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Abstract

Methylene blue is widely used in the textile industry and is difficult to degrade naturally because of its heterocy-
clic aromatic structure. One technique that can be used to degrade methylene blue is through a photocatalytic pro-
cess using ZnO nanoparticles. This study aims to synthesize ZnO nanoparticles using Lidah mertua extract
(Sansevieria trifasciata) as a capping agent by the sol-gel method, and determine the characteristics and stability
of ZnO nanoparticles in methylene blue photodegradation. The synthesis of ZnO nanoparticles begins with drying
Lidah mertua, grinding it, and then extracting it using distilled water. Furthermore, the extract was reacted with
Zn(CH3C00)2.2H20 0.15 M at pH 8. The extract was characterized using Fourier Transform Infrared (FTIR), and
the ZnO nanoparticles were characterized using X-Ray Diffraction (XRD), ultraviolet-visible (UV-Vis) DRS, and
Scanning Electron Microscopy (SEM). Lidah mertua extract has OH (hydroxyl), CN, CH, and C=C functional
groups. The obtained ZnO nanoparticles have a crystal size of 19.324 nm. The crystalline phase is hexagonal; the
morphology is spherical, with a particle size of 79.153 nm and a band gap energy of 3.21 eV. ZnO nanoparticles ex-
hibited a methylene blue decolorization of 98.50% through 43.41% by adsorption and 55.09% by photocatalytic
mechanism. ZnO nanoparticles showed good stability for a three-cycle reaction.
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1. Introduction

Methylene blue is widely used in the textile
industry because it can stick strongly to cotton
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and cloth fibers [1]. Methylene blue is a dye
with a heterocyclic aromatic structure that is
difficult to degrade in nature [2]. Methylene
blue releases harm the environmental ecosys-
tem and cause cyanosis, vomiting, increased
heart rate, and tissue necrosis in humans [3,4].
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Photocatalytic process is considered the effi-
cient method can be employed to minimize
methylene blue pollution. The photocatalytic
process combines a catalytic and photochemical
processes. Photocatalytic involves light, which
functions as a trigger and catalyst to accelerate
the transformation process. This method can
react quickly with various dyes in water due to
the formation of hydroxyl (+OH) radicals, low
operating costs, and high reusability [5,6]. The
degradation of dye pollutants by the photocata-
lyst process usually uses a semiconductor-
based ZnO nanoparticles [7,8].

ZnO nanoparticles can be synthesized using
various methods, such as hydrothermal, sol-gel,
precipitation, sonochemical, and microemulsion
methods [9]. The sol-gel method is widely used
to synthesize ZnO nanoparticles because it uti-
lizes a low temperature, the consequent prod-
uct with good homogeneity, more rapid crystal
formation, and quite low waste [10]. However,
the sol-gel method requires capping agents de-
rived from chemicals like CTAB (Cetyl Trime-
thyl Ammonium Bromide), TEA
(Triethanolamine), and HMTA (Hexamethylene
Tetramine) that are not environmentally
friendly [11].

In recent years, many researchers have de-
veloped the green synthesis method to con-
struct ZnO nanoparticles to reduce the usage of
hazardous chemicals. This green synthesis
method employs a natural capping agent de-
rived from plant extracts [12]. One plant ex-
tract that has the potential as a capping agent
in the synthesis of ZnO nanoparticles is Lidah
mertua plant. Lidah Mertua extract contains
flavonoids, tannins, and phenols, which serve
as capping agents to prevent agglomeration in
the synthesis of nanoparticles [13].

Based on our knowledge, the synthesis of
ZnO nanoparticles using Lidah mertua extract
as a capping agent has never been carried out.
Therefore, this study employs the sol-gel meth-
od to synthesize ZnO nanoparticles using
Lidah mertua extract as a capping agent. The
ZnO nanoparticles were then characterized us-
ing a UV-VIS DRS spectrophotometer, X-Ray
Diffraction (XRD), and Scanning Electron Mi-
croscope (SEM). The ZnO nanoparticles' photo-
catalytic activity was analyzed for the degrada-
tion of methylene blue under a 250-watt mercu-
ry lamp irradiation. The test was optimized by
experimenting with variations, namely the
mass of ZnO nanoparticles, the concentration of
methylene blue, and the pH of the solution. The
addition of electron-hole scavengers in the form
of H202, CH30H, and tertiary butanol was also
carried out to determine which species had a

dominant role in the degradation process. The
stability test of nanoparticles was carried out
by repeating the photocatalytic degradation re-
action of methylene blue for 3 reaction cycles.

2. Materials and Methods
2.1 Materials

The materials were used without any purifi-
cation, 1included dried Lidah mertua
(Sansevieria trifasciata), zinc acetate dihydrate
(Zn(CH3COO0)2.2H20) (Merck, p.a.), NaOH
(Merck, p.a.), H202 (Merck, p.a.), CHsOH
(Merck, p.a.), tert-butanol (Merck, p.a.), meth-
ylene blue (Merck, p.a.), and distilled water.

2.2 Lidah Mertua Extraction

As much as 10 g of dried Sansevieria trifas-
ciata powder is placed in a beaker, and 100 mL
of distilled water is added. Furthermore, the
mixture was stirred using a magnetic stirrer at
400 rpm while heated in a water bath at 100
°C for 25 min. The mixture was filtered, and
the extract was analyzed using FTIR to deter-
mine the functional groups and active com-
pounds contained in the extract.

2.3 Determination of Total Flavonoid of Lidah
Mertua Extract

1 mL of Lidah mertua extract with a con-
centration of 1 mg/mL was added to a mixture
of 1 mL of 2% AlCl3 solution and 1 mL of 120
mM potassium acetate. The mixture was incu-
bated at room temperature for 1 h. The absorb-
ance of the mixture was measured using a UV-
Vis spectrophotometer at 435 nm. Quercetin
solution was used as a standard solution of fla-
vonoids.

2.4 Synthesis of ZnO Nanoparticles

10 mL of Sansevieria trifasciata extract was
reacted with 90 mL of 0.15 M
Zn(CH3CO0O0)2.2H20. Then, the mixture was
stirred using a magnetic stirrer at 400 rpm
while heated at 70 °C for 1 h. The NaOH solu-
tion was then added to the mixture gradually
until the pH of the mixture was 8. The result-
ing yellowish-white solid was then centrifuged
at 4000 rpm. Solids were taken and washed us-
ing distilled water and dried at 100 °C for 18 h.
The solid was then calcined at 450 °C for 4 h to
obtain ZnO nanoparticles powder.

2.5 Characterization of ZnO Nanoparticles

The resulting ZnO nanoparticles were char-
acterized using XRD to determine their diffrac-
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tion patterns using monochromatic Cu-Ka radi-
ation (A = 1.54056 A). Crystallinity, and phase
type were determined by processing the XRD
test diffractogram data using the Match 3.0 ap-
plication. Spectrophotometer UV-Vis DRS is
used to measure the band gap energy value.
The Tauc-Plot and Kubelka Munk formula was
employed to determine the band gap energy
[14]. ZnO nanoparticles were also analyzed for
morphology using a scanning electron micro-
scope (SEM) JEOL JSM-6510LA.

2.5 Photocatalytic Activity of ZnO Nanoparti-
cles

The ZnO nanoparticles were dispersed into
100 mL of methylene blue solution, stirred us-
ing a magnetic stirrer at 300 rpm at room tem-
perature, and irradiated with a 250-watt mer-
cury lamp for 2 h. The suspension was sampled
at 2 mL every 10 min and centrifuged at 6000
rpm for 10 min. The absorbance of methylene
blue was measured using a UV-Vis spectropho-
tometer at a wavelength of 665. The efficiency
of dye degradation was calculated using equa-
tion (1).

DE(%) = AOAOAt x100% (1)
where, DE is degradation efficiency of meth-
ylene blue (%), Ao is the initial absorbance of
methylene blue and A: is the absorbance of
methylene blue at time.

Optimization of the photodegradation of
methylene blue by ZnO nanoparticles was car-
ried out using a variety of methylene blue con-
centrations (20; 25; and 30 ppm), the mass of
ZnO nanoparticles (75, 100, and 125 mg), the
pH of the solution (pH = 5, 7, and 9), and the
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measurement of the effect of the addition of
H202, CH3OH, and tert-butanol to determine
which species plays a dominant role in the pho-
tocatalytic degradation process of methylene
blue.

2.6 Reusability and Stability Test of ZnO Na-
noparticles

The reusability test of ZnO nanoparticles
was carried out by measuring the degradation
efficiency of methylene blue with three cycles
reaction. This test was carried out with the
photocatalyst's mass, the initial methylene
blue's concentration, and the pH at the opti-
mum conditions. After the reaction, the ZnO
photocatalyst was separated, dried, and ana-
lyzed using XRD to determine its stability.

3. Results and Discussion

3.1 Total Flavonoid Content of Sansevieria
trifasciata Extract

The Sansevieria trifasciata extract showed a
total flavonoid content of 0.43 mg/g QE
(quercetin equivalent). Therefore, the extract of
Sansevieria trifasciata can be utilized as a cap-
ping agent in the synthesis of ZnO nanoparti-
cles. It is supported by previous studies using
Punica granatum extract with a total flavonoid
content of 0.459 mg/g, which was used as a
capping agent to synthesize ZnO nanoparticles
[15]. Marslin et al. [16] stated that flavonoids
play the most roles as both capping and reduc-
ing agents in the green synthesis of nanoparti-
cles. It 1s due to the hydroxyl groups in flavo-
noid structure have a negative charge that can
be covered by negatively charged ions resulting
in repulsive forces between like charges; this
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Figure 1. FTIR spectrum of Sansevieria trifasciata extract.
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prevents aggregation between ZnO nanoparti-
cles [17].

Figure 1 shows the presence peak at 3256
cm™!, characteristic of the OH vibration,
indicating the presence of phenolic hydroxyl
groups. Absorption peaks at 3200-3310 cm!
indicate the presence of the OH functional
group in polyphenols, proteins / enzymes, or
polysaccharides / carbohydrates. Absorption
peak at 2927 cm~l, indicating the presence of
the CH stretching polyol functional group. A
peak at 1558 cm! indicates the presence of the
functional group C=C in the aromatic ring. The
peak at 1381 cm-! indicates the presence of
amine-bending CH wvibrations. The peak at
1265 cm™! indicates the presence of a CH
stretching amine vibration. The peak at 1024
cm~! indicates the presence of the CN
functional group in the extract [18]. Based on
the FTIR results, it is known that Sansevieria
trifasciata extract contains functional groups of
flavonoid compounds, polyols, and also proteins
that can play a role in the process of reducing
Zn2+ to ZnO. Nurbayasari et al. [19] stated that
the flavonoids, polyols, and proteins that have
functional groups, such as alcohols, carboxylic
acids, and amines play an important role
during the reduction process in the synthesis of
ZnO nanoparticles.

3.2 ZnO Nanoparticles

The formation of ZnO nanoparticles using
the sol-gel method occurs when the
Zn(CH3C0O0)2.2H20 and Sansevieria trifasciata
extract react. Sansevieria trifasciata acts as a
capping and reducing agent. Meanwhile, NaOH
acts as a reducing agent. The precursor concen-
tration used in this reaction is 0.15 M at pH 8.
It is because the concentration of 0.15 M and
pH 8 is the best conditions for the biosynthesis
of ZnO nanoparticles [19]. pH 8 is a stable con-
dition in synthesizing ZnO nanoparticles be-
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Figure 2. Synthesis mechanism of ZnO nano-
particles [19].

cause, at a pH less than 8, there is aggregation
on the surface of ZnO particles, which causes
the ZnO particle size to become more extensive
[11]. The overall mechanism for creating the
ZnO nanoparticle can be seen in Figure 2.

The functional groups derived from
Sansevieria trifasciata extract and NaOH
reduce Zn2?2* to Zn. Therefore, the Zn atoms
form and combine to form Zn clusters. The
functional group derived from Sansevieria
trifasciata extract interacts with the Zn surface
to enfold the Zn clusters and form a capping.
This capping prevents aggregation between Zn
clusters to form stable ZnO nanoparticles. The
negatively charged hydroxyl groups derived
from Sansevieria trifasciata extract can
surround the surface of the particles resulting
in repulsive forces between like charges. It
prevents aggregation between ZnO
nanoparticles [17].

In addition, the functional groups in Sanse-
vieria trifasciata extract undergo a complexa-
tion reaction with Zn2*. The functional groups
in Sansevieria trifasciata extract roles as a lig-
and and Zn2+ acts as a metal in this complexa-
tion reaction [11]. The functional groups in
Sansevieria trifasciata extract donate free elec-
tron pairs to Zn2+ metal ions to form nano-sized
complex compounds, and ZnO nanoparticles
are formed after the calcination process [20].

3.3 Crystallinity of ZnO Nanoparticles

Zn0 nanoparticles were characterized using
X-Ray Diffraction to determine the crystallini-
ty and diffraction pattern formed. The X-Ray
Diffraction data obtained were processed using
Origin and Match software as reference data-
bases for crystal phases and ZnO peaks. The
results of the X-Ray Diffraction ZnO character-
ization are presented in Figure 3.
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Figure 3. XRD spectrum of ZnO Nanoparticles.
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Figure 3 shows that the resulting ZnO has a
hexagonal wurtzite-shaped crystalline phase
and good crystallinity as seen from the high in-
tensity of the diffraction peak at 20, which is
32.018° 34.669° 36.555° 47.798° 56.801°;
63.078° 66.79°; 68.219° 69.343° 72.79° and
77.35° with Akl index of (100), (002), (101),
(102), (110), (103), (200), (112), (201), (004), and
(202) (JCPDS ZnO No. 36-1451).

3.4 Band Gap Energy of ZnO Nanoparticles

The band gap energy's value is determined
using the Kubelka-Munk equation combined
with the Tauc plot. The results of the band gap
energy of ZnO nanoparticles can be seen in Fig-
ure 4. The Figure 4 shows that ZnO nanoparti-
cles have a band gap energy of 3.21 eV, and
maximum light absorption occurs at 400 nm, so
that the synthesized ZnO can be used as a pho-
tocatalyst under UV light irradiation.
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Figure 4. Band gap energy of ZnO nanoparti-
cles.
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3.5 ZnO Nanoparticle Morphology

The morphology of ZnO nanoparticles using
SEM can be seen in Figure 5. The ZnO nano-
particle size was calculated using Image J soft-
ware. The Figure 5(a) shows that ZnO nano-
particles have a spherical morphology with
gaps between the particles that cannot be seen
clearly. It is due to agglomeration between ZnO
particles [21]. Agglomeration can be driven by
several things, like the influence of polarity,
7ZnO electrostatic forces, and the large energy
on the sample's surface that occurs during the
synthesis process. The agglomeration of ZnO is
thought to be due to Lidah mertua extract
which contains many chemical compounds so
that the compound acts as a trap or template
for the precursor Zn(CH3COO)2.2H20. Sari et
al. [12] explained that the size of the template
surrounding the surface of the nanoparticles
also greatly influences the size of the resulting
Zn0O nanoparticles. The obtained ZnO nanopar-
ticles in this study have various diameter sizes.
Figure 5(b) shows the 40-140 nm particle size
distribution with an average diameter of
79.1532 nm. Vasquez et al. [22] state that par-
ticles with a diameter of <1,000 nm can still be
considered as nanoparticles.

3.6 Photocatalytic Activity of ZnO Nanoparti-
cles

The dark test was carried out to know the
adsorption ability of ZnO nanoparticles in de-
grading methylene blue. Figure 6 shows that
Zn0O nanoparticles could degrade methylene
blue via two mechanisms, the adsorption and
the photocatalytic mechanism. The degrada-
tion efficiency of methylene blue in the dark
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Figure 5. ZnO nanoparticle morphology (a) with 15000x magnification and (b) ZnO particle diameter

distribution.
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condition was 43.41%. It indicated that ZnO
nanoparticles could adsorb methylene blue.
Meanwhile, the degradation efficiency of
methylene blue in light condition was greater
than in dark conditions, which was 98.50%.
Therefore, the degradation of methylene blue
through the photocatalytic pathway was
55.09%. In light conditions, when ZnO was ir-
radiation by UV light from a mercury lamp, the
electron excitation from the valence band to the
conduction band was ensued and produces an
electron hole (A*) in the valence band (equation
(2)). The electron holes then absorb water mole-
cules and produce hydroxyl radicals (*OH)
(equation (3)). At the same time, the excited
electrons in the conduction band react with ox-
ygen to form superoxide radicals (*O2)
(equation (4)). Superoxide radicals (*O32) react
with adsorbed water to produce hydroxide ions
which react with electron holes to form hydrox-
yl radicals (*OH), which are strong oxidizing
agents (equations (5) and (6)). Furthermore,
methylene blue is oxidized by hydroxyl radicals
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Figure 6. The efficiency degradation of meth-
ylene blue by ZnO nanoparticles in dark and
light condition.
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Figure 7. Effect of initial methylene blue con-

centration on methylene blue degradation effi-
ciency.

(*OH) to produce carbon dioxide and water
[23].

Zn0 + hv — ZnO (e~ + htw) 2
H20 + h*yp — *OH + H* 3)
Oz2+ew— 02 4)
h+p + OH- - -OH (5)

OH + MB dyes —
degraded product + CO2 + H:O  (6)

3.7 Effect of Methylene Blue Concentration

The effect of initial methylene blue concen-
tration to degradation efficiency can be seen in
Figure 7. The Figure 7 shows the highest
degradation efficiency is at methylene blue 20
ppm with a degradation efficiency of 92.05%. A
methylene blue concentration of 30 ppm
decreased degradation efficiency. It is because
the photocatalyst is already in a saturated
phase due to the high concentration of
methylene blue covering the photocatalyst
surface, causing a decrease in photon efficiency
and deactivation of the photocatalys. Balcha et
al. [24] explained that the degradation of dyes
would decrease as the concentration of the dyes
increased due to the high concentration of dyes
reducing the intensity of photons hitting the
surface of the photocatalyst due to photon
absorption by the dye molecules in the system.

3.8 Effect of ZnO Dosage

The effect of ZnO dosage to degradation effi-
ciency can be seen in Figure 8. The Figure 8
shows that the use of a ZnO dosage of 75 mg
resulted in a degradation efficiency of 82.92%.
It 1s greater than ZnO dosage of 100 mg and
125 mg. It was because the turbidity of the
solution increased due to the number of ZnO
particles increased. The turbidity blocks UV
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Degradation efficiency (%)
@
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Figure 8. Effect of ZnO dosage on degradation

efficiency of methylene blue.
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radiation, thereby preventing the penetration
of light into the solution, resulting in the
inhibition of the formation of excited electrons,
which play a role in the degradation process of
the dye, causing a decrease in photocatalytic
activity. It indicates that adding an excess
amount of photocatalyst or exceeding the
optimum limit 1is ineffective in forming
hydroxyl radicals and superoxides [25-27].

3.9 Effect of pH

This test was carried out in 3 conditions,
namely acidic, neutral and alkaline with the
aim of determining the stability and also the
optimum photocatalytic activity of ZnO (Figure
9). The acidic conditions at pH 5 resulted in a
mere small degradation efficiency of 23.26%, so
it 1s known that ZnO does not have
photocatalytic activity. It is because at low pH,
the H* ion is the prevalent species, so the
positively charged ZnO interacts more with H*
ions that compete with the positive charge on
methylene blue, so this reaction is less favored
and causes a decrease in methylene blue
degradation [27,28]. The degradation efficiency
at pH 7 and 9 was higher than at pH 5. At pH 9
or alkaline conditions, the degradation
efficiency was 98.50%. It indicates more
optimum degradation obtained under alkaline
(pH 9) than acidic conditions. During alkaline
conditions, the surface charge of ZnO is more
negatively charged so that positively charged
methylene blue interact with the surface of
Zn0O, which tends to be negatively charged
(equations (7) and (8)).

In addition, the effectiveness of degradation
increases at alkaline pH because an increase in
the amount of OH- leads to an increase in the
amount of OH* radicals produced. The more

—

L2

o
J

=o=pH 5
pH7
rHO

Degradation efficiency (%)
» ® =
=] =]

5

Lo
o

. W
0 10 20 30 40 530 60 70 80 90 100 110 120
Time (min)

Figure 9. Effect of pH on the degradation effi-
ciency of methylene blue.

OH radicals formed, the greater the degrada-
tion efficiency of the methylene blue [28].

(pH <6.8) : Zn—OH + H* — ZnOH2* @)
(pH>6.8) : Zn—-OH + OH- —» ZnO- + H20 (8)

3.10 Effect of Sacrificial Agent

The addition of H202 in this test was used
as an excited electron-capturing agent (e-), ter-
tiary butanol as a hydroxyl radical scavenging
agent (*OH), and methanol was used as an
electron-hole capturing agent (h*). Figure 10
shows the photocatalytic activity of ZnO with
the addition of hydrogen peroxide (Hz202) is
higher than methanol and a mixture of Tert-
BuOH and H:02, which results in a
degradation efficiency of 75.36%. Meanwhile,
adding methanol and a mixture of H202 and
tert-BuOH resulted in a degradation efficiency
of 52.67% and 61.50%, respectively.

Adding H20:2 as an electron-capturing agent
prevents recombination between excited
electrons and electron holes. The excited
electrons are captured by H202 and cause a
decrease in the recombination rate resulting in
inhibition of recombination between electrons
and electron holes. Thus the addition of H202
can increase the photocatalytic activity of ZnO.
H202 reacts with the excited electrons to
produce hydroxide ions (OH-) and hydroxyl
radicals (* OH) (equations (9) and (11)). On the
other hand, the added H202 is decomposed by
light to produce hydroxyl radicals. It causes an
increase in the number of hydroxyl radical
species increasing the efficiency of methylene
blue degradation [29].

e~ + H202 —» *OH + OH- 9)
H>0; + Light — *OH + OH- (10)
h*w + H2O — -OH (11)
80 -

60 A

==

Degradation efficiency (%)

hydrogen peroxide
=== methanol

hydrogen peroxide + tert-buOH

0 10 20 30 40 50 60 70 80 90 100 110 120
Time (min)

Figure 10. Effect of electron-hole scavenger on
methylene blue degradation efficiency.
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However, in this study it was found that the
addition of H202 reduced the photocatalytic
degradation efficiency of ZnO. Farrokhi et al.
[30] explained that degradation efficiency can
decrease due to the concentration of H2O2 used
exceeding the optimum concentration. The ex-
cess H20:2 captures *OH radicals to produce hy-
droperoxyl radicals that are less reactive
(equation (12)). Zulys et al. [31] also reported
that if the concentration of H202 is added ex-
cessively, this poisons the active site of the pho-
tocatalyst. The greater the concentration of
H:0:2 used, the more the surface-active site of
the photocatalyst is damaged or inactivated.

H202 + «OH — H20 + +HO2 (12)

In addition, the decrease in methylene blue
degradation efficiency is also caused by the hy-
droxyl radical at higher concentrations under-
going a dimerization reaction to H2O2 (equation
(13)). Besides that the hydroperoxyl radical
(*HO2) can react strongly with the hydroxyl
radical (*OH) to produce oxygen and water
(equation (14)) [32].

2+0H — H:0: (13)
*HO2 + *OH — Oz + H20 (14)

The addition of methanol used as an elec-
tron-hole scavenger (h*) obtained a lower deg-
radation efficiency than the addition of H20s2,
which was 52.67%. It is due to the capture of
electron-holes by methanol, causing no hydrox-
yl radicals (* OH) was formed and only superox-
ide radicals (*Og2) present. The electron-holes
(h*) 1n the conduction band oxidize methanol to
hydroxyalkyl radicals (+CH2OH) and are oxi-
dized to formaldehyde (CH20), and prevent the
formation of hydroxyl radicals. However, photo-
excited electrons react with oxygen to form su-
peroxide radicals (*Os2). This superoxide radi-
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Figure 11. Reusability of ZnO nanoparticles.

cal(*O2) plays a dominant role in this degrada-
tion process (Equations (15) and (16)) [31].

h*w + CH3OH — +CH20H (15)
CH20H — CH20 + H* + ¢~ (16)

Adding a mixture of H202 and tert-butanol
((CH3)sCOH) was carried out to reconfirm the
dominant species playing a role in the degrada-
tion of methylene blue. Adding H2O2 and tert-
butanol resulted in a degradation efficiency of
61.50%. It indicates that the addition of tert-
butanol causes a decrease in degradation effi-
ciency than the addition of H202 because tert-
butanol captures the hydroxyl radical species
(*OH) in the system and result in a lowering in
the number of hydroxyl radicals, which play an
important role in the methylene blue degrada-
tion process [31].

3.11 Reusability of ZnO Nanoparticles

The reusability and stability of ZnO nano-
particles analysis were conducted at a photo-
catalyst dosage of 75 mg, methylene blue con-
centration of 25 ppm, and a pH of 9 for 3 cycles.
Separation of the ZnO nanoparticles after the
reaction was carried out by washing the ZnO
nanoparticles to remove residual methylene
blue attached to the surface of the ZnO nano-
particles. Then the ZnO nanoparticles were
dried at 80 °C for 2 h. The dried ZnO nanopar-
ticles were reused for the next reaction cycle.

Figure 11 showed that the ZnO photocata-
lyst could be used for 3 cycles with 89.48%,
65.36%, and 61.24% degradation efficiencies.
Figure 11 shows a decrease in degradation effi-
ciency after 3 cycles to 61.24%. However, the
results of this study were much better than
previous studies, which produced ZnO nano-
particles with a degradation efficiency of
31.40% after 3 reaction cycles [33]. Marsel et
al. [34] explained that the decrease in the pho-
tocatalytic activity of ZnO nanoparticles was
due to reduced photocatalyst mass during the
washing and drying processes, resulting in a
smaller photocatalyst mass for the next cycle.
Covering the pores and active sites on the cata-
lyst's surface by dye molecules attached to the
photocatalyst surface drives the photocatalyst
inactive. It generates for lowering the photo-
catalytic activity of ZnO nanoparticles [34,35].

Meanwhile, the stability of ZnO nanoparti-
cles after use in 3 reaction cycles was deter-
mined from the XRD analysis of ZnO nanopar-
ticles, which can be seen in Figure 12. The Fig-
ure 12 shows no difference between the ZnO
nanoparticle XRD diffractogram pattern before
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Figure 12. XD spectrum of ZnO nanoparticle
before and after methylene blue photodegrada-
tion.

and after the reaction. It indicates that the
Zn0O nanoparticles have good stability for 3 cy-
cles.

4. Conclusions

Morphology of synthesized ZnO nanoparti-
cles is spherical, with a band gap energy of 3.21
eV, the particle size is 79.153 nm, and the crys-
tal size is 19.324 nm. The ZnO nanoparticles
have photodegradation activity against meth-
ylene blue with a degradation efficiency of
98.50% at 25 ppm methylene blue, and a mass
of ZnO is 0.075% (w/v) at pH 9. The dominant
species affecting methylene blue degradation
are holes (A*) and hydroxyl radicals (*OH).
ZnO nanoparticles have good stability as a pho-
tocatalyst in degrading methylene blue under
mercury lamp irradiation as an ultraviolet
(UV) light source after three cycles.
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