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We have prepared novel coated particles, with a conductor graphite core and a dielectric TiO,
coating, as the dispersed phase of electrorheological fluids. One order of magnitude enhancement
in the shear stress is obtained by using such composite particles, when it is compared with that
of TiOy particles. The experimental results show a way to get excellent ER system.

Electrorheological(ER) fluids have a great po-
tential for many applications because of ER effect:
changing from a liquid-like state to a solid-like state
when an electric field is applied to them. However,
large scale of utilization of ER fluids has not been re-
alized for lack of excellent ER systems. Part of the
difficulty in developing high performance ER fluids
lies in the difficulty of finding a single material that
can fulfill all the electrical and mechanical require-
ments of ER fluids suitable for application. In this
letter, we propose a novel dispersed phase of ER flu-
ids: TiO2 coating graphite particles. Through both
physical argument and experiments we demonstrate
that replacing TiOs particles by these coated parti-
cles will have a great enhancement in shear stress of
ER fluids. By coupling physical understanding of the
ER mechanism with the experimental preparation of
the coated particles, we show that there can be a path
for continuous improvement in order to optimize ER
fluid performance.

We now describe the preparation process for
the coated particles. The core particles used were
graphite spheres (provided by group 402 of Institute
of Physics, CAS) with diameters 5~10 pym. Com-
pared to metal sphere, graphite has the advantage
of low density which is important both for better
response time and for avoiding sedimentation from
gravity. The coating material used was Ti oxide, cho-
sen for its hardness, wear resistance and high dielec-
tric constant. Titanium dioxide was deposited using
sol-gel method!!l. A given amount of tetrabutyl ti-
tanate(TBT) was dissolved in ethyl alcohol (the con-
centration was 0.5~1.2 mol-L~!) and subsequently a
suitable amount of diethanolamine (DEA) was added
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to the TBT solution under a nitrogen atmosphere
(DEA/TBT molar ratio R=1~2). After stirring the
solution at room temperature for 2 h, a suitable
amount of water-ethyl alcohol(1:5~10) solution was
added (water/TBT molar ratio W=2). TBT concen-
tration cited in the text is the final concentration af-
ter the addition of DEA and ethyl alcohol solution of
water. When a clear sol was obtained after the ad-
dition of water, the graphite particles pretreated in
60% HNO;3[?l were added into the sol and mechani-
cally mixed to ensure good contact between the sur-
face of the particles and the sol. The suspension of
graphite particles is then filtered to recover the parti-
cles. The particles recovered were dried at 70°C and
heat treated at 550~650°C. These operations were re-
peated to increase the thickness of the coating. The
film thickness was controlled by two variables: sol con-
centration and time of coating.

The coated particles were dispersed in silicon oil to
form ER fluid. The shear stress measurements were
carried out using a coaxial cylinder rotational vis-
cometer modified for ER experiments (type NXS-11,
Instrument Factory of Chengdu)®). The shear stress
was measured with a 50 Hz ac field applied between
the electrodes. Figure 1 shows the measured shear
stress for coated particles/silicone oil ER system as a
function of electric field strength. Shear stress over
1.2 kPa was obtained at 1.7 kV for 25% volume con-
centration coated particles ER system. For compar-
ison, we also showed the shear stress measured for
the TiO, particles/silicone oil system (see also Fig.1).
The shear stress enhancement of the coated particles
system was over one order of magnitude.

It is well known that the particles in ER fluids
will be polarized upon the application of an electric
field and they will form a chain-like structure once the
external field exceeds a certain value. In this case the
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Fig.1 Shear stress of ER fluids as a function of electric
field strength
1-25% coated particles, 2-15% coated particles,
3-25% TiO2 and 4-15% TiO»

local electric field in the gap region between particles
is enhanced largely. Polarization and the shear stress
of the ER system increase with the enhancement of
the local electric field. Qur theoretical calculations
show that the local field around coated particles is
greatly higher than that around pure dielectric par-
ticles if the core material of the coated particles is
conductive and the shell material is dielectricl4]. The
local electric field also changes with the thickness,
dielectric constant and conductivity of the coating.
This argument tells us that particles with a conduc-
tive core/dielectric shell have a great potential as dis-

persed phase of ER fluid.

In conclusion, we prepared graphite core/TiO;
shell composite particles and used these particles as
dispersed phase of ER fluid. The shear stress of com-
posite particles/silicone oil system increased one or-
der compared to TiO;/silicone oil system. We believe
that further optimization of the preparation condi-
tions and understanding on the theoretical basis will
lead to improvement towards the ultimate goal of
practical applications.
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