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Zinc oxide (ZnO) nanoparticles have been successfully synthesized using water
extract of red dragon fruit (Hylocereus polyrhizus) stem with zinc acetate dihydrate
as a precursor of ZnO. Chemical compounds contained in the red dragon fruit stem
extract, such as phenolics, terpenoids, and steroids, acted as reducing agents,
stabilizers, and capping agents. The phase structure, crystallite size, functional
groups, shape, and morphology of ZnO nanoparticles were determined by X-ray
diffraction (XRD), Fourier Transform infrared (FTIR) Spectroscopy, and Scanning
Electron Microscopy-Energy Dispersive X-ray (SEM-EDX). The XRD pattern
confirmed the crystallinity of synthesized zinc oxide was in the zincite (ZnO)
phase with an average crystallite size of 79.09 nm. Spectroscopy FTIR analysis
showed that the synthesized ZnO nanoparticles had characteristics similar to the
ZnO standard/commercial. SEM-EDX analysis revealed that the synthesized ZnO
nanoparticles were spherical, evenly distributed, and homogeneous particle size.
The photocatalytic activity of synthesized ZnO nanoparticles was evaluated on the
photodegradation of naphthol blue black (NBB) dye. The results showed that the
synthesized ZnO nanoparticles have high photocatalytic activity that can degrade
NBB dye up to 98.82%. This high photocatalytic activity was obtained at operating
parameter conditions with the initial pH of NBB at 2, the dosage of ZnO
nanoparticles at 250 mg, and the initial dye concentration at 10 ppm.

1. Introduction

Heterogeneous photocatalytic using photocatalyst

co-precipitation [2], sol-gel [3], hydrothermal [4], ball
milling [5], microwave assistance [6], and green
synthesis using plant extracts [7, 8]. Green synthesis is

materials with low cost and high efficiency was
considered one of the effective methods for water
remediation. Zinc oxide (ZnO) is one of the most widely
used photocatalysts because of its high photocatalytic
activity, high photosensitivity and stability, low cost, and
simple manufacturing process [1]. Recently, many
researchers have focused on synthesizing and applying
nanocatalyst materials, including ZnO nanoparticles.
Nanomaterials, materials with small sizes in the range of
1-100 nm and a higher specific surface area appropriate
for catalysis, are synthesized with controllable sizes and
morphologies affecting the photocatalytic activity.
Physical and chemical synthesis methods have been
developed for manufacturing ZnO nanoparticles, such as

the best route for manufacturing ZnO nanoparticles
because it can produce nanoparticles with small size and
large surface area and protect the environment from
hazardous chemicals.

Zinc oxide (ZnO) is a non-toxic inorganic
semiconductor used as a photocatalyst. Zinc oxide has
three crystalline forms: wurtzite, zincblende, and rock
salt. The ZnO compound has aband gap energy (band gap)
of 3.37 eV at room temperature and a bond energy of 60
MeV [9]. ZnO nanoparticles have different chemical,
physical, and biological properties from single atoms or
bulky molecules. ZnO nanoparticles are widely applied in
various fields: biomedical, agriculture, food, textile,
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industry, energy, and others. The large band gap, high
surface area to volume ratio, and crystallinity of ZnO
nanoparticles contributed to the photocatalytic efficiency
[10].

The synthesis of ZnO nanoparticles using plant
extracts is very interesting because it is simple, easy to
handle, cost-effective, and does not use harmful
chemicals. Hence, it is safe for the environment. Different
phytochemicals contained in plant extracts and
precursors of zinc salt determine the final morphology
and size of the ZnO nanoparticle. The chemical
compounds in plant extracts act as a reducing agent,
capping agent, and stabilizer. A plant’s roots, stems,
leaves, fruits, seeds, and leaves have been utilized to
synthesize ZnO nanoparticles [10]. The source of plant
extracts influences the characteristics of the synthesized
ZnO nanoparticles [11] because different extracts contain
different phytochemicals and concentrations [12].

The green synthesis of ZnO nanoparticles using
various parts of plants, including stems of Euphorbia
tirucalli (pencil cactus) [7], which was found to be very
effective in degrading 85.3% of rhodamine B dye for 210
minutes irradiation, and lychee peel extract that could
effectively remove 98% of congo red dye from wastewater
within 2 hours of contact time [13] have been reported.
Furthermore, preparation of ZnO nanoparticles using
extract of Alchemilla vulgaris leaves which can degrade
75% of rhodamine B dye after irradiating for 2 hours [14],
extract of dragon fruit peel (Hylocereus polyrhizus [15] that
has 95% degradation efficiency toward methylene blue
dye after irradiating under sunlight for 2 hours, and white
dragon fruit (Hylocereus undatus) peel that could be used
as a potent antimicrobial agent [16], also have been
reported in literature.

Dragon fruit plants belong to the family Cactaceae
have been widely cultivated in Indonesia. The stems of
dragon fruit have never been used and are only disposed
of as waste. Therefore, in this study, the biosynthesis of
ZnO nanoparticles will be carried out using red dragon
fruit (Hylocereus polyrhizus) stem extract. This research
aims to biosynthesize ZnO nanoparticles and investigate
their photocatalytic activity on the photodegradation of
NBB dye. Naphthol blue black (Figure 1) is an azo group
dye with two azo groups (-N = N-) with the molecular
formula of C2,H1,N¢Na>0,S,. This dye is often used in the
textile industry for dyeing batik, silk, wool, nylon, and
textile printing. NBB dyes are known as acid synthesis
dyes, are blue-black in color, and are stable at room
temperature and pressure. In addition, this dye can
pollute the environment because of its non-
biodegradable, carcinogenic, and even mutagenic
properties [17, 18].

OH

NH

2

Figure 1. Molecular structure of naphthol blue black

2. Experimental
2.1. Materials

Zn(CH;3CO,),-2H,0, HCI, and naphthol blue black
(NBB) were purchased from Merck and used without
further purification. Fresh red dragon fruit stems were
taken from a dragon fruit plantation in Banda Aceh,
Indonesia.

2.2. Preparation of Red Dragon Fruit Stem Extract

The preparation of red dragon fruit water extract was
carried out based on the previous report, which used the
stem of pencil cactus [7]. Fresh red dragon fruit stems
were washed thoroughly with distilled water and cut into
small pieces. The red dragon fruit stem extract was
prepared by taking 100 g, putting it into 400 mL of
distilled water, and then boiling it at 80°C for 1 hour. After
cooling to room temperature, the mixture was filtered
using filter paper, and the filtrate obtained was collected
and used for phytochemical tests and synthesis of ZnO
nanoparticles.

2.3. Phytochemical Test of Red Dragon Fruit Stem
Extract

Phytochemical tests were conducted to determine
secondary metabolites in the red dragon fruit stem water
extract, including alkaloids, steroids, terpenoids,
saponins, flavonoids, and phenolic compounds. The
phytochemical tests were conducted based on the
standard method. The results were designed as (+) for the
presence and (-) for the absence of secondary
metabolites. The presence of alkaloids was determined by
Dragendorff’s test (by the formation of an orange-red
color precipitate), Mayer’s test (by the appearance of a
cream-colored precipitate), and Wagner’s test (by the
formation of a brown-colored precipitate). The
Liebermann-Burchard test was used to determine the
presence of steroids (by the formation of green or blue
color) and terpenoids (by the formation of red color).

A test for the existence of saponins was performed by
adding distilled water to the extract and shaking. The
formation of foam, which lasted 30 minutes, indicated the
presence of saponins. Magnesium powder and
hydrochloric acid solution were used to evaluate the
presence of flavonoids. The formation of red or purple
color indicated the (+) test. The phenolic compounds were
detected by dropping FeCl; solution into the extract, and
the formation of a black or dark blue color showed the
presence of phenolics [19, 20].
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2.4. Green synthesis of Zinc Oxide (Zn0O) Nanoparticles

The green synthesis of ZnO nanoparticles using
water extract from red dragon fruit stem was conducted
based on the previously reported with a slight
modification [21], and the process is represented in
Figure 2. About 50 mL of red dragon fruit stem extract was
put into a beaker and was heated until the temperature
reached 60°C. Five g of Zn(CH;CO.),-2H,0 was added to
the dragon fruit stem extract, and the mixture was
continuously heated to a temperature of 60-80°C. The
color of the mixture turned from pale yellow to deep
yellow, and further heating resulted in a yellow paste. The
yellow paste was dried at 100°C for 12 hours to produce a
greenish-yellow solid. The solid was ground and calcined
at800°C for 5 hours. The resultant white powder was used
to characterize and evaluate its photocatalytic activity.

2.5. Characterization of ZnO Nanoparticles

The crystalline phase and crystallite size of
synthesized ZnO nanoparticles were investigated using a
Shimadzu X-ray diffractometer (XD-7000) equipped
with Cu-Ko radiation source (A = 1.54056 A) that
operating at 40 kV and 30 mA. The scan rate was 5° min~
with Bragg angle 20 was ranged from 10 to 80°. The
crystallite sizes (D) of ZnO nanoparticles were
determined from the broadening of diffraction peaks
according to Scherrer’s formula (Equation (1) [8], where
k is the shape factor (the value is 0.9), A is the X-ray
wavelength, B is the full width at half maximum (FWHM)
measured in radians of the reflection peak and 0 is the
Bragg’s angle.

D=(K><A) )

BxCosb

FTIR spectrophotometer (Shimadzu) was used to
determine the functional groups in ZnO nanoparticles in
the range wavenumber 400-4000 cm™. The
morphologies of the sample surface were examined by a
Scanning Electron Microscope (SEM) (JEOL JSM6510LV)
operated at an acceleration voltage of 15 kV, while the
composition of elements was analyzed using EDX. A
Shimadzu UV-2450 UV/Vis spectrophotometer was
employed to study absorption and bandgap at the 200 to
800 nm wavelength range.

2.6. Photocatalytic Experiment

The photocatalytic degradation of NBB dye was
studied under ultraviolet (using a 6-W UV lamp, 2 = 365
nm). The entire arrangement was placed in a box to avoid
the passage of other light from outside. The pH of the NBB
dye solution was measured on the HI98107 pHep pH
tester and was adjusted to pH 2. Typically, 250 mg of ZnO
nanoparticles was added to 25 mL of 10 ppm NBB dye
solution on the Pyrex glass vessel. The mixture was placed
about +10 cm from the UV lamp. The experiments were
carried out for 300 minutes, consisting of 30 minutes in
darkness and 90, 180, and 270 minutes under UV light
irradiation. After the time interval was reached, the
suspensions were centrifuged for 10-15 minutes to
remove the photocatalyst completely. The concentrations
of NBB dye were determined using a UV-Vis
spectrophotometer  (Shimadzu UV  mini 1240
spectrophotometer) at Amax of 617 nm. The percent
removal of NBB dye was estimated using Equation (2).
The experiments were also performed using ZnO
nanoparticles and 25 mL of NBB dye solution without UV
light (dark condition).

%D = (Co— Cp) / Co X 100% (2)

where Co and C: presented the initial and final dye
concentration (ppm) [22].

3. Results and Discussion

3.1. Phytochemical Test of Red Dragons Fruit Stems
(Hylocereus polyrhizus) Extract

The phytochemicals present in the red dragon
extract are essential for biosynthesizing ZnO
nanoparticles. The secondary metabolites in red dragon
fruit stem extract reduce metal ions to metal
nanoparticles, act as a capping/stabilizer agent, and
control the size of synthesized nanoparticles [23, 24]. The
results of the phytochemical test (Table 1) showed that
water extract of the red dragon fruit stem contained
steroids, terpenoids, and phenolics, while alkaloids,
saponins, and flavonoids were not found. Based on this
result, the phytochemicals in red dragon fruit stem
extract have the potential as a bio-reductor and
capping/stabilizer agent.

Table 1. Phytochemical test results of red dragon fruit stem (Hylocereus polyrhizus) water extract

Phytochemical Test Observation Result

Wagner no brown color precipitate ---
Maver no white or orange color L

Alkaloids v precipitate
Dragendorff no orange or red color L

precipitate
Steroid Lieberman Burchard yellow color 4
Terpenoid Lieberman Burchard red color 4

. Distilled water and shaken
Saponin no foam ---
process

Flavonoid Mg and HCI no pink color ---
Phenolic FeCl; Blackish green color +++
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3.2. Green Synthesis of ZnO Nanoparticles by Using Red
Dragons Fruit Stems (Hylocereus polyrhizus) Extract

Synthesis of ZnO nanoparticles was carried out using
red dragon fruit stem water extract as a bio-reductor and
capping/stabilizer agent with zinc acetate dihydrate as a
ZnO precursor. Table 1 shows terpenoids acting as a
reduction agent for Zn>* ions, while phenolics are
responsible for the capping/stabilizer agent for reduced
nanoparticles. In addition, phenolic compounds also play
arole in reducing and capping zinc ions [21, 25].

The secondary metabolite, which contains the -OH
group, acts as a bio-reductor, reducing Zn?* to Zn°. The
secondary metabolite in plant extract also acts as a
stabilizer/capping agent to inhibit the development of
nanoparticle size and prevent the accumulation of ZnO
nanoparticles. The other process is the formation of
hydroxyl chelation from phytochemical compounds to
ion Zn>* ion, which leads to the formation of an
intermediate product, zinc hydroxide (Zn(OH).), through
hydrolysis. The calcination process at high temperatures
can cause Zn° to be oxidized to form zinc oxide (Zn0O). In
addition, the calcination process can also decompose or
oxidize Zn-secondary metabolite chelate compounds and
Zn(OH). to ZnO [21, 26].

-

4 boiled at 50° C,_ [ - ﬂ filtered Zn(CH:;CO0)2.2H:0, =
' for Ih h‘ g . l-hql -'--el

Red dragon Red dragon fruit Reaction
fruit stem stem extract mixture

continuous heating at 80° C_ [ B vt 800° <,
S a7 T T 1T g =
and dricd at 100° C Torsh

ZnO NPs

Figure 2. ZnO nanoparticle biosynthesis using red
dragon fruit stem extract

3.3. Characterization of Materials
3.3.1. X-ray Diffraction Analysis

The XRD pattern in Figure 3 shows that synthesized
zinc oxide nanoparticles using red dragon fruit stem
extracts have sharp and narrow diffraction, indicating
high crystallinity, small size, and purity. The ZnO
nanoparticles have peaks in the diffraction angle at 26:
31.75°% 34.44°, 36.25°, 47.57°, 56.56°, 62.90°, 66.33°,
69.04°, 72.58°, 76.94°, 77.09°, and 81.50° that proved the
formation of zincite phase ZnO with a hexagonal
structure. These results are confirmed regarding the COD
database [96-900-4179]. The XRD patterns obtained in
this study were also similar to XRD patterns obtained for
biologically synthesized ZnO nanoparticles reported in
the literature using thyme plant leaf extract [23],
Eucalyptus globulus Labill. leaf extract [24], and Tilia
Tomentosa (Ihlamur) [27]. The diffraction pattern of ZnO
nanoparticles in Figure 3 also indicated there was no peak
at 20: 32° caused by Zn(OH)., which was formed as one of
the resultant reduction processes of Zn2* salt in the red
dragon fruit stem water extract [21]. These indicated that
the calcination process at 800°C can completely convert
Zn(OH): into ZnO.
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Figure 3. XRD pattern of ZnO nanoparticles

Table 1. The ZnO nanoparticles crystallite size
calculation uses the Scherrer formula based on data from

Figure 3
nli?li . Planes 2theta(®) FWHM (iirzrf)
1 100 31.759 0.101 80.910
2 002 34.440 0.103 79.896
3 101 36.250 0.112 73.846
Average size 79.096

The average crystallite size of ZnO nanoparticles was
calculated based on data of FWHM at the three main peaks
at 20: 31.75° 34.44°, and 36.25° and it was found to be
79.09 nm, which was confirmed the nanosize of ZnO
(Table 1). A similar crystallite size of ZnO was obtained
from the biosynthesis using Mentha longifolia L. Leaves
[28] but larger than that of using thyme plant leaf extract
[23], Eucalyptus globulus Labill. leaf extract [24], and Tilia
Tomentosa (IThlamur) [27]. This difference may occur due
to the differences in the secondary metabolite contained
as well as differences in calcination temperature.

3.3.2. The Fourier Transform Infrared Spectroscopy
Analysis

FTIR spectroscopy analysis was carried out to
identify the functional groups in synthesized ZnO
nanoparticles. The FTIR spectra of synthesized ZnO
nanoparticles and commercial ZnO are shown in Figure 4.
It can be seen that the FTIR spectra of synthesized ZnO
nanoparticles are almost the same as commercial ZnO.
The broad absorption peak at 3454 cm™ is due to the O-H
stretching vibration of the hydroxyl group from the water
adsorbed [10], and the other peak at 1624 cm is the H-O-
H bending vibration [29]. As previously reported in the
literature, the absorption peaks at 437 cm* and 511 cm™!
belong to Zn-O stretching vibration [10, 30, 31]. The
absorption peak at 1445 cm~ was attributed to C=0
vibration, while the peak at 2341 cm™ indicated the
symmetric COO- stretching vibration modes of the acetate
group [31, 32] or because of the presence of CO. molecules
in the environment [33].
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Figure 4. The FTIR spectra of synthesized ZnO
nanoparticles and commercial ZnO

3.3.3. Scanning Electron Microscopy-Energy
Dispersive X-ray

The surface morphology and elemental composition
of synthesized ZnO nanoparticles were investigated
employing SEM and EDX. The results of SEM analysis
(Figure 5a) showed that ZnO nanoparticles were
spherical, well dispersed, and homogeneous particle
sizes. The distribution of ZnO nanoparticles occurs evenly
and shows only a small amount of agglomeration
(Figure 5). The generated ZnO NPs occasionally exhibited
significant aggregation formation, which is characteristic
of green synthesis nanoparticles. This is because
biosynthetic NPs have a larger surface area, and their
long-lasting affinities lead to their agglomeration or
aggregation [23, 24]. This is a characteristic of an
excellent photocatalyst to degrade pollutants such as dyes
and other organic compounds.

The EDX spectra of ZnO nanoparticles in Figure 5b
reveal the presence of Zn and O without any other
element. The EDX spectra displayed three peaks for Zn at
1.0keV, 8.7keV, and 9.6 keV, while a single peak at 0.5 keV
corresponded to oxygen [15, 23]. The atomic percentages
of zinc and oxygen were 55.8% and 45.2%, respectively,
while the weight percentages of zinc and oxygen were
83.8% and 16.2%, respectively. The atomic ratio of Zn and
O was almost 50:50, which matches the theoretical values
[14, 27]. The weight percentage of Zn and O, which was
obtained in this study, is close to the bulk ZnO weight
percentage (80 for Zn and 20 for O) [30, 34]. The EDX
mapping of Zn and oxygen is represented in Figure 6.
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Figure 5. (a) SEM images and (b) EDX spectra of ZnO
nanoparticles

Figure 6. EDX mapping images of (a) Zinc and (b)
Oxygen

3.3.4. UV-Vis Diffuse Reflectance Spectroscopy

The optical absorption properties of the prepared
ZnO nanoparticles were measured using UV-Vis diffuse
reflectance spectroscopy (UV-DRS) at 200-800 nm
wavelength (Figure 7a). The bandgap energy of
synthesized ZnO nanoparticles was calculated based on
the numerical derivative of the optical absorption
coefficient using Tauc’s plot between the optical
absorption coefficient (o), the photon energy (hv), the
constant (A), and the direct band-gap energy (Eg) (Figure
7b). The band-gap energy was found to be 3.22 eV, almost
similar to those reported in the literature for the green
synthesis of ZnO nanoparticles [33].
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Figure 7 (a) UV-Vis diffuse reflectance (DRS) spectra and (b) Tauc plot of green synthesized ZnO nanoparticles
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3.4. Photocatalytic Activity of Synthesized ZnO
Nanoparticles

3.4.1. Effect of Irradiation Time on the
Photodegradation of NBB Dye

The effect of irradiation time on the
photodegradation of NBB dye using ZnO nanoparticles
was investigated by monitoring the percent removal of
NBB dye at different periods in the presence of UV light.
The experiments were conducted at an initial
concentration of NBB solution of 10 ppm, the initial pH of
NBB solution was 2, and the photocatalyst dosage was
250mg. Figure 8 shows the absorbance curves
corresponding to the decrease in NBB concentration over
time. The photodegradation efficiency was calculated
using Equation 2. Two significant peaks at 319 and 617 nm
are observed that are characteristic of the aromatic
structure and the azo groups of NBB [35]. It is observed
that both the absorption peaks decrease with the increase
of the irradiation time. During the adsorption-desorption
process for 30 minutes (without UV irradiation), the
absorption peaks were slightly reduced and could only
absorb 29.6% of NBB dye.

After irradiation for 90 minutes, the absorption
peaks of NBB remain detectable. However, the absorbance
value of NBB was significantly reduced after 180 minutes
and gave a maximum photodegradation activity of ZnO
nanoparticles after irradiation for 270 minutes with the
percent removal of NBB at 98.82%. It confirms that the
photocatalytic efficacy of ZnO nanoparticles is highly
dependent on the irradiation duration. This dependency
arises from the increased excitation of electrons from the
valence band to the conduction band of ZnO nanoparticles
with prolonged irradiation. Consequently, more active
species are generated, including hydroxyl radicals (*OH)
and superoxide ion radicals (O»*-). These active species
play a pivotal role in the degradation of NBB dye.

The mechanism of photodegradation of NBB dye over
ZnO nanoparticles can be explained as follows: the
photocatalytic reaction begins when the photon energy
from ultraviolet light reaches the surface of ZnO
nanoparticles, transferring electrons from the filled
valence band to the empty conduction band. The
photogenerated electrons and holes can react with NBB
molecules, causing the degradation of NBB dye. It is also
possible that the presence of photogenerated electrons
and holes leads to the formation of superoxide ions (0»*")
and hydroxyl radicals (*OH). It has been reported that
hydroxyl radical is a powerful oxidant for the degradation
of many organic compounds [1].

The photodegradation of NBB dye was also evaluated
using UV light without a photocatalyst, which aims to
determine the effect of UV radiation through photolysis
reactions. Under the same reaction conditions (initial
concentration of NBB dye, pH, and radiation time), the
utilization of UV light in the photolysis reaction of NBB
dye for 270 minutes only resulted in a percent removal of
NBB of 4.95% (Figure 9). Meanwhile, under the same
photocatalytic reaction conditions for 270 minutes, ZnO
nanoparticles could degrade nearly all NBB dyes
(98.82%). These results indicate that the presence of ZnO

photocatalyst has a major effect on the photodegradation
process of NBB dyes. This is because the photocatalytic
reaction of ZnO with UV radiation can produce hydroxyl
radicals (*OH) and superoxide ions (02°-). These active
species can damage the bonds in NBB dyes through a
redox reaction, thereby transforming the NBB dyes from
the initial blue into a clear color.

Furthermore, to confirm that the dye removal is
indeed a photocatalytic process, an adsorption test under
dark conditions was concurrently conducted alongside
the photocatalytic reaction for 300 minutes. Under dark
conditions for 300 minutes, ZnO nanoparticles can absorb
54.80% NBB dye. This shows the relatively high
adsorption efficacy of ZnO on NBB dyes. This
phenomenon can be attributed to the acidic conditions
(pH = 2), wherein the surface of ZnO nanoparticles
acquires a positive charge. Consequently, there is an
increase in electrostatic attraction between the positively
charged ZnO nanoparticles and the anionic NBB dye
molecules, resulting in enhanced adsorption. The NBB
dye molecules are thereby more readily adsorbed onto the
surface of ZnO nanoparticles. When the dye solution
(NBB) is acidic, pH < pHzpc (zero potential ZnO is around
8), the ZnO surface is positively charged, and the
adsorption capacity of the NBB dye increases due to the
electrostatic attraction of anionic NBB dye [36, 37].
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Figure 8. UV-Vis spectra of initial and after
photodegradation of NBB dye solutions using ZnO
nanoparticles at various irradiation times under UV light
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Figure 9. UV-Vis spectra of the initial NBB dye solution
and after photodegradation using UV light (irradiation
time 270 minutes) and dark condition (adsorption)
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4. Conclusion

ZnO nanoparticles have been synthesized using a
green method using water extract from red dragon fruit
stems. The XRD data showed that synthesized ZnO NPs
have a hexagonal zincite phase with an average crystallite
size of 79.09 nm, confirming the ZnO nanostructure. The
SEM-EDX analysis revealed that the ZnO nanoparticles
exhibited a spherical morphology, displayed a uniform
size distribution, and were evenly distributed. The
evaluation of photocatalytic activity revealed that ZnO
nanoparticles exhibit a notably high level of efficacy in
facilitating the photodegradation process of NBB dye.
ZnO nanoparticles exhibited an impressive capability to
degrade NBB dye, achieving a remarkable 98.82%
degradation after exposure to UV light for 270 minutes.
This high photocatalytic activity of ZnO was attained
under specific conditions: a pH value of 2 for the NBB
solution, a photocatalyst dosage of 250 mg, and a NBB
concentration of 10 ppm.
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