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 Abstract: The approach to the synthesis of cerium oxide nanoparticles (CeO2NPs) using 
plants as capping agents has been widely researched because of its eco-friendly, low-cost, 
simple, effective, and reusability. In this research, we used Moringa oleifera leaf extract-
mediated CeO2NPs. CeO2NPs were characterized by XRD, FTIR, SEM, TEM, and DRS 
UV-vis. The photocatalytic activity of CeO2NPs was tested using a phenol dye 
concentration of 7 mg/L with variations in photocatalyst weight of 10, 20, 30, 40, 50, 60, 
70, 80, 90, and 100 mg under UV irradiation, respectively, with time variations of 15, 30, 
45, 60, 75, 90, 105, 120, 135, and 150 min. SEM and TEM morphology results showed 
that the CeO2NPs were spherical and agglomerated. The crystal structure is cubic, with a 
crystal size of 18 nm with a band gap of 2.87 eV. CeO2NPs showed high photo-
degradation phenol dye of 94.45% under visible light in 120 min irradiation time. The 
results show that M. oleifera leaf extract could be as inexpensive and safe for synthesizing 
other metal oxide nanoparticles, potentially having applications in the biomedical and 
environmental fields. 

Keywords: cerium oxide nanoparticles; approach synthesis; phenol; Moringa oleifera; 
photocatalytic 

 
■ INTRODUCTION 

Medical waste contains many chemical compounds 
that harm humans and the environment [1-2]. Phenol dye 
is one of the hazardous chemicals in medical waste [3-5]. 
Based on the Decree of the Environment Ministry of 
Indonesia Republic No. 51, concentrations of phenol 
according to quality standards shall be in a range of 0.5–
1.0 mg/L. Phenol concentration above the quality 
standard can cause effects on humans, including liver and 
kidney damage, decreased blood pressure, weakened 
heart rate, and even death [6-7]. 

Central General Hospital Dr. M. Djamil Padang is 
the largest type A hospital in West Sumatra. Based on 
this condition, many patients’ treatment will increase 
the amount of liquid waste produced, including phenolic 
compounds. Conventional methods that have been 
applied to decompose phenol wastes are steam 
distillation [8], liquid-liquid extraction [9], solid-phase 
extraction [10], and biodegradation [11]. In the last 
decade, many studies have proven that photocatalyst 
technology is better at degrading organic compounds; 
thus, it is more economical in energy use and can reduce 
the use of chemicals [12]. 
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Photocatalyst processes usually use metals and metal 
oxides such as TiO2 [13-14], ZnO [15], and Ag [16]. 
However, the use of this metal in the degradation of 
phenol waste still gets a percentage of phenol waste under 
50%, and optimal conversion data for phenolic waste has 
yet to be obtained. So, in recent years, many researchers 
have been interested in using cerium oxide (CeO2) as a 
photocatalyst. CeO2 is a semiconductor with a 3.0–3.9 eV 
band gap in bulk, chemical stability, thermal stability, and 
high conductivity that can absorb UV light and has 
catalytic and optical properties [17-18]. Various fields of 
application, such as UV absorbers [19], biosensors [20], 
sunscreens cosmetics [21], biomedical applications [22], 
and photo-catalysts [23], have been reported. CeO2 
nanoparticles (CeO2NPs) act as heterogeneous catalysts 
[24], so they easily separate from the waste after the 
photocatalyst process is completed so as not to harm the 
environment [25]. 

The synthesis of the CeO2NPs had previously been 
used utilizing chemical substances such as acids (acetic 
acid) or bases (ammonium hydroxide) [26]. Various leaf 
extracts from plants have been used in the green synthesis 
of CeO2NPs, including Gloriosa superba leaf extract [27], 
Olei europaea leaf extract [28], Prosofis julifora leaf extract 
[29], and Calotropis procera flower extract [30]. In this 
study, Moringa oleifera leaf extract was used to perform 
green synthesis of CeO2NPs. A literature search revealed 
that no prior work has used this extract to create CeO2NPs. 
Phytochemical testing of M. oleifera leaf extract contains 
flavonoids, triterpenoids, steroids, saponins, and tannins. 
They act as capping agents in the process of synthesis of 
nanoparticles. The usage of this technique is more 
environmentally beneficial because it does not use 
harmful chemicals in nanoparticle synthesis [17,31]. 

The increased phenol content in wastewater has 
forced dye manufacturers to address their environmental 
impact. Conventional chemical methods do not 
effectively decompose phenol into innocuous byproducts, 
according to prior studies. This situation became the main 
reason for the scientific community to develop new 
effective processes for the decomposition of phenol dye. 
Due to its affordability, environmental friendliness, and 
simplicity in process control, photocatalytic techniques 

have attracted the attention of numerous phenol 
degradation researchers [32]. 

For the development of CeO2NPs in the degradation 
of phenol under visible light irradiation, M. oleifera 
potential reduction agents and stabilizing activity may 
be utilized as a suitable green synthesis method. Based 
on research gaps, the present research showed the 
potential activity reduction and stabilization agent of M. 
oleifera extract for the photosynthesis of CeO2NPs. 
According to related literature, there have not been any 
investigations into the photocatalytic activity of 
CeO2NPs mediating M. oleifera for phenol degradation. 

■ EXPERIMENTAL SECTION 

Materials 

The materials used in this study were M. oleifera 
leaves from Balai Benih Induk Tanaman (Center for 
Mother Plant Seed) at Lubuk Minturun, Koto Tangah, 
Padang, West Sumatra, Indonesia. Sigma-Aldrich 
offered phenol with a 99% purity and cerium nitrate 
hexahydrate (Ce(NO3)3·6H2O) with a 99.99% purity. 

Instrumentation 

The powder X-ray diffractogram (XRD) of 
synthesized and calcined samples was recorded on a 
Rigaku Miniflex diffractometer with Cu-Kα radiation 
between 20 and 90° (2θ) with a scanning rate of 1°/min. 
TEM micrographs of the samples were obtained with a 
JEOL 100CX microscope with 100 kV of acceleration 
voltage. SEM using the JEOL-JSM 6360 LA. 

Procedure 

Synthesis of CeO2NPs 
M. oleifera were collected from the Balai Benih 

Induk Tanaman (Center for Mother Plant Seed) and 
taxonomic identification was carried out in Herbarium 
Universitas Andalas (ANDA), Andalas University, 
Padang, Indonesia. Secondary metabolites were identified 
at the Laboratory of Natural Products, Chemistry 
Department, Andalas University. The leaves were shade-
dried at room temperature for about 5 d, and the dried 
leaves were then mashed up to obtain a fine powder. As 
much as 10 g of M. oleifera leaf powder was dissolved in 
50 mL double distilled water for 30 min at 65 °C. The 
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obtained extract was filtered with Whatman No.1 filter 
paper and stored in a sealed bottle at 4 °C for further use. 

Ce(NO3)3·6H2O (0.1 mol) was added to 200 mL of 
M. oleifera leaf extract and stirred at a speed of 500 rpm at 
a temperature of 80 °C for 2 h. The solution was filtered, 
washed with distilled water, and dried in an oven at 80 °C 
for 4 h. CeO2 was synthesized in a furnace at 600 °C for 
2 h [2]. 

Degradation of phenol dye 
Photocatalytic degradation was carried out at room 

temperature using a batch photo-reactor setup. The 
photocatalytic activity of CeO2NPs is used to decompose 
phenol with known concentrations. The six beaker glasses 
were wrapped in black plastic, each with 250 mL of 
phenol, and added with the CeO2 photocatalyst (0, 10, 20, 
30, 40, 50, 60, 70, 80, 90, and 100 mg). The beaker glasses 
were put into a radiation box and wrapped with the new 
black plastic. Next, the beaker glasses were irradiated with 
a visible 300 W Xenon lamp (Cermax® Xenon, Excelitas, 
USA) with a wavelength (λ) > 400 nm with time variations 
for 15, 30, 45, 60, 75, 90, 105, and 120 min. After the 
radiation process, the suspension from each beaker glass 
was centrifuged. The absorbance of the supernatant was 
measured with a UV-vis spectrophotometer at the 
maximum length of phenol. 

■ RESULTS AND DISCUSSION 

The concentration phenol of medical waste from 
Central General Hospital (RSUP) Dr. M. Djamil Padang 
was analyzed in the Chemistry Laboratory, Medical 
Laboratory Technology Department, STIKES Syedza 
Saintika. The analyzed parameters were the concentration 
of phenol and pH measurement using a spectrophotometer 
and pH meter. It can be shown in Table 1 according to the 
standard based on Minister of Environment Regulation of 
the Republic of Indonesia No. 5 of 2014 on “Wastewater 
Quality Standards”. 

The phenolic concentration in a liquid waste sample 
in the initial reservoir before processing is 6.65 mg/L with 
pH 8, then used to make an artificial phenol solution 
become 7 mg/L. This research used CeO2 as a 
photocatalyst with variations in the weight and 
degradation time. 

Nanoparticle Characterization 

The aim of XRD characterization is to know the 
crystal structure. The specific peaks of CeO2 at 2θ 28.83, 
32.82, 47.34, 56.71, 69.96, and 76.66, respectively, 
represent for hkl (111), (200), (220), (311), (400), and 
(420), as shown in Fig. 1(a). The CeO2NPs have a cubic 
structure according to ICPDS Card No. 34-0394. This 
spectrum showed no impurity peaks, which confirmed 
that single-phase CeO2 crystals were successively 
formed. The strong crystallinity of CeO2NPs and 
spectrum diffraction peak was narrow with a crystal size 
calculated using the Debye-Scherrer equation (Eq. (1)). 

D
cos



 

 (1) 

Here, the full width at half maximum (FWHM) value is 
β, the diffraction angle is θ, the size of the crystallite is D, 
the numerical factor corresponding to the crystallite 
shape factor is K, and  the wavelength of  X-ray is λ [30].  

Table 1. The chemical parameters in the hospital waste 

Parameters Unit Sample 
The wastewater 

quality standard* 
Phenol mg/L 6.65 0.50–1.00 
pH mg/L 8.0 6.0–9.0 

*based on Minister of Environment Regulation of the Republic of 
Indonesia No. 5 of 2014 
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Fig 1. XRD profile of (a) standard of CeO2 (ICSD-34-
0394) (b) as-synthesized CeO2NPs 
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It became known that the average crystallite size of 
CeO2NPs produced using M. oleifera leaf extract was 
28 nm. 

Fig. 2 shows the CeO2NPs FTIR spectrum. The KBr 
pellet method was applied to conduct the FTIR study, 
which was scanned in the 400–4000 cm−1 wavelength 
range. The absorption bands at 1300, around 1600, and 
3300 cm−1 are referred to as N–O stretching, H–O–H 
bond, and OH stretching in the FTIR spectra of 
CeNO3·6H2O respectively (Fig. 2(a)). The FTIR 
absorption spectrum of CeO2NPs after calcination in Fig. 
2(b) shows the intensity of 453 and 685 cm−1, which are 
referred to Ce–O stretching and O–Ce–O bonding, 
respectively. It was observed that the OH peak of the water 
appears to be reduced in CeO2 form. The results of this 
study are in line with Arumugam et al. [27], who also 
found the peak of Ce–O stretching to be 451 cm−1. 

The morphology of the nanoparticles was shown 
from the SEM, TEM, and HRTEM analysis. Fig. 3(a) 

morphology analysis that can show the TEM image. It 
can SEM data show the CeO2NPs morphology where the  
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Fig 2. FTIR spectra of (a) CeNO3·6H2O precursor (b) as-
synthesized CeO2NPs 

 
Fig 3. (a) SEM, (b) TEM, (c) HR TEM, and (d) size distribution diagram of as-synthesized CeO2NPs 
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particles are agglomerated. Fig. 3(b) is a microstructural 
be shown that the particles are spherical and 
agglomerated. The clear microstructural morphology 
analysis can be shown in HRTEM data in Fig. 3(c). 
Particle size was calculated using the Image J application 
from HRTEM image data and obtained a particle size of 
5–40 nm, with a mean particle size of 18 nm described in 
the histogram in Fig. 3(d). 

The Kubelka-Munk equation (Eq. (2)), which has 
the following formula, was used to compute the amount 
of absorption whereas F(R) is known as the Kubelka-
Munk function, K is the molar absorbance coefficient, S is 
the scattering factor, R is the material's reflectance value. 

 21 RKF(R)
S 2R


   (2) 

Band gap energy obtained from the graph of the 
relationship between hν(eV) vs (F(R)hν)1/2 determined by 
Eq. (3); 

hcEg h  


 (3) 

where h is Planck's constant (6.624 × 10−34 J s), c is the 
speed of light in the air (2.998 × 108 m/s), λ is the 
wavelength (nm), and Eg represents the band gap energy 
(eV). The value of the hν at (F(R)hν)1/2 = 0, which is 
determined by the linear regression equation of the curve 
[33] (Fig. 4). The band gap of CeO2 in its bulk form is 
relatively  large,  with  values  ranging from  3.0  to  3.9 eV.  
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Fig 4. DRS UV-vis spectrum of CeO2NPs inserts band gab 
energy value of CeO2NPs by Kubelka Munk equation 

According to preliminary research, a few investigations 
have reported on reducing the band gap of CeO2 without 
the use of dopants. However, it is frequently applied 
using harsh techniques at relatively high temperatures. 
Scott et al. [34] synthesized CeO2 NPs with a minimum 
band gap of 2.73 eV but using a thermal treatment at 
600 °C for 4 h to remove the CeOHCO3 phase formed 
during the synthesis process. This research e gab value 
was 2.87 eV at 600 °C for 2 h. The narrowing of the band 
gap is achieved thanks to the high structural disorder of 
the nanoparticles synthesized. The smaller the 
nanoparticles, the smaller the band gap value. The 
literature shows the opposite behavior for nanoparticles 
due to the quantum confinement effect [35]. 
Additionally, because it causes a change in the strength 
of attachment of the atoms in the crystalline structure, 
the structural disorder assists in decreasing the band 
gap. This information matches XRD results that suggest 
a crystallite size of 28 nm. The visible region can use a 
photocatalyst because the energy gap value was 2.87 eV 
(Fig. 4). The photocatalyst will absorb light with a lower 
energy level when the gap energy is reduced, but there is 
a higher chance of electron recombination is greater. 

The Photocatalysis Application 

The weight of CeO2NPs was varied at 10, 20, 30, 40, 
50, 60, 70, 80, 90, and 100 mg. The degradation time 
variation of phenol dye using CeO2 NPs photocatalyst 
was 0, 30, 45, 60, 75, 90, 105, and 120 min. The artificial 
solution volume is 250 mL, and the used time is 100 min 
with a pH of 8. The result can be seen in Fig. 5 and 6 
whereas visible light data refer to the absence of CeO2 
NPs while blank data refer to the absence of both CeO2 
NPs and visible light. 

Based on Fig. 5 and 6, when the photocatalyst 
weight is 100 mg, it can decompose 92.45% of the phenol 
dye, and the removal concentration becomes 0.4 mg/L. 

In this study, the phenol dye degradation time 
variation using CeO2NPs photocatalyst was 0, 30, 45, 60, 
75, 90, 105, and 120 min. The volume of the artificial 
solution is 250 mL, and the mass of the photocatalyst 
used is 100 mg, with a pH of 8. Respectively, CeO2NPs 
showed high phenol degradation up to 94.45% at 120 min  
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Fig 5. The percentage degradation of phenol versus 
dosage of CeO2 using visible light irradiation 
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Fig 6. The removal concentration of phenol versus 
dosage of CeO2 using visible light irradiation 

 
of irradiation time, as shown in Fig. 7 and 8. CeO2NPs 
show a high degree of photocatalytic activity as a result of 
photogenerated electron-hole pairs on the photocatalyst 
surface. It was also comparable to other metal oxide 
photocatalysts described in the literature and shown in 
Table 2 when phenol was photocatalytically degraded on 
the surface of CeO2NPs catalysts for photosynthesis in the 
presence of a visible light source. 

The comparison of other metal oxide photo-
catalysts is shown in Table 2. The activity photo-
degradation of CeO2NPs synthesized was compared with 
other literature using metal oxide for phenol degradation. 

It can be concluded that metal oxides cause different 
photo-degradation activities. The photo-degradation 
activity of CeO2NPs in this study was reported in the 
range of 70–89%. It shows that the CeO2NPs 
photocatalyst synthesized by the green synthesis method 
can also degrade phenol waste with visible light source 
irradiation. 

The illustration of the phenol degradation 
mechanism compounds in the presence of visible light 
on the surface of CeO2NPs is shown in Fig. 9. When the 
CeO2NPs photocatalyst absorbs photon light 
irradiation, phenol degradation  occurs on the surface of  
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Fig 7. The removal concentration of phenol versus 
irradiation time using visible light irradiation 
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Fig 8. The percentage degradation of phenol versus 
irradiation time using visible light irradiation 
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Table 2. The comparison of degradation percentages on phenol degradation by metal oxide nanoparticles 
Catalyst Dosage (mg/L) Time (min) Percentage degradation rate (%) Ref. 

TiO2 nanoparticle 150 105 82.00 [36] 
Ni nanoparticle 200 120 78.00 [37] 
Zirconia nanoparticle 100 150 79.00 [38] 
Zinc oxide nanorod 100 180 45.00 [39] 
Ag nanoparticle 200 100 89.00 [40] 
CeO2NPs 100 120 94.45 This work 

 

 
Fig 9. The phenol degradation mechanism 

the CeO2NPs photocatalyst through superoxide (O2
−) 

radicals and the hydroxyl (OH) radical. According to the 
degradation mechanism, when the CeO2NPs 
photocatalyst absorbs photon light, electrons jump from 
the valence band (VB) to the conduction band (CB). 
Then, holes (h+) were formed in VB and electrons (e−) in 
CB. The electron-hole pairs photogenerated onto the 
surface of the and generated free OH radicals on the 
CeO2NPs surface [41]. It indicates that CeO2NPs have a 
good ability to generate OH radicals in the phenol waste 
solution. The photogenerated electrons in the CB can 
generate superoxide radicals. The superoxide radical 
anion has a significantly more ability to remove pollutants 
than of OH [2]. Thus, more hole pairs will reach the 
CeO2NPs surface, increasing the phenol degradation. 

During photocatalyst reusability under UV light 
exposure with five recycle uses, the photocatalytic activity 
of CeO2NPs was additionally examined. In the first cycle, 
the photodegradation efficiency for the phenol dye using 
CeO2NPs was 94.45%. After the first cycle concluded, the 
CeO2NPs were separated by centrifugation, then washed 
with aquadest and dried for 2 h at 100 °C in an oven. For 
the subsequent  cycle of  photodegradation of  phenol dye  
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Fig 10. Reusability of CeO2NPs for five cycles 

under the same conditions, the dried photocatalyst was 
utilized. Fig. 10 illustrates the CeO2NPs' five-cycle 
recyclability. The recycling study over five cycles, which 
showed a higher turnover rate and photocatalyst stability, 
did not substantially impact the photodegradation 
efficiency of CeO2NPs. The photocatalytic activity of 
CeO2NPs showed a dramatically decreased of phenol 
degradation percentage, probably caused by the material 
loss during the recovery procedure [38]. In addition, the 
reduction in surface area during treatment eventually 
caused the photocatalytic effectiveness to decrease. 
Because no substantial leaching occurred after seven 
additional trials, the CeO2NPs catalyst was very stable 
and active, demonstrating that it is appropriate for use 
in photodegradation reactions. 

■ CONCLUSION 

Synthesis of CeO2NPs from Moringa oleifera leaf 
extract can be used for the photo-degradation of phenol. 
The morphology of nanoparticles is spherical, with a 
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particle size of 18 nm. CeO2NPs showed high photo-
degradation by percentage degradation of phenol dye is 
94.45% in 120 min irradiation time under visible light. 
Reusability shows stable results in degrading phenol waste 
so that it has the potential to be used to remove phenol dye. 
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