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Electrorheological fluid.

A novel non-aqueous fluid possessing improved electrorheological effect is provided. Carbonaceous
powder resulting from heat treatment of polyaniline powder is dispersed in an insulating oily medium to
form an electrorheological fluid.
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This invention relates to an electro rheological fluid.

Electrorheological fluid is a fluid whose viscoelasticity can be widely changed in a reversible manner by
electrical control. Well known is the Winslow Effect that fluids having certain substances dispersed in oily media
manifest an increase in apparent viscosity upon application of an electrical potential thereto. The old day elec-
trorheological fluids which were typically composed of starch dispersed in mineral oil or lubricating oil were sat-
isfactory for recognizing the significance of electrorheological effect, butlacked reproducibility so that their utility
in industrial fields was impractical.

In order to provide fluids exhibiting improved electrorheological effect in a reproducible manner, a number
of proposals were made with the main focus on powder as the dispersed phase. There are known a variety of
powders, for example, a highly water-absorbing resin having an acid group such as polyacrylic acid (Japanese
Patent Application Kokai = JP-A 93186/1978), an ion exchange resin (JP-A 31211/1985, and alumina silicate
(JP-A 95397/1987). All these electrorheological fluids are composed of hydrophilic fine powder having water
absorbed being dispersed in an insulating oily medium. With a high electrical potential externally applied to the
fluid, the water helps the powder particles polarize so that bridging occurs between the particles in a potential
direction, resulting in a viscosity increase. Prior research efforts had been made on these electrorheological
fluids based on hydrous powder.

In order to overcome the drawbacks of the aqueous electrorheological fluids, it was recently proposed to
use water-free particles to provide non-aqueous electrorheological fluids. There are known several non-aqu-
eous electrorheological fluids using ferroelectric substances or semiconductor particles, for example, a fluid
using organic semiconductor fine particles such as poly(acene-quinone) (JP-A 216202/1986 or GB 2 170 510
A published August 6, 1986), a fluid using dielectric fine particles obtained by coating organic solid particles
on the surface with a conductive thin film and further coating with an electrically insulating thin film (JP-A
97694/1988), and a fluid using dielectric fine particles having a cavity (JP-A 172496/1989).

Research efforts are being made on these non-aqueous electrorheological fluids since they are expected
of a possibility of eliminating the drawbacks of prior fluids due to the presence of water, for example, an increase
of current flow during voltage application due to the presence of water ions and a marked current increase as-
sociated with a temperature rise. More particularly, on the assumption that the Winslow Effect is atftributed to
polarization at the surface of fine particles with external voltage applied thereto, many researches have been
seeking for another approach for inducing polarization at the surface of fine particles, especially dielectric fine
particles. Nevertheless, the non-aqueous electrorheological fluids, regardless of whether semiconductor par-
ticles of monophase compound or fine particles having an insulating layer formed on the surface thereof are
used, have disadvantages including weak electrorheological effect as compared with the water-induced elec-
trorheological effect, electrophoresis during DC conduction, and lack of stability.

Therefore, there is a need for development of a novel non-aqueous electrorheological fluid which can re-
duce these drawbacks.

Through investigations, the inventors reached the conclusion that the use of previously proposed dielectric
substances and semiconductor particles has a limit in satisfying all the requirements including a further increase
of electrorheological effect, prevention of electrophoresis upon DC conduction, stability and so forth. We con-
tinued further investigations in order to seek for particles susceptible to electrorheological effect other than the
conventional known dielectric substances and semiconductor particles. As a result, we have found that carbo-
naceous particles resulting from heat treatment of polyaniline surprisingly exert effective electrorheological be-
havior even in the absence of water. By dispersing the carbonaceous particles in an oily medium, there is ac-
complished a novel electrorheological fluid.

Therefore, the present invention provides an electrorheological fluid comprising an oily medium having
electrically insulating property and carbonaceous powder dispersed in the medium the carbonaceous powder
having been produced by the heat treatment of polyaniline powder.

FIG. 1 is a diagram showing the particle size distribution of the carbonaceous powder used in Example 1.

FIG. 2 is a diagram showing the particle size distribution of the carbonaceous powder used in Example 2.

In accordance with the present invention, there is provided an electrorheological fluid in which carbona-
ceous powder resulting from heat treatment of polyaniline powder is dispersed in an insulating oily medium.
This is a non-aqueous fluid which develops electrorheological effect without a need for water.

The polyaniline powder can be obtained by subjecting aniline to electrical or chemical oxidative polymer-
ization. The particular polymerization procedure chosen is not critical. For example, in the case of electrical
polymerization, it can apply a sufficient potential to cause aniline to polymerize. More particularly, polyaniline
is prepared through electrical oxidative polymerization by immersing a pair of electrode plates, a working elec-
trode and a counter electrode, in a solution of aniline monomer. A voltage higher than the oxidation potential
of aniline is applied across the electrodes or a current flow is conducted under conditions to ensure a sufficient
voltage to cause aniline to polymerize. Then polyaniline deposits on the working electrode. In the case of chem-
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ical oxidative polymerization, an oxidizing agent having an oxidation-reduction potential approximate to the
polymerization potential of aniline is admitted into a solution of aniline monomer. Exemplary oxidizing agents
are (NH4)28205, MnO,, PbO,, and FeCl,.

With regard to the preparation of polyaniline by electrical or chemical oxidative polymerization, it is known
that the co-presence of an acid such as HBF,, H,SO,, HCI| and HCIO,, with aniline monomer in the polymeri-
zation system results in a highly conductive polyaniline because an acid anion is incorporated into the polya-
niline being synthesized as a dopant. For example, oxidative polymerization of aniline monomer in the co-pres-
ence of HBF, generally yields a mixture of four species of polyaniline, that is, benzonoid-amine state (formula
A), benzonoid-ammonium state (formula B), dope-semiquinone radical state (formula C), and quinoid-diimine
state (formula D) polyanilines, formulae A to D being shown below. A polyaniline product containing a dope-
semi-quinone radical state (formula C) is highly conductive. Since the mix ratio of these four species of poly-
aniline has eventually no influence on the electrorheological effect of the end product, any polyaniline product
having a varying mix ratio may be used herein.

<—@-§—- e..(B)
O R

(St o
:®:N‘©'N= . (D)

The synthesis of polyaniline is illustrated in more detail. When polyaniline is synthesized in accordance
with electrical oxidative polymerization, plates or porous members of highly conductive material such as stain-
less steel, platinum and carbon are used as working and counter electrodes. The electrodes are immersed in
an electrolytic solution containing aniline moenomer and an acid such as H,SO, and HBF,. Electricity is con-
ducted across the electrodes at a current density of about 0.1 to 100 mA/cm2 whereupon aniline polymerizes
and deposits on the working electrode. For the synthesis of polyaniline in accordance with chemical oxidative
polymerization, 0.5 mol/liter of ammonium peroxodisulfate (NH,),S,05 as an oxidizing agent is admitted into
an aqueous solution containing 1 mol/liter of H,SO,4 and 0.4 mol/liter of aniline. The ammonium peroxodisulfate
develops an oxidation-reduction potential of 2.0 V (vs. the normal electrode) that causes oxidative polymeri-
zation of aniline, whereby polyaniline precipitates. This reaction may be represented by the following scheme.
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4@— NH2+5 (NHq,)zSan —_—

aniline oxidizing agent

H,SO,

polyaniline

Where aniline is polymerized by the above-mentioned methods in the co-presence of acid, the structure
of the resulting polyaniline largely varies with the type of acid used. For example, the polyaniline is fibril when
HBF, is used and granular or sometimes powdery when H,SO, is used. Various forms of polyaniline products
may be used in the practice of the invention since they can be processed into an appropriate form by a pow-
dering or granulating procedure. Preferably, polymerization is carried out under conditions such that the result-
ing polyaniline has an adequate particle size distribution. Although the particle size of polyaniline powder is
not critical, a mean particle size of about 0.05 to about 200 pum, especially about 1 to about 100 pum is preferred.

Thereafter, the polyaniline is heat treated into a carbonaceous powder. The heat treating temperature is
not particularly limited and may be properly selected in accordance with the requisite electrorheological effect
and current value. Often, a temperature of about 250 to 800°C, especially about 450 to 600°C is selected. Heat
treatment of polyaniline at temperatures below 250°C would fail to provide sufficient electrorheological effect
depending on the polyaniline synthesis conditions. Temperatures above 800°C would yield a carbonaceous
powder having too high conductivity and thus allowing excessive current flow. The remaining heat treating con-
ditions including heating rate, treating time and treating atmosphere are not critical and may be determined with-
out undue experimentation. For example, the treating atmosphere is preferably a non-oxidizing atmosphere,
but an oxidizing atmosphere is acceptable at treating temperatures below 400°C.

A combination of oxidizing an non-oxidizing atmospheres is also acceptable. The carbonaceous powder
resulting from heat treatment of polyaniline should preferably have a carbon retention of about 20 to 80%, es-
pecially about 25 to 70%.

The electrorheological fluid of the present invention is prepared by dispersing the thus obtained carbona-
ceous powder in an oily medium having electrically insulating property. The type of oily medium is not partic-
ularly limited. It may be selected from a variety of oily media having electrically insulating property including
silicone oil, mineral oil, transformer oil, paraffin oil and halogenated aromatic oil.

The dispersing conditions are not particularly limited. Preferably, the carbon -aceous powder has an ap-
propriate particle size distribution to disperse, for example, a mean particle size of about 0.05 to 200 pum, es-
pecially about 1 to 100 um. As long as the polyaniline powder has a particle size within this preferred range,
the heat treatment of the polyaniline generally yields a carbonaceous powder having a corresponding particle
size within the preferred range. If the carbonaceous powder resulting from heat treatment had an extremely
small or large mean particle size, the powder should be subsequently granulated or powdered by any appro-
priate means.

The amount of carbonaceous powder dispersed in oily medium may be properly determined in accordance
with the intended use of electrorheological fluid and the like, more particularly a desired change of viscosity
and other factors. The dispersion method is not particularly limited and any dispersion method capable of uni-
formly dispersing carbonaceous powder may be used.

The electrorheological fluid of the invention is advantageously utilized in the electric control of mechanical
units such as engine mounts, shock absorbers, valves, actuators and clutches.

EXAMPLE
Examples of the present invention are given below by way of illustration and not by way of limitation.
Example 1

To 1 liter of an aqueous solution containing 0.4 mol/liter of aniline and 1.0 mol/liter of H,SO, was added
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0.5 mol of ammonium peroxodisulfate. With stirring the solution, polymerization was carried out for 5 hours.
The resulting suspension was filtered and the solids were dried, obtaining 40 grams of polyaniline powder.

The polyaniline powder was heated up to 530°C at a rate of 3°C /min. in a nitrogen atmosphere and baked
at the temperature for 1 hour, obtaining carbonaceous powder having a particle size distribution as shown in
FIG. 1 and a carbon retention of 68%.

The carbonaceous powder, 50 grams, was dispersed in 150 grams of silicone oil (TSF 451-10 commercially
available from Toshiba Silicone Co., Ltd.) to form an electrorheological fluid.

This electrorheological fluid was measured for electrorheological effect using a dual cylinder viscometer.
The electrorheological effect was evaluated in terms of a viscosity at a shear rate of 366/sec. and a temperature
of 25°C with a voltage of 0 to 2 kV applied between the-inner and outer cylinders. The results are shown in
Table 1.

Example 2

Commercially available aniline black (Aniline Black No. 13 manufactured by Toyo Sikizai Industry Co., Ltd.)
was heated up to 480°C at a rate of 3°C /min. in a nitrogen atmosphere and baked at the temperature for 1
hour, obtaining carbonaceous powder having a particle size distribution as shown in FIG. 2 and a carbon re-
tention of 68%.

The carbonaceous powder, 50 grams, was dispersed in 150 grams of silicone oil (TSF 451-10) to form an
electrorheological fluid. This fluid was measured for electrorheological effect as in Example 1. The results are
also shown in Table 1.

Comparative Example 1

Without heat treatment, 50 grams of commercially available aniline black (Aniline Black No. 13) was dis-
persed in 150 grams of silicone oil (TSF 451-10) to form an electrorheological fluid. This fluid was measured
for electrorheological effect as in Example 1. The results are also shown in Table 1.

Comparative Example 2

Without heat treatment, 50 grams of the polyaniline powder prepared in Example 1 was dispersed in 150
grams of silicone oil (TSF 451-10) to form an electrorheological fluid. This fluid was measured for electrorheo-
logical effect as in Example 1. The results are also shown in Table 1.
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Table 1
v=0 kV V=2 kV |Viscosity V=2 kv
Viscosity|Viscosity| change gurr?zt
; ) . ensity
oise oise
(p ) (p ) (polise) (& A/cr)
Example 1 5.54 17.54 12.09 14.98
Example 2 0.5 7.40 6.90 86.84
Comparative : Un —
Example 1 0.6 1.50 0.9 measur —
able
Comparative un —
Exaﬁple 2 0.47 0.55% 0.03* measur —
: able

* measured at 800 V because unmeasurable above

800 V.

As seem from Table 1, the electrorheological fluids of the present invention exhibit satisfactory electrorheo-
logical effect.

There has been described an electrorheological fluid which is a novel non-aqueous fluid possessing im-
proved electrorheological effect.

While the invention has been described in what is presently considered to be a preferred embodiment, other
variations and modifications will become apparent to those skilled in the art. It is intended, therefore, that the
invention not be limited to the illustrative embodiments.

Claims

1. An electrorheological fluid comprising carbonaceous powder dispersed in an oily medium having electri-
cally insulating property, the carbonaceous powder resulting from heat treatment of polyaniline powder or
polyaniline derivative powder.

2. The fluid of claim 1 wherein a mean particle size of polyaniline or its derivative is in a range of about 0.05
to about 200 pm.

3. The fluid of claim 2 wherein a mean particle size of polyaniline or its derivative is in a range of about 1 to
about 100 pm.

4. The fluid of claim 1 wherein the heat treatment is at a temperature of about 250°C to about 800°C.
5. The fluid of claim 4 wherein the heat treatment is at a temperature of about 450°C to about 600°C.

6. The fluid of claim 1 wherein the carbonaceous powder resulting from heat treatment of polyaniline or its
derivative has a carbon retention of about 20% to about 80%.

7. The fluid of claim 6 wherein the carbonaceous powder resulting from heat treatment of polyaniline or its
derivative has a carbon retention of about 25% to about 70%.

8. The fluid of claim 1 wherein the carbonaceous powder has a mean particle size of about 0.05 to about
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200 pm.

The fluid of claim 8 wherein the carbonaceous powder has a mean particle size of about 1 to about 100
pm.

A method of making an electrorheological fluid which comprises
obtaining polyaniline or a derivative thereof in a powder form;
heat treating the polyaniline or polyaniline derivative to form a carbonaceous powder;
dispersing the carbonaceous powder in an oily medium.

A method according to claim 10 wherein the polyaniline or polyaniline derivative is obtained from a poly-
merization treatment which is an electrical or chemical oxidative polymerization treatment,

and, optionally,

an acid selected from HBF,4, H,SO,, HCl and HCIO, is included in the reaction medium during the
polymerization step.
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