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a  b  s  t  r  a  c  t

Nanoparticles  and  nanocomposites  are used  in  a wide  range  of applications  in  various
fields, such  as  medicine,  textiles,  cosmetics,  agriculture,  optics,  food  packaging,  optoelec-
tronic devices,  semiconductor  devices,  aerospace,  construction  and  catalysis.  Nanoparticles
can be  incorporated  into  polymeric  nanocomposites.  Polymeric  nanocomposites  consist-
ing of  inorganic  nanoparticles  and  organic  polymers  represent  a new  class  of  materials  that
exhibit  improved  performance  compared  to  their  microparticle  counterparts.  It  is  there-
fore  expected  that  they  will  advance  the field  of  engineering  applications.  Incorporation
of inorganic  nanoparticles  into  a polymer  matrix  can  significantly  affect  the  properties  of
the  matrix.  The  resulting  composite  might  exhibit  improved  thermal,  mechanical,  rheolo-
gical, electrical,  catalytic,  fire  retardancy  and  optical  properties.  The  properties  of  polymer
composites depend  on the  type  of  nanoparticles  that  are  incorporated,  their  size  and  shape,
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their  concentration  and  their interactions  with  the polymer  matrix.  The  main  problem
with  polymer  nanocomposites  is  the  prevention  of  particle  aggregation.  It is  difficult  to
produce  monodispersed  nanoparticles  in  a  polymer  matrix  because  nanoparticles  agglom-
erate due  to  their  specific  surface  area  and  volume  effects.  This  problem  can  be  overcome
by modification  of  the surface  of  the  inorganic  particles.  The  modification  improves  the
interfacial  interactions  between  the  inorganic  particles  and  the polymer  matrix.  There  are
two  ways  to  modify  the  surface  of  inorganic  particles.  The  first  is  accomplished  through
surface  absorption  or reaction  with  small  molecules,  such  as  silane  coupling  agents,  and
the second  method  is  based  on grafting  polymeric  molecules  through  covalent  bonding
to the  hydroxyl  groups  existing  on  the  particles.  The  advantage  of  the  second  procedure
over  the first  lies  in the  fact  that  the  polymer-grafted  particles  can  be  designed  with  the
desired  properties  through  a proper  selection  of the  species  of the  grafting  monomers  and
the choice  of grafting  conditions.

© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Development of organic–inorganic nanocomposites,
often achieved by grafting synthetic polymers on inor-
ganic particles or by adding modified nanoparticles (NPs)
into polymer matrices, is intended to produce composite
materials with improved mechanical and other proper-
ties. Nanocomposites made up of inorganic nanoparticles
and organic polymers represent a new class of materi-
als that exhibit improved performance when compared
with their microparticle counterparts [1].  Surface modifi-
cation of inorganic nanoparticles has attracted a great deal
of attention because it produces excellent integration and
an improved interface between nanoparticles and polymer
matrices [2–5].

Polymer matrices reinforced with modified inorganic
nanoparticles combine the functionalities of polymer
matrices, which include low weight and easy formability,
with the unique features of the inorganic nanoparticles. The
nanocomposites obtained by incorporation of these types
of materials can lead to improvements in several areas,
such as optical, mechanical, electrical, magnetic, rheolo-
gical, and fire retardancy properties [6,7]. However, the
nanoparticles have a strong tendency to undergo agglom-
eration followed by insufficient dispersal in the polymer
matrix, degrading the optical and mechanical properties
of the nanocomposites [8,9]. To improve the dispersion
stability of nanoparticles in aqueous media or polymer
matrices, it is essential that the particle surface modifi-
cation involving polymer surfactant molecules or other
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