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a  b  s  t  r  a  c  t

This  article  reviews  the advances  in  layered  double  hydroxide  (LDH)  materials  and  the
synthesis  of  LDH-based  elastomer  composites.  The  potential  of  tuning  the structure  of
LDH materials  for desired  properties  and  applications  has  attracted  both  academic  and
industrial interest  in  recent  years.  The  modification  of LDH  materials  and  the  use  of such
materials  in  the  synthesis  of  composites  with  different  elastomer  matrices  have  been  crit-
ically  analyzed.  Emphasis  has been  given  to the  use  of Mg-Al  LDHs  and  Zn-Al  LDHs  with
different  elastomers.  The  use of  modified  LDHs  with  elastomers  substantially  improves
their  mechanical,  thermal  and optical  properties.  Even  “smart  properties”  of  elastomers,
such  as  reversible  thermotropic  optical  characteristics,  have  been  realized  with  the use  of
LDH-based  multifunctional  additives  in  rubber  formulations.  The  flame  retardance  of  some
elastomer  composites  has also been  enhanced  with  the use  of modified  LDHs.  The possibil-
ity  of replacing  ZnO  with  LDH  during  rubber  compounding  has  also  been  discussed,  which
would lead  to  drastic  interventions  in  the  well-established  rubber  processing  technologies.
LDH  materials  have  also  been  reported  to be biocompatible.  Therefore,  among  the  vari-
ous  possible  applications  of  LDHs  in  different  material  development  processes,  their  use  in
rubber  technology  offers  the  potential  for  environmentally  friendly  rubber  products,  even
tires. Throughout  this  article,  the  structure,  synthesis,  properties  and  applications  of  elas-
tomer/(LDH)  composites  are  discussed,  including  suitable  examples  taken  from  the  relevant
literature.
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1. Introduction

For many decades, elastomers have been an interest-
ing class of materials that can be designed to obtain wide
ranges of properties for use in various large- and small-
scale applications, such as vehicle tires, conveyor belts,
gaskets and seals, hoses, rollers, cable jackets, footwear and
fire-proofing materials, among others. It is well known that
rubber is rarely used in commercial applications without
fillers and chemical cross-linkers; silica and carbon black
are currently the most commonly used fillers, and ZnO is
the most common cross-linking activator for the vulcani-
zation process. In contrast to other polymer composites,
elastomers are a type of material that must be prepared in
a very special way. Fig. 1 briefly describes the process for
preparing an elastomeric composite. Enhancement in the
mechanical properties has been the key feature observed
after adding these compounds to rubbers. Enhancements
in the properties of the final compound depend largely
on the morphological aspects of these fillers, such as
their sizes and shapes, and sometimes upon the chemi-
cal modification, e.g., the use of a silane coupling agent
to modify silica. Elastomeric composites currently have a
wide range of applications because of the differences in
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Fig. 1. A schematic flow chart illustrating the formation of a typical elastomer composite.

the structural features of the fillers and activators. How-
ever, materials scientists are placing continuous effort into
examining elastomeric materials with different fillers and
activators with improved physicochemical properties that
are dimensionally more suitable. It has been recognized
that particulate fillers, such as carbon black with a large
specific surface area (high structure), are more effective
than spherical carbon black particles in reinforcing rub-
bers [1]. The large interfacial surface area between the
filler and polymer could offer a high degree of inter-
action with the hydrocarbon polymer, resulting in good
abrasion and wear resistance properties. Furthermore, the
stiffness of the rubber matrix increases with the use of a
filler with a large surface area due to a more developed
filler–filler network, and they generate strong hysteresis
under dynamic operating conditions. Thus, some physical
properties, e.g., the stiffness imparted by a certain mass
of filler, are clearly enhanced when the filler aggregates.
This effect is attributed to the ‘hydrodynamic effect’, which
is analogous to the effect of a particulate solute on the
viscosity of a solution [2–4]. The difficulty in obtaining pri-
mary particles from these conventional fillers to contribute
toward the reinforcement of rubbers forced scientists to
consider some different materials, preferably in a modified
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