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EVE DS NE STUDY OF CAPACITIVE AND PIEZORESISTIVE FUNCTIONAL SILICONE
ELASTOMERIC NANOCOMPOSITES FOR MECHANICAL SENSING
APPLICATIONS
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Mechanical Sensor is a significant device to convert different types of exterior
mechanical stimulus, such as force, pressure, impact, vibration, and acceleration, to
usable electrical signals. The demand for diverse types of sensors with smart property
and low cost is growing rapidly as the development and widespread of many novel
technologies. However, despite their various shapes and functionalities, traditional
mechanical sensors are relatively expensive, limited by their fixed shapes, and
sometimes even too fragile to measure the mechanical stimulus. Thus the demand of a
variety of flexible mechanical sensors, which are cheap, sensitive, which can be applied
to a flat or curving surface with large areas, is expanding fast. Such a flexible
mechanical sensor has the ability of not only measuring an external mechanical
stimulus, but also providing a protection to the inner device or apparatus. To develop a
flexible mechanical sensor, silicone elastomer was utilized as a substrate, which is a
special type of elastomer which possesses a lot of advantages, such as an extremely
good ﬂexibili‘éy, a very wide temperature tolerance range, an excellent insulation and an
unparalleled excellent biocompatibility. Different types of particle-like functional

additional materials can be integrated into the elastomer to provide their special




functionalities, widen the areas of use, and overcome some drawbacks of the silicone
elastomer matrix. This thesis aims to investigate the ability of different types of silicone
elastomeric functional nanocomposites, including ferroelectric particles and conductive
particles incorpdrated silicone elastomeric nanocomposites, to be applied as mechanical
sensors, in other words, the ability of convert a mechanical stimulus to an electrical
signal, with the efficiency and sensitivity as high as possible. This thesis includes 6
chapters as below:

Chapter 1 is a general introduction to the background of the research of this thesis.
The basic introduction, the advantages and disadvantages of silicone elastomer were
introduced. Then a brief introduction to the polymeric functional nanocomposites was
made. Their characteristics and many related previous works were emphasized. As the
mainstays of this thesis, the dielectric property, dielectric polymeric composites,
electrically conductivity as well as electrically conductive nanocomposites was
introduced in detail. Finally the object of the work was illustrated.

In Chapter 2, the extra-high dielectric properties of BaTiOs, as well as its drawbacks
were introduced. The potential of incorporate BaTiOs particles in an elastomer matrix to
obtain a high mechanical sensing ability was demonstrated. A low dispersity, caused by
the effects of incompatibility accompanied with the gravity during the curing procedure
of silicone elastomer, was proved to be able to reduce the dielectric constant of the
composites obviously. However, it is difficult to distribute BaTiO3 nanoparticles into
the silicone substrate due to the poor surface affinities between these two materials. The
dielectric behaviors were found to be weakened by the incompatibility. To improve the
dispersity of BaTiOs particles, a novel silicone coupling agent was used to modify the
surface of particles. TG and FTIR results show that coupling agent was successfully
coated on the surface. Raw BaTiO; particles and BaTiOs particles modified by silicone
coupling agents were incorporated in the silicone elastomer to fabricate BaTiOs/silicone
membranes. Particle size distribution measurement and SEM observation show that
BaTiO; particles get higher compatibility with silicone, dispersity of BaTiOj; particles
and the dielectric properties of BaTiOs/silicone membranes were both improved by the
surface modification.

In Chapter 3, the capacitive features of BaTiOs/silicone nanocomposites were
theoretically analyzed. To take advantage of the excellent insulation features as well as
the excellent dielectric property, surface treated ferroelectric BaTiO; nanoparticles were
added into the silicone elastomer to fabricate a flexible nanocomposite with a high




dielectric constant. A measuring system containing the silicone coupling agent modified
BT/silicone elastomeric membranes was assembled, connecting with a LCR meter and a
Multimeter. Continuously increasing stresses and periodic varying stress (vibrations)
were applied to the membranes, respectively. The changing capacities (equivalent to the
generated currents) were evaluated by the LCR meter, while the generated
instantaneous current was measured by the Multimeter. Clear and sensitive signals were
obtained from both of the measurements even without a poling process during the
fabrication or measurement. This type of materials is expected to have the applications
in mechanical sensors due to its rapid response of instantaneous electric signals, simple
structures and low costs.

In Chapter 4, in order to predict and elucidate the mechanisms of the factors and
variation procedures of the resistance of flexible conductive nanocomposites, 3 types of
theoretic piezoresistive models were introduced from different prospects. Each model
was built considering both the solid and foamed conductive nanocomposite. A
piezoresistive model was deduced based on the percolation threshold of conductive
elastomeric nanocomposites, which is simple but can only be used for the calculation of
the resistance variation in a conductive nanocomposite with a volume fraction near its
percolation threshold. Another type of piezoresistive model was deduced based on the
tunnel conductive theory for elastomeric nanocomposites, which is able to explain the
resistance of flexible conductive nanocomposites with a wide range of volume fraction
and with spherical conductive particles. To broaden the applicable scope of the model
for a variety of particle shapes, a piezoresistive model based on the tunnel conductive
theory for elastomeric nanocomposites considering the distribution, aspect ratio, and
orientation of each fiber-like conductive particle was developed. Although with a high
accuracy, its complexity reduced the practicality.

In Chapter 5, multi-walled carbon nanotubes (MWCNTs), with a high electrical
conductivity and large relative surface areas, were integrated in the silicone elastomer to
provide a high conductivity as well as a piezoresistive property. To raise the sensitivity
and improve the piezoresistivity of the nanocomposite, a foaming procedure was
introduced to reduce the viscoelasticity of the silicone elastomer. A series of conductive
foamed nanocomposites were fabricated with different types of foaming agents to
obtain a diverse porous structure. The porous structures of the foams, the distribution
and orientation status of the multi-walled carbon nanotubes in the silicone matrix were
observed/analyzed using laser microscope and SEM with/without a compression load.




The influences of the porous structure and porosity on the foam were studied. It was
found that a different porosity and different voids structure affected the density, elastic
modulus, resistivity as well as piezoresistive property significantly. This type of
piezoresistive active nanocomposite was proved to have an obvious potentiality for
“utilizations in a mechanical sensor, such as a tactile sensor or an impact sensor.
Applications of MWCNT/silicone elastomeric nanocomposites for mechanical sensing
were investigated deeply. A mechanical sensing system was assembled with a
piezoresistive MWCNT/silicone sponge-like sheet. It was found to have the ability of
detecﬁng not only a wide range of tactile pressure, but also a mechanically impact by
measuring the variation of the resistive through a Multimeter.

In Chapter 6, a general conclusion of this work was made. It was concluded that a
relatively precise and sensitive mechanical sensor can be easily developed from
different prospects. It was found that a system containing a BT/silicone membrane and
a Multimeter is appropriate for detection of a short-time mechanical stimulus, like an
instantaneous impact or a vibration with a short period; a system containing a
BT/silicone membrane and a LCR meter is able to measure a constant pressure; while a
small pressure can be detected with a system containing MWCNT/silicone foamed
nanocomposites. The directions for the future research were also mentioned, such as
investigating the temperature dependent conductive property of MWCNT/silicone |
nanocomposites; enhancing the capacitive and piezoresistive property of the silicone
elastomeric nanocomposites; expanding the versatility of the silicone elastomeric
nanocomposite; and conducting the research of some practical applications using

silicone elastomeric nanocomposites.
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