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(57) Electrorheological fluids display swift and reversible increase 1n apparent viscosity under application of an electric
potential difference to the fluid, and are composed generally of electrical mmsulating o1ly medium and dielectric fine-
particles dispersed theremn. In one of 1ts aspects, the present invention relates to a carbonaceous powder for
electrorheological fluid which can be employed as dielectric fine-particles to be dispersed 1n the oily medium and a
method of making the carbonaceous powder. The carbonaceous powder for electrorheological fluid of the present

invention comprises a car

bonaceous powder having a number ratio of carbon atoms to hydrogen atoms (C/H) of 1.70-

3.50 and 0.5-13.0% weig

1t loss 1n a temperature range of 400° C to 600° C during heating the carbonaceous powder

under nitrogen atmosphere from room temperature.
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ABSTRACT OF THE DISCLOSURE

Electrorheological fluids display swift and reversible

increase in apparent viscosity under application of an electric
potential difference to the fluid, and are composed generally of

electrical insulating oily medium and dielectric fine-particles

dispersed therein.

In one of its aspects, the present invention relates to a

carbonaceous powder for electrorheological fluid which can be
employed as dielectric fine-particles to be dispersed in the oily
medium and a method of making the carbonaceous powder.

The carbonaceous powder for electrorheological fluid of the
present invention comprises a carbonaceous powder having a number
ratio of carbon atoms to hydrogen atoms (C/H) of 1.70-3.50 and
0.5-13.0% weight loss in a temperature range of 400°C to 600°C

during heating the carbonaceous powder under nitrogen atmosphere

from room temperature.
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A CARBONACEOUS POWDER FOR ELECTRORHEOLOGICAL FLUID AND A METHOD

OF MAKING THE SAME

The present invention relates to a carbonaceous powder for

electrorheological fluid. The carbonaceous powder can be
employed as dielectric fine-particles to be dispersed in an oily
medium superior in electric insulation to form an
electrorheological fluid showing superior electrorheological

effect with smaller value of electric current and having

excellent thermal stability.

The electrorheological fluid displays swift and reversible
change in apparent viscosity under application of an electric
potential difference to the fluid, and is composed generally of
electrical insulating 0ily medium and dielectric fine-particles
dispersed therein.

The characteristics of the electrorheological fluid has been
known since many yearé ago, énd applications for system component
to control electricaily such apparatus or parts as clutches,
valves, shock-absorbers, various vibration-insulating rubber,
actuators, robot arms and dampers have been studied.

Heretofore, the dielectric fine-particles used as the
dispersoid for the electrorheological fluids are: pulverized
cellulose, étarch, silica gel, ion exchange resins, etc. which
have absorbed water on the surface. Known as the liquid phase

component are such highly electrical insulating oily medium as
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PCB (polychlorobenzene), butyvlsebacate, spindle oils, transformer
0ils, chlorinated paraffins and silicone oils.
These electrorheological fluids are disclosed, for example,
in U.S. Patent No.2,886,151 and No.3,047,507, Japanese Patent
> Provisional Publication Tokkaisho No.53-17585 (1978), No.53-93186
(1978), No.57-47234 (1982), No.61-44998 (1986), No.61-259752
(1986), No.62-95397 (1987) and Tokkaihei No.1-207395 (1989).

On the other hand, there are proposals for improvements in

electrorheological fluids, in which are disclosed, for example, a
10 method of coating the surface of fine-particles with wvarious

polymers for the purpose of bettering the instability against a

long term usage and thermal characteristics due to the employment

of fine-particles having water absorbed on the surface [Japanese

Patent Provisional Publication Tokkaisho No.47-17674 (1972) and

15 No.63-97694 (1988)].

However, electrorheological fluids developed so far are not
stable in their capability against a long term usage and thermal
characteristics owing to water absorbed on the surface of fine-
particles, and are scarcely usable practically. Accordingly,

20 electrorheological fluids having practical merits, high
performances and stabilities have not been found.

The mechanism of exhibiting the electrorheological effect
has not been clarified fully. However, it is believed generally
that the viscosity of the electrorheological fluid increases as a

25 result of mutual bonding‘and bridging of particles therein due to
mutual electrostatic attraction of polarized particles resulted

from polarization of dielectric fine-particles by an electric
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potential difference applied thereto from the outside.

In consideration of the above, the present inventors have
thought that a carbonaceous powder containing such elements other
than carbon as hydrogen and oxygen and retaining functional
groups appropriately can exhibit excellent characteristics as
dielectric fine-particles for electrorheological fluid, that the
powder can sdlve problems in electrorheological fluids concerning
the instability against a long term usage and thermal instability
of characteristics due to the employment of fine-particles having
absorbed water on the surface, and that the péwder can contribute
remarkably to practical‘application of electrorheological f£luid.

However, since the application of carbonéceous powder to
electrorheological f£luid has only been studied about employment
of carbon black, etc. with little research results, no

carbonaceous powder with excellent characters applicable

practically has not been developed.

In one of its aspects, the present invention provides a

carbonaceous powder for electrorheological fluid which can be
employed‘as dielectric fine-particles to be dispersed in an oily
medium to form electrorheological fluids which are free from such
problems of conventional electrorheclogical fluids as instability
against a long term usage and thermal instability of
characteristics, and are capable of exhibiting excellent
electrorheological effect.

In another of its aspects, the present invention provides a

method of making the carbonaceous powder for electrorheological

fluid.
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The present inventors have conducted extensive research on
relationship between characteristics of carbonaceous powder and
the electrorheological effect, and have invented a carbonaceous
powder employable for electrorheological fluids superior in
stability against a long term usage and thermal stability, as
well as a method of making thereof.

The carbonaceous powder for electrorheological fluid of the
present invention comprises a carbonaceous powder having a number
ratio of carbon atoms to hydrogen atoms (C/H) of 1.70-3.50 and
0.5-13.0% weight loss in a temperature range of 400° to 600°C

during heating the carbonaceous powder under nitrogen atmosphere

from room temperature.

Embodiments of the invention will now be described with

reference to the accompanying drawings, in which:
Fig.l is a graph showing relationship between the C/H ratios

of the carbonaceous powder of Examples 2 and 3 and the values of

electric current (mA) through the electrorheological fluids using

the carbonaceous powder under'applicatidn of 2kV/mm electric
potential difference}'and Fig.2 is a graph showing relationship
between the C/H ratios of carbonaceous powder of Examples 2 and 3
and the increase in viscosity (poise) of the electrorheological
fluids using the carbonaceous powder under application of 2kV/mm
electric potential difference.

Fig.3 is a graph showing relationship between the weight
loss (wt%) 1in a temperature range of 400°C to 600°C measured with
TGA during heating the carbonaceous powder of Examples 2 and 3

under nitrogen atmosphere from room temperature and the values of
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electric current (mA) through the electrorheological fluids using
the carbonaceous powder under application of 2kV/mm electric
potential difference; and Fig.4 is a graph showing relationship
between the weight loss (wt%) in a temperature range of 400°C to
600°C measured with TGA during heating the carbonaceous powder of
Examples 2 and 3 under nitrogen atmosphere from room temperature
and the increase in viscosity (poise) of the electrorheological

fluids using the carbonaceous powder under application of 2kV/mm

electric potential difference.

Fig.5 is a graph showing particle size distribution of the
carbonaceous powder of Example 4; and Fig.6 is a graph showing
particle size distribution of the carbonaceous powder of Example

5.

Fig.7 1s a graph showing relationship between the oxygen

content of carbonaceous powder of Example 6 and the values of
electric current (mA) through the electrorheological fluids using
the carbonaceous powder under application of 2kV/mm electric
potential difference; and Fig.8 shows relationship between oxygen
content of carbonaceous powder of Example 6 and increase in
viscosity (poise) of the electrorheological fluids using the
carbonaceous powder under application of 2kV/mm electric
potential difference.

Fig.9 is a graph showing relationship between the free-
carbon content of carbonaceous powder of Example 11 and the value
of electric current (mA) through the electrorheological fluids

using the carbonaceous powder under application of 2kV/mm

electric potential difference; and Fig.10 is a graph showing

+* %
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relationship between free-carbon content of carbonaceous powder
of'Example 11 and increase in viscosity of the electrorheological

fluids using the carbonaceous powder.

> The carbonaceous powder for electrorheological fluid which

can be employed as dielectric.fine-particles to be dispersed in
an oily medium superior in electric insulation comprises a
carbonaceous powder having a number ratio of carbon atoms to
hydrogen atoms (C/H) of 1.70-3.50; and 6.5-13.0%'weight loss 1in a

10 temperature range of 400°C to 600°C during heating the
carbonaceous powder under nitrogen atmosphere from room
temperature.

General characteristics requested for electrorheological
fluids are that, in addition to exhibiting a marked increase 1in

15 viscosity under an influence of electric potential difference
applied thereto with a small electric current consumption, fine-
particles do not precipitate in the oily medium, being stable
against a long term usage and temperature changes, and superior
in responding to the electric potential difference applied

20  thereto.

As the result of careful studies on carbonaceous powder for
electrorheological fluids satisfying these requested
characteristics, it has been found to be important that the
number ratio of carbon atoms to hydrogen atoms (C/H) based on

25 elemental analysis 1s 1.70-3.50, preferabi& 2.00-3.50, and more
preferably 2.20-3.00.

When a carbonaceous powder has the C/H ratio of below 1.70,
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the powder 1s not able to exhibit fully the capability to be the
dielectric dispersoid suitable for electrorheological fluid and
satisfactory electrorheological effect cannot be attained.

On the other hand, when the C/H ratio is above 3.50, wvalue
of electric current which flows through the electrorheological
fluid becomes excessive and enerqgy efficiency is practically
lowered.

The C/H ratio seems to have a relationship with number of
surface and/or inside functional groups of the carbonaceous
powder, and the number of surface and/or inside functional groups

reduces when the C/H ratio increases. Accordingly, regulating of

‘the C/H ratio of a carbonaceous powder is regarded as regulating

the number of surface and/or inside functional groups or polarity

of the carbonaceous powder.

On the other hand, the C/H ratio relates to crystallinity
(degree of graphitization) of a.carbonaceous material itself, and
an increase in the C/H ratio means an increase in crystallinity
of the carbonaceous material itself. Therefore, smaller C/H
ratio cannot provide dielectric fine-particles with capabilities
suitable for electrorheological fluid, and larger C/H ratio
causes an increased value of'electric current together with an
increase in viscosity when an electric potential difference field
is applied, due to superior crystallinity of the carbonaceous
material itself.

Further in addition to the C/H ratio, according to studies
by the present inventors, it has been found that the amount of

weight loss in a temperature range of 400°C to 600°C during

‘‘‘‘‘
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heating the carbonaceous powder under nitrogen atmosphere from
room temperature relates to its capabilities as dielectric fine-
particles for electrorheological fluid. That is, the
carbonaceous powder having an amount of weight loss 1in a
temperature range of 400°C to 600° during heating the
carbonaceous powder under nitrogen atmosphere from room
temperature of 0.5-13.0% by weight, preferably of 0.5-6.0% by
weight, can exhibit superior capabilities as dielectric fine-
particles for electrorheological fluids.

When the amount of weight loss in a temperature range of
400°C to 600°C exceeds 13.0% by weight, the carbonaceous powder
cannot exhibit fully capabilities as dielectric fine-particles
and so sufficient electrorheological effect is unattainable.

When the amount of weight loss in a temperature range of 400°C to
600°C 1s below 0.5% by weight, a too much value of electric
current flows through the electrorheological fluid to cause
practical lowering of energy efficiency.

The amount of weight loss in a temperature range of 400°C to
600°C during heating the carbonaceous powder under nitrogen
atmosphere from room temperature 1s measured with a thermal
gravimetric analyzer (TGA). In the present invention, the amount
of weight loss indicates an amount of weight loss obtained in a
temperature range of 400° to 600°C during heating the
carbonaceous powder by railsing temperature continuously at a
heating rate of 10°C per minute under nitrogen flow from room

temperature.

The amount of weight loss in a temperature range of 400°C to
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600°C during heating the carbonaceocus powder under nitrogen
atmosphere from room temperature seems to relate to amount of low
molecular weight components unrelated with crystallization at the
surface and/or inside of the carbonaceous powder. The amount of
low molecular weight components may be smaller when the amount of
weilight loss in a temperature range of 400°C to 600°C during
heating the carbonaceous powder under nitrogen atmosphere from
room temperature 1s smaller. Accordingly, regulating of the
amount of weight loss in a temperature range of 400°C to 600°C
during heating the carbonaceous powder under nitrogen atmosphere
from room temperature i1s regarded as regulating of the amount of
low molecular weight components unrelated with crystallinity or
regulating of polarity of the carbonaceous powder.

The amount of weight loss in a temperature range of 400° to

600°C during heating the carbonaceous powder under nitrogen

atmosphere from room temperature have generally relationship with
the C/H ratio, and when final treating temperature of the
carbonaceous powder 1s settled at higher level, the amount of
weight loss decreases and the C/H ratio increases. Accordingly,
in order to obtain a carbonaceous powder suitable as dielectric
fine-particles for electrorheological fluids, it is necessary to
settle the final treating temperature so as both the amount of
weight loss in a temperature range of 400°C to 600°C during
heating the carbonaceous powder under nitrogen atmosphere from
room temperature and the C/H ratio to become the most appropriate

ones.

Studies on dielectric fine-particles for electrorheological

-a,-'-‘\'!



10

15

20

25

2020673

fluids and development of carbonaceous powder satisfying thereof
have heretofore never been conducted from the above-mentioned
standpoints, and so the present invention is recognized as so
significant.

For other favorable characteristics of the carbonaceous
powder to maintain the stability of the electrorheological fluid
at high temperatures and at a long term usage, low-boiling
components in the carbonaceous powder are preferably removed as
much as possible. An amount of weight loss measured with a
thermal gravimetric analyzer (TGA) during heating from room
temperature to 200°C at a raising rate of 10° per minute under
nitrogen atmosphere of less than 0.5% by weight, preferably of

less than 0.3% by weight, is desirable.

Since the low-boiling components evaporate during repeated
usages and under high-temperature usages, they are considered to
hinder the stability under a long term usage and thermal

stability of the electrorheological fluid.

Particle size of the carbonaceous powder having the number
ratio of carbon atoms to hydrogen atoms (C/H) of 1.70-3.50 and
the amount of weight loss in a temperature range of 400°C to
600°C during heating the carbonaceous powder under nitrogen
atmosphere from room temperature of 0.5-13.0% by weight are

preferred to have maximum particle size of not larger than 50um.

Further, average particle size of the powder is recommendable to
be 0.5-40um, preferably 2-40um, more preferably 2-10um in

addition to the maximum particle size of not larger than 50um.

Particle sizes mentioned above are measured with Coulter Counter.

10
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When the maximum particle size exceeds 50um or the average
particle size exceeds 40um, particles usually tend to precipitate
in an oily medium, though the precipitation depends on the oily
med 1um employed. When particles smaller than 0.5um in average
size are employed for electrorheological fluid, the fluid shows a
markedly high initial viscosity under no application of electric
potential difference, and exhibits small increase in viscosity
due to the electrorheological effect.

Especially, when the carbonaceous powder contains ultrafine
particles, the electrorheological fluid obtained has a remarkably
increased fluid viscosity under no application of electric
potential difference to result in a small increase in viscosity

due to the electrorheological effect. Practically, when

ultrafine particles not larger than 1.5%9um in particle size are

contained more than 5% by weight, a bad effect appears so greatly

that i1t is preferred to reduce the amount of ultrafine particles

not larger than 1.59um in particle size below 5% by weight. They

can be removed by classification or by other methods, 1if

necessary.

By regulating the particle size, 1t is possible to obtain
more stable carbonaceous powder superior in their
characteristics.

As a result of further study by the inventors, it has been
found that the carbonaceous powder containing practically no
free-carbon, which is obtainable by removing free-carbon
contained originally in coal-tar pitch generally used as a raw

material for the carbonaceous powder, can suppress the value of

11
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electric current which flows through the electrorheological fluid
employing the carbonaceous powder under application of an
electric potential difference and decrease consumption of
electric power effectively.

That 1s, the carbonaceous powder containing practically no
free-carbon i1s preferred for the present invention.

The amount of free-carbon contained in the carbonaceous
powder 1is preferably below 10% by weight, more preferably below
5% by weight. An electrorheoclogical fluid employing the
carbonaceous powder containing more than 10% by weight of free-

carbon 1s not preferable, since an excessive electric current

tends to flow in the electrorheological fluid and results in a

lowered energy efficiency in use.

Free-carbon contained in tar, pitch, etc. is an extremely
carbonized amorphous fine carbon particle produced by a vapor-
phase thermal decomposition at above 1000°C of tar generated in a

coke oven. Usually, the free-carbon is an optically isotropic

ultrafine carbonaceous particle of smaller than 2um in average

particle size, and is characterized in tar as QI (quinoline
insoluble). Therefore, when the free-carbon with an increased
degree of carbonization is contained in the carbonaceous powder
for electrorheological fluid, the free-carbon brings about
heterogeneity in the powder and reduces electric resistance of
the powder to result in an excessive value of electric current
which flows through the electrorheological fluid employing the

carbonaceous powder, and expected electrorheological effect is

not attainable.

12
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As a method for regulating the amount of free-carbon in the
carbonaceous powder, it 1s effective to prepare the carbonaceous
powder for electrorheological fluid by the use as raw materials
of tar and/or pitch with regulated content of free-carbon.
Content of free-carbon in tar or pitch used as the raw material
of the carbonaceous powder for electrorheoclogical fluid is

preferably the amount specified by the following formula:

Yield of carbonaceous powder for
electrorheological fluid
Free-carbon in tar from tar or pitch (wt.$%)

or pitch (wt.%) < 10 X === memm e ——————————————— e

In case of using carbonaceous powder prepared from tar and
or pitch containing much free-carbon, it is preferred to remove

free-carbon from the raw materials.

As to methods for removing free-carbon from tar or pitch,
such usual industrially practiced methods as separation by

centrifugation or settling under addition of solvents are

'applicable.

Further, as to methods for regulating the amount of free-

carbon in the carbonaceous powder, a classification step of

separating and regulating particles smaller than 2um is

effectively adapted during the production step, under the

consideration that free-carbon 1s originally ultrafine

carbonaceous particles of smaller than 2um in particle size. As

to methods for classification, such usually practiced ones as

sieving, pneumatic-classification, wet or dry sedimentation and

centrifugal separation are applicable.

Oxygen content in the carbonaceous powder is preferred to be

13
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not more than 3.0% by weight, preferably not more than 2.0% by
weight. When oxygen content in a carbonaceous powder exceeds
3.0% by weight, an excessive value of electric current flows
through the electrorheological fluid to cause decrease in the

energy efficiency not to result in good electrorheological

effect.

When the carbonaceous powder is employed as dielectric fine-

particles for electrorheological fluid, it has been clarified by

the present inventors that the degree of carbonization and the
oxygen content of carbonaceous powder relates to
electrorheological characteristics intimately. Namely, when a
highly carbonized carbonaceous powder is employed, the change in
viscosity under application of electric potential difference

increases together with the increase in value of electric current

which flows through the electrorheological fluid.

Further, it has been found that even when the degree of
carbonization i1s the same, the increase in oxygen content in the
carbonaceous powder brings about an increase in value of electric
current which flows through the fluid, though increase in
viscosity under application of electric potential difference is
in the same level. The reason why the value of electric current
increases accompanied with the increase in the oxygen content is
not clear, however, it is reasoned that when the carbonaceous
powder is employed as dielectric fine-particles for
electrorheological fluids, carbon-oxygen bonds existing on the
surface and inside of the carbonaceous powder cause directly or

indirectly to flow the electric current more easily.

14
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The carbonaceous powder having characteristics explained
above displays an excellent electrorheological effect and has a
long term stability and thermal stability which have never been
obtainable. The powder is dispersed in such an electrical
insulating oily medium employed usually for electrorheological
fluids as spindle oil, transformer o0il, chlorinated paraffins and
silicone oil, and an excellent electrorheoclogical fluid can be

prepared. It 1s, of course, possible to incorporate to the fluid

dispersing agents and highly dielectric liquids.

A methods for making the carbonaceous powder will be
explained in detail hereunder.

As to the raw material, coal, coal tar, coal tar pitch,

liquefied coal, coke, petroleum, petroleum tar, petroleum pitch

and resins are usually used.
When free-carbon and/or ash 1s contained in the raw
materials, it is preferable to remove them beforehand.

Practically, such industrially practiced methods as pressurized
filtration, centrifugal separation and settling-separation under
addition of various solvents are applicable.

The raw material is heat-treated at final treating
temperature of 300-800° by a single use or combined uses of

autoclaves, kilns, fluidized beds, electric furnaces, etc. so as
to be regulated to have the expected values of the C/H ratio of
1.70-3.50, the amount of weight loss in a temperature range of
400°C to 600°C during heating the carbonaceous powder under
nitrogen atmosphere from room temperature of 0.5-13.0% by weight

and the weight loss during heating under nitrogen atmosphere from

15
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room temperature to 200°C of not more than 0.5% by weight.

The final treating temperature means the highest temperature

in the step to regulate the amount of weight loss in a
temperature range of 400°C to 600°C during heating the
carbonaceous powder under nitrogen atmosphere from room
temperature and the C/H ratio to become the most appropriate
ones, and does not mean the treating temperature at the final

step in the making of the carbonaceous powder of the present

invention.

When the final treating temperature is below 300°C, the
carbonization does not proceed sufficiently and the C/H ratio
does not reach to 1.70, and components of low boiling below 200°C
including water cannot be removed sufficiently. When the
temperature 1is over 800°C, the carbonization progresses extremely

and the C/H ratio exceeds 3.50.

If necessary, particle size is regulated to be the maximum

particle size of below 50um and average particle size of 0.5-
40um, preferably of 2-40um, more preferably of 2-10um, by
carrying out pulverization and classification. During the

classification, content of fine particles not larger than 1.59um

in particle size is preferably regulated at not more than 5% by

welght.

For the pulverization and classification, such industrially
employed methods as jet mill; ball mill, pneumatic
classification, sieving, centrifugation, sedimentation-
separation, etc. are applicable. The particle size regulating

step by the use of pulverization and classification may be

16
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conducted before and/or after the heat treatment step.
In order to attain the expected electrorheological
characteristics, it 1s necessary that the C/H ratio of the

carbonaceous powder 1s uniformly regulated within a narrow range,
the amount of weight loss in a temperature range of 400°C to
600°C during heating the carbonaceous powder under nitrogen
atmosphere from room temperature remains within the above-

mentioned range and the components of low boiling below 200°C

including water are to be removed as much as possible. The low
boiling point substances in the carbonaceous powder can be
regulated by selecting conditions of the heat-treatment or the
solvent extraction, or by adding newly such steps as drying.

In the heat treatment step, the raw material transforms from
a liquid state to a solid state in accordance with the progress
of carbonization. 'By the sticking of the raw material to
apparatus or fusion of particles due to the melting, heat supply
becomes unevenly and the obtained carbonaceous powder becomes not
homogeneous. Accordingly, for obtaining a carbonaceous powder
having a homogeneous C/H ratio, it is necessary during the heat
treatment step to prevent the melting and sticking, keep
fluidized state for a long term and control the heat to be
supplied uniformly to the entire material.

In order to solve these problems, it i1s recommended to
conduct the heat treatment step in severally divided steps. By
employing an apparatus suitable for materials under fluid state
at the treating temperature, a more homogeneous, carbonaceous

powder can be obtained and components of low boiling below 200°C

17
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can be removed effectively. For example, mention is made on that

pitch or tar is heat-treated in an autoclave at temperatures
below the final treating temperature to raise the melting point,
pulverized to regulate the particle size and then finally heat-

treated uniformly under fluidization of particles in a fluidized

bed or a rotary kiln.

As to more effective methods, there are means of enhancing
degree of carbonization together with converting to higher
melting points by obtaining a residue of extraction-filtration
with an organic solvent prior to the final heat treatment step,
or of converting the raw material to higher melting point by an
oxidizing treatment at a temperature lower than the final

treating temperature. By these treatments, melting during the

‘heat treatment step can be prevented, and the C/H ratio and the

amount of weight loss in a temperature range of 400°C to 600°C
during heating the carbonaceous powder under nitrogen atmosphere
from.room.temperature are regulated uniformly and easily. The
extraction and filtration with an organic solvent and the
oxidizing treatment at a temperature lower than the final
treating temperature may be conducted singularly or in
combination.

As to more preferable ways, there is a method of heat-
treating the raw material at a temperature lower than the final
treating temperature under regulation of the C/H ratio to raise
melting temperature, pulverize the raw material if nécessary,
extraction-filtration with organic solvents and/or oxidation-

treatment at a temperature lower than the final treating

18
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.temperature, and heat treating the residue at the final treating
temperature to regulate strictly the C/H ratio and the amount of
weight loss in a temperature range of 400°C to 600°C during
heating the carbonaceous powder under nitrogen atmosphere from

5 room temperature. By the method, melting during the heat
treatment step can be preventedxand a carbonaceous powder having

a uniform C/H ratio, a proper amount of weight loss in a

temperature range of 400° to 600°C during heating the
carbonaceous powder under nitrogen atmosphere from room

10 temperature and less components of low boiling point below 200°C
can be produced.

For the carbonaceous powder, the amount of weight loss
measured with a thermal gravimetric analyzer during heating under
nitrogen atmosphere up to 200°C is preferably to be less than

15 0.5% by weight, more preferably less than 0.3% by weight. In
order to attain the characteristics efficiently, it 1is effectivé
to heat-treat again, if necessary, the carbonaceous powder having
regulated C/H ratio and amount of weight loss in a temperature
range of 400° to 600°C during heating the carbonaceous powder

20 under nitrogen atmosphere from room temperature, at a temperature
above 200°C and below the final treating temperature.

When the regulation of particle size 1s not conducted before
the final heat treatment, the carbonaceous powder obtained by the
above-mentioned treatment is pulverized with a ball-mill, a jet-

25 mill, etc. and classified with a sieve, a classifier, etc. to
regulate particle size to be suitable for the electrorheological

fluid. Usually, preferable particles have the maximum particle
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size of less than 50um and the average particle size of 0.5-40um,

preferably of 2-40um, more preferably of 2-10um, in order to

avoid sedimentation in oily medium and maintain stable
dispersion. For stabilization of electrorheological
characteristics, narrower particle size distribution is
preferred. The pulverization and classification prior to the
heat treatment, extraction treatment or oxidizing treatment can
be effective for obtaining uniform distribution of heat.

The present invention will be explained hereunder by

examples. The examples never limit the scope of the present

invention.
Example 1

Coal tar containing 2.0% by weight of free-carbon (QI) was
heat-treated at 450°C in a 20 liter autoclave under a practically
inert atmosphere. The resulting heat-treated material was
extracted with a tar middle oil (boiling point range = 120-250°C)
and filtered. The residue of the extraction and filtration was
uniformly heat-treated again in a batch-type rotary reactor of 2

liter capacity at 450° under nitrogen stream of 2.0 liter/minute

to obtain a carbonaceous powder. The carbonaceous powder was

further pulverized and regulated to average particie size of 3.0um

with a pneumatic classifier. Content of ultrafine powder not

larger than 1.59um in particle size in the carbonaceous powder

was 1.5% by weight. The particle size was measured with Coulter

Counter using 50um aperture tube.

C/H ratio of thus obtained carbonaceous powder was 2.39, and

amounts of weight loss measured with a thermal gravimetric

20
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analyzer (TGA) under nitrogen stream at heating rate of

10°C/minute temperature raise were 3.5% by weight and 0.02% by

weight in a temperature range of 400°C to 600°C and room

temperature to 200°C respectively. Oxygen content based on
elemental analysis was 0.65% by weight.

An electrorheological fluid was prepared by dispersing about
36% by weight of the carbonaceous powder uniformly into an
electrical insulating oily medium of silicone o0il having a
viscosity of 0.1 poise at room temperature. An electrical
potential difference of DC 2kV/mm was applied to the
electrorheological fluid at room temperature, and increase in
viscosity of the fluid and value of electric current which flows
through the fluid were measured to evaluate its capability as an
electrorheological fluid. Similarly, increase in viscosity of
the fluid at 120°C was measured to evaluate stability against the
temperature. The measurement of the viscosity was conducted
using a rotational viscometer with concentric cylinder (inner
cylinder of 25mm radius and 20mm height; outer cylinder of 26mm
radius) and apparent viscosity at shearing speed of 366/second
was measured under application of the DC potential difference

between the outer and inner cylinders.

The viscosity increase of the electrorheological fluid at

room temperature was 6.0 poise and the value of the electric

current was 0.19mA. Almost the same electrorheological effect

was obtained at 120°C.

From the above results, the electrorheological fluid was

confirmed to be superior in the electrorheological effect and
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thermal stability.

Example 2

A carbonaceous powder was prepared in the same manner with
Example 1 using coal tar containing no free-carbon (QI) as the
raw material. The carbonaceous powder had average particle size
of 3.0um, content of ultrafine powder not larger than 1.59%9um in
particle size of 1.4% by weight, C/H ratio of 2.37, oxygen
content of 0.68% by weight and amount of weight loss in a
temperature range of 400° to 600°C and room temperature to 200°C
of 3.4% and 0.02% by weilight respectively. Measurements of the
particle size and the amount of weight loss with TGA were
conducted similarly as Example 1.

The resulted carbonaceous powder was used to prepare an
electrorheological fluid in the same manner with Example 1, and

capability of the fluid was measured. Viscosity measurement

method was the same with Example 1.

The viscosity increase of the electrorheological fluid at
room temperature was 5.0 poise and‘the value of the electric
current was 0.03mA. Almost the same electrorheological effect
was obtained at 120°C.

From these results, the electrorheological fluid was
confirmed to be superior in the electrorheological effect and in
thermal stability. Furthermore, the fluid had a
characteristically smaller value of electric current against the

viscosity change in comparison with Example 1. This phenomenon

1s reasoned to be due to the fact that the carbonaceous powder of

Example 2 contains no free-carbon.
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The measured values for the electrorheclogical fluid of

Example 2 are shown in Figs. 1, 2, 3 and 4 with @ mark, together

with the measured values for electrorheological fluids of Example
3 (0O mark).

Example 3

Using the same coal tar employed in Example 2 as the raw
material and controlling the heat treatment conditions and the
second heat-treatment conditions in the same manner with Example
1, six kinds of carbonaceous powder having different degrees of
carbonization (C/H ratio and amount of weight loss measured with
TGA in a temperature range of 400°C to 600°C during heating the
carbonaceous powder under nitrogen atmosphere from room
temperature) were prepared. These carbonaceous powder had

respectively almost the same regulated values of average particle

size of about 3um, content of ultrafine powder not larger than

1.59um 1n particle size of 1.4-1.5% by weight, amount of weight

loss measured with TGA during heating from room temperature to

200°C of below 0.02% by weight. The oxygen content of them was

also regulated almost equal to 0.60-0.70% by weight.
Measurements of the particle size and the amount of weight loss
with TGA were conducted similarly as Example 1,

The resulted six kinds of carbonaceous powder were used to
prepare electrorheclogical fluids in the same manner as Example
1, and capabilities of the fluids were measured.

The test results at room temperature of the

electrorheological fluids in Example 3 are shown in Figs. 1, 2, 3

and 4 with O mark.
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Fig.l 1s a graph showing relationship between the C/H ratio

[abscissa] of these carbonaceous powder and the value of electric
current (mA) [ordinate] which flows through the
electrorheological fluids using these carbonaceous powder under
S application of 2kV/mm electric potential difference.
Fig.2 1s a graph showing relationship between the C/H ratio
[abscissal of these carbonaceous powder and the increase in

viscosity (poise = P) [ordinate] of the electrorheological fluids

using these carbonaceous powder under application of 2kV/mm

10 electric potential difference, in which the arrow sign («—)

indicates the range of C/H ratios specified by Claim 1.

Fig.3 1s a graph showing relationship between the amount of
weight loss (wt%) [abscissa)l of these carbonaceous powder
measured with TGA in a temperature range of 400°C to 600°C during

1> heating these carbonaceous powder under nitrogen atmosphere from

room temperature and the value of electric current (mA)

[ordinate] which flows through the electrorheological fluids
using these carbonaceous powder under application of 2kV/mm
electric potential difference.

20 Fig.4 1s a graph showing relationship between the amount of
weight loss (wt%) [abscissa] of these carbonaceous powder
measured with TGA 1in a temperature range of 400°C to 600°C during

heating these carbonaceous powder under nitrogen atmosphere from

room temperature and the increase in viscosity (poilse

H

P) of the

25 electrorheological fluids using these carbonaceous powder under

application of 2kV/mm electric potential difference [ordinate],

in which the arrow sign (+-) indicates the range of weight loss
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;pecified by Claim 1.

From the results shown in Figs. 1, 2, 3 and 4, the
capability of electrorheological fluid is confirmed to be
dependent deeply on the C/H ratio of carbonaceous powder and the
amount of weight loss measured with TGA in a temperature range of
400°C to 600°C during heating the carbonaceous powder under
nitrogen.atmosphere from room temperature. Further, it is
recognized that the carbonaceous powder capable of providing an
appropriate increase in viscosity and the value of electric
durrent has the C/H ratio of 1.70-3.50 and the amount of weight

loss measured with TGA in a temperature range of 400°C to 600°C

during heating the carbonaceous powder under nitrogen atmosphere
from room temperature of 0.5-13.0% by weight.

Comparative Example 1

To the electrical insulating oily medium of silicone oil
having viscosity of 0.1 poise at room temperature was added about
36% by weight of commercially available sodium polvacrylate fine
powder containing 9.5% by weight of water known as dielectric
material, and an electrorheological fluid was prepared. The
capability of the conventional electrorheoclogical fluid was
evaluated in the same manner as Example 1.

As the result, it was found that the electrorheological
fluid had the viscosity increase at room temperature of 4.3 poise
and the value of eleétric current of 0.04mA. However, at 120°C,
the viscosity increase could not be measured because of an

excessive value of electric current.

In contrast to the above, electrorheological fluids using
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carbonaceous powder according to the present invention showed far
superior characteristics in the electrorheological effect and in

the temperature stability when compared with the conventional

electrorheclogical fluid.

Example 4

Using coal tar containing no free-carbon as the raw material
and controlling the heat treatment conditionsg, the second heat-
treatment conditions and classification conditions in the same
manner with Example 1, was prepared a carbonaceous powder in
which the amount of weight loss during heating from room
temperature to 200°C was regulated to less than about 0.1% by
weight. The C/H ratio was 2.38, and the amount of weight loss
measured with TGA in a temperature range of 400°C to 600°C during

heating the carbonaceous powder under nitrogen atmosphere from

room temperature was 3.7% by weight.
The particle size was measured similarly as Example 1, and
the particle size distribution measured is shown in Fig.5. 1In

Fig.5, particle size of the carbonaceous powder is indicated on

abscissa (um) and the content is indicated on ordinate (% by
weight) .

An electrorheological fluid was prepared using the
carbonaceous powder in the same manner as Example 1, and the

property was measured. The test results at room temperature are

shown in Table 1. Test results at 120°C showed the same

electrorheological effect with that of at room temperature.

Example 5

Using coal tar containing no free-carbon used in Example 4

26
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as the raw material and controlling the heat treatment conditions
and the second heat-treatment conditions in the same manner with
Example 4, was prepared a carbonaceous powder. The carbonaceous
powder was pulverilized and classified similarly as Example 4 to
regulate the particle size, and then the average particle size
was regulated finally with a pneumatic classifier to make the
content of ultrafine particle not larger than 1.59um in particles

size to be less than 5% by weight. The C/H ratio was 2.35.

Particle size distributions of the resulted carbonaceous

powder is shown in Fig.6. In Fig.6, similar to Fig.5, the

abscissa (um) indicates particle sizes of the carbonaceous powder

and the ordinate indicates their content (% by weight).
When the carbonaceous powder of Example 5 is compared with

that of Example 4 (Fig.5), 1t is noticeable that the content of

ultrafine powder not larger than 1.59%9um in particle size is

regulated to less than 5% by weight.

An electrorheological fluid was prepared in the same manner
as Example 4, and it was evaluated by conducting capability test

at room temperature. The result is shown in Table 1 together

with that of Example 4.
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Table 1
- ) o Exgg;l;ﬂ4 Example 5
C/H ratio o - 2.38 B 2.35
Coaggnent o;llow boi;:;§ point 0.03 0.03
below 200°C (wt%)
Avera;;“particléngi;e (pm;m-ﬁ ;.1 o 3.0
_Particles not_I;rger ;;;;‘ 6j;m-4— 2.0

1.59um 1n particle size (wt%)

Viscosity increase (poise) 3.5 4.5

Electric current {(maA) 0.05 0.02

A e a-a- il il i —— PP

From the result mentioned in Table 1, it 1is noticeable that
electrorheological fluid using carbonaceous powder of Example S
is, when compared with that using carbonaceous powder of Example
4, smaller 1n the value of electric current and superior in the
electrorheological effect.

It has been confirmed from these results that carbonaceous
powder superior in the electrorheological characteristics are

obtained by containing no free-carbon and regulating the content

of ultrafine powder not larger than 1.59um in particle size to

less than 5% by weight.

Example 6

Coal tar containing no free-carbon was heat-treated in a 20

liter autoclave at 450°C under a practically inert atmosphere.
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The resulting heat-treated material was extracted with a tar
middle oil (boiling point range = 120-250°C) and filtered. The
residue of the extraction and filtration was heat-treated again
in a batch-type rotary reactor of 2 liter capacity at 450°C under
nitrogen gas stream of 2.0 liter/minute to obtain a carbonaceous

powder. The carbonaceocus powder was further pulverized and was

regulated to have an average particle size of 3.2um with the use

of a pneumatic classifier. The content of low boiling below
200°C component in the carbonaceous powder was regulated to less
than 0.1% by weight. Then, the prodﬁct was heat-treated under
oxygen atmosphere of controlled temperature and time to prepare a
set of carbonaceous powder having different oxygen content.
These carbonaceous powder thus obtained had a C/H ratio of 2.36
and the amount of weight loss measured with TGA in a temperature
range of 400° to 600°C during heating the carbonaceous powder
under nitrogen atmosphere from room temperature was 3.6% by
weight. The particle size was measured with Coulter Counter
using 50um aperture tube.

Using these carbonaceous powder, electrorheclogical fluids
were prepared in the same manner as Example 1 to evaluate the
capability. Results of capability test at room temperature for
the resulting electrorheological fluids are indicated with 0 mark
in Fig.7 and Fig.8.

In Fig.7, the abscissa indicates oxygen content in these
carbonaceous powder (wt%) and the ordinate indicates value of
electric current (mA) under application of 2kV/mm electric

potential difference to the electrorheoclogical fluids using the
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carbonaceous powder. In Fig.8, the abscissa indicates oxygen
content in these carbonaceous powder (wt%) and the ordinate
indicates increase in viscosity (poise) under application of
2kV/mm electric potential difference to the electrorheological
fluids using these carbonaceous powder. Similar
electrorheological effects were obtained in a test at 120°C.

From Fig.7 and Fig.8, it is noticeable that the value of
electric current which flows through the fluid increases with the
increase of oxygen content in carbonaceous powder. Accordingly,
it is preferable to lower as much as possiblé the oxygen content
in carbonaceous powder in consideration of the energy efficiency,
and the oxygen content over 3.0% makes the value of electric

current excessive to bring about troubles in practical uses.

Carbonaceous powder having different C/H ratio exhibited the
same result as to the oxygen content.

Example 7

Coal tar containing no free-carbon (QI) was heat-treated in
a 20 liter autoclave at 460°C under. a practically inei:t
atmosphere. The resulting heat-treated material was heat-treated
again in a batch type rotary reactor of 2 liter capacity at 510°C

under nitrogen gas stream of 5.0 liter/minute to obtain a

carbonaceous powder. The carbonaceous powder was further
pulverized with a jet mill and was regulated to have an average

particle size of 3mm with the use of a pneumatic classifier. The

particle size was measured with Coulter Counter using 50um

aperture tube. The carbonaceous powder thus obtained had the C/H

ratio of 2.35 and the amount of weight loss measured with TGA

30
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during heating from room temperature to 200°C was 0.10% by

weight. Since the carbonaceous powder melted in the rotary
reactor and sticked on the inside wall of it, heat was not
supplied uniformly to result in heterogeneity.

5 About 36% by weight of the carbonaceous powder was dispersed
in the o0ily medium for electrorheological fluid of silicone oil

having a viscosity of 0.1 poise at room temperature to obtain an

electrorheological fluid. The electrorheoclogical fluid was
evaluated 1n the same manner with Example 1. The wviscosity
10 increase at room temperature was 3.9 poise and the value of
electric current was 0.10mA. The electrorheological effect at
120°C was almost the same with that of at room temperature.
Example 8
Coal tar pitch obtained by treating coal tar containing no
15 free-carbon at 400°C under reduced pressure was used as the raw
material, and the méterial was extracted with a tar middle oil
(boiling point range 120-250°C) and filtered, and the residue of
the extraction and‘filtration was heat-treated similarly as

Example 7 at 490°C under nitrogen gas stream of 2.0 liter/minute

20 and then the particle size was regulated similarly as Example 7.

In the preparation of the carbonaceous powder, because of
the adoption of the extraction step with the organic solvent, it
was possible to prevent satisfactorily the melt-sticking during

the heat treatment in comparison with Example 7.

25 Using the carbonaceous powder, an electrorheological fluid
was prepared in the same manner as Example 1 to evaluated its

capability. In Table 2 are shown test result at room temperature
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for thus obtained electrorheological fluid together with that of

Example 7. The electrorheological effect at 120°C was almost the

same with that of at room temperature.

From the result mentioned in Table 2, 1t 1s noticeable that
the electrorheological fluid using the carbonaceous powder of
Example 8 has superior characteristics of smaller value of
electric current against increase in viscosity when compared with
the electrorheological fluid using the carbonaceous powder of
Example 7. This superiority 1s reasoned as based on the uniform
production without melt-sticking in the rotary reactor.

Example 9

Coal tar employed in Example 7 was used as the raw material
and the material was heat-treated at 460°C in a 20 liter
autoclave under a practically inert atmosphere. The resulting
heat-treated material was extracted with a tar middle o0il and
filtered. The residue of the extraction and filtration was heat-
treated at 480°C with the rotary reactor used in Examples 7 and 8

under nitrogen gas stream of 2.0 liter/minute and regulated the

average particle size to be about 3um. The particle size was

measured similarly as Examples 7 and 8. The amount of weight
loss measured with TGA of the carbonaceous powder during heating
from room temperature to 200°C was about 0.10% by weight. In the

production of the carbonaceous powder, no melt-sticking during

the heat-treating step was observed.

An electrorheological fluid was prepared in the same manner

as Example 1 using the carbonaceous powder and was evaluated. In

Table 2 1is shown test result at room temperature for thus
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obtained electrorheological fluid together with those of Examples

7 and 8. The electrorheological effect at 120°C was almost the

same with that at room temperature.

Table 2

Example 7 Example 5 Example 9

———

C/H ratio 2.35 2.35 2.34

-y it Pl e o

Component of low boiling point 0.10 0.11 0.10
below 200°C (wt%)

Average particle size (um) 3.0 3.4 3.2

Viscosity increase (poise) 3.9 4.3 4.5
Electric current (ma) 0.10 0.04 0.03
Weight loss at 400-600°C (wt%) 3.6 3.7 3.7

From the result mentioned in Table 2, it is noticeable that
the electrorheological fluid using carbonaceous powder of instant
Example 9 has a smaller value of electric current against
increase in viscosity when éompared with Example 8. Accordingly,
the carbonaceous powder prepared uniformly by the present process

has been confirmed to be a carbonaceocus powder superior in the

electrorheological effect.
Example 10
The carbonaceous powder obtained in Example 9 was heat-

treated again at 400° with the rdtary reactor used in Example 7

under nitrogen gas stream of 2.0 liter/minute. The obtained
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carbonaceous powder had no detectable amount of weight loss
measured with TGA under nitrogen stream during heating from room
temperature to 200°C.

An electrorheological fluid was prepared in the same manner
as Example 9 by using the carbonaceous powder, and was evaluated.
The result showed the viscosity increase and the value of
electric current to be almost the same with those of Example 9.

Example 11

By using coal tar pitch containing free-carbon-of 0.0, 1.2,
2.0, 3.0, 3.3 and 4.6% by weight as the raw materials, and
controlling the heat-treatment conditions, the second heat-
treatment conditions and classification conditions in the same
manner with Example 1 to regulate the C/H ratio and particle

size, six kinds of carbonaceous powder having an average particle

size of 3.0um were obtained. The yield of these carbonaceous

powder from the pitch was 39-42% by weight.

These carbonaceous powder thus obtailned had the C/H ratios

of 2.37-2.39, the amounts of weight loss measured with TGA in a
temperature range of 400° to 600°C and room temperature to 200°C
during heating the carbonaceous powder under nitrogen atmosphere
were 3.4-3.6% byweight and 0.01-0.03% by weight respectively, the
content of powder not larger than 1.59um in particle size were
1.2-1.6% by weight and the oxygen content by elemental analysis
were 0.62-0.69% by weight. These carbonaceous powder had free-
carbon content of 0.0, 3.0, 5.0, 7.5, 8.5 and 11.0% by weight
respectively. Electrorheological fluids were prepared with these

carbonaceous powder i1n the same manner as Example 1, and

54

‘--,-.. AN



10

15

20

23

2020679

capabilities of them were evaluated.

Test results at room temperature for thus obtained
electrorheological fluids are shown with 0 mark in Fig.9 and
Fig.1]0. In Fi1g.9, the abscissa indicates the free-carbon content
in these carbonaceocus powder (wt%) and the ordinate indicates the
value of electric current (mA) under application of electric
potential difference to the electrorheological fluids using these
carbonaceous powder. In Fig.10, the abscissa indicates free-
carbon content in these carbonaceous powder (wt%) and the
ordinate indicates increase 1in Qiscosity (poise) under
application of electric potential difference to the
electrorheological fluids using these carbonaceous powder. The
electrorheological effects at 120° were almost the same with
those of at room temperature. From results shown in Fig.9 and
Fig.10, it is recognized that the value of electric current in
the fluid increases in accordance with increased content of free-
carbon in these carbonaceous powder. Accordingly, content of
free-carbon in carbonaceous powder are preferably minimized under

consideration of the energy efficiency, and free-carbon content

of above 10% by weight cause excessive amount of electric current

to make them troublesome for practical uses.

In carbonaceous powder having different C/H ratio, effect of

the free-carbon content was the same with that of Example 11.

Comparative Example 2

Free-carbon was extracted from coal tar pitch containing

free-carbon by using a tar heavy o0il (boiling point range = 270-

350°C). The obtained free-carbon had a C/H ratio of 4.5 and the
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particle size was almost below 1.0um. The analysis of free-

carbon was conducted similarly as Example 1. An
electrorheological fluid was prepared with the free-carbon in the
same manner as Example 1, and the capability of the fluid was
evaluated. The result at room temperature was the increase in
viscosity of 0.9 poise and the value of electric current of
1.41mA. From the result, it is clear that a electrorheological
fluid using highly carbonized free-carbon tends to make the value
of electric current excessive. Accordingly, an excessive content
of free-carbon i1n carbonaceous powder causes excessive value of

electric current 1n the fluid and deteriorates the capability.
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CLAIMS:

1. A carbonaceous powder for electrorheological fluid which
can be employed as dielectric fine particles to be dispersed 1in
an oily medium superior in electric insulation, which comprises
a carbonaceous powder having a number ratio of carbon atoms to
hydrogen atoms (C/H) of 1.70 - 3.50 and a welght 1loss, 1n a
temperature range of 400°C to 600°C during heating the
carbonaceous powder under nitrogen atmosphere from room

temperature, of 0.5 - 13.0% by weight.

2. A carbonaceous powder for electrorheological fluid

according to Claim 1, in which the number ratio of carbon atoms
to hydrogen atoms (C/H) is 2.00 - 3.50 and the weight loss 1in a
temperature range of 400°C to 600°C during heating the
carbonaceous powder under nitrogen atmosphere from room

temperature is 0.5 - 6.0% by weight.

3. A carbonaceous powder for electrorheological fluid
according to Claim 1, 1n which an amount of weight loss during

heating under nitrogen atmosphere from room temperature to 200°C

1s not more than 0.5% by weight.

4 . A carbonaceous powder for electrorheological fluid
according to Claim 1, in which the carbonaceous powder has the

maximum particle size of not larger than 50um.
5. A carbonaceous powder for electrorheological fluid

according to Claim 1 or 3, in which the carbonaceous powder has

the maximum particle size of not larger than 50um and an average

particle size of 0.5 - 4.0um.

6 . A carbonaceous powder for electrorheological fluid
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according to Claim 4 in which content of particles not larger

than 1.59 um in particle size 1is not more than 5% by welght.

7. A carbonaceous powder for electrorheological fluid
according to Claim 1 or 3, in which the carbonaceous powder

contains 0-10% by weight of free-carbon.

8. A carbonaceous powder for electrorheological fluid
according to Claim 1 or 3, in which content of oxygen in the
carbonaceous powder is not more than 3.0% by weight.

9. A method of making a carbonaceous powder for
electrorheological fluid, which comprises; employment of an
organic compound selected from a group consisting of coal, coal
tar, coal tar pitch, liquefied coal, coke, petroleum, petroleum
tar, petroleum pitch and resins as a raw material; and regulating
number ratio of carbon atoms to hydrogen atoms (C/H) to be 1.70-
3.50, weight loss 1n a temperature range of 400° to 600° during
heating the carbonaceous powder under nitrogen atmosphere from
room temperature to be 0.5-13.0% by weight, weight loss during
heating the carbonaceous powder under nitrogen atmosphere from

room temperature to 200°C to be not more than 0.5% by weight, the

maximum particle size to be not larger than 50 um, and average

particle size to be 0.5-40 um by combination of a heat treatment

step at a final treating temperature of 300-800° and a particle-
slze regulating step.

10. A method of making a carbonaceous powder for
electrorheological fluid according to Claim 9, in which said

method further comprises a step for reducing free-carbon

contained in the raw material tar or pitch.
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11. A method of making a carbonaceous powder for

electrorheological fluid according to Claim 9 or 10, in which
said method employs as the raw material tar or pitch containing
free-carbon of an amount specified by the formula;

Yield of carbonaceous powder for
electrorheological fluid

Free-carbon in tar from tar or pitch (wt.$%)

or pitch (wt.%) € 10 X ==mm===r-mm s s s s e
100

12. A method of making a carbonaceocus powder for

electrorheological fluid according to Claim 9, in which free-
carbon content in said powder 1is reduced to below 10% by weight
by means of a powder-classifying treatment.

13. A method of making a carbonaceous powder for
electrorheoclogical fluid, which comprises employment of an
organic compound selected from the group consisting of coal, coal
tar, coal tar pitch, liquefied coal, coke, petroleum, petroleum
tar, petroleum pitch and resins as a raw material; extraction-
filtration treatmént with an organic solvent and/or an oxidation
treatment at a temperature lower than that of the following heat
treatment step; and combination thereafter of a heat treatment
step at final treating temperature of 300-800°C and a particle-
size regulating step in order to regulate number ratio of carbon
atoms to hydrogen atoms (C/H) to be 1.7-3.50, weight loss in a
temperature range o'f 400°C to 600°C during heating the
carbonaceous powder under nitrogen atmosphere from room
temperature to be 0.5-13.0% by weight, weight loss during heating
under nitrogen atmosphere from room temperature to 200° to be

not more than 0.5% by weight, the maximum particle size to be not
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larger than 50 um, and average particle size to be 0.5-40 um.

14. A method of making a carbonaceous powder for
electrorheological fluid, characterized in that said method
comprises employment of an organic compound selected from the
group consisting of coal, coal tar pitch, liquefied coal, coke,
petroleum, petroleum tar pitch and resins as a raw material; heat
treatment at a temperature lower than that of the following heat
treatment step; extraction filtration treatment with an organic
solvent and/or an oxidation treatment at a temperature lower than
that of the following heat treatment step and combination
thereafter of a heat treatment step at final treating temperature
of 300-800°C and a particle size regulating step in order to
regulate number ratio of carbon atoms to hydrogen atoms (C/H) to
be 1.70-3.50, weight loss in a temperature range of 400°C to
600°C during heating the carbonaceous powder under nitrogen
atmosphere from room temperature to be 0.5-13.0% by weight,
weight loss during heating under nitrogen atmosphere from room
temperature to 200°C to be not more than 0.5% by weight, the
maximum particle size to be not larger than 50 mm, and average

particle size to be 0.5-40 mm.
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