograms of Cu-CS, CuO-CS-LT, and CuO-CS-HT; (b) FTIR 
spectra of samples Cu-CS and CuO-CS-HT; and, TG/DTA curve of Cu-CS samples under (c) 

air and (d) N2 atmosphere

 
(a) 

 
(b) 

 
(c) 

 
(d) 
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the Cu-CS sample, it can be seen that there are several 
significant peaks that appear, such as at wave numbers 
3395/cm and 1608/cm which indicate the presence of 
OH groups caused by adsorbed water molecules. The 
peak that appears at 1460/cm is indicated as the C=O 
group and at 1003/cm it is indicated as an asymmetric 
C-O group. There is a sharp peak that appears at 612/cm 
which is indicated as CuO. In Figure 3(b) it can be seen 
that the CuO-CS-HT sample has a significant peak that 
appears at wavenumber 1490/cm which is indicated as an 
OH group due to the adsorption of water molecules in the 
sample. There is a sharp peak observed at 1061/cm which 
indicates the presence of a C-O group. The appearance of 
the C-O group can come from the adsorption of carbon 
dioxide from moist air. Moreover, the presence of CuO 
or metal oxide bonds is indicated by the formation of 
peaks in the range of 500-450/cm (Saquf et al. 2018; 
Varughese, Kaur & Singh 2020).

TG/DTA analysis. TG/DTA analysis of Cu samples 
under conditions of airflow and N2 gas flow can be seen 
in Figure 3(c) and Figure 3(d), respectively. In Figure 
3(c), it can be concluded that Cu-CS can be thermally 
oxidized under air at a temperature of about 280 °C 
which is indicated by a significant increase in mass, 
the TG curve shows a decrease of mass up to 280 oC; 
afterwards, the TG curve was increased significantly 
along with an occurrence of two exothermic peaks at 
233 oC and 289 oC. This phenomenon can be direct 
evidence of several processes: (i) The elimination of 
water molecules, which is indicated by the decreasing 
of TG and DTA curves; (ii) the decomposition of organic 
residues; and (iii) the oxidation of copper, indicated by 
a sharp exothermic peak at 289 oC and increasing of TG 
curve.  After the oxidation occurs, it can be seen that 
both TG and DTA curves are declining gradually, which 
indicates a continuous removal of volatile matters in the 
Cu-CS samples. The exothermic peaks cannot be found 
in the TG/DTA curve of Figure 3(d) due to the absence of 
oxygen or inert conditions, which prevents the oxidation 
of Cu but allows organic substances to decompose due 
to endothermic pyrolysis. The results of the TG/DTA 
study prove that the sintering process is necessary to 
remove organic residue from the biogenesis process, 
thus obtaining a pure CuO. The overall reaction during 
the heat treatment under air can be seen in the Equations 
(5) and (6); meanwhile the predicted reaction during 
the heat treatment in an inert atmosphere can be seen 
in Equation (7) (Jadhav et al. 2011; Tanna et al. 2016). 

(5)

(6)

(7)

SEM-EDX-Mapping analysis The results of the 
morphological analysis of Cu-CS and CuO-CS-HT 
samples can be seen in Figure 4(a) and 4(b) Cu-CS 
samples and 4(c), 4(d) CuO-CS-HT samples which 
were showing submicron secondary particles with 
quasi-spherical and raspberry-like surface and nano-
sized primary particles. Although, in the synthesis of 
CuO samples, heating is carried out but does not affect 
the shape of the sample significantly, the shape of the 
CuO sample particles that are formed is uniform and 
looks denser with rough surface texture. In addition, 
the distribution of particles in the samples is relatively 
narrow. The average secondary particle size of these 
two samples was ~400 nm, while the primary particle 
size was in the range of 20-90 nm (Dubal et al. 2013; 
Liu et al. 2020). 

To ensure the results of the SEM-EDX analysis, 
this study also tested the atomic mapping analysis 
(mapping). Atomic mapping analysis results (mapping) 
Cu-CS and CuO-CS-HT can be seen in the inset of 
Figure 4(a) Cu-CS sample and (c) CuO-CS-HT sample. 
In the image of the results of the Cu-CS sample atomic 
mapping test (inset Figure 4(a), 4(c)) it can be seen that 
the distribution of Cu in the sample is more dominant 
while the distribution of oxygen in the sample is not 
dominant, this proves that the Cu-CS biogenesis process 
was carried out successfully. Meanwhile, the results 
of the analysis of atomic mapping (mapping) of CuO-
CS-HT samples can be seen that Cu and Oxygen have 
a consistent distribution according to their location, 
this is consistent with the results of the XRD analysis 
in Figure 3(a).

The results of the EDX analysis of Cu and CuO 
samples showed that both samples contained several 
elements such as Cu, O, C, Si, and Ca with the %atom 
ratio shown in Table 1. In the EDX test results of Cu 
samples, the elements O (oxygen), C (Carbon), Si 
(Silica) and Ca (Calcium) appeared, this was due to 
the presence of residues Camellia sinensis which cannot 
be simply washed away. Whereas in the CuO sample the 
elements O (oxygen) appear due to the oxidation of 
Cu at high temperatures, besides that there are also 
elements Si, Ca in the CuO sample due to the presence 
of residues Camellia sinensis which cannot be removed 
during the sintering process, however, the amount of Si 
and Ca is very low (less than 0.6%). High amount of 
carbon is associated by the background carbon tape of 
the sample during the analysis. 

CxHyOz(residue)(s) + heat → C(s) + CO(g) + H2(g)   

Cu(s) + ½ O2 → CuO(s) + heat            (5) 
 
CxHyOz (residue)(s) + (z/2+y/4) O2 → xCO2(g) + y/2H2O(g) + heat   (6) Cu(s) + ½ O2 → CuO(s) + heat            (5) 

 
CxHyOz (residue)(s) + (z/2+y/4) O2 → xCO2(g) + y/2H2O(g) + heat   (6) 
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TABLE 1. Quantitative analysis of samples with EDX

Elements %Cu atom (%) %atom CuO (%)

Cu 21 13

O 32 27

C 46 59

Si 0.6 0.5

Ca 0.4 0.5

FIGURE 4. SEM-EDX mapping images (a,c) and particle size histogram (b,d) of Cu-CS (top) 
and (c,d) CuO-CS-HT (bottom) samples

 
(a) 

 
(b) 

 
(c) 

 
(d) 
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UV-Vis Diffuse Reflectance Spectra Analysis 
DRS UV-Vis analysis was carried out to determine the 
semiconductor properties of CuO through calculations 
band gap on the Tauc plot. The UV-Visible Spectra 
and the Tauc Plot can be seen in Figure 5(a) and 5(b). 
Energy Band-gap can be calculated from the absorption 
spectra. In the UV-VIS absorption spectrum of the CuO-
CS-HT sample it only shows one maximum peak which 
is shown in the range of about 345 nm which is the 
characteristic band gap of CuO. In several literatures 
describing the synthesis of CuO nanoparticles with 
various techniques will generally produce a mixture of 
CuO and Cu2O. In this experiment, results were obtained 
indicating the formation of the CuO phase. Based on the 
calculation, the energy value band-gap sample is 3.17 
eV which is in the range of semiconductor materials. 
The band gap results obtained are higher than the 
literature CuO values of 1.8-2.5 eV. This could be due 
to the effect of the sample quantum size (Saquf et al. 
2018).

Photocatalytic Degradation of Organic Pollutant 
(Acid Orange 7 and Methyl Orange) The photocatalytic 
activity of CuO-CS-HT tested against degradation 
with Acid Orange 7 (AO7) and Methyl Orange (MO) 
using UV light is shown in Figure 5. The UV-VIS 
absorbance in Acid Orange 7 sample showed the 
highest peak at 492 nm (Figure 5(c)). Meanwhile, the 
UV-VIS absorbance in the Methyl Orange (MO) sample 
showed the highest peak at 460 nm (Figure 5(e)). In 
the experiment, Acid Orange 7 and Methyl orange 
samples were carried out for 1 h, where the longer the 
irradiation time using UV light, the absorbance of the 
samples decreased. Degradation using Acid Orange 7 
for 1 h experienced a decrease in absorbance of 92.5% 
as shown in Figure 5(d) and degradation using Methyl 
Orange for 1 h experienced a decrease in absorbance 
of 97.8% (Figure 5(f)). In general, the processes 
involved in photocatalysis include absorption of light, 
generation and dissolution of e−/h+ pairs, transfer of 
e−/h+ to active reactions for redox reactions, e−/h+ 
recombination, and adsorption/desorption of reactants/
products forming radical species which oxidize organic 
pollutants. With the addition of small amount of H2O2, 
the material behave like a photo-Fenton catalyst 
(Betim et al. 2023; Dong, Xing & Zhang 2020). We 
also compare the result of the study without CuO-NP 
photo-Fenton catalyst with MO and AO7 degradation 

efficiency of 23.7% and 33.2%, respectively, irradiated 
at the same time. Acid Orange 7 and Methyl Orange 
compounds have a high tendency to be oxidized into 
simple compound such as CO2, H2O, and carboxylic 
acids (Bekru et al. 2022; Widiyandari et al. 2023), with 
an addition of H2O2, the hydroxyl radical increases and 
the degradation occurred rapidly. Table 2 compares the 
photodegradation performance of the current study 
to the previous studies using similar CuO synthesis 
method. Based on Table 2, CuO NPs was successfully 
synthesized using various biomass, part of biomass, and 
copper precursor. The result of our study is comparable 
with the other researches (Qaderi, Mamat & Abdul Jalil 
2021; Raub et al. 2022). The use of copper-based waste 
can improve the sustainability of the product, thus, this 
study can provide a new perspective on finding the 
copper sources. To improve the value of the as-prepared 
CuO-CS-HT, the sample was used as an active material 
for aqueous supercapacitor. The same approach was 
used by Nwanya et al. (2019) by utilizing corn husk 
extract as the capping agent for CuO synthesis and 
applied it as an asymmetrical supercapacitor. 

Electrochemical Performance of CuO-CS-HT 
Figure 6(a) displays the cyclic voltammetry curve of 
CuO-CS-HT electrode at scan rates of 2, 5, 10, 20, 30, 
50, 80, and 100 mV/s performed using three-electrode 
system as presented in Figure 6(b). The area inside the 
curve increased with the increasing of scan rate as a 
result of capacitive behavior of CuO-CS-HT electrode. 
Based on the curve’s shape, the CuO-CS-HT in 5 M 
KOH electrolyte has a pseudocapacitive behavior. This 
is consistent with previous researches that transitional 
metal is considered as pseudo-capacitor whereas during 
the electrochemical process ions of the electrolyte 
were electrochemically stored on the surface of the 
CuO. Figure 6(c) presents the galvanostatic charge 
discharge of CuO-CS-HT in three electrode system. 
The specific capacitance of CuO-CS-HT at current 
density of 0.5, 1, 2, 5, and 10 A/g is 252, 192, 168, 
120, and 50 F/g, respectively. The Ragone plot can be 
seen in Figure 6(d), which proved that CuO-CS-HT is 
suitable to be used as supercapacitor due to its power 
density range of 100-10.000 W/kg (Dubal et al. 2013; 
Nisha, Vidyalakshmi & Sirajunnisa 2020). Table 3 
compares the electrical performance of CuO prepared 
using various techniques which also showed that the 
as-prepared CuO has comparable electrochemical 
performance with the previous studies.  
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
FIGURE 5. (a) UV-Vis DRS spectra; (b) Tauc plot, and the photocatalytic performance of CuO-CS-HT 

in photodegradation of (c,d) Acid Orange 7 (AO7) and (e,f) Methyl Orange (MO) using UV-visible 
spectroscopy
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TABLE 3. Comparison of CuO synthesis towards their capacitance in aqueous supercapacitor

Synthesis method Electrode Electrolyte Specific 
Capacitance Technique Reference

Electrodeposition of 
CuSO4

CuO/SCE 1 M Na2SO4 179 F/g Cyclic 
Voltammetry Dubal et al. (2013)

Surfactant-assisted 
precipitation CuO/Ag-AgCl 1 M Na2SO4 326 F/g Galvanostatic 

Charge-Discharge
Saravanakumar et al. 
(2019)

Green synthesis using 
corn husk extract CuO/Ag-AgCl 1 M Na2SO4 252 F/g Cyclic 

Voltammetry Nwanya et al. (2019)

Successive ionic layer 
adsorption and reaction 
(SILAR)

CuO/Ag-AgCl 1 M KOH 184 F/g Cyclic 
Voltammetry Patil et al. (2017)

Green synthesis using 
Camellia sinensis and 
copper waste

CuO/Ag-AgCl 5 M KOH 252 F/g at 0.5 
A/g

Galvanostatic 
charge-discharge This study

FIGURE 6. (a) The schematic diagram of electrochemical analysis using of supercapacitor using three-
electrode system, (b) Cyclic Voltammogram of CuO-CS-HT at various scan-rates, (c) The GCD- Curve of 

CuO-CS-HT and (d) The Ragone plot of CuO-CS-HT

 

 
(a) 

 
 

 
(b) 

 
(c) 

 
(d) 

 



	 	 1401

CONCLUSIONS 
The biotreated lactic acid-leaching of copper wires 
leachate to generate Cu and CuO powders are successfully 
conducted as an effort to upcycle copper cable wastes. 
XRD, FTIR and SEM analysis confirm a monoclinic 
structure of CuO with a raspberry-like secondary particle 
with nano-sized primary particle. UV-Visible analysis of 
CuO confirmed the energy gap of the CuO. Based on the 
photocatalytic analysis, the as-prepared CuO successfully 
removed the presence of AO7 and MO dyes with the 
efficiency of more than 90%. The electrochemical 
performance of CuO as an active material for capacitors 
confirmed that the as-prepared CuO exhibited a specific 
capacitance of 120 F/g at a 5 A/g current rate. Overall, 
this economical and eco-friendly approach is highly 
recommended for the handling and processing of metal-
containing wastes and upcycle them into multipurpose 
advanced metal powders. 
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