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Abstract: Eosin yellow (EY), a synthetic xanthene dye, is recognized for its
high toxicity, posing serious threats to human health and aquatic environments.
Chronic exposure to EY can result in skin irritation, respiratory disorders, and
potential long-term organ damage due to its persistent and bioaccumulative
nature. In this study, a polyaniline-based silver—palladium nanocomposite
(PANI/Ag—Pd) was synthesized via the co-precipitation method and employed
as an efficient nanocatalyst for the degradation of EY dye. The structural, mor-
phological and elemental properties of the synthesized nanocomposite were
characterized using UV—Vis spectroscopy, Fourier-transform infrared spectro-
scopy (FTIR), scanning electron microscopy (SEM) and energy-dispersive
X-ray spectroscopy (EDX). The UV—-Vis and FTIR analyses confirmed the
formation of the PANI/Ag—Pd nanocomposite with a notable red shift, indi-
cating electronic interaction among the constituents. SEM images demonstrated
the successful incorporation of Ag and Pd nanoparticles into the PANI matrix,
while EDX confirmed the elemental composition. The nanocomposite exhi-
bited remarkable photocatalytic performance under microwave irradiation,
achieving up to 96.63 % degradation of EY dye. This study highlights the
potential of PANI/Ag—Pd nanocomposites as a promising nanocatalyst for
water purification. These findings contribute to the development of polymer-
stabilized nanomaterials as effective candidates for the remediation of dye-con-
taminated wastewater.
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INTRODUCTION

In recent decades, advanced materials such as nanomaterials, polymer-based
systems and hybrids have attracted increasing scientific interest due to their
exceptional chemical and physical properties.! Dyes are classified into azoic,
reactive, vat, sulphur, acidic, basic, disperse and direct.’ Over 10,000 commer-
cially existing dyes and 1 Mt dyes are prepared annually, containing 50 % as a
textile dye.6 About 10 % of dyestuff is discarded after drying and processing.” 2
% of the dye component entered the aqueous matter and caused pollution.8 Many
are toxic and discharged into wastewater untreated, often in high concentrations.?
Long-term usage of water-containing dyes causes severe health issues. Dyes are
carcinogenic and mutagenic. These dyes have been associated with carcinogenic
effects in the kidney, bladder and liver, and may also contribute to skin irritation
and respiratory complications.!0:11 The cationic/anionic nature dyes leads to red-
uced amount of oxygen in the water, which is fatal for humans and aquatic life.12
Several methods are being investigated for dyes removal from wastewater, like
microbial-electro-fenton (MEF) technology,!3 catalytic degradation,!4 adsorp-
tion,!5 coagulation—flocculation,!® electrochemical treatment,!7 reverse osmo-
sis!® and ion exchange.!?

Among various treatment methods, advanced oxidation processes (AOPs)
have shown promise.29 Photocatalytic degradation using metals and metal oxides
like Ag, Pd, TiO,, ZnO and WOs has been explored,?! often enhanced with
additives like NaBHy to boost dye decolonization efficiency under sunlight.22

Polymers have recently emerged as promising alternatives to conventional
nanomaterials due to their adjustable surface functionalities, superior mechanical
strength, high surface area, uniform pore distribution and easy regeneration pro-
perties. Polymers such as polyaniline (PANI), polythiophene (PTh), polyethyl-
eneimine (PEI) and polypyrrole (PPy) have gained significant research interest
for developing metal-polymer nanocomposites. These hybrid materials have
broad applications in photocatalysis, sensing, adsorption, thermoelectric, electro-
magnetics and batteries, as well as electroluminescent and electromechanical sys-
tems. Among these, PANI is one of the most widely explored conductive poly-
mers, owing to its electron-rich structure, environmental stability, low cost and
ease of synthesis and processing.23-24 Its multifunctionality has enabled its use in
a broad range of technologies such as lithium-ion batteries,25 flexible electro-
nics,26 anti-corrosion coatings,2’ wastewater treatment, dye removal?® and
printed electronics.2? The PANI/Ag—Pd system offers several advantages over
traditional catalysts. The conductive PANI matrix enhances electron transfer and
provides high surface area for dye adsorption, while Ag and Pd nanoparticles
create abundant active sites and exhibit strong catalytic synergy. This combin-
ation enables faster degradation rates, lower energy input and higher stability
compared to single-metal or conventional catalysts. Additionally, the nanocom-
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posite is reusable, environmentally benign, and effective under mild conditions,
making it a sustainable alternative for wastewater treatment applications.

It is often used as a m-conjugated polymer base for integrating wide-bandgap
semiconductors such as metal oxides and sulfides. These composites demonstrate
enhanced photocatalytic, optical and photoelectric characteristic.30 Additionally,
PANI acts as a proficient electron donor and hole transporter under UV—Vis light
exposure. When combined with high-bandgap metals like Ag, Fe, TiO; or ZnO,
PANI facilitates electron excitation under photon irradiation. These photoexcited
electrons transferred to the conduction band of the metal components, promoting
the generation of reactive species such as superoxide (O,~*) and hydroxyl radical
(*OH) through reactions with water and oxygen, which then drive the degrad-
ation of eosin yellow (EY) dye. In addition to experimental strategies, theoretical
modeling and statistical optimization are essential for developing sustainable
treatment processes. Statistical and predictive modeling approaches, such as res-
ponse surface methodology (RSM), enable systematic evaluation of multiple
operating variables, reduce experimental effort and predict interactions that are
often overlooked in conventional one-variable-at-a-time studies. By optimizing
key parameters, RSM ensures maximum degradation efficiency under practical
conditions, strengthening the reliability and scalability of nanocomposite-based
wastewater remediation.

In this work, in-situ synthesis of a PANI/Ag—Pd nanocomposite demon-
strating excellent catalytic behavior, was performed. EY degradation perform-
ance of PANI/Ag—Pd nanocomposite was investigated under different composite
dose, dye dose, pH and reaction time. Subsequently, RSM was performed with
the purpose of process optimization. PANI/Ag—Pd nanocomposite could be a pot-
ential candidate in dye removal process owing to its easy synthesis, low pro-
duction cost and high degradation efficiency.

EXPERIMENTAL
Chemicals and reagents

All the laboratory grade chemicals, glassware and other items were bought from Sigma
Aldrich. Aniline (99.95 %) was used as precursor to synthesize for polyaniline polymer. Hyd-
razine (98 %) was used as strong reducing agent as facilitator for synthesis of silver—pallad-
ium nanoparticles. Silver nitrate (99.8 %) and palladium(II) chloride, (99.999 %) were used
for synthesis for silver—palladium nanoparticles. Ammonium persulfate (98 %) was used as
strong oxidizing agent as facilitator for synthesis of PANI/Ag—Pd nanocomposite. Sulfuric
acid (98 %) was added as a proton source to form the conductive emeraldine salt of poly-
aniline, while protonated aniline exhibits a higher oxidation potential than neutral aniline, thus
delaying the onset of polymerization. Eosin yellow (EY) dye (99 %) was used as degradation
agent. Sodium borohydride (98 %) was used to donate hydrogen atoms (or electrons), break-
ing down the dye molecules into less harmful by products.
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Synthesis of PANI/Ag—Pd

PANI was synthesized by dissolving 1.86 mL of aniline in 200 mL of 0.1 M H,SOy,,
followed by the dropwise addition of 10 mL of 5 M APS and stirring for 8 h at room tem-
perature. The product was filtered, washed with de-ionized water and dried. For the PANI/
/Ag—Pd nanocomposite, 1 mL of 0.02 M AgNO; was mixed with 2 mL of 0.062 M hydrazine
and stirred at 60 °C for 5 min. Then, 50 mL of 0.035 M PdCl, was added and stirred for 45
min. Finally, 10 mL of the Ag—Pd solution was mixed with 0.05 g PANI and 10 mL APS, fol-
lowed by filtration, washing with de-ionized water and vacuum drying at 60 °C for 12 h.

EY dye degradation

The degradation of EY dye was evaluated by monitoring the decrease in its characteristic
absorbance peak using a UV-Vis spectrophotometer (Jasco V-530 UV-Vis spectrophoto-
meter) in the range of 350-800 nm. Pure dimethylformamide (DMF) was used as the blank
solvent to eliminate background interference. Absorbance was converted into concentration
using a calibration curve as suggested in a previous study.3! Degradation efficiency was cal-
culated from the relative decrease in absorbance with time according to Eq. (1). It was
assessed under varying experimental conditions, including pH 1-11, nanocomposite dose,
0.5-1.5 mg/L, initial EY dye concentration, 3—12 mg/L, and reaction time, 5-15 s. The sel-
ected pH range is closely reported in previously published data, to study its significance:3233

EY dye degradation = 1000 ~C% €8
CC

where ¢ and ¢, are initial and equilibrium EY dye concentrations (mg/L).
Characterization

The FTIR analysis of the PANI/Ag—Pd nanocomposite, mixed with KBr and pressed into
pellets, was carried out using a Shimadzu 8400S (Japan) spectrometer. The measurements
were taken within the wavenumber range from 4000 to 400 cm'!, with a resolution of 4 cm™!,
to identify the functional groups present in the nanocomposite. Additionally, the surface mor-
phology, particle size and elemental composition of the synthesized PANI/Ag—Pd nanocom-
posite were analyzed using a scanning electron microscope (SEM) equipped with an energy
dispersive X-ray (EDX) system.

Experiments design

RSM was employed to assess the individual and interactive effects of four variables, 4
(pH), B (composite dose), C (EY concentration) and D (reaction time) on degradation effi-
ciency using a bimetallic polyaniline/Ag—Pd nanocomposite. A central composite design

(CCD) was applied to construct a three-level matrix with factors coded as —1 (low) and +1
(high). Variable levels are detailed in Table I.

TABLE I. Level of parameters for central composite design (CCD)

. Level
Variable Symbol Low (1) High (1)
Dose of composite, mg/L A 0.5 1.5
Dose of dye, mg/L B 3 12
pH C 1 11
Time, s D 15
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The response analysis was performed using Design Expert 13 through a regression-based
approach. The main influences of the input variables are denoted as 4, B, C and D, while their
combined or interaction effects are represented by terms such as AB, AC, AD, BC, BD and
CD, along with the quadratic components 4% and B2. The relationship between the variables
and the response was modeled using a second-order polynomial equation:

Y:ao +Z;’:] aiXi +z:l:] a”‘Xl-z +Zj’:i+la?/Xin (2)

Where Y is predicted response, X; are independent variables, a is constant (intercept), a; are
linear coefficients, a; are quadratic coefficients (squared terms) and a; are interaction
coefficients (cross-product terms).

After each run, final concentration of EY dye was determined in order to find out the
degradation in %.

RESULTS AND DISCUSSION

UV—Vis spectral analysis

The UV—Vis spectra (Fig. 1) reveal key optical features of pure PANI and
the PANI/Ag—Pd nanocomposite. Pure PANI shows peaks at 283 and 342 nm,
indicating its doped state. In the composite, the n—n* peak shifts to 293 nm and a
new band at ~425 nm appears, attributed to Ag/Pd surface plasmon resonance.
These changes confirm nanoparticle incorporation and improved optical pro-
perties, supporting its photocatalytic potential.
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Fig. 1. UV—Vis analysis of: a) PANI and b) PANI/Ag—Pd.
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FTIR analysis

The FTIR spectrum illustrates the structural differences between pure poly-
aniline (PANI) and the PANI/Ag—Pd nanocomposite, as shown in Fig. 2. The “a”
spectrum corresponds to PANI, exhibiting characteristic peaks associated with its
chemical structure. Notably, peaks in the ranges 1560—1580 and 1480—-1500 cm™!
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Fig. 2. FTIR analysis of: a) PANI/Ag—Pd and b) PANI.

are associated with the C=C stretching vibrations of the quinoid and benzenoid
structures in the polymer chain. The absorption band close to 1300 cm™! is attri-
buted to C—N stretching, while the signal near 1140 cm~! corresponds to the in-
-plane bending of aromatic C—H bonds, which is commonly connected to the
electrical conductivity characteristics of PANI. In contrast, the “b” spectrum rep-
resents the PANI/Ag—Pd nanocomposite, which shows noticeable shifts in peak
positions and variations in intensity, particularly in the 1500-1000 cm™! region.
These changes suggest strong interactions between the polyaniline matrix and the
incorporated silver—palladium nanoparticles, likely through coordination with nit-
rogen atoms in the PANI backbone. The appearance of a broader peak near 3400
cm~! may be attributed to N—H stretching or adsorbed water molecules. Overall,
the spectral modifications confirm the successful incorporation of Ag—Pd nano-
particles into the PANI structure, potentially enhancing the composite’s physico-
chemical properties for applications such as dye removal or catalytic activity.

Surface morphology characterization

SEM was employed for the measurement of surface morphology of PANI/
/Ag—Pd nanocomposite. The SEM images were taken at low and high resolution.
These SEM images are shown in Fig. 3a and b at low and high resolutions. The
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Fig. 3. The SEM images of: a) PANI and b) PANI/Ag—Pd.
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SEM shows that structure of PANI/Ag—Pd nanocomposite is semi-cubical and
white dots are present due to the presence of PANI/Ag—Pd nanocomposite.
According to image, the silver and palladium particle were finely distributed
within the PANI matrix, although some accumulation and agglomeration were
observed in certain area.

EDX analysis

EDX analysis (Fig. 4) was employed to verify the elemental composition of
the PANI/Ag—Pd nanocomposite. The spectrum displays distinct peaks corres-
ponding to carbon, nitrogen and oxygen elements associated with the PANI mat-
rix. Additionally, the presence of characteristic peaks for silver and palladium
confirms the successful incorporation of metal nanoparticles into the composite
structure in K-shell with 1.99, 1.86 and 33.97 %, respectively. Silver and pal-
ladium were found in L-shell with 49.93 and 12.23 %.
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Fig. 4. EDX analysis of PANI/Ag—Pd nanocomposite.

EY dye degradation

A comparative parametric analysis was conducted to evaluate the effective-
ness of various factors (pH, nanocomposite dose, initial dye concentration and
reaction time) influencing the degradation of the EY dye using a PANI/Ag—Pd.
The progressive degradation of the dye in the presence of PANI/Ag—Pd and
NaBH4 was monitored via UV—Vis spectroscopy, as illustrated in Fig. 5. The
characteristic absorbance peak at approximately 336 nm exhibited a sharp decline
with increasing reaction time, indicating a rapid reduction in dye concentration.
At 5 s, the spectrum displayed the highest absorbance, corresponding to the ini-
tial dye concentration. Subsequent measurements at 10 s, showed a significant
decrease in peak intensity, while the peak was almost diminished at 15 s, indi-
cating almost total degradation. This continuous absorbance reduction witnesses
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that UV—Vis spectroscopy effectively captured the real-time degradation behavior
and highlights the efficiency of the PANI/Ag—Pd—NaBH4 system, achieving most
of dye removal within 15 s.
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Fig. 5. UV-Vis spectra of dye degradation.

Experimental results revealed that a maximum degradation efficiency of
96.63 % was achieved under optimal conditions: pH 5.8, nanocomposite dose,
500 pg/L, initial EY dye concentration, 900 pg/L, and reaction time, 15 s; this
was expected, as the integration of Ag—Pd enhances the availability of active

binding sites, thereby improving the degradation efficiency.

Response surface model results

ANOVA and regression model results regression analysis was performed to
predict EY dye degradation, considering factors 4, B, C and D, along with their
interactions (4B, AC, AD, BC, BD, CD), as summarized in Table II. The resulting
equations show that positive coefficients indicate synergistic effects, while neg-

TABLE II. ANOVA for cubic model (response: EY dye degradation, %)

Source Sum of squares Df Mean square F-value p-value Significance
Model 16337.89 14 1166.99 102.39 <0.0001 Significant
A-Dose of composite 85.97 1 85.97 7.54 0.0177

B-Dose of EY 68.31 1 68.31 5.99 0.0307

C-pH 2917.47 1 291747 25596 < 0.0001

D-Time 368.81 1 368.81 32.36 0.0001

AB 0.0000 1 0.0000 0.0000  1.0000

AC 123.19 1 123.19 10.81 0.0065

AD 2.00 1 2.00 0.1756  0.6826

BC 16.70 1 16.70 1.47 0.2494

BD 7.428E-06 1 7.428E-06 6.517E-07 0.9994

CD 361.48 1 361.48 31.71 0.0001

A? 127.14 1 127.14 11.15 0.0059

B? 13.58 1 13.58 1.19 0.2964

C? 10061.46 1 10061.46 882.74 < 0.0001

D? 204.33 1 204.33 17.93 0.0012
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ative ones suggest antagonistic impacts. These effects were analyzed to evaluate
their influence on the model.

ANOVA for cubic model

The model demonstrates strong statistical significance, as indicated by a high
F-value of 102.39 and a minimal probability (0.01 %), that this outcome is due to
random variation. Variables 4, B, C and D, as well as the interactions A4C, CD,
and the quadratic terms 42, C? and D2, significantly affect the response (p <
< 0.0500). In contrast, terms with p-values above 0.1000 are considered statis-
tically insignificant. Removing these non-significant terms while maintaining
model hierarchy can improve model performance. Additionally, the lack of fit
test produced an F-value of 1.15 with a 41.59 % probability, suggesting it is not
statistically significant relative to pure error.

In the Table III the predicted R? of 0.9482 is in reasonable agreement with
the adjusted R2 of 0.9920; i.e., the difference is less than 0.2. This demonstrates a
reasonable correlation between experimental and predicted results of EY dye
degradation.

TABLE III. Regression model equation for response against factors and their interaction

Regression model equation R? Adjusted R?
EY dye degradation (%) = 98.90 - 2.614 - 2.50B + 26.74C— _ 0.9917 __ 0.9820
—11.10D + 0.0000AB + 3.374AC — 0.48684D + 1.25BC +
+0.0010BD + 11.13CD — 7.1642 + 1.0982 — 29.33C2 — 11.52D?

Response contour plots

Fig. 6 presents contour plots from RSM analysis, showing the interaction
effects of key variables on EY dye degradation (%). Each plot illustrates the
combined impact of two factors while keeping others constant. A color gradient
from blue to red indicates increasing degradation efficiency. Results show that
higher composite doses and lower pH levels significantly enhance degradation
due to more active sites and increased *OH generation. In contrast, higher dye
concentrations reduce efficiency.

Performance evaluation of model

Performance of model was evaluated by predicted vs. actual plot which
visual representation of a model’s accuracy, commonly used in regression
analysis and machine learning to assess predictive performance.

In Fig. 7 the data points in this plot closely align with the diagonal line,
indicating that the model has high accuracy and reliability in predicting EY dye
degradation. The smooth color gradient suggests a well-fitted model without sig-
nificant fluctuations and provides strong predictive performance for EY dye deg-
radation.
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Fig. 6. Contour plots of performance evaluation: a) dose of composite and dose of EY, b) dose
of composite and pH, c) dose of composite and time, d) dose of EYand time, ¢) Dose of EY
and time and f) pH and time.

Optimization of exponential parameters

Fig. 8 presents the optimized conditions for maximizing EY dye degradation
using a composite, based on desirability function analysis from an RSM model.
In solution 34 (out of 100), the optimal composite dose is 1.42706 mg/L and the
EY concentration is 3.22423 mg/L, indicating that higher composite loading and



lower dye concentration enhance degradation. The optimal pH is 5.80, favoring
dye—composite interaction, and the reaction time is short (6.01 min), showing
rapid degradation. This setup achieves 99.69 % efficiency with a desirability

PALLADIUM NANOCOMPOSITE DEGRADATION OF EOSIN YELLOW

value of 1.000, making it highly effective for wastewater treatment.
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Fig. 8. Optimization of experimental parameter using PANI/Ag—Pd.

Comparison of EY dye degradation

The results of dye degradation obtained in this study are benchmarked with
those reported in previous literature. This comparative analysis (summarized in
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Table IV) highlights the potential of presently used PANI/Ag—Pd nanocomposite
towards achieving the remarkable dye removal (96.63 %) which can be attributed
to the synergistic interaction between polyaniline and bimetallic Ag—Pd nanopar-
ticles. While previous studies demonstrated the lower degradation efficiencies
ranging from 92.30 to 99 %. However, these traditional composites require high
material consumption and extended processing times. In contrast, the PANI/Ag—
—Pd system offers a rapid, energy-efficient and environmentally sustainable sol-
ution. Its low catalyst loading and ultrafast activity highlight its potential scalab-
ility for practical wastewater treatment. Future research should examine the stab-
ility and recyclability of this nanocomposite in real effluent conditions to confirm
its applicability at industrial scale.

TABLE IV. Comparison of degradation of EY dye with earlier work reported

. Dose of Time Dye dose Degradation
Composite composite, mg/L. s mg/L % Ref.
Poly(pyrrole-co-aniline)-coated 3500 5400 2345 92.30 34

TiO,/nanocellulose composite

(P(Py-co-An)-TiO,/NCC)

New gold Salen complex 5000 3000  0.27 98.68 35
doped carbon nanocomposite

(Au-Salen/CC)

TiO,/tetra phenyl-porphyrin 1100 3000 10.0 99.00 36

sulfonic acid nanocomposite

(TiO,/TPPS)

PANI/Ag—Pd nanocomposite 1.42 360.6 3.0 96.63 This study
CONCLUSION

The study showed that PANI/Ag—Pd nanoparticles significantly enhance the
degradation of eosin yellow (EY) dye. Characterization via UV-Vis, FTIR, SEM
and EDX confirmed successful synthesis of the nanocomposite. Using central
composite design with response surface methodology (RSM), optimal conditions
1.42706 mg/L composite dose, EY dose, 3.22423 mg/L, pH 5.80 and 6.01 min
yielded 96.6 % degradation. These results highlight the nanocomposite’s high
catalytic efficiency and the effectiveness of RSM for process optimization in
wastewater treatment. This work highlights the practical and environmental rel-
evance of the PANI/Ag—Pd nanocomposite as a rapid, energy-efficient and sus-
tainable material for wastewater remediation, offering a green alternative for
treating dye-contaminated effluents. The ability to achieve such high degradation
within seconds under mild conditions demonstrates its potential scalability for
industrial applications. Future research should focus on long-term stability,
recyclability, performance in real industrial wastewater and the extension of this
approach to other toxic pollutants, thereby advancing the practical implement-
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ation of nanocomposite-based catalytic systems in sustainable wastewater man-
agement.

U3BOJA

BUMETAJTHU ITOJIUAHWUJINH/CPEBPO-TTAJTAITJYM HAHOKOMIIO3HUT 3A BP3Y U
OIOPXUBY OETPAJALINIY EO3UH XYTE FOJE U3 OTIIAJHUX BOIA

NOOR ZAMAN', FARAH NAZ TALPUR!, ABDUL QADEER LAGHARI?, JAMEEL BAIG'!, ARSHAD IQBAL?, SHOUKAT
ALI NOONARI%, ZULFIQAR ALI BHATTI?, AMANA BALOCH!, IMRAN HASSAN AFARIDI! » MASROOR ABRO?
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Eo3un xyTa (EY) cuHTeTHUKa KCaHTOHCKA 00ja je BUCOKO TOKCHYHA, LITO MpelCTaBiba
030M/bHY ITPETHY JbYACKOM 37IpaB/by U BOJIEHMM CpefuHama. XpoHU4YHO usnarawe EY moxe
IOBeCTH 10 WpHUTalUje KOXKe, pecnupaTopHux mopemehaja ¥ moTeHUHjaTHOT TyrOPOYHOT
owmrehema opraHa 300r Berope ynopHe U 9MOaKyMy/JaTHUBHE NPUPOZE. Y 0BOj CTyOUjH, HAHO-
KOMIIO3UT cpebpa M nanagvjyma Ha Oasu nonuanwiuHa (PANI/Ag-Pd) cunTerus3oBaH je
METOZIOM KO-TaJIoKewa M KopuiheH kao eukacaH HaHOKaTalKu3aTop 3a pasrpanwy EY Ooje.
CtpyKkTypHe, MopdOoJoluIKe U eleMEeHTaJHe OCOOWHEe CHHTEeTH30BAaHOI HaHOKOMIIO3UTa Cy
okapaxrepucaHe kopuitheweM UV-Vis cnexrtpockonuje, ®ypuje-rpancopmucane uHdppa-
upsene crnexkrpockonyje (FTIR), ckenupajyhe enextponcke mukpockonuje (SEM) u enepret-
CKH Aucrep3uBHe crnekrpockonuje X-3paka (EDX). UV-Vis u FTIR anHanuse cy norsppuie
dopmrpame PANI/Ag—Pd HaHOKOMIIO3MTA Ca 3HaYajHUM LIPBEHUM [IOMAKOM, LITO YKasyje Ha
€JIEKTPOHCKY MHTepaKkuujy usmehy cactojaka. SEM cnvke cy nokasasne ycrneuHy yrpagmsy Ag
v Pd Hanouectuna y PANI matpuny, nok je EDX moTBpamo je ememeHTanaHH cactaB. HaHo-
KOMIIO3UT je Iokasao M3BaHpenHe (poTokaTaJuTHuke nepdopmaHce Moj MHUKpPOTalaCHUM
3pauemweM, nocTwxyhu no 96,63 % nerpapauuje doje EY. OBa cTynuja Harnaniasa noteHuyjan
PANI/Ag—Pd nHaHOkoMmo3uTa kao odehaBajyhux HaHOKaTaiu3aTopa 3a npeuyumrhaBame
Boge. OBM Hajasu JONPHHOCE pa3BOjy HaHOMaTepHjana CTaDWIM30BaHMX IOJIMMEPOM Kao
edHKacHUX KaHAUaTa 3a CaHalUjy OTIafAHUX BOJla KOHTAMHHUDPAHUX D0joM.

(ITpumibeHo 2. jyna, peBunupano 14. aBrycra, mpuxsaheno 1. okrodpa 2025)
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