
Journal of Theoretical and Applied Physics (JTAP), Special Issue: AICIS’23-Article 06

Proceeding of the 3rd Annual International
Conference on Information and Sciences 2023,

University of Fallujah, Iraq

https://dx.doi.org/10.57647/j.jtap.2024.si-AICIS23.06

Structural and mechanical properties of chitosan/PVA
composite reinforced by Ag/Au

Huda Razaq Kttafah1,∗, Hanaa Shuker Mahmood2

1Department of Physics, Ministry of Education, Directorate General of Education Rusafa, Baghdad, Iraq.
2Department of Physics, College of Education for Pure Sciences Ibn AlHaitham, University of Baghdad, Baghdad, Iraq.
∗Corresponding author: Huda.Razaq2104p@ihcoedu.uobaghdad.edu.iq

Original Research

Published online:
15 June 2024

© The Author(s) 2024

Abstract:
The sample was created in two stages, the first stage is preparing a solution of chitosan (CS) powder by adding
it gradually to acetic acid placed on the electric magnetic stirrer device with a small magnetic leg in the beaker
until we get a homogeneous solution. As for the second stage, preparing a solution of polyvinyl alcohol (PVA)
powder by dissolving it with distilled water, and adding it gradually until we get a homogeneous solution.
Then the two solutions are mixed with each other and gradually while they remain on the electric magnetic
stirrer device. After that, the resulting solution was enriched with gold and silver nanoparticles in different
ratios (Au NPs/Ag NPs) using a constant ratio of chitosan solution and polyvinyl alcohol for all samples.
The best percentage after conducting the tests was CS/PVA (90:10) blends reinforced with Ag NPs/Au NPs.
Nanoparticles of both are (2 mL). Inspection techniques were performed for the resulting structural and
mechanical samples using the FTIR, DSC and the tensile test, from which we extracted Young’s modulus and
the maximum elongation of the sample. It was found through the tests that the results were better with the
addition of silver nanoparticles and gold nanoparticles. The values of the young coefficient increase from
1.54 GPa until it reaches its highest value at 2.05 GPa. The highest value of the Young’s coefficient was for
the (50% AuNPs and 50% AgNPs).
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1. Introduction

Polymers have attracted the world greatly because of their
great importance, as they are used in the manufacture of
many electrical and non-electrical devices because of their
specifications [1]. They are light in weight, flexible, easy
to process, and low in cost. Their mechanical strength is
high and distinguishes them from other materials. Materials
with physical stability [2]. Chitosan is a kind of natural
polymer that has excellent biological properties because it
is biodegradable, safe, non-toxic and also biocompatible [3].
It dissolves in acids, specifically dilute acids. It has the abil-
ity to renew and is abundant in nature. Its availability comes
after cellulose [4]. One of the most common uses of chi-
tosan is in the tissues that suffer from damage, repairing and
engineering them, as they are used in surgery It has many
applications, including medical applications, for several rea-
sons [5]. It has many uses in food preservation containers
over a wide range due to its non-toxicity and works against

microbes and fungi [6]. It can be used to preserve food and
protect it from atmospheric environmental pollution and at
the same time, it is considered a disinfectant [7]. There-
fore, it is often preferable to incorporate Ag NPs, which are
highly efficient antigens [8]. Polyvinyl alcohol is a multi-
use polymer, and its chemical formula is [CH2CH(OH)]
n. It is present in the form of white granules and can be
dissolved in pure water [3]. PVA is considered a suitable
matrix for nanoparticles, including gold and silver, because
of its thermal stability, chemical resistance, water solubility,
and non-toxicity [1]. The polyvinyl alcohol here was con-
verted into a solution by adding a solution of nanoparticles
of gold and silver [9]. When it turns into a solution by
mixing it with pure water, its solution is characterized by a
transparent color, but when it is mixed with a solution of
gold and silver particles at the beginning, the color of the
solution is transparent, and then after a period of time, and
when it is added to the chitosan solution, its color tends to
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red, and the degree of color changes by changing the per-
centage of adding nanoparticles [10]. Gold nanoparticles
have attracted the greatest interest from many researchers
because of their distinctive and unique properties, as they
are non-toxic. Since they are metals, they possess electrical
and thermal properties [11]. As for silver nanoparticles,
they have different properties, as they are antibacterial. To
improve the properties of the polymer matrix, nanoparticles
of metals are added to it [12]. The polymer mixture rein-
forced with metal nanoparticles has many applications due
to its response to the properties and its ability to modify the
physical properties of the final product [12]. The modifica-
tion links the material with each other with link chains. Ag
NPs not only have important physical and chemical prop-
erties but also have antibacterial activities on a wide range
due to their effective biocompatibility [13]. The creation of
new polymeric materials that differ from the original mate-
rial after the addition of mineral reinforcers is to improve
structural and mechanical properties [12]. Polymers have
multiple uses and their ability to form new materials with
good specifications that can be applied in various aspects of
life [14]. In our work, chitosan was mixed with polyvinyl
alcohol at a constant rate [15]. However, by adding nanopar-
ticles in different proportions using the electric magnetic
stirrer device with a small magnetic leg in the beaker mix-
ing techniques and the solution pouring method, samples
were prepared through which the structural and mechanical
properties were obtained using FTIR technology and tensile
technique [5].

2. Experimental
The mixture of CS/PVA was reinforced to a single-weight
ratio for all samples synthesized with nanoparticles (Au
NPs/Ag NPs). The percentage by weight of chitosan was
90% and the percentage by weight of polyvinyl alcohol was
10%. The amount taken for nanoparticles was (2 mL), but
in different proportions for each type of nanoparticles used
in the work [13].
A solution of polyvinyl alcohol powder was prepared after
being prepared in (Au NPs/Ag NPs) solutions, which were
also prepared for each type separately. Silver nanoparticles

were made from a compound of silver nitrate in the liquid
phase by chemical reduction, and silver powder was ob-
tained, which was white nanoparticles, after which a silver
nanoparticle solution was prepared [5]. Gold nanoparti-
cles, it was prepared from gold chlorides, which after so
her solution was prepared [12] and by taking different pro-
portions of each of the nano-silver solution and the gold
nano-solution and combining them with each other in a
glass beaker and on an electro-magnetic device and using
the magnetic leg inside the beaker for good viscosity, PVA
powder is gradually added to the nano-solution until the
amount ends and the mixing device remains for a period of
time until the poly dissolves completely [7].
Then it is added gradually and in the form of droplets to the
chitosan powder that has been dissolved in acetic acid and
also in another glass flask and on the electrical device to
ensure that all particles are dissolved and a homogeneous
mixture is obtained [16]. To obtain a good and homoge-
neous mixture. Special molds made of Teflon polymeric
material were used to pour the solution after completing
the homogenization process and at room temperature [17].
The mixing period took several hours until a homogeneous
mixture was obtained. The sample was extracted from the
mold after three to four days, depending on the humidity
in the air. The higher the humidity in the atmosphere, the
longer the sample needed to be extracted, and then it was
kept in special nylon bags [18].

3. Results and discussions
The force applied perpendicular to a unit area is known as
stress σ (σ = F/A), The change in length to the original
length can be described as strain ε , which is devoid of units
(ε = ∆L/L). The ratio between the stress to the relative plas-
ticity when it is within the elastic limits is what is known as
the Young’s coefficient (Y = σ/ε) [19].
The Figure 1 shows the stress curves of the superimposed
chitosan and polyvinyl alcohol reinforced with gold and
silver nanoparticles. Where the enhancement was done
by adding a constant ratio to the mixture of gold and sil-
ver nanoparticles taken in different proportions for both.
Where typical behavior of stress and stress curves were

Figure 1. Stress-strain curve for CS/PVA Composite Reinforced by (Au NPs/Ag NPs).
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shown [20], [21]. The curve is divided into two regions, the
first is the flexibility region, in which the increase is linear
within certain limits, and these limits end at a limit called
the flexibility limit. As the area subjected to stress within
the flexibility limits returns to its original shape after the
removal of the effective stress [15].
As for the second region, in which the relationship is non-
linear, it is outside the limits of elasticity. After the removal
of the effective stress, it does not return to its original posi-
tion, the sample is exposed to permanent deformation. We
get the Young’s modulus from the linear slope including the
elastic region for each sample. A sample test device was
used (H10KT) [22].
The properties of polymers depend on the mechanical prop-
erties and their behavior on hydrogen bonds. After loading
the nanoparticles on the polymer’s mixture, the stress began
to increase, but then it decreased. The highest stress value
was obtained from the sample that loaded (50% Au NPs
and 50% Ag NPs). It is the sample with the symbol C [23].
The stress showed a decrease by loading the nanoparticles
on the mixture after the stress was high without the rein-
forcement with nanoparticles. I agree with the researcher
“Danmin Yang, Qun” Liu who explained in his research that
whenever the proportion of silver nanoparticles is added,
the stress and elongation decrease [24].
The measure of the hardness of the material and knowing
the range for it is by measuring Young’s modulus. While
the softness of the material is measured through the final
elongation. The mixture was taken 90:10 with different
ratios of gold and silver nanoparticles as in Figure 2. It
was shown from the figure that the values of the young
coefficient increase from 1.54 GPa until it reaches its high-
est value at 2.05 GPa, and then it decreases again with the

change of the proportions of the nanoparticles. The high-
est value of Young’s coefficient was for the (50% Au NPs
and 50% Ag NPs) sample C in the figure. It is clear from
this test that the higher the percentage of silver and gold
particles in the composite and in an equal proportion for
both, the lower Young’s coefficient and tune 0.82 GPa. On
the other hand, the elongation decreases from 3.51 to zero.
This indicates that flexibility decreases. I agree with a num-
ber of researchers that as the percentage of nanoparticles is
added, Young’s modulus decreases, and the elongation also
decreases [13].
To determine the variance in the sample to know the extent
of organic compounds and inorganic compounds, we use
the spectral analysis tool, which is FTIR spectra. FTIR
spectroscopy is based on the IR absorption frequency (400
- 4000) cm−1. Figure 3 shows the dominant aggregates
and interaction ranges of the composite after it was rein-
forced with nanoparticles of silver and gold, with different
concentrations of both. Where the patterns appeared for
the polypropylene aggregates. A wide band appeared at
3440 cm−1. This group appeared compatible with hydroxyl.
CH2 vibrating aggregates appeared at 2890 cm−1 and 2979
cm−1, respectively. Where this group was corresponding
to symmetric and asymmetric expansion [12]. These in-
teractions show that their energy gradually decreased with
an increase in the proportion of silver nanoparticles with a
decrease in gold nanoparticles, and we also note that their
intensity increases relatively [25]. The increase by adding
the percentage of silver nanoparticles offset by the decrease
in the addition of the percentage of gold nanoparticles led
to an expansion in the range of 1490 cm−1, this confirms
the interaction between the superimposed and the added
nanoparticles (Au NPs/Ag NPs). The methylene group

Figure 2. Young Modulus and maximum elongation for CS/PVA Composite Reinforced by (Au NPs/Ag NPs).
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arose at 1112 cm−1 and expanded to 1175 cm−1. This
group was the appearance of C=O, while at 610 cm−1 the
appearance of C-H. This was the effect of adding nanopar-
ticles, which led to a decrease in some aggregates and an
increase in others [26]. The data showed a decrease in the
expansion peaks and expansion, which confirms the addi-
tion of nanoparticles. Here I agree with the researcher “Jixi
Chen” when adding silver nanoparticles and increasing the
percentage of their addition leads to a decrease in intensity.
Where the scientist explained in his study that by adding
nanoparticles, significant changes occurred, decreasing the
intensity and a slight shift in the peak [27].
The Figure 4 shows the DSC curves of a sample of a mixture
of chitosan and polyvinyl alcohol at a ratio of 90:10, which
was reinforced with gold and silver nanoparticles in differ-
ent proportions. The temperature range used was from zero
to 400 degrees Celsius. These curves help us to know and
understand the thermal behavior of the mixture of natural

and synthetic polymers. Reinforcement with two types of
nanoparticles [28]. We note that the mixture of chitosan and
polyvinyl alcohol is absorbent at a temperature of 120 ◦C
and it is at its peak, and by adding gold nanoparticles it is
endothermic at a lower temperature of up to 100 ◦C. But
by adding silver nanoparticles, we note the stability of its
temperature with the sample without Adding any kind of
nanoparticles. It also appears that the mixture of chitosan
and polyvinyl alcohol is exothermic, which is the point at
which the polymer decomposes at 280 ◦C, but the polymer
decomposition process reaches 288 ◦C after the addition of
gold and silver nanoparticles by 50% each, and the highest
decomposition peak of the polymer, and this applies to the
researcher Hana Shukr [12] and with the researcher ESAM
A. EL-HEFIAN et al. [29].

Figure 3. FTIR spectra for CS/PVA Composite Reinforced by (Au NPs/Ag NPs).
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Figure 4. DSC spectra for CS/PVA at 90:10 blend ratio reinforced with different Au NPs/Ag NPs ratios.

4. Conclusion

Prepare a mixture of CS/PVA with a fixed ratio of both,
adding different ratios of nanoparticles (Au NPs/Ag NPs).
Where brown colors appeared and tended to red in all
samples according to the different proportions of adding
nanoparticles in the mixture. It was found through the
tensile technique that the value of stress and elongation
decreased due to the presence of nanoparticles in the
polymer matrix. In addition to a decrease in Young’s
modulus. The highest value of the Young’s coefficient
was for the (50% Au NPs and 50% Ag NPs) sample C
in the figure. It is clear from this test that the higher the
percentage of silver particles in the composite, the lower
the Young’s coefficient and tune 0.82 µm. As for the
peaks in the examination (FTER) their strength the effect
of adding nanoparticles, which led to a decrease in some
aggregates and an increase in others.
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