Silicone — montmorillonite — carbon nanotube nanocomposites
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The addition of nanofillers in a polymer matrix is known to improve significantly the properties of nhanocomposites with low filler contents. Depending on the type of fillers
used, a large range of properties can be enhanced, such as resistance to flammability, reduction of the permeability to gas and solvents or mechanical reinforcement.

However, it requires an homogeneous dispersion of the filler in the polymer matrix.

In this work, new multifunctional nanocomposites were prepared by co-addition of carbon nanotubes (CNT) and organo-modified montmorillonite (MMT) in a cross-linkable
PDMS matrix. The aim of this contribution is to highlight synergistic effects due to the presence of two nanofillers, leading to a decrease of the amount of fillers in the
matrix and the combination of several properties such as for example barrier properties and electrical/thermal conductivity.

Materials

The silicone elastomer (SYLGARD 184 supplied by Dow Corning) is obtained by
mixing two liquid components, Part A and Part B: polydimethylsiloxane (PDMS)
chains with terminal vinyl functions (Part A) react via catalyzed hydrosilylation with
PDMS bearing SiH functions (Part B) to form the polymer network.

Part A Part B

I I I I
Z Sll—O —Sll—O S||—O Sll—

The multiwall carbon nanotubes (Grade 7500, Nanocyl) are predispersed in Part A.
Different filler contents are obtained by dilution of this dispersion with Part A of of
Sylgard 184.

Cloisite® Na* (Southern Clay Products) is organo-modified with an ammonium
functionalized poly(dimethylsiloxane) compatibilizer PDMS-N*(CH,),.

Binary composites containing up to 0,5 wt-% of carbon nanotubes (CNT) and 4 wt-%
of montmorillonite (MMT) were prepared.

Ternary samples were also prepared, containing from 1 to 4 wt-% de fillers, including
0,2% or 0,4 wt-% of carbon nanotubes.

Viscosity

Viscosity measurements are performed using a Brookfield viscometer
equipped with a cone plate geometry (24 mm diameter/39. Measurements
are carried out at 25 T and after 10 minutes at a shear rate of 8 s1.

The addition of carbon nanotubes leads to a sharp increase of the viscosity
for very low filler contents (< 0,5 wt-%). The presence of montmorillonite
proved to display a weaker influence on the viscosity.
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Rheological properties
The rheological behavior of binary PDMS-NTC blends
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Mechanical properties

The mechanical properties were determined
at room temperature with the dynamic
mechanical analyzer operating in tensile
strain-sweep mode at a frequency of 1 Hz.

Due to the tiny content in carbon nanotubes,
the Young's modulus is only slightly affected
by the presence of NTC.

Concerning the samples containing
montmorillonite, the modulus increases when
the filler content increase. This results are the
same for both PDMS-MMT and ternary
PDMS-NTC-MMT composite samples.
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Conclusion and outlooks

EThe replacement of part of montmorillonite in PDMS-
MMT blends by the same amount of nanotubes leads to an
increase of the viscosity and of the storage modulus in the
molten state.

m Further properties will be studied, such as electrical gas
or fire barrier properties, abrasion resistance, or
electromagnetic  shielding, wusing other fillers when
necessary.
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