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Preparation and characterization of polyvinyl alcohol -
colloidal silver nanocomposites
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The polyvinyl alcohol (PVA)-colloidal silver (Ag) nanocomposites were prepared mixing the colloidal Ag with PVA water
solution, in presence of poly(diethylene adipate lactate) diol (PDEAL), The effect of very low amounts of colloidal Ag (below
50 ppm) on the PVA matrix was investigated. The neat PVA sample and PVA-colloidal Ag nanocomposites were
characterized using transmission electron microscopy (TEM), scanning electron microscopy (SEM), differential scanning
calorimetry (DSC) and as physico-mechanical behaviour. Both TEM and SEM techniques showed that the colloidal Ag was
present inside of the PVA matrix as spherical particles in the nanometer dimensions, and as clusters. Mechanical analysis
via stress-strain testing, as well as the dynamic mechanical analysis (DMA) showed a substantial increase of the
mechanical properties of the nanocomposite materials, against those determined for the PVA matrix.
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1. Introduction

Recently, metal nanocomposites have received a great
interest due to their potential utilizations in
microelectronics [1], photocatalysis [2, 3], magnetic
devices [4], chemisorption and powder metallurgies [5].
Simultaneously, the hybrid systems consisting of metal
nanoparticles and organic polymers display attractive
assets for the benefit of nonlinear optics [6], photoimaging
and pattering [7], sensor fabrication [8] and catalysis [9].

It has been recognized since ancient times that silver
(Ag) and its compounds are effective antimicrobial and
antiviral agents. Several chemical forms of Ag exhibit
antimicrobial activities: Ag" ions in the form of Ag nitrate
solution [10], tarnished bulk Ag [11] or nanometer-sized
Ag particles [12, 13]. Nano-sized Ag particles have drawn
much attention for their unique electrical and optical
properties, such as quantum size effect (QSE) and surface
plasmon resonance (SPR).

Polymers are considered good host materials for
nanoparticles. Polymer nanocomposites have many
potential applications in the fields of optics, electronics,
mechanics, photoconductivity and so on. The Ag particles
embedded into polymeric matrices influence and modify
the polymer physical characteristics in a large measure
[14-16]. Among the optical polymers, polyvinyl alcohol
(PVA) is a water-soluble polymer, biodegradable and
biocompatible [17-19]. PVA was extensively studied as
the host for different kinds of nanofillers [20-23]. The
investigations suggest that the introduction of nano-sized
particles into PVA results in an optically functional
composite material. In the last time, important attention
has been devoted to the PVA-Ag nanocomposites [14, 24-
28]. The PVA-Ag nanocomposite material presents
importance due to the fact that PVA affords resistance to
the composite and Ag confers its antimicrobial properties.

In this way the hybrid material exhibits an exciting
combination of properties that came both from PVA and
Ag nanoparticles.

In the medical science there is questions weather or
not Ag is a harmless agent for the human body, as well as
on the toxicity level. In the previous papers reported on the
PVA-Ag nanocomposites [14, 22, 24] the Ag content in
PVA matrix varied between 1 and 5 wt. %. It was pointed
out that the lower Ag content leads to the better capacity
of Ag to penetrate the cell wall. The possible dangerous
effect of the large quantities of Ag in biomaterials was our
reason to investigate the effect of very low content of Ag
nanoparticles (less than 50 ppm) on PVA matrix. This low
concentration of Ag nanoparticles in PVA matrix was used
with the main goal to have preliminary data regarding the
morphology, the thermal, as well as the physico-chemical
properties of PVA-Ag nanocomposites, before testing
them as potential applications in medicine.

2. Experimental
2.1. Materials

PVA, with molecular weight between 65000 and
87000, was obtained from LOBA Feinchemie AG (Austria
Chemical Companies). Colloidal Ag was purchased from
ARGENOL S. L. laboratory (Saragossa, Spain). Poly
(diethylene adipate lactate) diol (PDEAL), with number-
average molecular weight 1800, was synthesized in our
laboratory starting from adipic acid, lactic acid and
diethylene glycol, as reported previously [29]. A direct
condensation was carried out at 180°C, time 6 h, under
reduced pressure.
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2.2 Preparation of PVA-Ag nanocomposites

PVA was dissolved in bidistilled water by stirring at
80 °C, time 6 h. The PVA-Ag nanocomposites were
prepared by mixing the colloidal Ag and PVA-water
solutions in different proportions. PDEAL, as plasticizer,
was added to each mixture in the same proportion
(PVA/PDEAL 70 wt%/30 wt%). Composite films with
different concentrations (ppm) of Ag nanoparticles (Table
1) were obtained after the solvent evaporation at 110°C,
time 3 h.

Table 1. Samples composition.

. Colloidal Ag
Sample Composition
P P (ppm)
PVA - -
2 PVA + PDEAL -
3 PVA + PDEAL + 20
Ag
4 PVA + PDEAL + 30
Ag
5 PVA + PDEAL + 40
Ag

2.3. Characterization

For transmission electron microscopy (TEM)
measurements, 0.1 wt% PVA-Ag bidistilled water-
solutions were embedded on the electrolytic grates, which
were preliminarily covered with collodion and carbon.
Evaporation was slowly carried out at the room
temperature. TEM measurements were performed using a
Tesla BS 5138 transmission electron microscope at 80 kV.

The scanning electron microscopy (SEM) was carried
out using PVA-colloidal Ag films, which were fixed on
aluminum support, by means of an electroconductor paste.
A gold layer was preliminarily applied on the surface of
the films. The studied samples were examined with a
TESLA BS 301 scanning electron microscope.

DSC measurements were run on a DSC Mettler
apparatus, in dynamic conditions (heating rate 10°C/min).

The initial modulus of elasticity was measured at the
room temperature using a TIRA-TEST 2161 apparatus; at
a crosshead speed of 20 nm/min.

The dynamic mechanical analysis (DMA) was
conducted using a Perkin-Elmer Diamond apparatus,
provided with a standard tension attachment at a frequency
of 1 Hz. The apparatus was heated between -80 and 200°C
(2°C/min), in a nitrogen atmosphere. The films
(20x10x0.5) were longitudinally deformed by small
sinusoidal stress and the resulting strain was measured.
The value of the storage modulus E’, the loss modulus E*’
and tension loss tangent (tan 6 = E’’/E’) were obtained as
a function of temperature.

3. Results and discussion

The morphological aspect of the studied samples was
observed using TEM micrographs. The colloidal Ag in
TEM experiments appears both as spherical particles and
as particles with various geometrical forms, within
nanometer dimensions. These particles are individualized,
or are presented as agglomerations. Fig.1 shows some
typical TEM images of PVA, PVA in mixture with
plasticizer (sample 2) and PVA doped with Ag (sample 3
and sample 4). PVA sample shows an unstructurated
homogeneous film. Sample 2 formed a less homogeneous
film. Sample 3 and sample 4 with Ag in their texture
present zones with particles, which are characteristic to the
colloidal Ag- containing materials. The presence of Ag in
the studied samples is confirmed by diffraction images,
which consist in lights specific to the materials with
monocrystalline forms.

PVA

Sample 3 Sample 4

Fig.1. The TEM images of PVA, PVA/ plasticize (sample 2)
and PVA/plasticizer/colloidal Ag (sample 3 and sample 4).

Some morphological aspects regarding both the
rugosity and the uniformity, as well as, the presence of Ag
nanoparticles on the PVA surface were observed by means
of SEM technique. SEM of the colloidal Ag is
characterized by particles with various sizes and
agglomerations. The PVA surface is smooth, without a
topographical relief. Sample 2 points out the presence of
some very pronounced crystalline zones (Fig.2). This
means that PDEAL, added as plasticizer, has a strong
influence on PVA matrix. It seems that the plasticizer
enters into combination with PVA and modifies its
morphological properties.

Feo St :
Fig. 2. The SEM image of the sample 2.
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The samples with colloidal-Ag incorporated into PVA
matrix show the presence of the Ag particles on the
surface of the films, the surface having a rugose aspect and
zones with round and/or ovoid forms. Fig.3 shows the
SEM image of the sample 5, as an exemplification.

Fig. 3. The SEM image of the sample 5.

The thermal characterization of PVA-colloidal Ag
nanocomposites was carried out by DSC technique. A
summary of the DSC data is shown in Table 2.

Table 2. The glass transition temperature (Tg), the
melting enthalpy and the crystallization heat of the

studied samples.
Melting .
Sample | T, (C) | enthalpy | CYoalieten
/g &
PVA 63 42.7 17.9
2 60 33.6 373
3 60 32.8 307
4 60 33.1 350
5 60 345 394

As can be noted, a small decrease of Tg is remarked
for the samples with Ag in their structures as against PVA.
This is not in conformity with the results reported by
Mihbele and co-workers [14]. The authors reported an
increase of Tg with 20°C using PVA samples doped with
colloidal Ag (0.73 wt %). On the other hand, incorporation
of magnetite particles into PVA matrix led to a decrease of
Tg [24]. Conclusively, the Tg of PVA doped with
inorganic particles depends on both the nature of the
nanofiller and of the nanofiller content. Table 2 shows
that the melting enthalpies are almost unchanged together
with increase of Ag content in the PVA sample. This
means that Ag nanoparticles act as the crystals thickening
in the PVA matrix [14]. The increase of the crystallization
heat for PVA-Ag samples, as against the pure PVA, means
a modification of the PVA morphology, taking place an
increase of the number of the crystalline zones in presence
of the colloidal Ag.

Mechanical behaviour of the studied samples was also
evaluated. Fig.4 shows the typical stress-strain curves for
PVA, PVA with plasticizer and nanocomposites with
different Ag loadings.

Siress (MPA)
=
AN

o i 2 3 i 5 5
Strain [retalovely) % 10°
Fig. 4. Stress-strein curves for evaluation of the initial

modulus of elasticity: PVA(-*-), sample 2(- 0-), sample
3(-.-) and sample 5 (-+-).

The curves in Fig.4 were used to evaluate the initial
modulus of elasticity, defined as the initial elasticity work
of the all inter- and intramolecular bonds in the polymer
matrix, that are opposed to the stress in the elastic zone.
Evaluation of the initial modulus of elasticity shows about
six time increase of its value for the sample 2 (21823
MPa) as against the pure PVA (3312MPa). Depending on
the Ag content, nanocomposite films show also a high
increase of the initial modulus of elasticity (sample 3,
17491 MPa, and sample 5, 23475 MPa). The strong
increase of the initial modulus of elasticity for the PVA-
Ag nanocomposites indicates a significant reinforcement
of the PVA matrix in presence of Ag nanoparticles. Our
results regarding the mechanical properties are in a good
agreement with the previous investigations of PVA-Ag
nanocomposites [14], when the prepared nanocomposite
films showed that the deformation behaviour is
characteristic to a semi-crystalline type material.

DMA is a well-suited method used for the study of the
miscibility of PVA/plasticizer/Ag composites and to
emphasize the presence of the crystalline zones. Figure.5
shows the dynamic storage modulus E’, the loss modulus
E”, and tan & versus temperature for pure PVA,
PVA/PDEAL (sample 2) and PVA/PDEAL/Ag (sample 3
and sample 5).

Fig. 5. The dependence on temperature of the storage
modulus, the loss modulus and tan 6 for PVA and
modified PVA films ( samples 2, 3, 5).
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The drops in E’ curves and the peaks present both in
E’’ and tan & plots are due to the physical transitions in the
polymer film. A weak and broad transition placed around -
55 °C for the all analyzed films is a diagnostic for the
presence of water [30]. It is known that, in the glass
transition region, the storage modulus E’ displays an
important decrease in a narrow temperature range. The
plots in Fig. 5 evidence that the peak and the shoulder
positions for the samples taken into consideration are
difficult to establish using tan & curves, due to their
overlapping. In the case of PVA, a weak shoulder in
tangent versus temperature curve corresponds to the B,
dispersion, due to the local relaxation mode of the PVA
main chains. The E’ modulus starts to drop from 1.45x10°
Pa at 30°C, due to the glass transition process (a,
transition), till the first plateau beginning at 60°C, with the
elastic modulus 1.38x10® Pa. The dispersion observed
above 60°C in elastic modulus curve is due to the
crystalline relaxation in PVA (B, dispersion,, distinguished
as a small shoulder at 77°C in the tan & variation. The
presence of the hydroxyl groups allows the chain to adopt
a planar zig-zag conformation. All these transitions judged
from the E’’ plots are summarized in Table 3. It is
important to notice that the thermogram of PVA is a
typical one for a water containing PVA. The Tg was
significantly lowered by the plasticizing effect of water.

Table 3. Transitions in PVA and modified PVA films

determined by DMA.
Underglass Ba T, Be
Sample | nsition °C) | Q) | €O) | €0

PVA -55 25 33 77
2 -51 27 35 80

3 -53.6 - 31 68

-53; -43;
5 Y -] 30 | s4

A rubber like plateau in E’, above 100°C, is observed
at 3.10"Pa and persists on temperatures up to 150°C. As
the temperature is further increased over 180°C, the
melting of the crystalline phase takes place, evidenced by
a high upward shift in tan 3 plot.

When PDEAL is blended with PVA there is no
change in the onset of the Tg, relatively to that of pure
PVA. Actually, the onset of T, takes place about 20°C for
all blends. The loss modulus E’* curve registers the glass
transition shift slightly to higher temperature than PVA. In
tan o curve the fast edge of the distribution is moved to
higher temperatures. The result indicates that the
crystalline dispersion of PVA becomes more important in
the sample 2. Moreover, the DMA studies confirmed the
existence of a single T, for the PVA/PDEAL mixture The
miscibility is considered as being due to the interactions
between the hydroxyl groups of PVA and carbonyl groups
of PDEAL plasticizer. The introduction of Ag into the
mixture induces a pronounced decrease in tan & amplitude.
This fact suggests that there are regions in PVA films

where the mobility of PVA chains is reduced by the
presence of Ag. Furthermore, it diminishes the Tg to 31°C.
It is noticed in E’ curve the increase of stiffness both of
PVA and PVA/PDEA samples. The shoulder in E’’ plot at
68°C confirms the presence of the crystalline zones, and
the melting of the crystalline phase starts earlier, as
revealed by the tan & curve. The magnitude of tan & peak
decreases with increase of the Ag content. These results
suggest that a phase-separated system can be produced,
indicating a certain lack of homogeneity for the samples
containing colloidal Ag.. The T, is lower, but the
crystalline zones appear at higher temperature (84°C).

4. Conclusions

The PVA-colloidal Ag nanocomposites were prepared
using PVA, as matrix, and colloidal Ag in very low
amounts (bellow 50 ppm). The PVA-colloidal Ag mixtures
contained and PDEAL with molecular weight 1800, as
plasticizer The low concentration of Ag in PVA matrix
was tested regarding both the morphology and the
physico-mechanical properties of PVA-Ag
nanocomposites.

The morphological aspect of the studied samples was
observed both by TEM and SEM micrographs. The
samples with colloidal Ag incorporated into PVA matrix
showed the presence of Ag as spherical particles and as
particles with various geometrical forms, within
nanometer dimensions.

The thermal characterization of PVA-colloidal Ag
nanocomposites was carried out by DSC technique. The
increase of the crystallization heat of PVA-Ag samples, as
against pure PVA, means a modification of the PVA
morphology.

Mechanical analysis via stress-strain testing showed a
substantial increase of the initial modulus of elasticity of
the nanocomposite materials, compared with the values
obtained for the pure PVA matrix. This means a
significant reinforcement of the PVA matrix in presence of
the colloidal Ag nanoparticles. DMA analyses showed a
good miscibility between PVA and PDEAL plasticizer, the
increase of stiffness, an increase of the crystalline zones
for PVA mixed with PDEAL, and the decrease of the
mobility of PVA chains, due to the presence of the
colloidal Ag.
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