Desi Heltina, Raihan Daffansyah Sinaga, Yayan Setiawan, M lwan Fermi & Amun Amri :
Photodegradation of Liquid Waste Using ZnO/Graphene-Like Composites

PHOTODEGRADATION OF LIQUID WASTE USING ZnO/GRAPHENE-
LIKE COMPOSITES

Desi Heltina*, Raihan Daffansyah Sinaga*, Yayan Setiawan*, M Iwan Fermi*, Amun Amri*
*Department of Chemical Engineering, Faculty of Engineering, Pekanbaru, Indonesia,
desi.heltina@lecturer.unri.ac.id, raihan.daffansyah@gmail.com, setiayan26@gmail.com,
miwanf@eng.unri.ac.id, amun.amri@eng.unri.ac.id

Email Correspondence : desi.heltina@Iecturer.unri.ac.id

Received : December 6, 2023 Accepted : June 12, 2024 Published : June 30, 2024

Abstract: The development of industries such as textiles, dyes, plastics, medicines,
cosmetics, and others is increasing along with a rise in production, leading to a high
amount of liquid waste generated. Non-biodegradable, toxic, and carcinogenic liquid
waste can cause environmental pollution to surrounding water. To address this challenge,
biomass waste such as palm kernel shells can be used to treat liquid waste by compositing
it with photocatalyst materials. Therefore, this research aimed to obtain ZnO/graphene-
like composites to degrade liquid waste. ZnO/Graphene-like composites were
synthesized using the solvothermal method, followed by calcination. The performance
test was carried out by varying the types of methylene blue, methyl orange, and phenol
waste with an initial concentration of 10 ppm, alongside the variations of ultraviolet (UV)
and mercury lamps. Subsequently, characterization was carried out using SEM, XRD,
FTIR, BET, UV-Vis DRS, and UV-Vis Spectrophotometer. The results showed that the
percent degradation of methylene blue under UV and mercury were 83.42% and 84.93 %
respectively, while methyl orange in the same conditions was 94.83% and 97.17%,
respectively. Furthermore, the percent degradation of phenol in UV light and mercury
were 86.03% and 89.62%, respectively. This showed that the use of mercury lamps on
methyl orange was more effective than UV lamps on methylene blue and phenol.
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Abstrak: Perkembangan industri seperti industri tekstil, pewarna, plastik, obat-obatan,
kosmetik, dan lain-lain semakin meningkat dengan seiring bertambahnya jumlah
produksi sehingga jumlah limbah yang dihasilkan juga meningkat salah satunya limbah
cair. Limbah cair yang tidak dapat terurai secara biologis, beracun, dan karsinogenik ke
perairan terdekat mengakibatkan pencemaran lingkungan. Disisi lain, limbah biomassa
seperti cangkang sawit dapat dimanfaatkan untuk mengolah limbah cair, salah satunya
mengkompositkan dengan material fotokatalis. Penelitian ini bertujuan memperoleh
komposit  ZnO/graphene-like  untuk mendegradasi limbah cair. Komposit
ZnO/Graphene-like disintesis dengan metode solvothermal dan dikalsinasi. Uji kinerja
komposit ZnO/graphene-like dilakukan dengan menvariasikan jenis limbah methylene
blue, methyl orange dan fenol dengan konsentrasi awal masin-masing 10 ppm serta
dengan variasi lampu UV dan lampu merkuri. Komposit ZnO/Graphene-like
dikarakterisasi menggunakan SEM, XRD, FTIR, BET, UV-Vis DRS dan UV-Vis
Spektrofotometer. Hasil penelitian menunjukkan bahwa persen degradasi methylene blue
di bawah sinar UV dan merkuri masing-masing sebesar 83,42% dan 84,93%, sedangkan
methyl orange dengan sinar UV dan merkuri masing-masing sebesar 94,83% dan 97,17%.
Selanjutnya, persen degradasi fenol dengan sinar UV dan merkuri masing-masing adalah
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86,03% dan 89,62%. Hal ini menunjukkan bahwa penggunaan lampu merkuri pada
methyl orange lebih efektif dibandingkan lampu UV pada methylene blue dan fenol.
Kata kunci: Fotodegradasi; Fotokatalis; Graphene-like; Limbah cair; ZnO
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Introduction

Environmental pollution is a crucial issue with detrimental effects on human
life. A significant portion of the problem is generated by industries such as the
textile industry, dye manufacturing, plastics, pharmaceuticals, and cosmetics. This
phenomenon causes harmful consequences for human health and aquatic biota
through the release of non-biodegradable, toxic, and carcinogenic dyes into
surrounding water (Yi et al., 2019).

Industrial activities in Indonesia have been experiencing rapid growth
annually, as supported by data from the Ministry of Industry (Kementerian
Perindustrian) through the National Industrial Information System (SIINas or
Sistem Informasi Industri Nasional). In December 2022, there were 37,609
companies (per factory or business location), showing an approximately 23%
increase from last year, and 188 industrial estate companies, or 21.3%,
predominantly dominated by the garment industries (Kementerian Perindustrian,
2022).

The rapid increase in industrial production significantly correlates with the
high amount of waste generated, particularly liquid waste. In industries, liquid
waste generated often contains aromatics, hydrocarbons, halogens, and metals,
posing a risk of severe impact when not treated properly. Furthermore, it contains
organic and inorganic compounds with high concentrations in almost every process
unit, leading to a reduction in water quality (Sucahya et al., 2016).

Liquid waste such as methylene blue, methyl orange, and phenol generated
through industrial activities contain many harmful compounds that can cause
cyanosis, tissue necrosis, vomiting, jaundice, shock, and increased heart rate (R.
Ahmad & Kumar, 2010). These compounds contain azo dyes, which have a
chromophore group -N=N- in molecular structure and are nonbiodegradable, and
highly toxic with color pigments harmful to living things (Rafiq et al., 2021). Azo
dyes are capable of causing cancer in humans and become more harmful when
reduced to intermediate products under anaerobic conditions. (Kant, 2012) reported
that among 70% of chemical compounds from textile dyes, 30% can cause incurable
diseases. Moreover, approximately 40% of dyes used globally contain organically
bound chlorine, which is widely recognized as a carcinogen.

Industrial wastewater often contains organic and inorganic contaminants
that are detrimental to the environment (Pham et al., 2018). It also contains dyes
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with several characteristics, such as large effluent volume, high chromaticity,
elevated organic matter concentration, difficulty in biodegradation, and blockage of
sunlight, reducing photosynthetic activity in the water. Additionally, low
concentrations of dyes (<1 mg/L) can disturb the aquatic balance (Vandevivere et
al., 1998).

According to (Kementerian Lingkungan Hidup, 1995) on the quality
standards of liquid waste for industrial activities, dyes and phenol are allowed to be
discharged into the environment at a maximum of 10 mg/L and 1 mg/L, respectively.
Regarding management, several methods can be used to remove dyes and phenolic
compounds in wastewater. These methods include adsorption, biodegradation, and
chemicals such as chlorination and ozonation, which are effective in dealing with
waste but require huge operational costs. Other commonly used methods include
combined coagulation, electrochemical oxidation, flocculation, reverse osmosis,
and adsorption using activated carbon. However, there are several disadvantages
associated with the methods, such as the generation of new phases containing more
concentrated pollutants (Wijaya et al., 2006). An alternative strategy that has been
proven effective in treating liquid waste is the photocatalysis process due to its
capacity to produce environmentally friendly compounds, namely CO, and H>O
(Safni et al., 2019).

The photocatalysis process is among the most developed methods of the
Advanced Oxidation Process (AOP) in the degradation of organic pollutants.
Currently, AOP has become an effective method for degrading organic pollutants
(Behzadi et al., 2020) due to its low cost and high efficiency (Behzadi et al., 2020;
Jarariya, 2022). Some water treatments based on AOP include the catalytic
ozonation process (Wang et al., 2019), nanomaterial process (Bethi et al., 2016),
RO membrane adsorption and filtration process (Wang et al., 2019); ozone, H203,
sulfate process (lke et al., 2019), sonolytic ozonation process (Merouani &
Hamdaoui, 2019), 0O2/H.0., 0Os3/UV, Oz/electrocoagulation, and nanocatalyst
ozonation process (Malik et al., 2020). This system combines the role of
semiconductor catalysts and light as a photon source. When the catalyst is irradiated
with photon energy equal to or greater than the catalyst band gap, electrons from
the catalyst will be excited from the valence to the conduction band. This process
produces electrons and holes, which react with hydroxyl groups from water
molecules to form hydroxyl radicals. Moreover, these hydroxyl radicals act as a
strong oxidizer for the degradation of compounds including methylene blue, methyl
orange, and phenol. The expected end products of the process are simpler and more
environmentally friendly compounds, namely CO; and H,O (Safni et al., 2019).

Heterogeneous photocatalysis is a promising method capable of addressing
environmental pollution due to the ability to oxidize organic matter thoroughly
(Chiou et al., 2008). Light absorption range is an important factor that directly
affects the photocatalytic activity of semiconductors (Enesca & lIsac, 2020). This is
because most substances absorb radiation in the ultraviolet (UV) or visible light
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region and experience photodegradation in liquid media or solid conditions after
exposure. Moreover, the rate of photochemical reactions depends on the intensity
and wavelength of light, showing the need for careful regulation (I. Ahmad et al.,
2006). Considering these factors, it is essential to identify semiconductor materials
with optimal light absorption properties.

ZnO is a semiconductor material with a band gap width of 3.37 eV, and an
excitation energy of 60 meV, capable of absorbing UV at room temperature (Choi
et al., 2012). The high quantum efficiency, wide band gap, and non-toxic nature of
ZnO facilitate extensive application in the photocatalytic degradation of organic
pollutants. In comparison with TiO2, it shows higher absorption efficiency in most
of the solar/light spectrum (Ong et al., 2018). When ZnO is irradiated, a pair of
positive holes and electrons are generated in the valence and conduction band. The
reaction of the two positive holes and electrons produces OH radicals, which are
oxidizing agents affecting the reaction with organic pollutants and causing
degradation (Adeel et al., 2021).

In line with the advancement in semiconductor material, the exploitation of
biomass has increased significantly as the most widespread form of renewable
energy. This phenomenon has raised concerns regarding the impact of fossil fuel
consumption, namely climate change, global warming, and its adverse effects on
the environment. Biomass is generated from agricultural, animal, municipal solid
waste, and industrial residues (Tursi, 2019). A significant product derived from
biomass is biochar, a carbon-rich solid material that can be synthesized from
lignocellulosic biomass, agricultural waste, manure, and other sources. The quality
of biochar is determined by the fixed carbon content and the composition is very
essential to determine the application (Weber & Quicker, 2018). Lignin and
cellulose are considered the main constituents of biomass affecting the composition
and properties of pyrolysis products (Tripathi et al., 2016). Charcoal generated from
cellulose and hemicellulose components in biomass produces volatile products and
lignin (Qu et al., 2011). Although cellulose and lignin contents can enhance biochar
formation, the production is higher in biomass with more lignin compared to
cellulose (Tripathi et al., 2016).

Oil palm shell is a type of lignocellulosic biomass, mainly consisting of
cellulose, hemicellulose, and lignin (Abnisa et al., 2011). The content of palm
kernel shell components includes 20.8% cellulose, 22.7% hemicellulose, and 50.7%
lignin (Hamzah et al., 2019). Biomass containing more lignin has been shown to
produce more charcoal (Antal & Grenli, 2003; Mok et al., 1992), while high
cellulose and hemicellulose content support the production of liquid and gaseous
products. (Kang et al., 2012) explored hydrothermal conversion with varying lignin
and cellulose ratios, reporting that char yield increased, alongside a decrease in
water and gas products with high lignin content.

(Chen et al., 2019) found that 14% ZnO/biochar composites were superior
to pure ZnO in the photocatalytic degradation of methylene blue. According to (He
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et al., 2021), the ZnO/biochar composite produced a high methylene blue
degradation efficiency of 98% after 100 minutes. ZnO/biochar from peanut shells
produced through the solvothermal-calcination method was also more efficient than
pure ZnO (Yuetal., 2023). Although biochar has made progress in the modification
of ZnO materials, the material still faces insufficient performance improvement due
to the limited coverage area of the light source from the UV region to the visible
(Vis) region.

Palm kernel shells can be used as a substitute material for graphene due to
the presence of cellulose carbon, consisting of carbon-carbon. Therefore, this
research aimed to synthesize biochar-based ZnO-Graphene-like composite material
from palm kernel shells. The analysis was carried out to determine the optimum
efficiency in degrading methylene blue, methyl orange, and phenol compounds in
variations of UV light sources and mercury using ZnO/Graphene-like composites
from palm kernel shells.

Method

Palm kernel shell biomass waste was washed using distilled water to remove
impurities and dried at 120°C for 12 hours using an oven. After achieving a constant
weight, the palm kernel shell was pulverized using a blender and crushed with a
mortar. Subsequently, the resulting powder was sieved to obtain a fine form with a
size of 100 mesh.

The ZnOl/graphene-like synthesis process was carried out using
solvothermal and calcination methods. A total of 5.484 g of Zn(NO3)..6H.0 and 3
ml of glacial acetic acid were dissolved in 60 ml of ethanol. This was followed by
the addition of 1.645 g of palm kernel shell, which was stirred and moved to the
autoclave to be heated for 12 hours at 180°C. After the solvothermal process,
centrifugation was carried out to separate the solids from the mixture and dried
using an oven. The solid was calcined for 2 hours at 700°C using nitrogen gas with
a temperature increase of 5°C/minute to form a composite (Yu et al., 2023).
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Figure 1. Schematic layout of Photoreactor apparatus (a) Mercury lamp (b) UV lamp
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ZnO/Graphene-like composites obtained were tested for performance in
degrading liquid waste compounds with a photocatalyst process. Initially, 0.3 g of
composite was put into 300 mL of methylene blue solution with a concentration of
10 ppm and the mixture was stirred at 300 rpm at 30°C. Photocatalyst performance
tests were carried out for 3.5 hours with the first 30 minutes under light-off and 2.5
hours at light-on conditions. Photodegradation of liquid waste was carried out in a
photoreactor, as shown in Figure 1, with a variety of lamps, namely mercury
(BOSSECOM 250w, 31,000 lux) and UV 10W 5 pieces (Sangkyo Denki CO., LTD
Black Light Blue Lamp, 500 lux). The photoreactor used had dimensions of 50 x
40 x 60 cm with a sample and lamp distance of 20 cm. The same procedure was
performed to degrade methyl orange and phenol. Subsequently, ZnO/Graphene-like
composites were characterized using X-ray diffraction (XRD), Fourier Transform
Infra-Red (FTIR), Scanning Electron Microscope (SEM), Brunauer Emmett Teller
(BET), UV-DRS Spectrophotometer and UV-Vis Spectrophotometer.

Result

The ZnO/Graphene-like composite formed was analyzed using SEM
characterization, as shown in Figure 2. Figure 2(a) shows the distributed ZnO
covering the graphene-like. The distributed ZnO particles are sphere-shell/spherical,
this follows the research conducted by (Yu et al., 2023) shown in Figure 2(b). The
synthesized ZnO/Graphene-like composite material consists of 84.5% carbon
atoms, 12% oxygen atoms, and 3.35% zinc atoms.

SEl  20kV WD10mm  SS30 Xx50.000 0,5pm  —

(a) (b)
Figure 2. (a) SEM of ZnO/Graphene-like composites from palm kernel shell (b) SEM of
ZnO/Graphene-like Biochar Peanut Shell (Yu et al., 2023)

Based on the results of XRD analysis, Figure 3 (a) showed that peaks at 26
= 31.6; 34.3; 36.2; 47.5; 56.5; 62.8; and 67.8° corresponded to (100),(101),(10
2), (110),(103),and (11 2) crystal planes, respectively, forming hexagonal
wurtzite ZnO. This showed that ZnO/graphene-like biochar composites formed
ZnO wurtzite crystals. To determine the average size of crystals, the Debye-
Scherrer equation can be used (Sayem et al., 2024) :
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Where: D = average crystal size (nm), K = Scherrer constant (0.89), A = wavelength of light used
(Cu, A=10.15406 nm), B = full width at half maximum (FWHM), 6 = diffraction angle

Based on the calculation results, the average crystal size of the 700°C
ZnO/Graphene-like palm kernel shell biochar composite (Appendix B) is 26.0138
nm. Figure 3 (b) shows the XRD results of the synthesized nanoparticles and the
standard ZnO, where the average size of crystallites with the precursor
(Zn(NOs3)2.6H20) was approximately 18 nm (Parashar & Shukla, 2020). (Barzinjy
& Azeez, 2020) stated that the size enlargement of ZnO is due to the agglomeration

process of smaller particles.
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Figure 3. (a) XRD of ZnO/Graphene-like Composites (b) XRD of pure ZnO (Parashar & Shukla,

2020)

In graphene-based materials, the oxidation state and the presence of
oxidized species are known using FTIR infrared spectrum characterization.
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Moreover, FTIR characterization analysis can provide information about
interactions with other species based on the analysis of reactive peaks on the surface
of the material. Figure 4 shows the results of FTIR analysis of ZnO/graphene-like
composites.

Transmittan (%)
~
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oH | |
i N-H
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. -1
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Figure 4. FTIR Characterization Analysis of ZnO/Graphene-like composites

Figure 4 shows that the presence of phenolic groups is confirmed in the
wave number range between 3700-3900 cm™, indicating -OH groups (Tay-Agbozo
et al., 2018). The O/N-H peak was identified at around 3420 cm™ (Yu et al., 2023).
At a wavelength of 2500-2000 cm™, the C=C group was identified (Mecozzi &
Sturchio, 2017). Peaks at a wavelength around 1720 cm™ showed C=0 groups
(Sudhakar et al., 2017). The epoxy and hydroxyl groups were significantly reduced
due to deoxygenation, while the main peak (C-N strain) was detected between 1430
cm? to 1480 cm™ (Sudhakar et al., 2017). C-O/N-C peak in the range of 1200-890
cm* became banded and shifted to higher wave numbers due to the conversion of
sp3-C-O/N- to sp2-C-O/N- at high temperatures (Yu et al., 2023). The peak at
wavelengths 860-680 cm™ identified the stretching vibration of the C-H Aromatic
bond (Jin et al., 2022). OH, C=C, C-N, and C-O groups identified in FTIR analysis
showed the functional groups found in N-Graphene (Sudhakar et al., 2017).
Composites containing alkyl, aromatic, and oxygen-containing groups could
modify the structure of biochar to provide several potential active sites as well as
improve the adsorption and degradation properties (Duan et al., 2015).

The surface area of photocatalyst material is an essential parameter that
affects the photocatalysis process, determining the adsorption capacity of organic
pollutants. It also makes more contact between pollutants and the catalyst, thereby
influencing the photocatalytic process, particularly the degradation time (Farghali
et al., 2016). Table 1 shows the comparison of surface area for pure ZnO and
Zno/Graphene-like, indicating that the addition of graphene-like increases the
surface area of the ZnO photocatalyst. According to (Ramos et al., 2019), the

Elkawnie: Journal of Islamic Science and Technology Vol. 10, No. 1, June 2024
(www.jurnal.ar-raniry.ac.id/index.php/elkawnie)

DOI: 10.22373/ekw.v10i1.21000 | 132



Desi Heltina, Raihan Daffansyah Sinaga, Yayan Setiawan, M Iwan Fermi & Amun Amri :
Photodegradation of Liquid Waste Using ZnO/Graphene-Like Composites

modification of photocatalyst materials with the addition of sensitizers such as
silver or other supporting materials can increase photocatalytic activity. Therefore,
the surface area of the ZnO photocatalyst added with graphene will increase
alongside pure ZnO. Stengl et al., (2011) also reported that graphene sheets with a

large surface area would provide a good effect as a supporting material in the
photodegradation process.

Table 1. BET Analysis of Materials

Material Surface Area (m%/g)
ZnO" 10.81
ZnO/Graphene-like Composites (700°C) 101.514

*Source: (Rabbani et al., 2021)

UV-Vis DRS (Diffuse Absorbance Spectra) characterization is used to
determine the band gap energy of a material. Moreover, band gap energy shows the
wavelength of light that is effectively absorbed in the photocatalyst material and is
calculated using the following equation (Ahamad & Ahmed, 2023):

K 1-R?
S

S e (2)

Where: o = Kubelka-Munk factor; K = Absorption coefficient; S = Scattering coefficient;
R = Measured reflectance value

Based on the equation, a Tauc plot (Eg versus (o.hv)*?) was constructed, as
shown in Figure 5.

2,04
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=
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Figure 5. UV-Vis DRS and Tauc plot of ZnO/Graphene-like composites

In Figure 5, the band gap energy of ZnO/graphene-like composites is found
to be 2.34 eV. The decrease in band gap energy is originally ZnO (3.37 eV) (Choi
et al., 2012) due to the compositing factor with graphene-like based on biochar from
oil palm shells. Vinayagam et al. (2018) also reported that non-metallic elements
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such as C, N, and S successfully reduced the band gap energy of semiconductors
with large energy. According to (Mankomal & Kaur, 2022), the lower band gap
value in the composite may be due to the porous structure that allows being
scattered by light. The reduced band gap energy also causes the light absorption
area to be significantly wider, as determined using the formula (Rong et al., 2014):

Where : Eq = band gap energy (eV), h = Planck constant (6.626 x 10 Js), ¢ = speed of
light (3 x 108 m/s), A = wavelength (nm)

Based on the equation and band gap energy value obtained, the wavelength
of ZnO/Graphene-like composite is found to be approximately 530 nm. This value
was in the visible light region, showing the success of compositing, where the
absorption of light was only able in the UV light region. (Zhang et al., 2014) stated
that the decrease in ZnO band gap caused by compositing with non-metals such as
carbon led to widening the absorption area of ZnO to the visible light region,
thereby increasing the photocatalytic process. According to (He et al., 2021), the
smaller band gap value and wider absorption area to the visible light region could
be due to the formation of Zn-O-C, similar to doping ZnO with carbon.

The results of UV-Vis Spectrophotometer tests are presented in Figure 6,
showing a graph of the effect of lamp and photodegradation time on methylene blue,
methyl orange, and phenol waste. Methylene blue waste with an initial
concentration of 10 ppm was photodegraded by the addition of ZnO/graphene-like
composites to UV and mercury lamps for 180 minutes with the initial 30 minutes
in light-off conditions. Figure 6(a) shows that the concentration of methylene blue
waste decreases with the photodegradation process using both UV and mercury
lamps. The results were also obtained during the photodegradation of methyl orange
waste, as presented in Figure 6(b), and phenol in Figure 6(c) under the same
conditions.
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Figure 6. UV-Vis Spectrophotometer Test (a) Effect of time and light source on methylene blue
waste (b) Effect of time and light source on methyl orange waste (c) Effect of time and light
source on phenol waste

Figure 7 shows a graph of the effectiveness of lamps on methylene blue,
methyl orange, and phenol. In Figure 7(a), the use of mercury lamps was effective
against the three wastes with an indication of a constant decrease in concentration.
The same results were also obtained when the photodegradation process was carried
out using UV lamps, as shown in Figure 7(b).
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Figure 7. UV-Vis Spectrophotometer Test (a) Effect of mercury lamp on effluent degradation (b)
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Discussion

Figure 6(a) shows the effect of a light source on methylene blue waste with
an initial concentration of 10 ppm. The photodegradation process that occurred for
180 minutes with light-off conditions for 30 minutes and light-on for 150 minutes
caused a decrease in methylene blue concentration. Percent degradation at 180
minutes for the initial concentration of methylene blue 10 ppm with UV and
mercury lamps were 83.42% and 84.93%, respectively, the results of this study are
similar to the results of research (Yu et al., 2023) where photodegradation using
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ZnO/Graphene-like composites from peanut shells is more effective when
illuminated by sunlight whose light intensity is greater and the absorption area is
wider than a 350W xenon lamp.

Figure 6(b) shows the effect of a light source on methyl orange waste. Based
on the results, the photodegradation process that occurred for 180 minutes with
light-off condition for 30 minutes and lights on for 150 minutes caused a decrease
in methyl orange concentration. Percent degradation at 180 minutes for the initial
concentration of methyl orange with UV and mercury lamps were 94.83% and
97.17%; Respectively, the results of this study are in line with the statement
(Peerakiatkhajohn et al., 2021) that the photodegradation of methyl orange using
aluminum-doped ZnO under visible light radiation is more effective than irradiation
by UV light. This statement is because ZnO experiences an enlargement of the
irradiation area to the visible light region due to doping with aluminum.

Figure 6(c) shows that the increasing time of the photodegradation process
leads to the degradation of high phenolic compounds. This process was carried out
for 180 minutes with the initial 30 minutes of light-off conditions and 150 minutes
of light-on. Percent degradation at 180 minutes for the initial concentration of 10
ppm phenol with UV light source and mercury were 86.03% and 89.62%,
respectively. It can be seen that the use of mercury lamps appears more effective
than UV lamps. (Steiner, 2017) concluded that when the phenol photodegradation
process, modified TiO2 works more effectively in the visible light region than the
UV light region because the TiO> band gap energy extends to the visible light region.

Based on the results, The intensity of the light source is an important factor
in the photodegradation process. (Li et al., 2013) stated that more methylene blue
radicals are formed on the surface of the photocatalyst as the intensity of the emitted
light increases so that the photodegradation process becomes better. (Groeneveld et
al., 2023) argued that higher intensity light results in higher photodegradation
efficiency and accelerated reaction rates, as more photons are introduced into the
system. However, these statements depend on the capabilities of the composite used
and also the waste to be photodegraded. Based on the UV-Vis spectrophotometer
results, it can be seen that the use of mercury ray lamps is better in the
photodegradation of various types of liquid waste than UV lamps. This is supported
by the UV-Vis DRS data in Figure 5 which shows that the ZnO/Graphene-like
composite has a band gap value of 2.34 eV which indicates the composite
effectively works in the wavelength range of 530 nm which is located in the visible
light region (400-800 nm).

Figure 7 shows the effect of using lamps on the effectiveness of the
photodegradation process of methylene blue, methyl orange, and phenol. Based on
the results, waste with a high percent degradation was obtained from methyl orange
waste, which was 97.17% using a mercury lamp. The results are by the research by
(Safni et al., 2019), where mercury lamps showed high performance in the use of
C-doped TiO- catalyst as a photodegradation agent. However, (Yu et al., 2023)
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stated that mercury lamps performed better than UV with photodegradation agents
in the form of ZnO/Biochar. According to (Groeneveld et al., 2023), the variations
in results were caused by different intensities and wavelengths of irradiation.

Conclusion

In conclusion, this research showed that ZnO/graphene-like composites
from palm kernel shells were successfully prepared through solvothermal and
calcination methods. The results of SEM, XRD, FTIR, and BET characterization
showed that the properties of ZnO/Graphene-like composite material were better
compared to pure ZnO. UV-Vis DRS characterization showed a reduction in band
gap energy of 2.34 eV from the previous 3.37 eV. The performance of
ZnO/Graphene-like composites was tested for the degradation of methylene blue,
methyl orange, and phenol using UV and mercury lamps, with an initial
concentration of 10 ppm. Percent degradation of methylene blue with UV and
mercury were 83.42% and 84.93% respectively, while methyl orange with UV and
mercury was 94.83% and 97.17%, respectively. Furthermore, the percent
degradation of phenol with UV light and mercury was 86.03% and 89.62%,
respectively. These results showed that the use of mercury lamps on methyl orange
was more effective compared to UV lamps on methylene blue and phenol.
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