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A eutectic mixture consisting of BaCO3
(Sigma Aldrich, USA) and BaCl2·2H2O
(Sigma Aldrich, USA) in a molar ratio
0.47:0.53 was prepared. This was further
mixed with TiO2 anatase (99.8% Sigma
Aldrich, USA; predominantly anatase) in a
weight ratio 1:8. After homogenization of
the mixture in a mortar it was put into a
corundum crucible, which was then placed
into a ceramic kiln with its inner side coated
with a microwave absorbing layer. This
setup enables rapid increase of temperature
when placed into microwaves. As a source
of microwaves, a domestic oven was used.
Two batches of the particles were prepared
regarding the synthesis time. The first
synthesis time was 20 minutes (the product
is further labelled as BaTiO3 20), the second
was 35 minutes (BaTiO3 35). After the
synthesis, the particles were left to cool
down to room temperature, and then rinsed
with distilled water, and dried in a vacuum
oven.
X-ray diffraction and scanning electron
microscopy
X-ray diffraction (XRD) analysis was
used in order to confirm the transition of
precursor materials into BaTiO3 particles.
XRD patterns were collected in angle range
of 10–95° 2θ using an X´Pert PRO
(PANalytical, Netherlands) diffractometer
with Cu Kα1 radiation. A scanning electron
microscope (SEM; VEGA II LMU, Tescan,
Czech Republic) was used to determine the
particles size and morphology.
Preparation of ER fluid
ER suspensions of 10 wt% concentration
were prepared by mixing of prepared dried
particles with dried silicone oil (Lukosiol
M200, Chemical Works Kolín, Czech
Republic,
viscosity
ηc = 194 mPa s,
conductivity σc ≈ 10−11 S cm−1). Before each
measurement, the suspension was mixed
with a glass stick for ca 5 min and
subsequently sonicated for 60 s to get
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homogeneous distribution of particles within
the suspension.
Rheological measurements
Rheological parameters of the prepared
ER suspensions in the absence and in the
presence of external electric field were
measured using a rotational rheometer
Bohlin Gemini (Malvern Instruments, UK)
with the coaxial-cylinder geometry (length
27.4 mm, inner cylinder separated by a gap
of 0.7 mm) at 25 °C. The external electric
fields of electric field strengths within 0.5 –
1 kV mm–1 were produced by a DC highvoltage supplier TREK 668B (TREK,
USA). The electric field was applied one
minute before shearing in order to provide
time enough for suspension particles to
create internal structures. The experiments
were performed in steady shear mode in the
shear rates range 0.1 – 300 s–1. After each
measurement, the suspension was sheared at
a shear rate of 40 s–1 for one minute in order
to destroy residual structures within the
suspension.
RESULTS AND DISCUSSION
X-ray diffraction
The X-ray diffraction patterns of BaTiO3
(Fig. 1) particles have all specific peaks

Fig. 1. X ray diffraction patterns of BaTiO3 20 and
BaTiO3 35. The symbols (*) represent characteristic
peaks of BaCO3.
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BaTiO3 20-based ER fluid exhibits higher

217

shear rates is ascribed to destroying of
weak particles chains13. At electric field
strength of 1 kV mm–1, the ER effect is
higher for the BaTiO3 20-based ER fluid.
However, with upping the electric field
strength, the ER effect of BaTiO3 35-based
ER fluid starts to exceed the ER effect of the
BaTiO3 20-based ER fluid. This can be
connected with energy barrier which hinders
the particles from movement in a viscous
liquid medium. While movement of smaller
particles is high enough even at low electric
field strength, to induce the movement of
bigger particles the higher electric field
strength is needed. This elucidates the low
ER effect of the BaTiO3 35-based ER fluids
in comparison with the second one. At
electric
field
strength

3 kV mm–1, the bigger particles were then
able to successfully join into chain-like
structures which led to higher ER effect in
comparison with the smaller particles-based
ER fluids.
Not only that ER fluids should exhibit
high ER effects, but a high difference
between their viscosity in the presence of an
external electric field, ηE, and field-off
viscosity, η0, is of high interest. This feature
is well embodied in an equation of ER
efficiency e=(ηE–η0)/η0. It can be seen that at
electric field strength 1 kV mm–1 the ER
efficiency is nearly the same for both
prepared ER fluids. However, in the case of
electric field strength 3 kV mm–1, the ER
efficiency is higher for the BaTiO3 35-based
ER fluid in the whole shear rate region due
to its significantly higher ER effect at
3 kV mm–1 which is a consequence of its
significantly higher ER effect at stronger
electric fields.

Fig. 5. The dependence of ER efficiency, e, on the
shear rate, , for prepared ER fluids based on
BaTiO3 20 (open symbols) and BaTiO3 35 (full
symbols) particles in the presence of electric field of
strength 1 kV mm–1 and 3 kV mm–1.

CONCLUSION
Barium titanates were prepared via a
facile and fast molten-salt microwaveassisted synthesis. The particles size was
controlled by a synthesis time, where the
longer synthesis time leads to bigger
particles. The barium titanates particles

Fig. 4. The log-log dependence of shear stress, 𝜏, on
the shear rate, , for ER fluids based on (a) BaTiO3
35 particles and (b) BaTiO3 20 particles in the
presence of various electric field strengths of at
25 °C.
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