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Photocatalytic Degradation of Acid Yellow 25
Using Nanoparticle TiO2 Mediated Petai Pod
Extract

Anthoni Batahan Aritonang 1, Reza Audina Putri 2, Vivi Sisca 2,
Mohammad Jihad Madiabu 3, Khoiriah Khoiriah 2,*

1 Chemistry Department, Natural Science and Math, Tanjungpura University, Pontianak, Indonesia
2 Research Centre for Chemistry, National Research and Innovation Agency, Serpong, Indonesia
3 Department of Analytical Chemistry, Politeknik AKA Bogor, Bogor, Indonesia

ABSTRACT

Nanotechnology has significant advantages over traditional methods for degrading dyes. Plant-based nanoparticles
were generated apart from other biomaterials. This work employed a green sol-gel approach to prepare titanium dioxide
nanoparticles by using Petai (Parkia speciosa) peel extract. The produced TiO2 was analyzed by XRD, UV-DRS, FE-SEM,
FTIR, Raman, zeta, and nanoparticle size analysis. PP-TiO2 nanoparticles having a tetragonal anatase phase, spherical,
stable particles, and a small particle size (16–22 nm) were successfully produced. When exposed to UV light, the
nanoparticles displayed strong photocatalytic activity, eliminating Acid Yellow 25 in less than 120 minutes. This work
demonstrates a possible green option to sustainable wastewater treatment based on TiO2 NPs.

Keywords: Green strategies, Nanoparticles, Petai, Photocatalyst, Titanium dioxide

Introduction

Nanobiotechnology is an emerging topic of study
that focuses on the role of biological species in
the development of synthetic nanomaterials and
nanocomposites. Nanomaterials are materials with a
size of less than 100 nm in at least one dimension.1

Nano-sized materials differ from bulk-sized materials
in terms of physical, chemical, electrical, mechanical,
and optical properties due to their small size, huge
surface area, and high surface activity.2

Titanium dioxide (TiO2) is a solid transition metal
oxide that is both common and environmentally
acceptable due to its non-toxicity and lack of flamma-
bility. TiO2 is also chemically and thermally stable,
with excellent corrosion and oxidation resistance.
TiO2 is an excellent semiconductor, and the three nat-

urally occurring crystalline forms of TiO2 are rutile,
anatase, and brookite, which have band gap energies
of 3.0, 3.2, and 2.96 eV, respectively.3 Anatase and
rutile have tetragonal structures with distinct space
groups. Brookite, on the other hand, has an orthog-
onal structure. Rutile is the most stable phase, but
anatase and brookite are metastable phases that can
be converted to rutile when heated. Anatase is the
most electrochemically active phase due to its crys-
talline structure.3

TiO2 nanoparticles (TNPs) exhibit excellent optical
characteristics. TNP is widely utilized as a photo-
catalyst, an antibacterial agent, and an electrode
material in energy storage devices such lithium-ion
batteries and supercapacitors.4–6 TiO2 NPs have been
synthesized using a variety of physical and chemical
processes, including ball milling, microwave
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irradiation, sol-gel, hydrothermal methods,
co-precipitation, flame spray pyrolysis, wet chemical
methods, and spin coating.7–9 However, these
traditional procedures necessitate the use of harmful
chemicals, as well as high pressure and temperatures.
Conventional techniques not only produce dangerous
byproducts, but they also have inferior stability due
to their great inclination to agglomerate.10,11

The synthesis of TiO2 NPs using green approaches,
i.e. employing phytochemical extracts, has gained
popularity because these methods are both cost-
effective and environmentally beneficial due to
the use of safe ingredients and the release of
non-hazardous end products. Secondary metabo-
lites found in phytochemical extracts, including
flavonoids, terpenoids, sugars, polyphenols, alka-
loids, peptides, and terpenoids, are hypothesized to
be responsible for metal ion conversion to NPs.
According to the traditional concept of green chem-
istry, phytoconstituents in plants should perform
at least one of the following functions: Metal salt
reduction, Ti4+ precursor hydrolysis, and interme-
diate solubilization and polymerization.1 Synthesis
with phytochemical extracts can yield stable and
dispersible NPs with variable size in an environ-
mentally responsible and cost-effective manner. The
metabolites operate as reducing and capping agents,
regulating the pH of the medium and, as a result, the
phase morphology of the NPs.10

The peels of Petai (Parkia speciosa) are usually
disposed of as solid waste, polluting the environ-
ment. They contain secondary metabolites such as
phenols, terpenoids and flavonoids, which have the
potential to act as reducing and capping agents in
the synthesis of magnetite, tin oxide, and biosilver
nanoparticles12–14 and there has been no report of
using aqueous petai peel extract to synthesize TiO2
nanoparticles.

Acid Yellow 25 (AY) is a dye that is commonly used
in the textile industry to dye natural fibers such as cot-
ton, wool, and silk, as well as synthetic fibers such as
nylon, rayon, polyester, and acrylicin weakly acidic
solutions at pH 2 to 6, where the name “acid” comes
from the dyeing process. Acid dyes are predomi-
nantly mono-azo compounds, although they may also

comprise diazo, nitro, 1-amino anthraquinone, triph-
enylmethane, and other groups of chemicals. Their
structure contains sulfonic groups, which causes them
to be anionic.15

The purpose of this research is to prepare nanopar-
ticles TiO2 via the green method mediated by aqueous
Parkia speciosa peel extract and to evaluate the photo-
catalytic activity of the obtained nanoparticles TiO2
on the reduction of AY dyes at various catalyst doses,
initial AY concentrations, and solution pH.

Materials and methods

Preparation of petai peel extract

The fresh, fully ripened peels of petai (PP) were
collected from the traditional market of South
Tangerang, Indonesia. Before cutting, the peels were
washed with water to remove all impurities. The
clean PP were dried, ground and sieved using a
100 mesh sieve. About two grams of PP powder
was macerated in 100 ml of Aquadest for 24 hours
and filtered to obtain the extract as a reducing and
capping agent. The PP extract was stored in the
refrigerator for further use.

Synthesis of nanoparticle TiO2 NPs

All materials used in this research are shown in
Table 1. The synthesis procedure originates from
Saka’s research, whereby the pH solution, synthesis
and calcination temperature was modified.16 About
100 mL of titanium isopropoxide (TTIP, 0.2 M) was
added dropwise with 20 mL of PP extract under con-
stant stirring for 5 hours at room temperature, as
shown in Fig. 1. The gel as a product was centrifuged
and washed three times with Aquadest. A brown pre-
cipitate was dried in an oven at 80°C and calcined
at 490°C for 2 hours to obtain white PP-TiO2 NPs
powder.9

Characterization of TiO2 NPs

The prepared PP-TiO2 NPs were analyzed by op-
tical, physical, and surface studies. The structural

Table 1. Materials used for the research.

No Chemicals Purcahsed from

1 Titanium Tetra isopropoxide (TTIP, purity > 95%) Sigma Aldrich
2 Acid Yellow 25 Merck
3 Commercial TiO2 low grade
4 Iso-propanol Merck
5 Sodium hydroxide (NaOH) Merck
6 Hydrochloric acid (HCl) Merck
7 Petai peels (PP) Traditional market in Serpong, Indonesia.



BAGHDAD SCIENCE JOURNAL 2025;22(6):1851–1862 1853

Fig. 1. Synthesis procedure of P-TiO2-NPs mediated by PP extract.

properties of the PP-TiO2 NPs were determined
using an X-ray diffractometer (XRD PANalytical
EMPYREAN with Cu- Kα radiation, k= 1.54 Å). The
XRD data were used to calculate the crystallite size us-
ing the Scherrer formula. The optical properties were
observed using a Shimadzu 2700 UV-DRS spectropho-
tometer, and the results were utilized to calculate the
band gap of PP-TiO2 NPs using the Kubelka-Munk
equations in Eq. (1) and Eq. (2). R∞ = R Sample

R Standard repre-
sents the reflectance of an infinitely thick specimen.
K and S are the absorption and scattering coefficients,
respectively. Where h, ν, Eg, B, is the Planck constant,
the photon’s, the band gap energy, and a constant,
respectively. The γ factor depends on the nature of
the electron transition and is equal to 1⁄2 or 2 for the
direct and indirect transition band gaps, respectively.

F (R∞) =
K
S
=

(1− R∞)2

2R∞
(1)

(
F (R∞) . hv

)1/γ
= B

(
hv− Eg

)
(2)

The morphology, particle size, and surface struc-
ture were analyzed using a field emission scanning
electron microscope (FE-SEM, Carl ZEISS, Germany)
in conjunction with EDS (JEOL model 6390). Fourier
transform infrared spectroscopy (FTIR, Bruker Ten-
sor II), Raman spectrometer (HORIBA), zeta analyzer
(HORIBA SZ-100) and nanoparticle size analyzer (Mi-
crotrac MRB) were used for the binding structures of
the phytochemicals in the PP extract, zeta potential
and particle sizes. The pHzpc of prepared TiO2 was
determined using the adsorption method described by
Jayan and and Metta.17 About 0.1g of TiO2 nanopar-
ticles were added to 30 ml of a 0.01 M NaCl solution.
The initial pH of the solution was adjusted from 2
to 10 in each bottle by adding 0.1M HCl or 0.1M
NaOH. The final pH of the solution was measured
after shaking at room temperature for 24 hours and
removing the TiO2 nanoparticles. The intersection
between the initial pH (pHi) and the difference value

(1pH) represented the zero-point charge of the TiO2
nanoparticles.17

Reduction of dyes experiment

The activity of PP-TiO2 NPs was used to reduce AY
dyes. The PP-TiO2 NPs catalyst dyes were added to
the dye solution (15 mg L-1) with steady stirring and
allowed to reach equilibrium before being exposed
to 2×20 W UV light. The dye solution was taken
out at 30-minute intervals for up to 120 minutes.
The catalyst was removed by centrifugation of the
withdrawn 4 mL solution at 10,000 rpm for 10
minutes. UV-visible spectroscopy at a wavelength of
395 nm was used to measure the reduction in dye
concentration. Eq. (3) was used to compute removal
percentage, with AYi and AYf representing the dyes’
initial and final concentrations, respectively. The
investigated parameters of reduction process were the
catalyst dose, the initial concentration of the dyes and
the initial pH of the solution. Direct photolysis and
adsorption of PP-TiO2 NPs were also performed as
controls.

Removal (%) =
AYi− AYf

AYi
x 100 (3)

Results and discussion

FTIR and raman spectra

FT-IR spectroscopy was used to identify the proba-
ble biomolecules based on chemical groups contained
in the PP extract responsible for the capping or re-
duction of the precursor, which plays a key role in
the synthesis of TiO2 nanoparticles. The FT-IR spec-
trum of PP extract and prepared TiO2 is shown in
Fig. 2a. The peaks of PP extract spectra appeared
at wavenumbers 3262, 1634, 509 cm-1, which corre-
sponded to hydroxyl groups (O-H), carbonyl groups
(C=O), and aromatic groups (C=C), respectively.18



1854 BAGHDAD SCIENCE JOURNAL 2025;22(6):1851–1862

Fig. 2. (a) FTIR and (b) Raman spectra of PP-TiO2 mediated by PP extract.

According to the Huey-Jiun Ko et al research the main
compounds in the aqueous PP extract are polyphenol
and flavonoid such as gallic acid > ellagic acid >
quercetin > epicatechin.19 which plays an important
role as capping and reducing agents in the formation
of nanoparticle TiO2. Gallic acid contains hydroxyl
and carboxyl groups coordinating with titania’s sur-
face hydroxyl groups2.20 Moreover, the C=O groups
at 1634 cm-1 and Ti-O-Ti vibration at spectra be-
low 1000 cm-1 were detected in the spectral band
of PP-TiO2 nanoparticles which could be due to the
improved precision of the prepared nanoparticles in
anatase crystal form after calcination at 490°C. The
data suggest that polyphenol and flavonoid groups
played an essential role as capping, stabilizing and
reducing agents in the synthesis of the nanoparticles.
Ansari et al. found the same FTIR trend on their re-
seacrch of synthesis TiO2 nanoparticles using Acorus
calamus leaf extract.21

Fig. 2b reveals five active Raman modes: an intense
peak at 144.5 cm-1, followed by low intensity peaks
at 397.3, 516.2, and 639.6 cm-1, which correspond to
Eg(1), B1g, A1g, and Eg(3), respectively. The intense
peak at 144.5 corresponds primarily to the symmet-
ric stretching vibration of TiO2, whereas the weak
intensity peaks at 397.3 clearly show the symmetric
bending vibration of O-Ti-O, and the peak at 516.2
corresponds to the antisymmetric bending vibration
of O-Ti-O. These unique vibrational frequencies and
intensity ratios confirmed the high-purity anatase
phase, tetragonal TiO2 nanostructure free of impuri-
ties. The raman spectra of the prepared TiO2 NPs is
well matched with the spectra of TiO2 NPs prepared

mediated by Aspergillus eucalypticola SLF122 and cof-
fee husk.23

Difractogram of PP-TiO2 NP

Fig. 3 shows the X-ray diffraction pattern of the
synthesised PP-TiO2 NPs. It shows intense and broad
peaks, indicating that the particles are present as very
small crystallites. The peak positions and their inten-
sities are in good agreement with the standard (ICDD
NO: 98-004-4882) and commercial powder diffrac-
tion patterns of anatase TiO2. It showed a main peak

Fig. 3. Difractoghram of PP-TiO2 mediated by PP extract.
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Fig. 4. Zeta potential of PP-TiO2 mediated PP extract.

at 25.28° corresponding to the (101) plane and other
peak positions at 37.79° (004), 48.98° (200), 53.93°
(105), 54.93° (211), 62.70° (204). These values cor-
respond to the tetragonal structure and the anatase
phase of the TiO2 NPs. The average crystallite size
calculated with the Scherer equation is 8.232 nm.
This interfering peak shows that the sample contains
a pure anatase phase. The small crystallites and the
anatase phase are useful for photocatalysis of organic
pollutants.24 The phase-pure TiO2 nanostructure has
explored the superior activities in water treatment
and microbial resistant areas. The results of XRD anal-
ysis confirmed that the synthesised TiO2 NPs were
polycrystalline.25

Zeta potential of PP-TiO2 NPs

The zeta potential of prepared PP-TiO2 was in-
vestigated using dynamic light scattering instrument

(DLS). The determined zeta potential was –27.5 mV,
indicating quite stable particles, a good colloidal na-
ture and a high stability of TiO2 in aqueous solutions
Fig. 4. The suspended colloidal system is stable when
the zeta potential is less than −25mV or greater than
+25 mV.26 The negative sign of the zeta potential
indicates that the negatively charged phytochemicals
cause repulsion and prevent agglomeration of the
TiO2 NPs. This condition was crucial for their im-
provement and long-lasting stability.27

Band gap of PP-TiO2 NPs

The band gap value of prepared TiO2 using PP ex-
tract was determined by an indirect method using the
Kubelka-Munk Eq. (1)–Eq. (2). The calculated band
gap for PP- TiO2 NPs was 3.26 eV, which is smaller
than the band gap value of commercial TiO2 (Egap
= 3.31 eV), as shown in Fig. 5. The presence of PP
extract in the synthesis process leads to a slight de-
crease in the TiO2 band gap. The same phenomenon
was also observed by Alobaidi et al. in biosynthesis of
titanium dioxide nanoparticles using Zizyphus Spina-
Christi leaves.28

Field emission electron microscopy (FE-SEM)

SEM images were also collected to establish the
average grain size and shape of the NPs. The FE-SEM
image confirms that the prepared PP-TiO2 NPs are
spherical Fig. 6. The size of PP-TiO2 ranged from 16 to
22 nm, which was less than that of commercial TiO2
(about 1450 nm) and to the produced TiO2 from other
peels extract as depicted in Table 2.

The size distribution of the synthesised TiO2 NPs
was also measured using DLS analyzer. The data

Fig. 5. Band gap of PP-TiO2 mediated PP extract.



1856 BAGHDAD SCIENCE JOURNAL 2025;22(6):1851–1862

Table 2. The PP-TiO2 NPs mediated by PP extract compared to the other aqoeous peel extract.

Peel extract prepared Phytochemical Crystalline Particle
Titanium precursor from (Aqeous) resources Phase size (nm) References

TTIP Onion & garlic Allium cepa L. & Allium
sativum

Anatase 10–22 29

TTIP Mangosteen pericarp Garcinia mangostana Anatase & Rutile 147 30

TTIP Tangerine Citrus reticulata Anatase & Rutile 50–150 31

TiO2 bulk powder Banana Musa paradaisica - 88 32

TTIP Pomegranate Punicagranatum Anatase 93 33

Ti(NO3)4 rambutan Nephelium Lappaceum L Anatase 70–90 34

TiO2 bulk powder Lemon Citrus limon Anatase 80–140 35

TTIP Potato Solanum tuberosum Anatase 27 36

TiCl3 Mango-peel Mangifera indica Anatase 16.9 37

TTIP Orange - Anatase 75–85 38

TTIP Beet Beta vulgaris Anatase 9.09 39

TiO2 bulk powder Plum, P. domestica L Anatase 47–63 40

Kiwi P. Persia L. Anatase 54–85
Peach A. deliciosa Anatase 200

TTIP Petai Parkia speciosa Anatase 16.6 This study
TiCl4 Orange Citrussinesis Anatase 17–21 41

showed the typical size of TiO2 of ∼48.60 nm
indicating the nanopraticles types. Theese results
revealed that the PP-TiO2 was was composed of nano-
sized particles of the same format. The high-quality
dispersion of PP-TiO2 can be attributed to the re-
maining phytoconstituents of the PP extract, such
as flavonoids, polyphenols, and alkaloids, which fa-
cilitated the stabilization of the resulting TiO2 NPs
and thus improved the NPs’ dispersion by preventing
agglomeration.42 Nano-sized particles provide a high
surface area in the configuration of the TiO2 enclo-
sure, which could help in the inhibition of bacteria
and the treatment of wastewater pollution.28

Application of PP-TiO2 as photocatalyst in AY dye
reduction

The photocatalytic activity of the prepared TiO2-
NPs was investigated for the degradation of Acid

Yelow 25 (AY) dyes. The reduction of dyes concen-
tration during the photocatalysis was converted to be
removal percentage using Eq. (3). The photodegrada-
tion studies were validated by the standard deviation
(maximum 4.8%) and the result were shown in Fig. 7.
The catalyst dose is the most important parameter
that determines the rate of the reduction process of
organic pollutants. The amount of PP-TiO2 NPs added
to the AY dye solution was in the range of 0.1–
0.3 g. The AY dyes were removed at 59. 73%,
65.935% and, 69.65% with the addition of 0.1 g,
0.2 g and 0.3 g of catalyst, respectively. This result
was explained by the increase in catalyst dose, which
provides a hinger active site and more photons ad-
sorbed in the surface of PP-TiO2 NPs for the oxidative
species formation in the photocatalytic removal of AY
dyes.43 Direct photolysis and adsorption were also
performed as controls in this study. Fig. 7a shows
that the two methods were not effective in removing
AY dyes, with an removal percentage of 6.675% for

Fig. 6. FE-SEM image of (a) commercial TiO2 and (b) PP-TiO2 mediated PP extract.
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Fig. 7. The effect of (a) catalyst dose, (b) the presence of PP-TiO2 NPs catalyst (c) initial concentration dyes, and (d) kinetic rate, on AY
reduction.

adsorption and 9.975% for direct UV- photolysis. In
the presence of PP-TiO2 NPs, the removal percentage
increased significantly 5.98-fold compared to direct
photolysis as shown in Fig. 7b. The electron of PP-
TiO2 NPs was excited from the valence band to the
conduction band in the presence of UV light energy.
This process generates a hole (h+), an electron (e–)
and a hydroxyl radical (–OH), which oxidizes the AY
dyes to simpler compounds such as CO2 and H2O as
shown in Fig. 8c.44,45

Another important variable for the reduction per-
centage was the concentration of organic pollutants.
As can be seen in Fig. 7c, the removal percentage
decreased with increasing AY dye concentration. At
an initial concentration of 5 ppm, about 83.05% of
the AY dye was reduced. At 15 ppm, 30 ppm and
45 ppm, it was only 69.65%, 63.465% and 50.715%
of the initial concentration, respectively. The possi-
ble reason for the decreasing removal percentage at
a higher initial concentration of the AY dye is that
more reactant molecules are adsorbed on the catalyst

surface and block the active sites of the PP-TiO2 NPs
catalyst. Another reason is that more intermediates
are formed, which are adsorbed and block and deac-
tivate the active sites of the catalyst. The result was a
good correlation with the kinetic rate data in Fig. 7d.
The kinetic rate of AY dye reduction was 2.8 times
faster at an initial concentration of 5 ppm than at the
other three initial concentrations.

As the initial concentration of the dye increases,
dye molecules are adsorbed on the catalyst’s surface,
and the dye molecules absorb a large quantity of
light rather than the TiO2 particles. As a result, the
amount of light that can penetrate the catalyst’s sur-
face diminishes. The formation of hydroxyl radicals
has decreased as dyes have filled the active sites.
Because there is no direct contact between the semi-
conductor and the photocatalyst, the adsorbed dye
prevents the interaction of adsorbed molecules with
photo-induced positive holes or hydroxyl radicals. A
high dye concentration also protects UV light. This
lowers the length of the photon’s travel through the
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Fig. 8. (a) The effect of initial pH on AY reduction using PP-TiO2 NPs, (b) Zero point charge of PP-TiO2 NPs (c) reduction process of AY
dyes using prepared PP-TiO2 NPs.

solution. Again, as the initial concentration of the
dye increases, so does the amount of catalyst sur-
face needed for degradation. Because the illumination
time and catalyst amount are constant, the OH radical
(primary oxidant) generated on TiO2’s surface is also
constant. As a result, the relative quantity of free rad-
icals attacking the dye molecules falls with increasing
dye concentration.46

The effect of the initial pH value of the dye solution
was also investigated in this experiment in order to
achieve an optimal reaction condition. The pH of the
dye solution was adjusted to 3, 7 and 9 by using HCl
or NaOH. The AY dye was reduced by 85%, 100%
and 83% at pH 3, 5 and 9 respectively. The optimum
pH was reached at pH 5, as shown in Fig. 8a. This
result could be explained by the pH zero charge of
TiO2 about 6.4 as depicted in Fig. 8b.43 AY as an

anionic dye is optimally adsorbed on the surface of
PP-TiO2 NPs at pH 5, since under this condition the
charge of PP-TiO2 NPs is positive. As a result, the re-
duction process increases significantly. In contrast, at
higher pH values, there was a repulsion between the
negatively charged catalyst and the anionic AY dyes,
which led to a decrease in the reduction process.47

Tang et al also found that photocatalysis of AY dye
with TiO2 as a catalyst works better at acidic pH than
at basic pH.48

Conclusion

The PP-TiO2-NPs was successfully prepared medi-
ated by PP extract as a reducing and capping agents.
The physicochemical properties of the prepared
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PP-TiO2-NPs were investigated by XRD, FESEM, FTIR,
UV-DRS, Raman and zeta analyzer. According to the
characterization results, the obtained TiO2 were pure
crystalline, in the anatase phase, stable particles and
spherical with a size of 16 to 22 nm. FTIR data
showed that the PP compounds such as polypenol
and flavonoids acted as sustainable reducing and cap-
ping agents. The prepared TiO2 completely reduced
AY dye at pH 5 for 120 minutes. The photoreduc-
tion followed the first-order model kinetics with a
reaction rate constant of 0.016 min-1. The present
study revealed that the prepared TiO2-NPs exhibited
enhanced photocatalytic activity in AY dye reduction.
These outstanding results will encourage researchers
to explore the possibilities offered by nature and de-
velop innovative and safer methods for the synthesis
of metal oxide nanomaterials.
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باستخدام مستخلص قرون البتايا  25التحلل الضوئي للحمض الأصفر 

 بوساطة ثاني أكسيد التيتانيوم النانوي

 

  2، خيريا خويريا3، محمد جهاد ماديابو2، فيفي سيسكا2، رضا أودينا بوتري1أنتوني باتاهان أريتونانج

 قسم الكيمياء، العلوم الطبيعية والرياضيات، جامعة تانجونجبورا، بونتياناك، إندونيسيا. 1
 مركز أبحاث الكيمياء، الوكالة الوطنية للبحث والابتكار، سيربونج، إندونيسيا.2
 قسم الكيمياء التحليلية، بوليتكنيك بوجور، بوجور، إندونيسيا. 3

 

 الاستراتيجيات الخضراء، الجسيمات النانوية، البتايا، المحفز الضوئي، ثاني أكسيد التيتانيوم.فتاحية: الكلمات الم

 

 ةالخلاص

كبيرة مقارنة بالطرق التقليدية لتحلل الأصباغ. تم توليد جسيمات نانوية نباتية بعيدًا عن المواد الحيوية  تتمتع تقنية النانو بمزايا

الأخرى. استخدم هذا العمل نهج هلام السول الأخضر لإعداد جسيمات نانوية من ثاني أكسيد التيتانيوم باستخدام مستخلص 

 FTIRو FE-SEMو UV-DRSو XRDتم تحليل ثاني أكسيد التيتانيوم الناتج بواسطة   .(Parkia speciosaقشر البتايا )

ذات طور أناتاز رباعي الزوايا  PP-TiO2وتحليل حجم الجسيمات النانوية. تم إنتاج جسيمات نانوية من  zetaو Ramanو

ق البنفسجية، أظهرت نانومتر( بنجاح. عند تعرضها للأشعة فو 22-16وجسيمات كروية مستقرة وحجم جسيم صغير )

دقيقة. يوضح هذا  120في أقل من  25الجسيمات النانوية نشاطًا ضوئياً قوياً، مما أدى إلى القضاء على الحمض الأصفر 

 العمل خيارًا أخضرًا محتملًا لمعالجة مياه الصرف الصحي المستدامة استنادًا إلى جسيمات نانوية من ثاني أكسيد التيتانيوم.
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