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a b s t r a c t

Aluminosilicates have traditionally been important materials for
applications related to adsorbents, water softeners, catalysis and
mechanical and thermal reinforcement due to their high surface
area, excellent thermal/hydrothermal stability, high shape-
selectivity and superior ion-exchange ability. Recently, their use
as polymer fillers has allowed to increasingly extending their
application range to innovative areas such as medical and biologi-
cal fields as well as in sensors, filtration membranes, energy
storage and novel catalysis routes. Further, the large versatility
and tailoring possibilities of both filler and matrix indicates this
area as one of the enabling key technologies of the near future.

This work summarizes the main developments up to date in this
increasingly interesting field, focuses on the main applications
already developed as well as on the key challenges for the near
future.

� 2014 Elsevier Ltd. All rights reserved.

http://dx.doi.org/10.1016/j.progsurf.2014.08.002
0079-6816/� 2014 Elsevier Ltd. All rights reserved.

⇑ Corresponding author at: Centro/Departamento de Física, Campus de Gualtar, Universidade do Minho, 4710-057 Braga,
Portugal. Tel.: +351 253604320; fax: +351 253604061.

E-mail address: lanceros@fisica.uminho.pt (S. Lanceros-Mendez).
1 Equal contribution.

Progress in Surface Science 89 (2014) 239–277

Contents lists available at ScienceDirect

Progress in Surface Science

journa l homepage : www.e lsev ie r . com/ loca te /progsur f

http://crossmark.crossref.org/dialog/?doi=10.1016/j.progsurf.2014.08.002&domain=pdf
http://dx.doi.org/10.1016/j.progsurf.2014.08.002
mailto:lanceros@fisica.uminho.pt
http://dx.doi.org/10.1016/j.progsurf.2014.08.002
http://www.sciencedirect.com/science/journal/00796816
http://www.elsevier.com/locate/progsurf


Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
2. Aluminosilicates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240

2.1. Layered aluminosilicates. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
2.2. Three-dimensional aluminosilicates. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241

3. Aluminosilicate/polymer composites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
4. Novel applications of aluminosilicate/polymer composites. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247

4.1. Sensor applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248
4.1.1. Environmental sensors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248
4.1.2. Biosensors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250

4.2. Biomedical applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
4.2.1. Drug delivery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
4.2.2. Tissue engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 256
4.2.3. Osseointegration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 258

4.3. Membranes for energy, filtration and catalysis applications . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
4.3.1. Energy applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
4.3.2. Filtration and separation membranes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264
4.3.3. Catalytic membranes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 266

5. Summary, conclusions and final remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269

1. Introduction

Despite belonging to the group of the more abundant elements on the Earth crust, silicon and alu-
minum are not found in nature in their elemental form [1]. They combine with oxygen and originate a
wide range of chains, rings, layers and three-dimensional arrays. Thus, despite all aluminosilicates
share the same basic chemical composition, the different arrangements of atoms and molecules lead
to structures with different physico-chemical properties. Natural or synthetic, there exist a large num-
ber of different aluminosilicates among which stand out clays, zeolites and mesoporous aluminosili-
cates. These materials have found a wide range of applications, ranging from catalysis to and
mechanical and thermal reinforcement. The many applications are mainly related to their high surface
area, excellent thermal/hydrothermal stability, high shape-selectivity and superior ion-exchange abil-
ity. Their use as polymer fillers has allowed to steadily increase their application range to new areas,
including medical and biological applications, sensors, filtration membranes and energy storage,
among others. They have been used both to tailor specific characteristics of the polymers, such as ther-
mal or mechanical properties, and to provide specific functionality no previously existing in the poly-
mer matrix.

This work summarizes some of the main properties of aluminosilicates, that are relevant for the
development of novel applications based on polymer composites. The main characteristics of alumi-
nosilicate/polymer composites have been then reviewed, as well as the recent advances related to
the development of the composites and the latest application possibilities in areas such as sensors
and actuators, filtration membranes, battery separation membranes and biomedical applications,
among others. Finally, the key challenges and future trends are outlined.

2. Aluminosilicates

Aluminosilicates share the same basic chemical composition, the different atom and molecular
arrangements leading to structures with different properties. The most investigated and applied alu-
minosilicates include clays, zeolites and mesoporous aluminosilicates. From the point of view of the
microstructure, aluminosilicates can be classified in layered and three dimensional.
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