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TOM TAT

TONG HQP XANH HAT NANO SAT BANG DICH CHIET LA BANG (TERMINALIA
CATAPPA) PE PHAN HUY RHODAMINE B TRONG NUOC THAI

Trong nhitng nam gan ddy, viéc san xudt cdc hat nano kim logi than thién véi méi truwong da phat trién nhu
mot hwéng thay thé kha thi cho cdc quy trinh hoa hoc truyén thong. Nghién ciru nay tap trung vdo viéc tong
hop xanh cdc hat nano sdt (FeNPs) sit dung cdc tdc nhdn khir ¢é nguon goc thyc vat, voi muc tiéu xdy dung
mgt phiong phdp hiéu qua va than thién moi truong dé phén hiy cdc thuéc nhuém huynh quang thwong gap
trong nuoc thai cong nghiép. Cac hat FeNPs tong hop duwoe dic trung. bang cdc phiwong phap SEM, XRD va
EDX dé xdc dinh hinh thdi, cau triic tinh thé va ddc tinh chire nang bé mat. Hiéu Suatphan huy cua vt liéu
dugc danh gia d6i voi thuée nhuém Rhodamine B trong nhiéu diéu kién khdc nhau, bao gom pH, liéu lwong
va nong dg ban dau. Két qud cho thay cac hat FeNPs tong hop xanh thé hién hoat tinh xuc tic cao va toc do
phdn hity nhanh, gitip giam déang ké nong dé thuée nhuém trong thoi gian ngdn. Nghién ciru déng hoc cho
thdy qud trinh phin hity tudn theo mé hinh gia béc hai (R? = 0,94907) tot hon mé hinh gid bdc nhat (R? =
0,75665), goi y rdng co ché phan ung chu yéu la hdp phu héa hoc. Céc hat FeNPs xanh thé hién tiém ndng
cao nhir mét chdt xic tac chi phi thap, than thién méi trwong trong xu ly thuéc nhuém, mo ra huwdng img
dung kha thi trong xu ly nuoc thai va kiém sodt 6 nhiém trong cac nganh dét nhugm. Phiong phdp nay
khong chi han ché san pham phy déc hai ma con thic ddy nguyén tdc kinh té tudn hoan théng qua viéc tin
dung nguon tai nguyén tdi tao trong tong hop vt liéu nano.

Tir khéa: tong hop xanh, hat nano sat, thuéc nhuém huynh quang, phdn hity xic tdc.

resistant to standard wastewater treatment

L. INTRODUCTION methods. Their persistence in aquatic

The pollution of aquatic ecosystems with environments could result in significant
synthetic dyes has emerged as a ecological harm and present toxicological
significant ~ environmental  concern, threats to both aquatic creatures and
especially owing to the widespread humans [1]. Commonly used fluorescent
application of fluorescent indicator dyes tracers in Normandy's Kkarstic chalk
in the textile, biomedical, and analytical degraded under chlorination and natural
sectors. These dyes exhibit great visibility conditions, producing byproducts with
at low concentrations and possess low to moderate ecotoxicity [3].

chemical stability, rendering them
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Recent nanotechnology advances made
iron nanoparticles (FeNPs) efficient
environmental remediation agents,
notably for catalytic destruction of
organic contaminants [5-7]. FeNPs
reduced well, having a large surface area,
and being magnetically separable.
Conventional chemical synthesis used
harmful reducing agents and stabilizers,
which contradicted pollution control
goals. Green synthesis used plant-based
materials rich in bioactive chemicals to
decrease and stabilize nanoparticles [8].
Green-synthesized  iron  nanoparticles
using Vernonia amygdalina leaf extract
were effective, stable, and eco-friendly
catalysts for degrading organic dyes with
high efficiency and reusability [9]. Iron
nanoparticles synthesized from
Artocarpus heterophyllus peel extract
served as effective, eco-friendly Fenton-
like  catalysts, achieving  87.5%
degradation of Fuchsin Basic dye in 20
minutes [10]. Terminalia catappa, though
underutilized, was a promising plant
source whose leaf tannins, flavonoids, and
polyphenols effectively reduced metal
ions and stabilized nanoparticles [11, 12].
While Terminalia catappa-derived Fe
NPs were not directly studied for dye
degradation, but their extract-derived
different nanoparticles were
photocatalytic. For example, Terminalia
catappa leaf extract-synthesized Cu,O
nanoparticles effectively degraded
methylene blue dye under visible light,
suggesting their potential in wastewater
remediation [13]. The green production of
iron nanoparticles using Terminalia
catappa leaf extract was sustainable and
promising for medical and environmental
applications. Further study on these
nanoparticles in dye degradation and
wastewater treatment might reveal their
practical use.

189

This study presented the innovative
application of Terminalia catappa leaf
extract for the eco-friendly manufacture
of iron nanoparticles and assessed their
efficacy in degrading fluorescent indicator
colors. The utilization of Terminalia
catappa for nanoparticle  synthesis
presented a distinctive amalgamation of
elevated phytochemical content,
accessibility, and ecological significance.
This simultaneous emphasis on a
sustainable synthesis process and practical
dye degradation application highlighted
the originality and ecological importance
of our research.

2. EXPERIMENT
2.1. Raw Materials and Chemicals

Fresh, pest-free, and uncontaminated
leaves of Terminalia catappa were
harvested, washed with water, sliced (1
cm), desiccated, and finely pulverized
(100 pum).

Iron (I11) chloride, Rhodamine B, and
ethanol utilized in the research were of
analytical grade and procured from
Xilong (China). NaOH and HCI utilized
were of analytical grade sourced from
Merck. Distilled water was utilized for
the creation of solutions.

2.2. Terminalia catappa leaf extraction

50 grams of Terminalia catappa leaves
were weighed in a glass beaker, and the
dried leaf powder was dissolved in 1 liter
of ethanol using ultrasonic waves for 30
minutes. The suspension was heated to
60 °C for 2 hours, subsequently filtered
through filter paper and centrifuged to
eliminate residue.  The extract was
maintained at ambient temperature.

2.3. Synthesis of zero-valent iron

nanoparticles

6.75 g of FeCl;-6H,0 was dissolved in 25
mL of distilled water and agitated until
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the solution achieved full homogeneity.
Subsequently, 50 mL of Terminalia
catappa leaf extract was gradually
included in the mixture while maintaining
continuous agitation for 2 hours to
facilitate the reduction of Fe3* to Fe°
through the influence of polyphenol
components present in the extract. The
mixture was thereafter allowed to keep
overnight at room temperature to finalize
the reduction process and produce iron
nanoparticles. ~ The  product  was
subsequently recovered via filtration,
rinsed multiple times with distilled water
to eliminate contaminants and reaction
byproducts, and then centrifuged at 6000
rpm for 20 minutes to yield the material
precipitate.

2.4. Characterization of Fe°

nanoparticles

The morphology of the material was
examined using scanning  electron
microscopy (SEM) techniques with
magnification capabilities of up to
100,000 times. The crystal structure of the
Fe” nanoparticles was examined using X-
ray diffraction (XRD). The copper X-ray
tube (Cu-Ka) operates at 1.54 A, with a
current of 44 mA and a voltage of 40 kV,
within the 20 range of 10° to 80°.

2.5. Rhodamine B removal

The degradation of Rhodamine B (RhB)
utilizing Fe NPs was performed under
regulated laboratory settings to assess the
catalytic efficacy of the material. In a
standard  experiment, a  specified
concentration of RhB solution (often
between 2.5 and 15 mg/L) was generated
in a constant volume, typically 100 mL.
A precise quantity of Fe NPs catalyst
(ranging from 0.05 to 0.30 g/L) was
subsequently introduced to the solution,
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and the mixture was agitated at a
consistent velocity (about 150-200 rpm)
at ambient temperature. At specified time
intervals of 120 minutes, samples were
extracted and promptly filtered or
centrifuged to eliminate the solid catalyst.
For the experiment to evaluate the effect
of initial concentration on Rhodamine B
removal efficiency, the time points used
for data collection were 15, 30, 45, 60, 75,
90 and 120 min. The residual
concentration of RhB in the solution was
quantified utilizing a UV-Vis
spectrophotometer at the peak absorbance
wavelength of 553 nm.

The efficiency of RhB removal on Fe NPs
was calculated by the following equation:

(1)

where Cp and C; (mg/L) were the initial

H% = (C‘)C;Ct)me%

0

and residual RhB concentrations,
respectively.
The first-order kinetic model was

employed to simulate experimental data
to ascertain the surface photodegradation
rate constant:

=gkt (2)

Co
The second-order Kkinetic model was
utilized to simulate the elimination

kinetics of RhB by Fe NPs in solution:
C 1
o= ©)

Co  1+ky.Coit
where Co, C; (ppm) were concentration of
RhB at intial and t moment, respectively;
ki (min™) was the pseudo-first-order rate
constant; k. (L.(mg.min)') was the
pseudo-second-order rate constant.

3. RESULTS AND DISCUSSION
3.1. Characterization of Fe NPs
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Figure 1. SEM image of Fe NPs synthesized with
Terminalia catappa leaf extract.

The SEM image of Fe nanoparticles (Fe
NPs) synthesized using Terminalia
catappa (TC) leaf extract revealed
predominantly  spherical to  quasi-
spherical particles with sizes estimated at
50+200 nm (Figure 1). The nanoparticles
exhibited relatively smooth surfaces and
moderately uniform size distribution,
suggesting effective bioreduction and
stabilization by phytochemicals present in
the TC extract. Agglomeration was
visible, likely due to magnetic interactions
or partial surface capping by organic
compounds. Overall, the morphology
indicated successful green synthesis, with
natural biomolecules facilitating the
formation and stabilization of Fe NPs
under mild, eco-friendly conditions.
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Figure 2. XRD pattern (a) and EDX spectroscopy
(b) of Fe NPs synthesized with Terminalia catappa
leaf extract.

The XRD pattern of Fe NPs shown in
Figure 2a exhibited broad and low-
intensity peaks, indicating the nanoscale
nature and partial amorphous character of
the sample. Distinct diffraction peaks
corresponded to multiple iron phases,
including metallic a-Fe (PDF 00-006-
0696), FesO, (magnetite, PDF 00-065-
0731), Fe,O3 (hematite, PDF 00-013-
0534), and FeO (wustite, PDF 00-046-
1312). The presence of these multiple
phases suggested that the green synthesis
using Terminalia catappa extract led to
partial oxidation of iron, resulting in a
mixture of iron and iron oxide phases.
This phase diversity was typical for
biologically synthesized Fe NPs, where
phytochemicals acted as both reducing
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and stabilizing agents under ambient
conditions. The EDX spectrum of Fe NPs
in Figure 2b confirmed the elemental
composition of the sample, primarily
consisting of carbon (C), oxygen (O), and
iron (Fe). The prominent peaks for Fe
indicated the successful incorporation of
iron in the nanoparticle structure, while
the substantial presence of oxygen
suggested partial oxidation, consistent
with the formation of iron oxides (as also
observed in the XRD results). The high
carbon content, with a weight percentage
of 30.97%, likely originated from organic
compounds in the Terminalia catappa
leaf extract used during green synthesis,
which acted as capping and stabilizing
agents. The atomic percentages further
showed that Fe was present at 7.96%,
with O and C dominating the surface,
suggesting that the nanoparticles were
coated with a bio-organic layer. Overall,
the EDX analysis supported the formation
of biofunctionalized iron-based
nanoparticles.

3.2.  Rhodamine B removal with Fe

NPs

Figure 3 illustrated that Rhodamine B
(RhB) degradation efficiency (H%)
increased over time for all initial
concentrations, with a  noticeable
slowdown after around 60 minutes,
suggesting the approach to equilibrium.
At low concentrations, there were fewer
RhB molecules available to occupy the
catalytic sites, leading to a faster
decomposition and higher initial yields. In
contrast, at high concentrations, an
increased number of RhB molecules
competed for adsorption, which could
exceed the immediate reaction capacity of
the material, resulting in lower initial
yields. Lower initial concentrations (2.5
and 5.0 mg/L) achieved the highest
efficiencies, reaching about 98% and 96%
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at 120 minutes, respectively, due to the
greater availability of active sites relative
to dye molecules. As the initial
concentration increased, the degradation
efficiency decreased, with 15.0 mg/L
showing the lowest final H% (~84%),
likely due to the saturation of active sites
and possible mass transfer limitations.
This indicated that the degradation system
was more effective at lower dye
concentrations, while higher
concentrations hindered performance due
to limited reactive capacity.
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Figure 3. RhB degradation efficiency over time
with different initial concentrations.

Figure 4a showed the effect of different
dosages of Fe NPs on RhB degradation
efficiency (H%) after 120 minutes. As the
Fe NPs dosage increased from 0.25 to 1.0
g/L, H% rose significantly from around
62% to approximately 91%, indicating
enhanced catalytic activity due to the
increased number of reactive sites
available for degradation. Beyond 1.0 g/L,
the efficiency plateaus, with only slight
increased, observed up to 15 g/L,
suggesting that excessive Fe NPs might
lead to particle agglomeration or light
scattering effects that limited further
improvement.  Therefore, 10 g/L
appeared to be the optimal dosage,
balancing high degradation efficiency and
material economy.
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Figure 4. RhB degradation efficiency with
different dosages of Fe NPs for 120 mins.

Figure 4b demonstrated the effect of pH
on RhB degradation efficiency (H%)
using Fe NPs over 120 minutes. The
degradation efficiency remained high
(~85-92%) in the acidic to neutral range
(pH 2-6), with a peak observed around
pH 5, indicating optimal conditions for Fe
NPs activity and ROS (reactive oxygen
species) generation. As the pH increased
beyond 6, H% began to decline sharply,
dropping to around 75% at pH 8 and
falling drastically to below 10% at pH 12.
The reduced efficiency in alkaline
conditions might result from the
precipitation of iron hydroxides, lower
availability of Fe?*, and decreased
generation of <*OH radicals. This
suggested that acidic conditions favor
RhB degradation with Fe NPs, while
alkaline  environments  significantly
hindered the process.
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The degradation kinetics of RhB by Fe
NPs were evaluated using pseudo-first-
order and pseudo-second-order models.
The pseudo-first-order model (above)
yielded a rate constant (k; = 0.03984 min
1) with a moderate correlation coefficient
(R? = 0.75665), indicating a less accurate
fit to the experimental data. In contrast,
the pseudo-second-order model (under)
provided a much better fit, with a rate
constant (k, = 6.73445 x 10 L.g-.min™)
and a high correlation coefficient (R?
0.94907). This suggested that the RhB
degradation process on Fe NPs was better
described by pseudo-second-order
kinetics, implying that chemisorption or
surface interactions played a dominant
role in the reaction mechanism.
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Figure 5. The first-pseudo order (left) and second-

pseudo order (right) models of
on Fe NPs.
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The decomposition of RhB (Rhodamine
B) using synthetic materials primarily
relied on oxidation-reduction processes
that generated free radicals. Under
exposure to light, electrons from the
material were stimulated, leading to the
formation of *OH and O, ~ ¢ radicals,
which are powerful oxidizing agents.
These radicals could degrade the
aromatic ring structure and chromophore
group of RhB molecules, ultimately
resulting in complete disintegration.
Additionally, the surface of the material,
rich in functional groups and active sites,
enhanced its catalytic properties. This
feature improved the adsorption and
interaction between RhB and the
oxidizing radicals, facilitating the
degradation process.

4. CONCLUSION

In this study, iron nanoparticles (Fe NPs)
were successfully synthesized via a green
approach and evaluated for their
efficiency in degrading fluorescent
indicator dyes, using Rhodamine B (RhB)
as a model pollutant. The degradation
performance was strongly influenced by
operational parameters including initial
dye concentration, Fe NP dosage, and
solution pH. Results demonstrated that
lower initial dye concentrations (2.5-5.0
mg/L) vyielded the highest degradation
efficiencies, while excessive
concentrations reduced the removal rate
due to active site saturation. An optimal
Fe NP dosage of 1.0 g/L was identified,
beyond which no significant improvement
was observed, likely due to particle
agglomeration. Furthermore, the
degradation was most efficient under
acidic to neutral pH conditions, with a
marked decline in alkaline media. These
findings highlighted the potential of
green-synthesized Fe NPs as an effective
and eco-friendly catalyst for the treatment
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of dye-contaminated wastewater under
optimized conditions.
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