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Highly percolated poly(vinyl alcohol) and bacterial nanocellulose 

synthesized in-situ by physical-crosslinking: Exploiting polymer 

synergies for biomedical nanocomposites 

C. Castro*a, R. Zuluagaa, O. J. Rojasb, I. Filpponenb, H. Orelmab, M. Londoñoc, S. Betancourta, P. 
Gañána 

Bacterial cellulose (BC) grown from a culture medium in the presence of water-soluble poly(vinyl alcohol) (PVA) produced 

an assemblage that was used as precursor for the synthesis of biocompatible nanocomposites. Physical crosslinking via 

cyclic freezing and thawing of the formed hydrogel facilitated retention of PVA matrix upon composite separation and 

purification. The composites displayed a porous architecture within the PVA matrix and an excellent compressive strength 

as a result of the synergism between BC and PVA. BC largely improved the thermo-mechanical performance as well as 

moisture and dimensional stability of the systems while PVA imparted optical transparency and extensibility. Compared to 

the respective reference sample (BC-free material), elastic modulus increments of 40, 98 and 510 % were measured for 

PVA-based nanocomposites loaded with BC at 10, 20 and 30% levels, respectively. Likewise, the corresponding strength at 

break were 30, 77 and 104 % higher. The results indicate an exceptional reinforcing effect endowed by the three-

dimensional network structure that was formed in-situ upon BC biosynthesis in the presence of PVA and also suggest a 

large percolation within the matrix. BC is relatively inexpensive, can produce scaffolds of given shapes and with high 

strength and acts as an excellent reinforcing element that promotes cell proliferation. Taken these properties together, BC 

and BC/PVA composites are promising materials in biomedical engineering.

1 Introduction 

Polyvinyl alcohol (PVA) is a material with an excellent biosafety 
profile, which has been successfully used in many 
pharmaceutical and biomedical applications. However, PVA 
already extensive list of uses finds some limitations in terms of 
its mechanical performance. Therefore, some nanoscale 
modifications have been proposed to enhance macroscopic 
properties

1
. These include crosslinking to form hydrogels that 

are suitable for drug delivery, contact lenses, corneal implants 
and substitutes of skin, tendons, ligaments, cartilage and 
bones

2
. Broadly, hydrogels are three-dimensional networks 

formed from homopolymers, copolymers or hydrophilic 
macromers and can form insoluble structures upon chemical 
(via bifunctional agents, etc.) or physical crosslinking

3
. Residual 

chemical crosslinking agents in PVA hydrogels may be difficult 
to remove and may not be desirable in biomedical and 
pharmaceutical applications

4
. Therefore, physical gelation and 

solidification methods are suitable alternatives. For example, 
repeated cycles of freezing and thawing can result in crystal 

formation that links PVA chains by hydrogen bonds forming a 
network

1,2,4
. 

The freeze-thaw process can produce materials with a wide 
range of mechanical properties, however, in many cases it may 
be insufficient to fulfill the load bearing demands of 
replacements for damaged or diseased tissues

2
. Thus, 

biocompatible reinforcing elements of both organic and 
inorganic nature are highly desirable. It is not surprising that 
cellulose has been generally considered as an alternative 
reinforcement

5-11
. The main advantages of cellulose, as in 

fibers, include their low cost, high availability, biodegradability, 
high stiffness, low density and good mechanical properties

12
. 

Among the different sources of cellulose, bacterial cellulose 
(BC) has gained considerable interest for biomedical 
applications and has been used as artificial skin, in wound 
treatment, as an artificial replacement for blood vessels and 
meniscus implants, among others13,14. BC has been used as a 
reinforcement in biomedical composites

15-19
. Recently, 

cellulose-PVA composites have been reported20-26. However, 
the strong tendency of BC to aggregate makes homogenization 
and incorporation in PVA matrices difficult. In our previous 
work, we have shown that it is possible to develop composites 
of PVA reinforced with BC during synthesis by 
Gluconacetobacter medellinensis bacteria, in which the BC 
reinforcement is homogeneously distributed in the composite 
and the matrix is chemically crosslinked

27
. In such process 

bacterial cellulose nanofibril network is generated by the 
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microorganism within the PVA matrix and enables the design 
of new, high-performance materials. However, as discussed 
before, the development of biomedical materials demands the 
elimination of crosslinkers to avoid possible toxicity in the 
body. Therefore, here we take advantage of the remarkable 
reinforcement effect of BC to synthesize nanocomposites with 
polyvinyl alcohol via (physical) cross-linking, which not only 
prevents PVA losses during purification but enhances the 
properties of the system to make it suitable for biomedical 
applications.  

2 Materials and methods 

Pre-conditioning of the microbial strain  

The recently discovered Gluconacetobacter strain used in this 
study was isolated from a pellicle of homemade vinegar

28,29
. 

The purified bacterium was incubated in a static Hestrin-
Schramm culture medium (HS) containing 2 w/v% glucose, 0.5 
w/v% peptone, 0.5 w/v% yeast extract, 0.27 w/v% Na2HPO4, 
adjusted to pH 3.5 by citric acid and autoclaved at 121 °C. 

In situ production of PVA/BC nanocomposites  

Poly(vinyl alcohol) (Sigma-Aldrich, Saint Louis, MO) with 
reported molecular mass of 146-186 kDa and 98-99% 
hydrolysis degree was added to the HS medium under stirring 
at 90 °C to obtain aqueous solutions of 0, 2.5, 5 and 10 wt% 
PVA concentrations. The modified HS media was inoculated 
with 10 v/v% of the preconditioned inoculum, and statically 
incubated for 8 days at 28 °C. The collected pellicles were 
subjected to 6 cycles of freezing and thawing between -20 and 
20 ° C with a rate of freezing and thawing of 0.1 ° C/min and a 
holding time of 6 h, following the procedure implemented by 
Wan et al.

30
. Pellicles linked physically were then washed with 

distilled water, immersed during 14 h in 5 wt% aqueous KOH 
solution and finally rinsed until pH 7 to remove any bacteria 
and residual components from the culture media.  

Six sample batches were prepared for each PVA concentration. 
Three of the samples were physically crosslinked and three 
were used as reference to determine gravimetrically the 
amount of cellulose in the nanocomposites. Control samples of 
PVA (in the absence of BC) were also prepared following the 
same procedure used for the manufacture of the PVA/BC 
nanocomposites. A schematic diagram summarizing the 
manufacture procedure is provided in Figure 1. The composite 
and reference samples are referred thereafter as “PVA/BC 
X(Y)” and “PVAY”, respectively, where “X” refers to the BC 
content or loading in the obtained nanocomposite (on a dry 
basis) and Y, added as reference, indicates the PVA 
concentration used in the precursor culture medium (see Table 
1). 

 

Figure 1. Block diagram with the steps used to synthesize PVA nanocomposites 
loaded with BC upon in situ biosynthesis from Gluconacetobacter bacterium. The 
control or reference samples were obtained by using the same procedure but no 
inoculum was added to the system. 

PVA/BC nanocomposite characterization  

Scanning electron microscopy (SEM, Jeol JSM 5910 LV 
operated at 10 kV) was used to image the fracture surfaces of 
dry nanocomposites deformed in tension and the surface of 
lyophilized nanocomposites. Before SEM analyses all 
specimens were coated with gold/palladium using an ion 
sputter coater for 5 min.  

Attenuated total reflection Fourier transform infrared 
spectroscopy (ATR-FT-IR) was used to identify main chemical 
features of the PVA/BC nanocomposites. Before the 
measurement, the nanocomposites were dried for 2 h at 40 °C 
to precondition the test samples. ATR-FT-IR spectra were 
recorded on a Nicolet 6700 spectrophotometer in the 4000-
400 cm

-1
 range ATR with a diamond crystal. The spectra were 

recorded with a resolution of 4 cm-1 and an accumulation of 64 
scans. 

 

 

Table1. PVA/BC nanocomposites nomenclature and respective composition, 
listed with increased BC % loading based on the total mass of the solid material 
(PVA+BC). The figures in parenthesis represent the PVA concentration used in 
the precursor culture medium. 
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Mechanical properties  

Tensile strength was measured for dry specimens (dry 
condition after purification step were 40 °C, 48 h), cut 
according to ASTM D-1708 standard and preconditioned at 24 
°C and 75% RH. The strength at break and elastic modulus 
were determined with an Instron Instrument according to 
ASTM D-882 using a load cell of 200 N at 5 mm/min and 22 
mm grip distance.  

Dynamic mechanical analysis (DMA) with humidity control was 
carried out with a Q 800 DMA (TA Instruments) equipped with 
a humidity chamber. Oscillatory measurements (1 Hz 
frequency) were performed at 23 °C using 5.3 mm x 12 mm 
strips cut from the physical linked nanocomposites and 
reference samples. Samples were loaded to the chamber and 
conditioned in 0 %RH for 240 min. Thereafter, two humidity 
cycles of varying %RH (between 0 and 90 %) were applied 
using 480 min as equilibrium time. The data was collected 
every 2 seconds until reaching equilibrium. 

Samples films were cut into disks (25 mm diameter) that were 
conditioned in distilled water at room temperature for 24 h to 
hydrate samples (gel state). The compression behavior in gel 
state was evaluated on a TA Rheometer (parallel plate 
geometry with a diameter of 20 mm). An initial strain of 10% 
was used to ensure that the measurement was carried out in 
the elastic region. 

Thermal properties  

The thermal degradation behavior of the dry composite 
samples was determined by thermogravimetry (TGA, Mettler 
Toledo). The TGA apparatus was flushed with nitrogen 
atmosphere and 10 mg samples were used. Each specimen 
was heated from room temperature to 800 °C at a rate of 10 
°C/min. Differential scanning calorimetry (DSC, Metter Toledo) 
was used to acquire thermograms under N2 flow. Samples (5 
mg) were placed in hermetically closed DSC crucibles and 
heated from -40 °C to 250 °C at 10 °C/min to erase the thermal 
history, after which they were cooled to -40 °C at 10 °C/min. 
The second heat scan was conducted from -40 °C to 250 °C at 
10 °C/min and the glass transition temperature (Tg) was taken 
as the inflection point of the specific heat increment at the 
glass-rubber transition while the melting temperature (Tm) 
was taken as the peak temperature of the melting endotherm. 
Before the tests all specimens were cut in equal circles of 2 
mm in diameter and dried at 100 °C for 2 h. 

Two crystallinity parameters were determined from eq 1 and 
2, from the sample weight, Xc and from the amount of matrix 
material in the composite, Xp. In the calculation ΔHm° is taken 
as the heat of fusion for 100% crystalline PVA, assumed to be 
161.6 Jg-1 and w is the weight fraction of PVA matrix material 
in the composite

31
. 

                (1) 

(2) 

3 Results and discussion 

PVA/BC nanocomposites were produced during the 
biosynthesis of cellulose in static conditions by bacteria of the 
genus Gluconacetobacter. After fermentation, PVA added to 
the culture medium was physically cross-linked with the 
reinforcing BC fibrils by freeze/thawing cycles to improve 
bonding and prevent losses of the PVA matrix during material 
washing and purification. Table 1 includes the composition of 
the final nanocomposites obtained from different PVA and BC 
ratios. The precursor PVA concentration in the culture media 
was initially 2.5, 5 and 10 wt% resulting in nanocomposites 
with BC weight percent based on total dry mass that was 
determined to be 30, 20 and 10 wt%, respectively. Therefore, 
the composites were manufactured with PVA as main 
component and BC as minor, reinforcing phase. A decrease in 
BC production was observed in the presence of large amounts 
of PVA in the culture medium, mainly owing to the increased 
viscosity of the medium, which hindered the transfer of 
microorganisms to the surface where it consumes oxygen for 
metabolism. Additional factors that may prevent BC 
production include the possibility of PVA acting as a barrier to 
oxygen diffusion through the medium as also was observed in 
previous work using in situ PVA chemical crosslinking 

27
.  

Figure 2 includes images of the “PVA2.5” sample (the matrix 
without BC, see nomenclature in Table 1) as well as PVA/BC 
30(2.5) composite as well as a film of neat BC. The PVA matrix 
(PVA2.5) is transparent, which is in contrast to the case of the 
BC film, which is translucent. When the BC is synthesized in the 
culture medium in the presence of PVA, the obtained 
composite  material (PVA/BC 30(2.5), Figure 1) remains 
transparent,  even at such high BC loading (30 wt%). This is due 
to the good homogenization of the BC in the PVA matrix during 
its synthesis and their strong interaction and interfacial 
adhesion. The resultant optical characteristics of the 
nanocomposites are an advantage in applications that demand 
high transparency, as in the development of artificial corneas, 
which also requires high mechanical strength 

17
. 

Figure 3 includes ATR-FT-IR spectra of PVA, BC and PVA/BC 
nanocomposites after the respective washing and purification 
procedure (Figure 1). Nanocomposite spectra (Figures 3b-d) 
include the characteristic PVA matrix bands (Figure 3a). The 
characteristic cellulose signals of C-O-C pyranose ring skeletal 
vibration at 1060 and 1030 cm

-1
 (indicated by the solid lines) 

are observed in all of PVA/BC nanocomposites (Figure 3e). At 
increased cellulose content the intensity of the band also 
increases in the spectra of the composites. Others 
characteristic bands of cellulose are not distinguishable in the 
nanocomposite, mainly because of the relative low amount of 
BC loading relative to PVA, and band overlapping at given 
wavelength. 

�� = ∆��/∆���
 

�	 = ��/
 

Page 3 of 8 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

 

 

Figure 2. Photographs of samples consisting of PVA 2.5 reference (without 
bacterial cell) (a), PVA/BC 30(2.5) nanocomposite (b) and a film of neat bacterial 
cellulose (c). See Table 1 for nomenclature 

 

Figure 3. ATR-FT-IR spectra of crosslinked nanocomposites containing different 
BC loadings: (a) PVA, (b) PVA/BC 30(2.5), (c) PVA/BC 20(5), (d) PVA/BC 10(10) and 
(e) Bacterial cellulose. 

Tensile behavior of PVA and PVA/BC composite films are 
included in Figure 4. Under the same testing conditions, the 
reference PVA matrices display a highly elastic behavior. The 
presence of BC in the nanocomposite changes such behavior 
as the stiffness of the nanocomposites increased drastically 
with BC loading. It is observed that both Young’s modulus (YM) 
and strength at break increase markedly with the reinforcing 
BC: relative to the control sample (in absence of BC), increases 
in YM of 40, 98 and 510 % are determined for nanocomposites 
with 10, 20 and 30% BC loadings, respectively. The 
corresponding increase in tensile strength at break are 30, 77 
and 104%. The results indicate an exceptional reinforcing 
effect by the three-dimensional network structure formed by 
the BC upon biosynthesis in the presence of PVA and also 
suggest a large percolation within the matrix

27,32
. Remarkably, 

this improvement in mechanical performance have not been 
reported before for PVA composites reinforced with various 
cellulosic elements

20-23,33-35
.  

This behavior is closely tied to the nanocomposite 
manufacturing method, wherein microorganism 
bioengineering facilitates an intimate contact between the 
reinforcing phase and the matrix for a maximum percolation. 

 

 

Figure 4. Stress-strain behavior observed in tensile tests for PVA/BC composites 
(black profiles) and for the respective matrix or reference (indicated in grey 
profiles) synthesized by physical crosslinking. 

SEM images of the fractured surfaces of BC, PVA reference 
films (prepared from 10 wt% aqueous solution, PVA10 and the 
nanocomposites (PVA/BC 10(10), PVA/BC 20(5) and PVA/BC 
30(2.5), see also Table 1) are shown in Figure 5. Figure 5a 
shows a uniform fracture of PVA10 film with flow lines in the 
matrix indicating that the rupture was caused by a crack 
propagation on the smooth, brittle surface. The 
nanocomposite fractures show no evidence of agglomerates 
indicating that the BC ribbons were homogeneously 
distributed throughout the matrix (Figure 5c-e). Moreover, 
good compatibility between the reinforcing PVA and the BC 
matrix (good fiber-matrix bonding) is suggested by the absence 
of pull-out BC ribbons. Moreover, the typical delamination of 
BC films observed in Figure 5b is prevented in the 
nanocomposites even though some minor delamination 
(indicated by circles in Figure 5b) was noted to occur at high 
BC loading. In these latter conditions chemical crosslinking 
may be effective to control possible delamination 

27, 36,37
. 

Undulation of inner layers shown in Figure 5d could be 
associated to an anisotropic behavior as consequence of 
biosynthesis that should be studied broadly. 

Figure 6 shows the TG and DTG curves for nanocomposites and 
their respective references. The first change between 40 and 
150 °C corresponds to the evaporation of absorbed and linked 
water incorporated during the preconditioning at 75% RH of all 
samples. A second transition presented only in the case of PVA 
reference films is due to structural degradation. The third loss 
weight transition occurred between 350 and 400 °C 
corresponding to the maximum degradation temperature in all 
samples, namely, upon charring. The onset and maximum 
temperature of thermal degradation increase with the BC 
loading in the network, indicating that it endows composites 
with higher thermal stability, possibly due to the excellent 
dispersion and compatibility of BC and PVA matrix.  
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Figure 5. SEM images of tensile fracture surface of materials: (a) physical linked 
PVA10, (b) bacterial cellulose and physical linked (c) PVA/BC 10(10), (d) PVA/BC 
20(5) and (e) PVA/BC 30(2.5) nanocomposites. 

 

Figure 6. Thermal degradation profiles of physically crosslinked PVA/BC 
composites. The black profiles correspond to the nanocomposite while the gray 
profiles correspond to the respective matrix or reference sample. 

The thermal behavior of the samples was also studied by DSC 
(Table 2). The glass transition Tg and melting Tm temperatures 
were shifted to higher values with BC loading in the 
nanocomposites. This is, also explained by the strong 
interactions and high compatibility between the reinforcing 
phase and the matrix. Likewise, the network formed by 
nanoscale ribbons decreases the mobility of PVA chains at the 
interface31. The degree of crystallinity of the material (Xc) and 
the crystallinity of the matrix in the nanocomposite (Xp) was 
calculated from ∆H data as presented in Table 2. A slight 
increase in the crystallinity of the PVA was observed in the 
nanocomposite with 10 wt% of BC, but at higher BC loading 
the crystallinity decreased. This argues for the fact that with 10 
wt% BC loading, cellulose ribbons promote crystal formation 
(nucleating agent) but above this concentration the reinforcing 
restricts the ability of the matrix to form large crystalline 
domains

31
.  

To assess changes in the mechanical behavior of the 
nanocomposites when subjected to humid environments, the 
films were exposed to humidity cycles between 0 and 90% RH 
in a DMA (see Figure 7). The changes seen in the storage 

modulus were accompanied by changes in the deformation of 
the material as the relative humidity of the surrounding 
environment was changed. Figure 7a shows that in all samples 
the modulus decreased with increasing humidity, as expected, 
due to the plasticizing effect of water. However, compared to 
BC-free films, more limited changes were observed for the BC-
loaded nanocomposites (less sensitivity to air humidity). Thus, 
BC improves the mechanical stability.  

Similarly, changes in the dimensions of the materials were 
observed with moisture gain. Figure 7b shows an increase in 
the dimensions of the system as the percentage of relative 
humidity increases. As for the case of the elastic module, 
greater dimensional stability is presented in nanocomposites 
with higher BC content. Dimensional stability provided by the 
BC network is consistent with the fact that the cellulose 
component restricts the flow of the PVA chains

38
. 

 

Table 2. Thermal transitions and crystallinity (*) of matrices and cross-linked 
nanocomposites reinforced at various BC loadings. 

(*) Xc=ΔHm/ΔHm° and Xp=Xc/w; with ΔHm°=161.6 Jg-1 (heat of fusion for 100% 
crystalline PVA31. w is the weight fraction of polymeric matrix material in the 
composite. 

 

Figure 7. Variation of the storage modulus (a) and strain (b) of nanocomposites 
(black profiels) and respective control (grey profiles) after two humidity cycles 
between 0 and 90% RH at room temperature. 
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The storage modulus and strain of the PVA matrix and the 
respective nanocomposites fully and reversibly recovered after 
undergoing the humidity cycles. This elastic behavior is not 
affected by dehydration and hydration of the specimens. 
Consequently, the net effect of cellulose network coupled with 
strong reinforcing-matrix interactions restricted the movement 
of PVA chains, providing mechanical and dimensional stability 
to the composite.  

Materials in a hydrated state (hydrogel) were also examined, 
the surface of nanocomposites and their respective reference 
samples were examined by SEM. Images taken of hydrogels 
surface are presented in Figure 8. The lyophilized materials 
exhibited a porous architecture, which was strongly influenced 
by the presence of the BC network. Moreover, the surface in 
PVA references change from an open to a closed cell structure 
in the nanocomposites. 

At the same magnification BC appears as a network, which is 
formed by the cellulose nanoribbons. In the nanocomposites 
these cellulose ribbons and PVA chains are associated through 
hydrogen bond during the freezing and thawing process, 
leading to the formation of compact structure walls between 
the pores

28
. This behavior is maintained throughout and within 

the material. Overall, the observed features are relevant to 
biomedical applications where porous surfaces are necessary 
for cell proliferation in tissue formation and the controlled 
release of drugs 

39,40
. 

 

Figure 8. SEM images of physical linked surface of reference materials and 
respective PVA/BC nanocomposite: (a) PVA10, (b) PVA/BC10(10), (c) PVA5, (d) 
PVA/BC20(5), (e) PVA 2.5 and (f) PVA/BC 30(2.5).   

The mechanical behavior of the material in a hydrated state 
was evaluated by compression tests in the elastic range. The 
compressive elastic modulus was measured for all samples and 
the results are presented in Table 3. It has been recorded that 
the membranes of BC in a hydrated state have good tensile 
behavior, but very poor compressive strength. Similarly, PVA 
has limitations as far as its mechanical behavior under 
compression

14,41-43
. These findings are in agreement with our 

results for BC and PVA (PVA2.5, PVA5 and PVA10) (Table 3). 
The PVA/BC 10(10) composite shows a compressive elastic 
modulus of 2.7 MPa, which is more than 48 times than that of 
BC (0.058 MPa), and almost ten times than for the PVA10 
reference (0.270 MPa). The evidence that the module of the 
nanocomposite is much higher than that of the constituents is 
a remarkable example of the synergy between PVA and BC 
upon physical crosslinking. Interestingly, this behavior 
resembles observations in natural cartilage

44,45
. It is then 

conceivable that BC plays a role such like that of collagen fibers 
while PVA acts as a proteoglycan matrix. Overall, the 
presented results show the promise of the obtained materials 
for applications such as cartilage replacement. 

Figure 9a shows the rheological response of the viscoelastic 
materials at different frequencies. For all samples, the storage 
modulus has a weak dependence on the frequency between 
0.05 to 100 rad/s, suggesting that the samples have high 
elasticity. In this frequency range, the nanocomposites had 
higher storage modulus than their respective components. 
This observation points to the reinforcing effect of the BC 
network and thus the improved mechanical response of the 
nanocomposites, as was the case for dry films. Similarly Figure 
9b shows the dependence of the strain of the storage modulus 
at a given frequency. At 1 Hz the storage modulus for the 
nanocomposite materials increased due to reinforcing effect of 
BC network. The module in the reference materials was not 
affected by changes in strain up to 1%, which implies a 
reversible behavior. However, such reversibility was less 
pronounced in nanocomposites with high BC loading: thus, it 
can be concluded that the BC network limits the elastic 
behavior of the composite

25
. The strong interactions between 

BC and PVA in the wet and dry state and the resulting 
composite with superior thermo-mechanical performance is 
illustrated schematically in Figure 10, where a highly 
percolated network and extensive hydrogen bonding are 
observed as key features. 

 

 

Table 3. Compression modulus of physical cross-linked nanocomposites and 
respective references measured in the hydrated state 
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Figure 9. Storage modulus variation as a function of frequency at 1% strain (a) 
and as a function of strain at 1 Hz frequency (b) for the physical cross-linked 
nanocomposites and their references tested in the hydrated or wet state. 

 

Figure 10. Schematic rendition (not to scale) of the possible interactions 
between PVA and BC upon physical cross-linking, mainly via mechanical 
entanglement and hydrogen bonding interactions. 

Conclusions 

PVA/BC nanocomposites were produced in situ in the presence 
of bacterial cellulose biosynthesis from Gluconacetobacter 

strains. In order to avoid matrix losses during processing steps, 
the materials were physically cross-linked by freezing and 
thawing cycles. Nanocomposites with different physical and 

mechanical characteristics were obtained and included a BC 
network distributed homogeneously throughout the matrix 
forming a percolating cluster. Likewise, due to high affinity 
between the reinforcement and the matrix, the presence of 
the BC network in the nanocomposite provides an outstanding 
and synergistic mechanical performance as well as improved 
thermal and dimensional stability with moisture, all while 
maintaining the optical characteristics of the matrix. The 
nanocomposite characteristics in hydrated state were assessed 
and a highly porous architecture of the PVA matrix was 
observed to change depending on BC loading. The compressive 
mechanical behavior of the nanocomposite (hydrogels) 
showed distinctively the synergistic effect between BC and the 
PVA matrix, their combination improved the elastic modulus of 
the synthesized materials.  

From rheological tests it was also found that the presence of 
the BC network increases the shear module in the 
nanocomposites, but limits their viscoelasticity in wet state. 
Overall, the results indicate that by using the proposed 
synthesis method it is possible to design biocompatible 
PVA/BC nanocomposites with a variety of physical-mechanical 
features that are of relevance in biomedical applications such 
as cell and tissue regeneration, controlled drug release and as 
substitutes of cartilage, corneas, veins and arteries. 
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