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Photocatalysis technology is gaining interest as an alternative wastewater treatment due to its fast and complete
pollutants removal advantages. It utilizes light energy and semiconductor catalysts to degrade organic pollutants
such as paracetamol (PCM), a common household medication drug. Pharmaceutical wastewater may cause
significant hazards to humans and the environment if no advanced treatment is applied. In this study, zinc
oxide/silver (ZnO/Ag) nanocomposite was biosynthesized using banana peel extract (BPE) and low Ag content
(1 mM and 3 mM) as biomaterial via sol-gel and precipitation for photocatalytic degradation of PCM. Fourier
Transform Infrared Spectrophotometer (FTIR) analysis showed a sharp peak of Zn-O band for all catalysts with
the success of BPE incorporation. The band gap energy of ZnO/Ag was 3.281 eV, increasing with Ag content.
Field Emission Scanning Electron Microscope (FESEM) images of ZnO/Ag exhibit a smaller size of 29.49 nm
and a distinct spherical shape. The uniform shape of biosynthesized ZnO/Ag confirms the roles of BPE as
stabilizing and capping agents. The highest photocatalytic degradation of PCM was 76% with a reaction
constant of 0.0086 min-! when ZnO/Ag was used as a catalyst, compared to the pristine ZnO was 70%. The as-
prepared ZnO/Ag nanocomposite from organic solid waste has a high potential for being reutilized as an
advanced catalyst for pharmaceutical wastewater treatment.

1. Introduction

Emerging contaminants such as pharmaceuticals, hormones, pesticides, and personal care products in water
and wastewater are significantly hazardous to humans and the environment. Among the emerging
contaminants, pharmaceutical waste is frequently and highly detected in drinking, surface, and wastewater due
to its high demand, production, and uses. Overdosage of pharmaceutical waste in water may lead to antibiotic
resistance and endocrine disruption (Shipingana et al., 2022). In addition, wastewater containing pharmaceutical
waste is only partially removed by conventional treatment systems (Nassiri Koopaei and Abdollahi, 2017).
Conventional treatment includes adsorption, biodegradation, flocculation, and sedimentation techniques.
Paracetamol (PCM) is an over-the-counter (OTC) drug that does not need a prescription from a medical expert.
It is commonly available in each household for fever and pain relief. Hence, advanced and complete removal
treatment would require removing these pollutants from water. For instance, a superior removal of over 98% of
PCM was achieved via photocatalysis (Mohamed Isa et al., 2021) while only 60% removal was performed using
the conventional activated carbon adsorption technique (Streit et al., 2021). Advanced oxidation processes
(AOPs) are gaining interest in generating reactive oxidant species (ROS) to degrade organic pollutants.
Hydrogen peroxide-based, photocatalysis, ozone-based, photolysis, and Fenton-based are AOPs for treating
organic pollutants. Photocatalysis promotes complete degradation and mineralization by utilizing light energy
and catalyst to remove organic water pollutants such as textile dyes (Ahmad et al., 2022) and pharmaceutical
waste (Thang et al., 2021). Photocatalysis reaction initiates with the photocatalyst receiving light energy greater
than its band gap energy. Then, the photoexcited electron will jump from the valence band (VB) to the conduction
band (CB), producing electron (e°) — holes (h*) pairs to produce radical species by reacting with hydroxide ion,
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water, and oxygen (Al-Gharibi et al., 2021). Subsequently, the radical species degraded the targeted organic
pollutants to form water (H20), carbon dioxide (COz), and by-products. Nevertheless, photocatalyst synthesis
and performance still have significant limitations in photocatalysis reactions. Zinc oxide (ZnQO) is an n-type
semiconductor suitable for the catalyst in the photocatalytic reaction. Still, the fast rate in electron — holes pairs
in ZnO are not favorable due to the low degradation rate of targeted organic pollutants (Ramasamy et al., 2021).
ZnO modification with silver (ZnO/Ag) doping is a promising nanocomposite that may improve the drawbacks.
Even so, the concentration of Ag in the nanocomposite plays a vital role in the photocatalytic reaction, with major
studies using high concentrations for photodegradation activities. As a chemical and physical synthesis
alternative, the biosynthesis technique employs biomaterials in the synthesis method, promoting environmental-
friendly conditions and sustainability compared to the conventional techniques (El-Desouky et al., 2022). Waste
materials such as banana peel extract (BPE), rich in phenolic contents, are suitable for biosynthesis techniques
(Abdullah et al., 2021). Studies on biosynthesized ZnO/Ag from waste materials for photocatalytic treatment of
pharmaceutical wastewater are still lacking. In this present study, the biosynthesized ZnO/Ag using BPE with
low Ag content of 1 mM and 3 mM was synthesized and characterized for photocatalytic degradation of PCM.

2. Materials and methods
2.1 Materials

Fresh bananas were collected from a local farm in Malaysia. Silver nitrate (AgNO3) was purchased from Fisher
Scientific. Sodium hydroxide (NaOH) and zinc nitrate hexahydrate (Zn(NO3)2-6H20) were purchased from Sigma
Aldrich. OTC paracetamol (Panadol, paracetamol 500 mg) was purchased from a pharmacy.

2.2 Biosynthesis of ZnO/Ag

The banana peel (BP) was washed with tap water and then deionized water to remove any dirt and impurities
before being dried for one day. The dried BP was mixed with deionized water at a 1:10 ratio (m/v) under
continuous stirring for 1 h. Then, Zn(NO3)2:6H20 was dissolved with banana peel extract (BPE) at 80 °C before
being calcined at 600 °C for 1 h. The product was collected and named BPE/ZnO. A similar procedure was
repeated by replacing BPE with deionized water and named ZnO. Several amounts of BPE/ZnO were then
dispersed and sonicated in 1 mM and 3 mM of AgNOs and denoted as Z1A and Z3A. Then, 20 mL of BPE and
10 mL of NaOH were mixed with the solution at 60 °C until precipitates appeared. The final product of ZnO and
ZnO/Ag was centrifuged and washed with deionized water before being dried overnight.

2.3 Characterization

The diffuse reflectance spectra (DRS) and absorbance were analysed using Shimadzu UV-2600
spectrophotometer. The Fourier Transform Infrared Spectrophotometer (FTIR) spectra were studied using
JASCO (FT/IR-6800) from 399 — 4000 cm-". The prepared biosynthesized ZnO/Ag morphological analysis was
studied using Field Emission Scanning Electron Microscope (FESEM) SU-8020 operating at 10 kV.

2.4 Photodegradation of paracetamol

The photodegradation of paracetamol (PCM) was assisted using UVC light irradiation with synthesized ZnO,
BPE/ZnO, Z1A, and Z3A as the catalyst. The reaction suspension was designed by mixing and sonicating 0.1
g of each catalyst with 100 mL of 20 ppm PCM solution (pH 6) in a photoreactor at room temperature. The
mixture was continuously stirred for 30 min in the dark to achieve adsorption-desorption equilibrium. Then, 36
Watt light was turned on for 3 h, and every 10 min, the samples were collected and centrifuged. Then, the
absorbance was recorded with reference to the maximum absorbance of PCM at 243 nm using a
spectrophotometer. The photodegradation percentage of PCM and rate constant by the Langmuir-Hinshelwood
model were calculated using Eq(1) and Eq(2).

. Co—C (1)
Percentage Degradation (%) = x 100%
0
Co )
In (F) = kappst

where Co, C, kapps, and t are the initial concentration, final concentration, first-order kinetic rate constant, and
reaction time.
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3. Results and discussions
3.1 FTIR analysis

The identification of functional groups in the synthesized catalyst was analyzed using FTIR. Figure 1 shows the
FTIR spectra of BPE/ZnO, Z1A, and Z3A within 400 — 3,600 cm™'. A peak at 440 cm™ was noticed, which is
associated with the stretching band of Zn-O. In addition, an absorption band at 3,400 cm™ was observed,
probably ascribing to the O-H stretching vibration from the polyphenolic compound in BPE (Abdullah et al.,
2020). The C-H bending mode at 1,391 cm™' represents alkane and aldehyde. The absorption band of aliphatic
amines C-N was observed at 1,040 cm™'. Overall, according to the FTIR spectra, the catalyst was successfully
synthesized via biosynthesis using BPE.

Transmittance (a.u)

3,400 2,800 2,200 1,600 1,000 400

Figure 1: FTIR spectra of the synthesized (a) BPE/ZnO (b) Z1A and (c) Z3A

3.2 Band gap energy analysis

A UV-Visible spectrophotometer was used to analyze the band gap energy for each synthesized catalyst. The
band gap energy provides essential information on photocatalytic properties, which correlate to producing
electron-hole pairs. Band gap energy can be calculated using Eq (3) where a, h, v, Eg, and A are absorption
coefficient, Plank’s constant, light frequency, band gap energy, and constant. It was observed that adding Ag
into BPE/ZnO slightly increases the band gap energy maybe due to the surface defect in Ag that may produce
a new electronic level (Chuaicham et al., 2023). Z3A has the highest band gap energy of 3.281 eV, while Z1A
and BPE/ZnO are 3.252 eV and 3.241 eV, as shown in Figure 2. Larger band gap energy is more favorable for
better photocatalytic properties (Mohamed Isa et al., 2021).

(ahv)2 = A (hv — Eg) (3)

(ahv)? (eV.cm™)?

28 29 3 31 32 33 34 35 36 37
Energy (eV)

Figure 2: Tauc’s plot for band gap energy for synthesized (a) Z1A, (b) Z3A and (c) BPE/ZnO
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3.3 Morphological changes

FESEM instrument was used to study the morphology and sizes of the synthesized catalysts as shown in Figure
3. The average size of BPE/ZnO, Z1A, and Z3A are 48.18 nm, 35.70 nm, and 29.49 nm. Z1A and Z3A exhibited
a small, uniform spherical and hexagonal shape, while BPE/ZnO showed uniform but larger spherical with
agglomeration between particles. Even so, the size of BPE/ZnO was smaller compared to the reported study
using plant extract, which was 52.24 nm (Jayachandran et al., 2021). Meanwhile, an increase in Ag content
resulted in a smaller size than BPE/ZnO due to Ag'* ions distorting ZnO growth (Igbal et al., 2021). The roles of
BPE as capping and stabilizing the growth of all synthesized photocatalysts corresponded to the uniform sizes
of particles (Abdullah et al., 2021).
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Figure 3: FESEM image and size distribution of (a) BPE/ZnO (b) Z1A and (c) Z3A

3.4 Photocatalytic degradation of paracetamol

The photocatalytic properties of the synthesized catalyst were evaluated using 0.1 g of catalyst dosage with 20
ppm PCM (pH 6) to mimic the pharmaceutical wastewater. Figure 4 shows the percentage and rate of
degradation for each catalyst. It can be concluded that BPE/ZnO shows significant performance compared to
ZnO, which proves that the biosynthesis technique may have better catalyst properties (Abdullah et al., 2021).
The addition of Ag into BPE/ZnO boosts the performance since Ag may inhibit electron-holes pair recombination
through surface plasmon resonance (Ramasamy et al., 2021). Z3A shows the best performance among all
catalysts, with a PCM degradation rate of 76 % and constant of 0.0086 min-' during this test, probably due to its
smaller particle size. Moreover, the Ag particles in Z3A create a Schottky junction with fast transfer of charge
carriers which is favorable in photocatalytic reactions (Ahmad et al., 2022). The proposed photocatalytic
mechanism of Z3A started with receiving light energy and producing electron (e”) — holes (h*) pairs as in Figure
5. Then, e reacted with O2 to produce superoxide anion (*0O?7) which then both *O% and h* react with H20 to
produce hydroxyl radical (*OH). The *OH reacted with PCM to degrade into a harmless by-product of CO2 and
H20. Organic pollutants can be degraded using the biosynthesized ZnO/Ag from various biomaterials sources,



1055

as shown in Table 1. Most previous studies were conducted with dyes as the pollution model and plant extract
as biomaterials. Even so, the photodegradation of pharmaceutical waste is still lacking, and biosynthesized
methods via waste material such as BPE are sustainable and eco-friendly.
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Figure 4: PCM degradation percentage and rate by using the synthesized catalysts

Table 1: Comparison among the biosynthesized ZnO/Ag on photocatalytic degradation of organic pollutants

Biomaterials Ag Pollutants  Catalyst Pollutant  Time Degradation Rate (min™) Ref.
concentration dosage concentration (min) percentage
(M) (9/L) (ppm) (%)
Urtica dioica 1 x 102 Methylene 0.07 3.2 50 82.5 - Sohrabnezh
blue ad and Seifi
(2016)
Acacia 1x10°% Methylene 0.1 15 80 90 - Khan et al.
arabica blue (2021)
Carya 5x10° Rhodamine 0.4 15 60 47 0.0105 Ahmad et
illinoinensis B al. (2022)
Banana 3x10° Paracetamol 1 20 180 76 0.0086 This study
peels

Figure 5: Proposed photocatalytic degradation of PCM mechanism using Z3A

4. Conclusions

Biocatalyst ZnO/Ag was successfully synthesized via sol-gel and precipitation techniques. The effect of low Ag
content in the nanocomposite was evaluated and the comparison between biosynthesized and chemically
synthesized ZnO was conducted through characterization and photocatalytic degradation of PCM. FTIR analysis
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confirmed all catalysts with a distinct band of Zn-O, while the band gap energy increases with increased Ag
content. FESEM image shows uniform and spherical shape with Z3A having the smallest average particle size
and highest degradation of 76 % PCM removal. Overall, the biosynthesized ZnO/Ag possesses an excellent
potential for photocatalytic wastewater treatment.

Acknowledgment

The authors are grateful for the funding from the Ministry of Higher Education Malaysia under the Fundamental
Research Grant Scheme R.K130000.7843.5F403 (FRGS/1/2020/STG05/UTM/02/9); JSPS KAKENHI Grant
number JP22K19863 and gratitude to Malaysia-Japan International Institute of Technology (MJIIT), Universiti
Teknologi Malaysia, Kuala Lumpur and the University of Tsukuba, Japan.

References

Abdullah F.H., Abu Bakar N.H.H., Abu Bakar M., 2020, Low temperature biosynthesis of crystalline zinc oxide
nanoparticles from Musa acuminata peel extract for visible-light degradation of methylene blue, Optik, 206,
164279.

Abdullah F.H., Abu Bakar N.H.H., Abu Bakar M., 2021, Comparative study of chemically synthesized and low
temperature bio-inspired Musa acuminata peel extract mediated zinc oxide nanoparticles for enhanced
visible-photocatalytic degradation of organic contaminants in wastewater treatment, Journal of Hazardous
Materials, 406, 124779.

Ahmad M., Qureshi M.T., Rehman W., Alotaibi N.H., Gul A., Abdel Hameed R.S., Elaimi M.A., Abd El-Kader M.
F.H., Nawaz M., Ullah R., 2022, Enhanced photocatalytic degradation of RhB dye from aqueous solution by
biogenic catalyst Ag@ZnO, Journal of Alloys and Compounds, 895, 162636.

Al-Gharibi M.A., Kyaw H.H., Al-Sabahi J.N., Zar Myint M.T., Al-Sharji Z.A., Al-Abri M.Z., 2021, Silver
nanoparticles decorated zinc oxide nanorods supported catalyst for photocatalytic degradation of
paracetamol, Materials Science in Semiconductor Processing, 134, 105994.

Chuaicham C., Rizki I. N., Sekar K., Shenoy S., Srikhaow A., Trakulmututa J., Sasaki K., 2023, Bio-reduced Ag
nanoparticle decorated on ZnO for enhancement of photocatalytic reduction of hexavalent chromium and
photocatalytic degradation of rhodamine B, Journal of Alloys and Compounds, 939, 168797.

El-Desouky N., Shoueir K., EI-Mehasseb |., EI-Kemary M., 2022, Synthesis of silver nanoparticles using bio
valorization coffee waste extract: photocatalytic flow-rate performance, antibacterial activity, and
electrochemical investigation, Biomass Conversion and Biorefinery, DOI: 10.1007/s13399-021-02256-5.

Igbal Y., Raouf Malik A., Igbal T., Hammad Aziz M., Ahmed F., Abolaban F.A., Mansoor Ali S., Ullah H., 2021,
Green synthesis of ZnO and Ag-doped ZnO nanoparticles using Azadirachta indica leaves: Characterization
and their potential antibacterial, antidiabetic, and wound-healing activities, Materials Letters, 305, 130671.

Jayachandran A., T.R A, Nair, A.S., 2021, Green synthesis and characterization of zinc oxide nanoparticles
using Cayratia pedata leaf extract, Biochemistry and Biophysics Reports, 26, 100995.

Khan M.J., Tahir K., EI-Zahhar A.A., Arooj A., Al-Abdulkarim H.A., Saleh E.A.M., Nazir S., Al-Shehri H.S., Husain
K., Khan A.U., 2021, Facile synthesis of silver modified zinc oxide nanocomposite: An efficient visible light
active nanomaterial for bacterial inhibition and dye degradation, Photodiagnosis and Photodynamic Therapy,
36, 102619.

Mohamed Isa E.D., Shameli K., Ch'ng H.J., Che Jusoh N.W., Hazan R., 2021, Photocatalytic degradation of
selected pharmaceuticals using green fabricated zinc oxide nanoparticles, Advanced Powder Technology,
32, 2398-2409.

Nassiri Koopaei N., Abdollahi M., 2017, Health risks associated with the pharmaceuticals in wastewater, Daru,
25, 9.

Ramasamy B., Jeyadharmarajan J., Chinnaiyan P., 2021, Novel organic assisted Ag-ZnO photocatalyst for
atenolol and acetaminophen photocatalytic degradation under visible radiation: performance and reaction
mechanism, Environmental Science and Pollution Research, 28, 39637-39647.

Shipingana L.N.N., Shivaraju H.P., Yashas S.R., 2022, Quantitative assessment of pharmaceutical drugs in a
municipal wastewater and overview of associated risks, Applied Water Science, 12, 16.

Sohrabnezhad S., Seifi A.,, 2016, The green synthesis of Ag/ZnO in montmorillonite with enhanced
photocatalytic activity, Applied Surface Science, 386, 33-40.

Streit A.F.M., Collazzo G.C., Druzian S.P., Verdi R.S., Foletto E.L., Oliveira L.F.S., Dotto G. L., 2021, Adsorption
of ibuprofen, ketoprofen, and paracetamol onto activated carbon prepared from effluent treatment plant
sludge of the beverage industry, Chemosphere, 262, 128322.

Thang N.Q., Sabbah A., Chen L.C., Chen K.H., Thi C.M., Van Viet P. 2021, High-efficient photocatalytic
degradation of commercial drugs for pharmaceutical wastewater treatment prospects: A case study of Ag/g-
C3N4/ZnO nanocomposite materials, Chemosphere, 282, 130971.



	0176.pdf
	Efficiency of Low-Ag-Content Biosynthesized ZnO/Ag on Photodegradation of Paracetamol




