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Templated self-assembly of ordered mesoporous
silica on clay nanotubes†
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A novel self-assembly strategy of ordered silica arrays on halloysite

clay nanotubes allows us to obtain mesoporous MCM-41 materials

with enhanced thermal and mechanical stability. The formation of a

structured mesoporous silica phase on halloysite is based on the

assembly of cationic amphiphilic molecules onto a negative nano-

tube surface. The resulting MCM-41/halloysite composite demon-

strated thermal and mechanical stability up to 1100 8C and 500 MPa

showing great potential for application of mesoporous materials as

industrial catalyst carriers and adsorbents.

Core–shell functional hybrid nanomaterials with tunable properties
are promising for a wide range of applications in catalytic, medical
and biological systems.1–4 Different compositions of the core and
shell (metal, ceramic, carbon, and polymers) provide stabilized
encapsulation of the interior materials and synergetic property
enhancement due to the interaction of two components (tunable
plasmonic systems, quantum dots and dye encasing, drug
encapsulation/sustained release, and thermostable catalytic
systems).5–9 One of the prospective nanoarchitectural routes
is core–shell systems based on nanotubes. Aluminosilicate clay
nanotubes with different in/out chemistry are especially inter-
esting due to the feasibility of a selective modification of their
inner or outer surfaces. Previously, we developed synthesis of
different organic–inorganic composites with metals, placing
reagents inside the tubes and producing core–shell systems
without a complicated synthetic pathway.3,8,10,11 In nanomaterial
research, the largest share is devoted to carbon nanotubes and we
extended this activity to natural clay nanotubes.12 These nano-
tubes have charged surfaces, are dispersible in water and have an
Al2O3 interior and SiO2 exterior allowing for selective synthesis in
the core or shell regions of this system. These chemical processes
involving natural tubule clays are based on aqueous solutions
which imply ‘‘green chemistry’’ manufacturing.3,4

Halloysite (HNT) is natural clay with a unique scrolled
organization. It is made of rolled kaolinite with a tube length
of 0.5–1.5 mm, an outer diameter of 50–60 nm and an inner
lumen of 10–15 nm (Fig. 1).3,10 Its surface electrical potential is
ca. �30 mV and specific surface area is around 65 m2 g�1.
Halloysite is a good carrier of chemical inhibitors, drugs and
catalytic metal nanoparticles.5,13,14 The low toxicity and bio-
compatibility of this clay makes it a perfect nanocarrier for
biomedical applications.15 Halloysite is a cheap abundantly
available nanomaterial and its composites could be scaled up
for industrial applications.

Halloysite was applied as a template for the synthesis of
ruthenium core–shell tubule catalysts which exhibit high catalytic
activity in the hydrogenation of aromatics.11,16–19 Following the
core–shell formation strategy, we describe here an architectural
design of an ordered mesoporous silica shell on the clay nano-
tube cores based on an amphiphile self-assembly process.

There are studies on ordered mesoporous silica synthesis
using halloysite as a source of silicon and aluminum, which however
did not exploit the unique tubular nature of this clay.20–22 In the
study reported in ref. 23 a mesoporous material was obtained by
exploiting the chemical components and morphology of natural clay
via an improved pseudomorphic transformation method. MCM-41
type silica was introduced inside acid treated halloysite to
produce a promising material for drug loading nanocontainers
and nanoreactors. Structured mesoporous silica and alumino-
silicates are promising materials as carriers for catalytic processes,

Fig. 1 Halloysite clay nanotubes, AFM (A) and TEM (B and C) images, bars
are 200 and 100 nm, as indicated.
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