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ABSTRACT

This study aims to evaluate the thermal decomposition behavior and
kinetic parameters of chitosan/polyethylene oxide (CS/PEO) blend
films reinforced with different concentrations (1%, 3%, and 5%) of silver
nanoparticles (AgNPs). Samples were fabricated using the solution casting
method and characterized via thermogravimetricanalysis (TGA), derivative
thermogravimetry (DTG), differential scanning calorimetry (DSC), and
kinetic modeling using the Coats-Redfern method; the degradation took
place using a heat rate of 10" C/min in a nitrogen atmosphere. DSC results
supported the thermal stability evaluation by revealing a progressive
increase in the glass transition temperature (Tg), from 156.7 °C for pure
chitosan (S1) to 192.3 °C for the CS/PEO blend (S3), with a peak 0of 214.5 °C
for the 3% AgNP-reinforced sample (S5), indicating enhanced polymer
chain restriction and improved thermal resistance. The activation energies
(Ea) varied significantly across the samples: 73.59 k]/mol for pure chitosan
(S1), 81.07 kJ/mol for pure PEO (S2), and 79.89 kJ/mol for the 50:50 CS/
PEO blend (S3). Upon AgNP incorporation, the highest value of Ea was
found at 3% concentration to be (78.76 kJ/mol). The results demonstrate a
non-linear behavior, indicating that AgNPs contribute to thermal stability
at moderate concentrations but catalyze degradation at higher amounts.
Thermodynamic parameters revealed positive enthalpy (AH) and negative
entropy (AS) values, indicating an endothermic degradation process with a
more ordered transition state. A strong linear correlation between Ea and
In A confirmed the presence of a kinetic compensation effect, reflecting
the complex interplay between structural reinforcement and catalytic
facilitation.
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INTRODUCTION

Environmental pollution or disruption nowadays
has become a serious problem in the world.
Needless to say, the polymer industry currently
faces numerous problems related to the recycling
or disposal of polymer waste. Therefore, the

* Corresponding Author Email: njassim@uowasit.edu.iq

importance of developing materials without any
disturbance to the earth’s environment is growing,
even in the polymer industry. Among these
problems, natural polymers have undergone a
reevaluation regarding their ability to biodegrade.
Chitosan is classified as a natural polymer due
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to the presence of a degradable enzyme; it is
extracted from chitin by removing its acetamide
groups in a concentrated alkali solution. Due to
its strong hydrogen bonds, chitosan is insoluble
in water. Despite chitosan’s many advantages
as a biomaterial, its insolubility in water and
incompatibility with most biodegradable polymers
limit its use. This has been partially overcome by
extensive efforts to improve its water solubility
and compatibility with other polymers [1, 2].

Chitosan (CS) has been widely used in
biomedical applications, like cancer therapy.
Bone/skin regeneration and wound dressings
[3-5]. Also, chitosan is expected to be beneficial
in the development of composite materials, such
as blends or alloys with other polymer materials,
because chitosan has many functional properties
[2]. On the other hand, poly (ethylene oxide) (PEQ)
is s bio-inert polymer of Ethylene oxide that is
commercially available in a wide range of molecular
weights (20,000-8,000,000), a semi-crystalline,
water-soluble, non-ionic, biocompatible polymer
of greatindustrial importance. Itis used in organic—
inorganic hybrid materials in the field of functional
coatings with superior barrier properties [6, 7].

Despite favorable properties of PEO, when
blended with a variety of polymers, such as rigid,
biocompatible polymers, the resulting materials
can have significantly improved flexibility and
mechanical strength [1]. Blending chitosan
with PEO has been extensively investigated in
recent years, with several studies confirming
improvements in thermal stability and mechanical
properties due to synergistic molecular
interactions between the polymers [8]. Such
alterations can be reviewed excellently with the
help of thermal analysis methods, to be particular
thermogravimetric analysis ( TGA ) that helps get
specific information regarding the dissemination
character as well as therapeutic stability of the
polymerized material.

So far, it has been evidenced that the
introduction of silver nanoparticles (AgNPs) into
CS/PEO matrices contributes to a tremendous
improvement in the thermal conductivity of
the ensuing composite materials. AgNPs have
high surface-to-volume ratio, and good thermal
conductivity that helps in enhancing their ability
to transfer heat within their material, slowing
down the aspect of thermal degradation. The
reported results show that 5% AgNPs had led to
an increment in thermal conductivity that rose to
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0.099 W/m K as compared to 0.023 W/m K before
the introduction of AgNPs. [9]. The phenomenon of
the positive effect of nanoparticles reinforcement
in polymer materials is regarded as a well-
established phenomenon of science and fact not
confined to a particular material form. The same
behavior has been established in other systems,
such as boron nitride in epoxy matrices (Thamir et
al., 2019) or silica nanoparticles in thermosetting
resins (Al-Bayaty et al., 2020), hence reflecting
the wuniversality of methods of nanoparticle
reinforcement [10,11].

On the other hand, in recent research, it was
also revealed that nanoparticles act as catalysts
promoting the degradation of polymer material
and lowering the value of an activation energy
during the thermal decomposition of polymers
(Sharma et al., 2014). The importance of knowing
the working mechanisms of these nanoparticle
behavior is vital to the overall optimization of
performance of together composite materials
since this diversity in functionality gives rise to a
huge range of responses. [12].

In this regard, this research objective will
be able to assess the thermal conductivity of
chitosan/PEO nanocomposite films and determine
how concentrations of silver nanoparticles affect
thermodynamic properties through TGA and
DSC analysis. In determining the energy and the
mechanism of decomposition per formulation, the
Coats Redfern analysis technique will be used to
examine the thermal degradation kinetics.

To determine the kinetic and thermodynamic
parameters of the degradation process, Thermal
analysis techniques such as thermogravimetric
analysis (TGA) and derivative thermogravimetric
analysis (DTG) are widely used to investigate the
thermal behavior and decomposition kinetics
of polymeric materials. These techniques
are essential for evaluating thermal stability,
decomposition stages, and kinetic parameters
such as activation energy (Ea), enthalpy (AH),
entropy (AS), and Gibbs free energy (AG). Among
the available kinetic models, the Coats—Redfern
method is commonly used due to its accuracy and
simplicity.

The thermal degradation of solids under non-
isothermal conditions can be represented as:

A (sotidy B = (sotid) = C(volatile) (1)
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The extent of conversion (a) is commonly
calculated using the following expression:

a=(mg — m) /(mp — my) (2)

Where, mo = initial mass of the sample ,
m_= mass at time t, and m_ = final mass after
decomposition

During TGA analysis with a constant heating

rate (B), the rate of conversion is given by:

dx/dt = B x dx/dT = K(T) x f(x) (3)

Where: x= degree of conversion, f(x)= reaction
model, and K(T)= temperature-dependent rate
constant

The rate constant K(T) follows the Arrhenius
equation:

K(T) = A x exp (—E, /RT) ()

Where: E_= activation energy (kJ/mol), A = pre-
exponential factor, R = universal gas constant
For kinetic analysis, the Coats—Redfern
equation is applied as:

In[-In(1 — «) /T?] = In[ (AR/BE,) X (1 — 2RT /E,)] — E, /R

Activation energy can be calculated using the
slope of linear relationship by recording the left-
side of the equation (In [In (1 1- a)/T 2]) on the
y axis and the magnitude (1000/T) on the X axis.
Intercept at y-axis can also be used to obtain
frequency factor (A) by plugging the values of
activation energies to the following equation

Intercept = In[ (AR/BE,;) X (1 — 2RT/E,) ]

The model has been efficiently applied in
current examinations to determine the kinetics
parameters of polymer nanocomposites [10, 13].
Other causes of the thermal behavior of polymer
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nanocomposites can be obtained besides kinetics
which is thermodynamic parameters such as
enthalpy of activation (AH), entropy of activation
(Delta S) and Gibbs free energy of decomposition
(AG). These were calculated using the following
relationships:

AH = Ea — R X Tpeak

AS = R x [Inth X Ay /Kp X Tpeak) -1

AG = AH — Tyea X AS

Where: R = Universal gas constant, T ™ Peak
temperature from DTG curve, h = Planck constant,
K, = Boltzmann constant [14].

These thermodynamic  parameters are
fundamental for understanding the thermal
decomposition mechanisms of polymer-based
nanocomposites and can support further
interpretation of thermal behavior under non-
isothermal conditions.

MATERIALS AND METHODS
Materials

The components in this work are chitosan (CS),
polyethylene oxide (PEQ) and silver nanoparticles
(AgNPs). Chitosan, was obtained from Nano
Chemazone Inc. Polyethylene oxide (PEO),
identified by CAS No. 68441-17 8, has a molecular
formula of C H O, Si, appears as a white
powder, and has a melting point ranging from 66-
70°C. Its true density is between 1.15-1.22 kg/L,
and it decomposes thermally at 423-425°C. This
polymer was sourced from Gree Industry. The
silver nanoparticles (AgNPs) used in this study
have an average particle size of 50-60 nm, with an
assay of 99.9% purity, a spherical morphology, and
a bulk density of 0.35 g/cm3. These nanoparticles
were supplied by Sky Spring Nanomaterials Inc.
Acetic acid (1% solution) was used as a solvent for
chitosan, while distilled water was employed as a
solvent for polyethylene oxide.

Preparation of Pure and Composite Films
Films of pure chitosan (CS), pure polyethylene
oxide (PEO), and their blend were prepared using
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the solvent casting method. Chitosan (2 wt. %)
was dissolved in 1% acetic acid solution under
magnetic stirring for 6 hours at room temperature.
PEO (2 wt%) was separately dissolved in distilled
water under stirring for 6 hours. The two polymer
solutions were mixed in a 1:1 ratio (CS: PEO) and
stirred for 30 minutes to ensure homogeneity.
For the composite films, silver nanoparticles
(AgNPs) were incorporated at concentrations
of 1%, 3%, and 5% (w/w based on total polymer
weight). The AgNPs were ultrasonically dispersed
in the polymer blend solution for 1 hour to ensure
uniform distribution. The final mixtures were
poured into 14 cm diameter Petri dishes and dried
at room temperature for 5 days. The dried films
were then carefully peeled off and stored in a
desiccator until further analysis.

RESULTS AND DISCUSSION
TGA/DTG Analysis of Chitosan/PEO: Pure, Blend,
and AgNP-Reinforced Films

Figs. 1 and 2 present the thermogravimetric
analysis (TGA) and derivative thermogravimetric
(DTG) curves for the pure chitosan, pure
polyethylene oxide, and their blend samples (S1 to
S3), wereincorporated with nano Agconcentrations
of 1%, 3%, and 5% (S4-S6) which illustrate their
thermal degradation behavior under a nitrogen
atmosphere. In the TGA curves (Fig. 1), all samples

exhibit a characteristic three-step degradation
pattern. The first stage occurs between 30°C
and 100°C, associated with the evaporation of
physically adsorbed moisture, particularly evident
in hydrophilic systems like chitosan and PEO. The
second major weight loss occurs between 200°C
and 320°C, corresponding to the initial thermal
decomposition of the polymer backbones. For
chitosan, this includes dehydration, deamination,
and depolymerization, whereas PEO undergoes
chain scission and melting-induced degradation.
The third stage, extending beyond 400°C, is
attributed to the formation of char residues,
especially from chitosan-rich structures.

These observations are further substantiated
by the DTG curves in Fig. 2, which provide clearer
information about the rate and temperature of
thermal degradation. Each sample demonstrates
distinct DTG peak positions (Tpeak) corresponding
to the maximum degradation rate. It was noticed
that S1 exhibits multiple DTG peaks, confirming
a multi-step decomposition typical of chitosan.
S2, on the other hand, displays a sharp and
singular DTG peak near 400°C, indicating a rapid
degradation process of pure PEO.

Upon blending (S3), the DTG peak is slightly
shifted, and a smoother degradation profile is
observed, suggesting increased thermal stability
due to polymer chain interactions. Samples S4 to
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Fig. 1. Thermogravimetric analysis (TGA) curves of samples S1-S6, illustrating moisture evaporation, thermal decomposition,
and char formation behavior.
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S6 reinforced with AgNPs showed a progressive
shift in DTG peaks toward higher temperatures,
alongside reduced mass loss percentages in
the TGA curves. This result indicates that the
incorporation of silver nanoparticles significantly
enhances the thermal stability of the composite
films, likely by restricting chain mobility, increasing
thermal conductivity, and promoting a more
ordered decomposition mechanism.

These observations are illustrated by the
numerical data in Table 1, which confirms that
AgNP-reinforced samples experienced lower
total mass loss and retained higher char residue
compared to the unreinforced blend.

The role of silver nanoparticles as thermally
resistant fillers and structural barriers within

polymer matrices has been well documented in
several studies. They have been shown to enhance
thermal performance by restricting the mobility
of polymer chains and delaying decomposition.
Other reports have indicated that functionalized
nanoparticles act as diffusion barriers, reducing
heat transfer within the matrix and inhibiting
thermal degradation [15,9].

Differential Scanning Calorimetry (DSC) Analysis
The DSC curves for the pure chitosan, pure
polyethylene oxide, and their blend samples
(S1 to S3), were incorporated with nano Ag
concentrations of 1%, 3%, and 5% (S4-S6), are
shown in Fig. 3. Each curve exhibits characteristic
thermal transitions related to the composition

5
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Fig. 2. DTG Curves of Samples S1-S6 Showing Thermal Decomposition Peaks under a nitrogen atmosphere.

Tablel. Thermal degradation behavior from TGA/DTG analysis for prepared samples.

Sample AgNPs (%) Mass Loss (%) Main Degradation Start (°C) DTG Peak (°C) Residual Mass (%)
S1 0 66.42 230 283.65 33.58
S2 0 101.87 330 398.343 ~1.87
S3 0 81.00 270 410.913 19.00
S4 1% 78.22 290 411.373 21.78
S5 3% 77.39 300 406.714 22.61
S6 5% 77.04 310 403.951 22.96
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and structural features of the samples. The main
observed thermal noticed include moisture
evaporation, glass transition temperature (Tg),
and thermal degradation.

The glass transition temperatures were
identified depending on the movement of the
DSC base after the initial loss of moisture, which
is the region of the 1261879 alpha -relaxation.
The methodology is in line with that provided by
Gonzales-Campos et al, (2010) [16].

The DSC curves of the Sample S1(100% chitosan)
showed a clear endothermic peak respecting
about 66.30 C, which can be attributed so far as

to the evaporation of the physically adsorbed and
weakly bonded hydrogen-water molecules. Clear
endothermic peak can be observed at about 66.3
°C using the DSC curves of Sample S1 (100%%
chitosan) and can be assigned to the evaporation
of water molecules physically adsorbed and
weakly hydrogen-bonded.This was followed by
glass transition at approximately 156.7 °C which
implied that the mobility of the polymer chain
would increase.

An exothermic bump was observed around
289.7 o C, which showed rearrangement of
structure and onset of thermal decomposition

3 Glass transition temp. (Tg)
i . T

Temp.(C°)

T
300

Fig. 3. DSC curves of all prepared polymer blend samples (S1-S6).

Table 2: Main Thermal Events and Transitions in DSC Thermograms.

ample ample Description . ass Transition (Tg ain Degradation Pea
sampl sample Descripti F"S(tg)eak Glass Transition (Tg) (*C) Main Degradation Peak (°C)
S1 Pure chitosan 66.3 156.7 289.7,424.2
S2 Pure PEO 69.2 - ~380 (unclear)
S3 CS/PEO blend 66.1 192.3 295.9
S4 CS/PEO /1% AgNPs 64.3 200.1 300.6
S5 CS/PEO/ 3% AgNPs 64.3 214.5 399.7
S6 CS/PEO /5% AgNPs 64.4 210.0 392.4
1582 J Nanostruct 15(4): 1577-1587, Autumn 2025
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such as dehydration, deamination, and
depolymerization.

A final thermal transition was detected around
424.2 °C, corresponding to the breakdown of the
chitosan polymer backbone and the formation of
carbonaceous char residues. These observations
are in strong agreement with the thermal

decomposition behavior of chitosan [17].

Based on the DSC analysis of Sample S2 (100%
polyethylene oxide, PEO), a sharp endothermic
peak was observed at approximately 69.2°C,
corresponding to the melting of crystalline regions
within the PEO matrix. In addition, a broad
endothermic region was detected around 163.8°C,
which is likely related to molecular rearrangement
and the onset of thermal degradation processes

220 —
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Fig. 4. Variation of Glass Transition Temperature (Tg) with AgNPs Concentration in the blend.
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Fig. 5. Linear plots of Coats—Redfern equation for thermal decomposition of prepared samples.
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[18,19].

While for blend sample S3 (50%CS / 50%PEO),
it exhibited an endothermic peak at approximately
66.1°C, attributed to the evaporation of physically
adsorbed water. The glass transition temperature
(Tg) was shifted to around 192.3°C, indicating
strong intermolecular interactions between
chitosan and PEO chains. An exothermic peak
was observed at 295.9 °C, suggesting partial
structural reorganization before the onset of
thermal degradation. These thermal behaviors
are consistent with previous studies that reported
improvements in thermal stability and molecular
interactions in chitosan/PEO blends [20].

The three final samples (S4, S5 and S6) loaded
with silver nanoparticles (Silver NPs), showed
the same thermal profile with a peak pertaining
to moisture evaporating at around 64.364.4C.

Also, the glass transition temperature (Tg) was
measured to be increased noticeably compared to
the S3 sample, and it implied that AgNPs addition
led to greater thermal stability and limited the
mobility of polymer chains. Furthermore, a shift
towards elevated values of the temperatures
of onset of thermal degradation could also be
observed implying better thermal stability against
thermal degradation. Such findings agree with
recent findings by other researchers who indicated
the improvement of thermal stability in polymer
blends by reinforcing Ag NPs [15,21].

Table 2 provides a summary of key thermal
results for all samples, detailing main thermal
transitions in DSC curves, including the first
endothermic peak, glass transition, and main
degradation peak. Furthermore, the relationship
between the glass transition temperature (Tg) and

Equation y=a+bx
Weight No Weighting

Residual Sum of
Squares
Pearson's r

Adj. R-Square

0.37932

0.99003
0.97519

B

Intercept
Slope

Value
-8.92028
0.31348

Standard Error
1.67762
0.0223

70 72
Ea (kJ/mol)

76 78

80 82

Fig. 6. Linear correlation between activation energy (Ea) and the natural logarithm of the pre-exponential factor (In A) in

Table 3. Kinetic and thermodynamic parameters of prepared samples calculated using the Coats—Redfern method.

prepared sample.

Sample Ea (kJ/mol) AH (kJ/mol) A(s™) AS (kJ/mol-K) AG (kJ/mol) R?
S1 73.59 68.96 1.856e+06 -0.13017 141.41 0.9986
S2 81.07 75.49 1.1997e+07 -0.11614 153.46 0.9885
S3 79.89 74.23 9.132e+06 -0.11978 155.13 0.9975
sS4 71.95 66.26 1.2003e+06 -0.13383 157.8 0.9992
S5 78.76 73.11 6.53e+06 -0.12159 155.57 0.9994
S6 64.78 59.18 62930 -0.15414 163.51 0.9979
1584 J Nanostruct 15(4): 1577-1587, Autumn 2025
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the silver nanoparticle (AgNPs) concentration is
illustrated in Fig. 4.

Kinetic and Thermodynamic Analysis Using the
Coats—Redfern Method

The thermal decomposition behavior of
chitosan/PEO blends films, both pure and those
reinforced with silver nanoparticles (AgNPs)
were evaluated using the Coats—Redfern method
within the temperature range of 275-320°C. The
calculated kinetic and thermodynamic parameters
are presented in Table 3.

All samples exhibited high linear correlation
coefficients (R? > 0.98), confirming the applicability
of a first-order kinetic model. The corresponding
Coats—Redfern plots (Fig. 5) displayed clear
linearity, enabling precise parameter extraction.

The activation energy, defined as the minimum
amount of energy required to initiate the thermal
degradation process, is considered a quantitative
indicator of the thermal stability of polymer-based
materials [22]. In the present study, the calculated
activation energies (Ea) using the Coats—Redfern
method showed significant variation depending on
the silver nanoparticle (AgNPs) content within the
chitosan/PEO matrix. As shown in Table 3, the Ea
value of the unreinforced blend (S3) was 79.89 kJ/
mol, serving as the baseline for comparison.

Furthermore, the sample containing 1% AgNPs
(S4) exhibited a slightly lower Ea of 71.95 kJ/
mol, suggesting an early catalytic influence of
the silver nanoparticles on the degradation

mechanism, and sample S5 (3% AgNPs) exhibits
an Ea of 78.76 kJ/mol, which is comparable to that
of the blend, indicating that at this concentration,
AgNPs contribute more significantly to structural
reinforcement than to catalysis. This enhancement
in thermal resistance is attributed to improved
polymer—nanoparticle interactions, which
restrict chain mobility and delay the onset of
decomposition.

While sample S6 (5% AgNPs) exhibited a
substantial decrease in Ea to 64.78 kJ/mol and
a dramatic drop in the frequency factor (A),
indicating a shift toward catalytic facilitation
of the degradation process. This effect can be
related to either nanoparticle agglomeration or
active-site saturation effects which can cause the
change of thermal-degradation pathways. Other
nanocomposite systems have also been reported
to exhibit such behaviour where enhancing the
concentration of fillers reverses the structural
strengthening effect to catalytic breakdown.. This
phenomenon, characterized by reinforcement
at moderate nanoparticle levels and catalysis
at higher concentrations, agrees with previous
studies by Kumar et al. (2009) and Franco-Urquiza
et al. (2020), which demonstrated that specific
nanoparticle loadings can facilitate stepwise
degradation or lower the activation energy
of thermal decomposition through catalytic
mechanisms [23,24]. A strong linear correlation
(R? =~ 0.98) between activation energy (Ea) and
the frequency factor (In A) was also observed

82 1
8o N o~ - (=Ml - Ea (kJ/mol) |
] - ~
78 — A} ’ N
N N .,
.
76 — A Y ’, .
.
i . ., .
74 — . ’ .
9 1 ~ L d
2 72 - .- - .
= i N
=2 70 .
=,
b .
S es ] .
66 — A
i |
64 —
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Fig. 7. Effect of AgNPs concentration on the activation energy (Ea) in prepared samples.
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-0.1104 —

-0.1152 — y=a~+bx
No Weighting
1.70426E-5

-0.1200 — 0.9911

Pearson's r
Adj. R-Square 0.97785

Value  Standard Error
-0.1248 - Intercept -0.29623 0.01125
B Slope 0.00223 1.49499E-4

-0.1296 —
-0.1344 —

-0.1392 —

AS (kJimol-K)

-0.1440 —
-0.1488 —

-0.1536 — *

T T T T T
64 66 68 70 72

T T T T T 1
74 76 78 80 82 84

Ea (kJ/mol)

Fig. 8. Plot of activation energy (kJ/mol) versus AS (kJ/mol-K).

as in Fig. 6, suggesting the presence of a kinetic
compensation effect [14]. This behavior has been
previously documented in nanoparticle-reinforced
systems, where structural reinforcement and
catalytic activity interact to determine the thermal
stability of the material [25]. Farhan et al. (2022)
demonstrated that nanoparticle effects vary
significantly with polymer matrix composition,
where the same nanoparticle loading showed
different behaviors depending on the specific
polymer type, supporting the complex nature
of nanoparticle-polymer interactions [26]. Fig. 7
illustrates the effect of AgNP concentration on the
activation energy (Ea) in prepared samples.

The negative values of entropy (AS) indicate
a more ordered transition state [27], while the
positive Gibbs free energy values (AG) confirm the
non-spontaneity of the decomposition process.
Additionally, the positive enthalpy values (AH)
reflect the endothermic nature of bond breaking
within the polymer chains [28].

The relationship between activation energy
(Ea) and entropy (AS) is illustrated in Fig. 8,
showing a strong linear correlation (R? =0.977)
that confirms the presence of an enthalpy-
entropy compensation effect and validates the
thermodynamic consistency of the Coats-Redfern
analysis.

Thermal analysis results demonstrate the
combined role of silver nanoparticles (AgNPs),
which function both as structural reinforcements

1586

and catalytic agents. The delayed degradation
onset and increased residual mass observed
in TGA/DTG curves indicate enhanced thermal
resistance, likely due to restricted polymer chain
mobility and improved matrix packing induced by
AgNPs. Simultaneously, the marked reduction in
activation energy at higher AgNP concentrations
supports the hypothesis that catalytic effects
dominate, facilitating decomposition through
alternative, lower-energy pathways.

CONCLUSION

It can be concluded that further improvement
in thermal resistance was shown from the DSC
measurements, as the incorporation of AgNPs led
to a noticeable upward shift in the glass transition
temperature (Tg), particularly at 3% concentration,
indicating restricted polymer chain dynamics. This
thermal behavior is consistent with the findings
of the TGA and kinetic analysis, which confirmed
the concentration-dependent dual role of AgNPs.
At intermediate concentrations (3%), AgNPs
enhance thermal stability through their structural
reinforcing effect, while at higher concentrations
(5%), they exhibit a catalytic behavior that
facilitates the thermal degradation process. The
strong linear relationship between the activation
energy (Ea) and the frequency factor (In A), along
with the clear correlation between the activation
energies and entropy (AS), confirms the presence
of a compensatory effect, thereby supporting

J Nanostruct 15(4): 1577-1587, Autumn 2025
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the reliability of the thermogravimetric analysis
according to the Coats—Redfern model. These
results contribute to a deeper understanding of
the improvement of nanomaterial structures to
enhance thermal performance.
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