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Synthesis and electrorheological effect of PAn–BaTiO3 nanocomposite
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Electrorheological (ER) fluid is known as a smart liq-
uid whose apparent viscosity can experience a rapid,
reversible change upon application of an electric field.
The ability to electrically control the apparent viscos-
ity makes ER fluid potentially useful for numerous
electromechanical devices such as valves, dampers, or
clutches for the automotive or robotics industries [1–3].
Compared to a similar intelligent fluid, magnetorheo-
logical (MR) fluid, although ER fluid responds to the
field more rapidly, its rather lower shear yield strength
prevents it from widespread applications.

In order to obtain a material with improved elec-
trorheological performance, we synthesized a new type
of organic–inorganic nanocomposite made of polyani-
line and barium titanate (PAn-BaTiO3) by means of a
modified organic–inorganic in-situ complex technique.
Polyaniline was selected due to its advantages such as
thermal stability at high temperature, low density, con-
trollable conductivity, etc. [4, 5]. In addition, among
sol–gel-derived materials, barium titanate (BaTiO3),
in particular, has large electronic resistance and ex-
cellent dielectric strength which makes it suitable to
be used as ER material [6]. However, the high den-
sity, poor dispersion stability, and low shear stress con-
fined its application. Recently, nanocomposites have
gained great research interest as ER materials, such
as polyamide-12/layered silicate nanocomposite [7].
PAn-Clay nanocomposite [8], polysaccharide/TiO2 [9]
nanocomposite, etc. The organic–inorganic nanocom-
posite not only can combine different kinds of material
properties but also can reveal novel properties not ex-
isting in the constituent phases.

In this paper, the microstructure of PAn–BaTiO3
nanocomposite particles was characterized by Fourier
transform infrared (FT-IR) spectrum and X-ray photo-
electron spectrum (XPS); the ER performance based
on pure PAn, BaTiO3 particles and PAn–BaTiO3
nanocomposite particles with the various ratios of PAn
and BaTiO3 was investigated in detail.

The barium titanate superfine powder was made by
routine sol–gel processing. In a typical preparation pro-
cedure of PAn-BaTiO3 composite, 11.88 ml aniline was
dissolved in 150 ml distilled water containing 25 ml
hydrochloric acid. The solution was precooled at 0 ◦C,
and the desired quantity of BaTiO3 (ranging from 0 to
7.5 g) was added to the solution and stirred thoroughly.

The ammonium peroxydissulfate (27.38 g, dissolved
in 1.8 mol l−1 HCl solution) was slowly added to
the reaction mixture. During the synthesis, the mix-
tures were stirred at about 400–500 rmp for 8 hr and
the temperature was kept at 0 ◦C. Afterward, the PAn-
BaTiO3 nanoparticles were obtained by dedoping (dop-
ing), washing, filtering, drying, milling, and sieving.
The composites with different BaTiO3 mass percents
are shown in Table I. The BaTiO3 mass percent came
from thermal gravimetric-differential thermal analysis
(TG-DTA) [10].

The FT-IR spectra of the mixture of PAn, BaTiO3,
and PAn-BaTiO3 nanocomposites were recorded on a
Nicolet 60 SXB spectrophotometer; the surface chem-
istry of PAn-BaTiO3 nanocomposite was examined by
XPS. The XPS measurements were carried out by the
use of an ESCLAB MKII manufactured by VG Sci-
entific Co. Nanocomposite particle density was deter-
mined by pycnometer using silicone oil as dispersing
medium, and the density of the particles was measured
to be 1.65–2.55 g/cm3. The dielectric constants and
conductivity of the particles were measured using an
Agilent 4294A precision impedance analyzer.

The prepared particles were dried at 100 ◦C for 24 hr
to remove any trace water, and then mixed quickly with
dried silicone oil. The ER suspensions with 20 vol% of
particles were prepared by magnetic stirring for 8 hr.
Shear stress (τ ) versus external electric field was deter-
mined with HAAKE CV-20 Rheometer. All the exper-
iments reported in this paper were performed at 30 ◦C.

Fig. 1 shows the FT-IR spectra of the nanocomposite
and the mixture of PAn and BaTiO3. It is interesting
to notice that although the two spectra have approx-
imate similarity, some differences can be observed in
the spectra (see ∗ in Fig. 1). Comparing the FT-IR spec-
tra of nanocomposite (Fig. 1a) with that of the mixture
of PAn and BaTiO3 (Fig. 1b), the peak in the spectrum
of the mixture at 983 cm−1 which is from the N O
stretching vibration shifts to 1101 cm−1 in that of the
composite; furthermore, two weak adsorption peaks in
the spectrum of the mixture of PAn and BaTiO3 near
to 1147 cm−1 from aromatic amine disappear in the
spectrum of nanocomposite, instead of three obvious
adsorption peaks near to 1147 cm−1. We suppose these
differences indicate the existence of a chemical bond
between PAn and BaTiO3 in the nanocomposite. In the
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T ABL E I Constitutes of PAn-BaTiO3 nanocomposite

PAn-BaTiO3 nanocomposite BaTiO3 in composite (%)

PAn 0
PB-1 21.23
PB-2 36.21
PB-3 48.21
PB-4 54.52

Figure 1 FTIR spectra of: (a) PAn-BaTiO3 nanocomposite and (b) the
mixture of PAn and BaTiO3.

host chain of the polymer, the effective doping point is
N group when NH group and N group coex-

ist. So, we can deduce that there are hydrogen bonds
forming between PAn and BaTiO3 in the composite
which makes PAn and BaTiO3 not easy to dissociate.

Besides the differences of the peaks location in the
spectra of Fig. 1, the shape and strength also have some
differences. The peaks near to 1147 cm−1 from aro-
matic amine in the spectrum of the nanocomposite are
broader than the corresponding ones in the mixture,
and the intensity of the peaks in the spectrum of the
nanocomposite is also strengthened compared with that
of the mixture. These differences in the IR spectra can
be explained on the basis of the constrained growth
model of PAn grown in the presence of BaTiO3 [11]. In
such a case, the aniline monomer gets initially absorbed
on the BaTiO3 particles, that is, the polymerization pro-
cess took place on the surface of these oxide particles
when (NH4)2S2O8 is added to the solution, which leads
to adhesion of the polyaniline to the BaTiO3 particles
and the constrained growth around these particles. It
is just this kind of adsorption and constrained motion
of the polymer chains that leads to the difference in the
IR spectra. This deduction is consistent with the mea-
surement result of XPS; the XPS result for the PAn-

Figure 2 XPS spectra of PAn-BaTiO3 nanocomposite.

BaTiO3 nanocomposite particles is shown in Fig. 2.
Except the absorption peaks of O1s and C1s in the spec-
trum, N1s which is the representative absorption peaks
of PAn can be seen clearly, but the absorption peak of
Ti2p (459.9 eV) which is the representative absorption
peaks of BaTiO3 can hardly be found in the spectrum.
Given that XPS is highly surface-specific technique
with a typical analysis depth of 5–100 nm, these spec-
tra should be representative of only the surfaces of the
nanocomposite particles which are in intimate contact
with the overlayer. Thus, it appears that the polyaniline
synthesized with BaTiO3 in the reaction mixture forms
mainly on the oxide particle surface.

Fig. 3 shows the dependence of external electric
field strength on shear stress of the ER fluids based
on pure polyaniline, barium titanate, and the PAn-
BaTiO3 nanocomposite particles at T = 30 ◦C and φ =
20 vol%. In the case of barium titanate, the shear stress
is proportional to the field and a maximum of shear
stress is 460 Pa obtained at E = 3.5 kV/mm. On the
other hand, the suspensions of polyaniline particles are
Newtonian and show a better ER effect than that of
BaTiO3 particles; its maximum shear stress is about
980 Pa at E = 3.5 kV/mm, which is perhaps due to the

Figure 3 The relationship between electric field and shear stress for
ERF of different particles (�) PAn-BaTiO3 nanocomposite, (•) PAn,
(�) BaTiO3.
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existence of the eonjugate π bond in its structure so
that the particles can be strongly polarized in the exte-
rior electric field. Overall, the ER fluids based on PAn-
BaTiO3 nanocomposite particles show the strongest ER
effect; its shear stress is about 2800 Pa at 3.5 kV/mm
DC field, which is 6 times and 3 times larger than those
of pure BaTiO3 and PAn, respectively. According to the
widely accepted issues of Davis and other researchers
[12–14], large dielectric constant and suitable dielec-
tric loss and conductivity (∼10−7S/m) dominate the
ER effect. The weak ER effect of the fluids with only
BaTiO3 particles has been attributed to its low conduc-
tivity according to the conduction model of ER mech-
anism [15, 16]. When BaTiO3 particles compounded
with PAn whose conductivity can be adjusted by de-
manding [17, 18], ER activity of the composite can
be adjusted by controlling the electrical properties of
the polymeric particles [10]. At the same experimen-
tal condition, because of the interaction of PAn and
BaTiO3, the composite particles show a stronger polar-
ization strength and more polarization charges in the
surface of the particles when an external electric field
is applied. So, the ER effect of the nanocomposite is
improved greatly.

Fig. 4a shows the shear stress of the ER fluids based
on PAn-BaTiO3 particles at E = 3.0 kV/mm as a func-
tion of conductivity with various mass percents of
BaTiO3. The ER effect obviously depends on the mass
percent of BaTiO3 and the particle conductivity; the
highest yield stress is found at BaTiO3% = 48.21%
and σ = 10−7 S · cm−1. Fig. 4b shows the relationship
between the conductivity (σp) and the dielectric con-
stants (εp) of PAn-BaTiO3 nanocomposite with various
BaTiO3 percentages. The εp are calculated from for-
mula

εp = εm(2 + V )/2(1 − V ),

where εm is the test dielectric constant value and V
is the porosity of the testing sample. The porosity is
calculated according to the mass, density of nanocom-
posite particles, and the volume of used electrode box
in the measurement process [19]. We find that the maxi-
mum dielectric constant can be obtained at BaTiO3% =
48.21% under a fixed conductivity. When BaTiO3% >

50% in the composite, the dielectric constant decreases
with increasing BaTiO3%. Depending on the point-
dipole approximation model [20, 21], the shear stress

τ ∝ k E2β2, β = (εp − εc)/(εp + 2εc).

Here k is a constant, E is the applied electric field, εp
and εc are the dielectric constants of dispersion par-
ticles and dispersion medium, respectively. The shear
stress would increase linearly with the dielectric con-
stant ratio (εp/εc), indicating that a high particle di-
electric constant (εp) would give a strong ER effect.
Our experimental result (Fig. 4a) is consistent with this
model.

In summary, the PAn-BaTiO3 nanocomposites were
synthesized by inorganic–organic in-situ complex tech-
nique and their ER performance was investigated in de-

(a)

(b)

Figure 4 (a) The relationship between conductivity and shear stress of
PAn-BaTiO3 nanocomposite with different BaTiO3 percentage (�) PB-
3, (•) PB-4, (�) PB-2, (�) PB-1. (b) The relationship between con-
ductivity and dielectric constants of PAn-BaTiO3 nanocomposite with
different BaTiO3 percentage (�) PB-3, (�) PB-4, (•)PB-2, (�)PB-1,
(�) PAn.

tail. The FT-IR and XPS results show that the surfaces
of the nanocomposite particles are mainly covered by
polyaniline; there are hydrogen bonds forming between
PAn and BaTiO3 in the composite, which makes PAn
and BaTiO3 not easy to dissociate; the ER performance
based on PAn-BaTiO3 nanocomposite is much higher
than that of pure polyaniline and barium titanate; the
maximum yield stress can be obtained at BaTiO3% =
48.21% in the composite and σ = 10−7 S · cm−1.
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