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Abstract:

Research on Cu synthesis20 uses the electrolysis method in the Cu(s)|CuSO4(aq)|Fe(s) system and degradation
tests on methylene blue. Cu20 is a blackish-red solid which has properties as a semiconductor with a band gap
of around 2-2.2 eV. These transition metal oxides are widely used as catalysts, solar cell components, and
photodetectors. This research aims to synthesize Cu20 with variations in electrolysis time, determine the
characteristics of Cu20 using FTIR and XRD, and test the degradation of methylene blue. The method used is
electrolysis with a fixed potential and time variations. Research stages include solution preparation,
determination of decomposition potential, electrolysis of samples under various conditions, and analysis. The
results of determining the decomposition potential are used as the application potential value in the copper
electrolysis process, namely 3.25 V. Sample electrolysis was carried out at a potential of 3.25 V, solution pH 4.0
in a volume of 100 mL at 30, 60, 90, and 120 respectively. and 150 minutes. The products obtained were
analyzed using Fourier Transform Infra-Red (FTIR) and X-ray diffraction (XRD). The results of FTIR analysis
show that before calcination there is a Cu-O functional group with a wave number of 477.23 cm-1 and after
calcination, there is a Cu-O functional group with a wave number of 538.28 cm-1 which indicates the formation
of oxide. The results of XRD analysis show that the value of 20 before calcination is 36.553; 50,481 ; 62.855
which shows the peak of Cu and after calcination 29.928; 36,027 ; 61.568 shows the Cu20 peak. The highest
photocatalytic activity test results for Cu20 against methylene blue were 85.96%. The rate of degradation of
methylene blue by Cu20 follows the second order reaction rate equation with the R2 value and reaction rate
constant being 0.9418 and 0.00769572 L mol-1 s-1, respectively.
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1. Introduction

Copper(Il)oxide (Cu,0) is a transition metal oxide compound with interesting characteristics as a p-type
semiconductor. This transition metal oxide has a narrow energy band gap, namely 2 eV in the bulk phase [1].
Cu,0 can be applied as solar cells, photodetectors, photocatalysts, and field emission displays (FEDs). Cu,0O has
attracted much attention in photocatalyst applications because of its relatively low price, high light absorbance,
low thermal emission, and relatively simple manufacturing process [2].

Previous research, synthesis and characterization of Cu20 photocatalyst from CuCl, and Sodium
Dodecyl Sulfate (SDS) for wastewater purification using visible light. The photocatalyst obtained can degrade
various kinds of organic waste including toluene, chlorobenzene, and nitrobenzene [3]. Synthesis of Cu,O
nanoparticles through the reaction of CuS0,.5H20, isopropanol, polyvinyl alcohol, and NH,OH as a
precipitating solution. The results obtained have characteristics that meet when used as a component of solar
cells (photovoltaic) and photocatalysts [4]. Research carried out electrolysis in a one-compartment system using
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a copper plate as the anode, a stainless steel plate as the cathode, and a CuSO, electrolyte solution producing
copper powder that adhered to the cathode [5].

Synthesis of Cu20 has been carried out using various methods, such as hydrothermal, sol-gel,
precipitation and electrolysis. In this research, the electrolysis method was chosen because it requires low
energy and relatively cheap production costs. The electrolysis method is used to synthesize Cu20 material from
Cu waste produced from PCBs as the anode and Fe waste from former transformers which is used as the
cathode. PCB contains various metals, namely copper (30.57%), iron (15.21%), aluminum (11.69%), tin
(7.36%), lead (6.70%), zinc (1.86%), nickel (1.58%), silver (688 ppm), and gold (238 ppm) [6]. Copper metal as
a constituent of PCBs has high economic value and can be reprocessed for reuse. The Fe plate is used as a
cathode because of its inert nature (does not react in electrolysis), where ferrous metals are formed from a
solution of metal and iron carbide components [7]. Besides that, the electrode that has a larger (positive) Eo
value is -0.44 volts on the surface of the Fe2+ ion so that it can experience reduction during electrolysis.

Cu,O synthesis results are used as a material to degrade methylene blue dye using a photocatalytic
process. The photocatalytic process using metal oxide semiconductors with UV light shows the potential to
overcome the problem of dye waste by degrading dyes into more environmentally friendly compounds [8].

In this research, Cu,O synthesis was studied using the electrolysis method in the Cu(s)|CuSO4(aq)|Fe(s)
system. Electrolysis was carried out with varying electrolysis times of 30; 60 ; 90; 120 and 150 minutes, to
determine the characteristics of Cu20 using FTIR and XRD, as well as degradation tests on methylene blue.

2. Research Methods

Materials and tools

PCB plate, Fe plate, CuSO4.5H20 0.1 M, filter paper, distilled water, acetone, aluminum foil, methylene
blue, pH paper, glassware, porcelain cup, magnetic stirrer, electroanalyzer, multimeter, universal crocodile
clamp, glass box, digital balance, oven, furnace, FTIR (Frontier FT-IR 96681), XRD (Shimadzu 7000).
Research procedure

The electrolysis container is prepared with 1 glass box measuring 10 x 4 X 6 cm. The anode electrode
uses a PCB plate measuring 8 x 8 cm which is arranged parallel to the cathode electrode using an Fe plate
measuring 8 X 4 cm. The cathode and anode were dipped in a 0.1 M CuSO4 solution with a pH of 4.0 and then
connected to an electroanalyzer and multimeter. Decomposition potential measurements were carried out on a
0.1 M CuS04 solution at potential variations ranging from 1.0 — 4.0 V and current and pH readings at each
stage. The recorded current is then made in the form of a graph of the relationship between the potential and
current of the sample solution. The electrolysis process was carried out with a time variation of 30; 60; 90; 120
and 150 minutes, and then the results electrolysis calcined at 7000C for 4 hours. The synthesized product was
characterized using FTIR and XRD.

Cu photocatalytic activity assay20 to methylene blue begins by adding 0.1 g of Cu20 to 50 mL of 5 ppm
methylene blue solution. The solution is stirred using a magnetic stirrer in the photocatalyst reactor.
Photocatalytic activity tests were carried out at varying times of 30, 60, 90, 120 and 150 minutes. The
absorbance of the photocatalyst results was measured using a UV-Vis spectrophotometer.

3. Results and Discussion

Determination of Copper (Cu) Decomposition Potential

The decomposition potential determination was carried out on a 0.1 M CuSO4 solution with the aim of
ensuring that the decomposition potential value obtained was in accordance with the conditions of the sample to
be electrolyzed, namely containing Cu impurities. This process is carried out by electrolyzing the solution at
potential variations ranging from 1.0 — 4.0 V with current readings at each stage. The recorded current is then
plotted in a graph of the relationship between the potential and current of each sample solution. Each sample
solution was measured at pH 4-4.5. Determination of the decomposition potential of the Cu2+ solution is shown
in Figure 1.

©2024, Cognizance Journal, cognizancejournal.com, All Rights Reserved 2




‘ COGNIZANCE
JOQRNAL
. cognizancejournal.com

Kharisma Madda Ellyana et al, Cognizance Journal of Multidisciplinary Studies, VVol.4, Issue.6, June 2024, pg. 1-6
(An Open Accessible, Multidisciplinary, Fully Refereed and Peer Reviewed Journal)

ISSN: 0976-7797
Impact Factor: 4.843
Index Copernicus Value (ICV) = 77.57

0 05 1 15 2 25 23 35 4
E (volt)

Figure 1. Decomposition potential of Cu?* solution

The graph above shows the relationship between the potential given to the Cu2+ solution and the electric current
flowing in the system so that the working potential is determined to be 3.25 V in the electrolysis system.

Electrolysis Process

The electrolysis process is carried out in the Cu(s)|CuSO4(aq)|Fe(s) system. The cathode is Fe plate
where the water reduction occurs. The water (H,0) decomposes into H* and OH™ gases. H, gas is characterized
by gas bubbles on the surface of the Fe electrode. At the anode, oxidation of Cu metal from the PCB occurs to
form Cu?*. After that, Cu®* migrates to the cathode surface and undergoes reduction to produce a brick-red
precipitate.

The reactions that occur in the electrolysis process are as follows
Anode :  Cu(s) > Cu?(aq) + 2¢
2H,0(1) - 0,(g) +4H*(aq) + 4¢”
Catode: Cu®(aq)+4e” > Cu(s)
2H"(aq) + 2¢° - Hy(9)

Total : Cu(s)anode +Cu®*(aq)+2H,0(1)

-> 2Cu(s) cathode +02(g)+H,(g)+ H*(aq)

The electrolysis process was carried out at a working potential of 3.25 volts. Electrolysis was carried out
with varying electrolysis times of 30; 60; 90; 120 and 150 minutes. Electrolysis time also affects the resulting
product. The results obtained from variations in electrolysis time are shown in Figure 2.
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Figure 2. Effect of time variations on product weight

In this research, the optimum time to produce the most product is 120 minutes, so this time is used in the
product synthesis process. After the electrolysis, the resulting copper is calcined at 700°C for 4 hours to form
Cu,0 or CuO compounds. The reaction that occurs in the calcination process is as follows.
3Cu(s) + O,(g) = CuyO(s) + CuO(s)
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Characterization of Cu20 Using FTIR Spectroscopy

FTIR analysis was carried out to determine the functional groups of the electrolysis products showing spectra in the
wave number range of 4000-400 cm-1. The FTIR spectrum results of the different peaks in the sample before calcination and
after calcination at 7000C are shown in Figure 3.
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Figure 3. FTIR results before calcination and after calcination

In the picture above is the FTIR spectrum of the product before and after calcination at 700°C. Based on the picture

IV.4 Before calcination there is a wave number of 477.23 cm™, and there is an absorption peak which indicates the presence
of a Cu-O stretching functional group from the Cu metal bond with oxygen in the air. Apart from that, at wave number
3401.68 cm™, there is still an absorption peak which indicates the presence of OH stretching vibrations from H,0. After
calcination, there is a wave number of 538.28 cm™, there is a quite sharp absorption peak which indicates the presence of the
Cu-O functional group which indicates the formation of oxide. Apart from that, at the wave number 1638.7 cm™ there is also
an absorption peak which indicates the presence of OH bending vibrations from H,0.

Characterization of Cu20 Using XRD Analysis

Analysis of the crystal structure of the synthesized powder was carried out using X-ray diffraction (XRD). From this
XRD analysis, data was obtained in the form of 20 and intensity. There are many peaks in the diffractogram resulting from
XRD analysis. The highest peaks from the XRD analysis results were compared with the peaks the highest peak of the
RRUFF database and there are similar peaks. XRD analysis was carried out on the 2 synthetic products before calcination
and after calcination. This aims to determine the effect of calcination temperature on the crystal structure of the product. The
results of the X-ray diffraction pattern with various samples before and after calcination are shown in Figure 4.
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Figure 4. XRD pattern

The results of the X-ray diffraction pattern spectrum in Figure V.5 show that the product before calcination has peaks
that correspond to the Cu diffractogram according to the RRUFF ID R061078 database. Meanwhile, the product after
calcination forms a crystal structure that corresponds to the Cu20 material phase, characterized by the formation of
diffraction intensity peaks at an angle of 20 in accordance with the RRUFF ID R050374 database.
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Table 1. Comparison of 26 data and product intensity before calcination and after calcination

Parameter 20 Intensity Crystal Material
(degrees) structure
Before 36.553 350 Cubic Cu
calcination 50.481 3144
62.855 130
After 29.928 338 Cubic Cu20
calcination 36.027 810
61.568 670

The appearance of phases other than Cu20 at the diffraction peak in the 20 angle range (35.585; 38.724;
48.797) in the diffraction pattern spectrum graph indicates the presence of the CuO phase. CuO is a material
with a hexagonal structure and is formed due to a rapid oxidation process that occurs on the surface of the Cu20
sample. The higher the temperature, the greater the intensity of Cu20 formed so that the crystallinity is also
higher (Simamora). This also affects the formation of the crystal structure and crystallinity of Cu20.

Cu Degradation Test2O to Methylene Blue
Test of photocatalytic activity of methylene blue by Cu,O synthesized was carried out with varying times

of 30, 60, 90, 120, and 150 minutes. The degraded methylene blue was then measured for absorbance using a
UV-Vis spectrophotometer at a wavelength of 664 nm.
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Figure 5. Percentage of methylene blue degradation by Cu20

Figure 5 shows that the degradation of methylene blue increases with increasing duration of UV light exposure. The
exposure time in the photodegradation process describes the interaction time between the photocatalyst and light (hv) in the
methylene blue degradation process. Percentage of methylene blue degradation by Cu20 with a time variation of 30; 60; 90;
120 and 150 minutes, respectively
amounting to 67.23; 75.15; 76.66 ; 80.68 and 85.96 %. This shows that the longer the exposure time, the absorption and
desorption processes will run continuously, until they reach optimum conditions where absorption and desorption are in
equilibrium so that degradation tends to be stable. Based on this data, the rate of degradation of methylene blue by Cu20 can
be calculated through chemical kinetics as shown in Figure 6.
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Figure 6. Reaction rate which follows rate equations (a) first order and (b) second order
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The results of calculations using the first and second-order reaction rate equations show that the degradation of
methylene blue by Cu,O follows the second-order reaction rate equation, with the R? value by Cu,O being 0.8142 for the
first order and 0.9418 for the second-order. Based on calculations, the first-order and second-order reaction rate constants are
0.01722378 s and 0.00769572 L mol™ s, respectively. The higher the reaction rate constant value, the greater the
methylene blue degradation activity value.

4. Conclusion

Based on the research results, the synthesis of Cu,O uses the electrolysis method in the Cu(s)|CuSO4(aq)|Fe(s) system
with variations in electrolysis time to produce a blackish red powder. The results of FTIR analysis show that before
calcination there are Cu-O groups from metal bonds with oxygen and after the calcination, there are Cu-O groups which
indicate the formation of oxides. The results of XRD analysis show that the value of 26 before calcination is 36.553; 50,481;
62,855 and after calcination 29,928; 36,027; 61,568. Photocatalytic activity of synthesized Cu,O towards methylene blue at
varying times of 30; 60; 90; 120 and 150 minutes respectively 67.23; 75.15; 76.66; 80.68 and 85.96 %. The rate of
degradation of methylene blue by Cu,O follows the second-order reaction rate equation with the R2 value and reaction rate
constant being 0.9418 and 0.00769572 L mol™ s, respectively.
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