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a  b  s  t  r  a  c  t

The  preparation  and  characterization  of  bacterial  cellulose  (BC)/silica  nanocomposites  are presented  in
this  paper.  BC  hydro-gel  was  immersed  in  an  aqueous  solution  of tetraethoxysilane  (TEOS).  By pressing
the treated  BC  matrices  at 120 ◦C and  2 MPa, water-free  translucent  sheets  were  obtained.  TEOS  concen-
tration  (3, 5 and  7%)  and  press  time  (8,  10 and  12  min)  were  used  as variable  factors.  These  materials  were
characterized  by  different  techniques,  namely  FE-SEM,  FTIR,  SEM,  tensile  strength  and  Young’s  modu-
lus. All composites  showed  good  dispersion  of  the fibers  and  strong  adhesion  between  the  fibers  and
the  matrix.  FE-SEM  observations  showed  that  the  nano-scale  silica  was  embedded  between  the  voids
and micro-fibrils  of  the  BC  matrix.  Reflecting  this  structure,  the  maximum  Young’s  modulus  and  ten-
sile  strength  of  dry BC/silica  composites  improved  to 1.46  GPa  and  113  MPa,  respectively.  The  tensile
strength  and  Young’s  modulus  showed  35  and  18-fold  increase  (with  7% TEOS),  respectively,  while  the
same properties  were  reduced  15  and  10-fold  with  increase  in  press  time  from  8 to  12  min.  FTIR  results
illustrated  strong  chemical  interactions  between  the cellulose  and  silica  phases.  The optimum  condition
was  obtained  when  the  TEOS  dosage  and  press  time  were  7% and  8  min,  respectively.
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1. Introduction

Today, due to the global demand for fibrous materials, world-
wide shortage of wood biomass in many areas, and environmental
awareness, bacterial cellulose (BC) has become one of the promis-
ing alternative sources of fibrous materials for the 21st century
(Sun, Yang, & Wang, 2010; Wan  et al., 2009). In recent years, a
great deal of interest has been generated for the production of
cellulose using biotechnology method, which reduces the envi-
ronmental impact to a minimum. Studies suggest that BC may
be a better choice for manufacturing cellulose products (Castro
et al., 2011; Czaja, Romanovicz, & Malcolm Brown, 2004), since
BC is produced in a pure (free of impurities such as lignin and
extractives) and crystalline form, which makes its recovery rel-
atively simple. In terms of chemical structure, BC is identical to
that produced by plants. However, it exhibits higher crystallinity,
water-holding capacity, degree of polymerization, and mechani-
cal strength (Darder, Aranda, & Ruiz-Hitzky, 2007; Sheykhnazari,
Tabarsa, Ashori, Shakeri, & Golalipour, 2011). These properties
make BC an interesting biomaterial for applications as nutritional
component (Sani & Dahman, 2010), artificial skin (Hungund &
Gupta, 2010), flexible display screens (Nakagaito, Nogi, & Yano,
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2010), and in traditional applications where plant cellulose is used
(Castro et al., 2011).

Historically, plant derived cellulose has been used either as rein-
forcement (Ashori & Nourbakhsh, 2010; Mottershead & Eichhorn,
2007; Nourbakhsh, Karegarfard, Ashori, & Nourbakhsh, 2010) or
matrix (Darder et al., 2007), or as the sole component to pre-
pare all-cellulose composites (Soykeabkaew, Arimoto, Nishino, &
Peijs, 2008). Recently, BC has been used as reinforcement for
various composites due to its excellent mechanical performance
(Ifuku et al., 2007; Nakagaito, Iwamoto, & Yano, 2005; Sun et al.,
2010). For instance, Gindl and Keckes (2004) prepared cellulose
acetate butyrate based composites reinforced with BC sheets. Yano
et al. (2005) demonstrated the production of nanocomposites made
with BC nanofibers and acrylic resin. High-strength BC/phenolic
resin composites were produced by Nakagaito et al. (2005).  Hu
et al. (2009) evaluated the bacterial cellulose nanofiber-reinforced
unsaturated polyester resin composites.

Nanofibers and nanocomposite materials have gained much
interest due to their remarkable change in properties. These mate-
rials can be combined effectively to obtain a new class of high
performance or highly functional organic–inorganic hybrid materi-
als. In recent years, cellulose-based nanocomposites have definitely
proved their exceptional potential by providing a possibility of syn-
thesizing a significant number of new nanomaterials with high
degree of homogeneity and purity at molecular level and with
extraordinary physical and chemical properties (Xie, Yu, & Shi,
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