
CARBON BLACK, METHOD FOR PRODUCING THE SAME, AND ITS USE  FIELD OF
THE INVENTION The present invention relates to carbon black, a method
for producing the same,  and its use. BACKGROUND ART Conventionally,
conductivity has been imparted to rubbers, resins or the like by
containing carbon black therein. In particular, acetylene black has a
chain structure of  spherical carbon particles, and therefore has
excellent conductivity-imparting ability as  compared with general
carbon black. For this reason, acetylene black is widely used.
However, recently it is required to impart far high conductivity to
resins or the like.  Further, the maximum amount of carbon black that
can be compounded without  deteriorating inherent physical properties
of resins or the like is substantially fixed. In  view of those
facts, it is considered at the present stage the only way to satisfy
the  requirement is to develop carbon black having markedly excellent
conductivity-imparting ability. SUMMARY OF THE INVENTION KETJEN BLACK
(registered trademark, a product of Ketjen Black International  Co.)
is considered to have a conductivity-imparting ability about 2 times
that of  acetylene black, but is extremely expensive. Accordingly,
one object of the present invention is to provide a carbon black
having a conductivity-imparting ability comparable to that of KETJEN
BLACK.  Another object of the present invention is to provide a
method for producing the  carbon black. Still another object of the
present invention is to provide a composition  comprising resins
and/or rubbers, and the carbon black compounded therewith. The
present invention provides a carbon black comprising a chain body
which  1 comprises (1) chain parts of spherical carbon particles and
(2) chain parts of rod-shaped  



carbon particles, the chain part (1) and the chain part (2) being
connected. In a preferred embodiment of the carbon black, the chain
part of the spherical  carbon particles comprises acetylene black,
and the chain part of the rod-shaped carbon  particles comprises a
carbon black other than acetylene black. The present invention also
provides a carbon black powder comprising the  above-described carbon
black and carbon black other than the above-described carbon  black.
In a preferred embodiment of the carbon black powder, the
above-described  carbon black contains in an amount of 10% by weight
or more based on the weight of  the carbon black powder. The present
invention further provides a method of producing a carbon black,
comprising supplying a raw material mixture comprising acetylene gas,
hydrocarbon  and a catalyst for carbon nanotube formation to a high
temperature field having a  temperature equal to or higher than a
thermal decomposition temperature of the  hydrocarbon, and heat
treating the mixture. The present invention also provides a method of
producing a carbon black,  comprising supplying hydrocarbon
containing a catalyst for carbon nanotube formation,  during
pyrolysis of acetylene gas and/or in the state that acetylene gas has
been  pyrolyzed, and heat treating the resulting mixture at a
temperature equal to or higher  than a thermal decomposition
temperature of the hydrocarbon. The present invention further
provides a composition comprising resins and/or  rubbers, and the
carbon black or carbon black powder of the present invention
compounded therewith. The carbon black or carbon black powder
according to the present invention has  excellent
conductivity-imparting ability as compared with the conventional
acetylene  black. As a result, even though the amount of the carbon
or carbon powder to be  2 compounded with resins or the like is
decreased as compared with the amount of the  



conventional acetylene black compounded, a composition comprising
resins and/or  rubber, having the conductivity comparable to that of
the conventional composition can  be provided. Further, according to
the method of producing the carbon black of the  present invention,
the carbon black or carbon black powder according to the present
invention can easily be produced. BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an electron micrograph (magnification: 50,000) showing one
example  of the structure of carbon black according to the present
invention. Fig. 2 is a view tracing the electron micrograph of Fig.
1. Fig. 3 is an electron micrograph (magnification: 50,000) showing
one example  of the structure of acetylene black. Fig. 4 is a view
tracing the electron micrograph of Fig. 3.  DETAILED DESCRIPTION OF
THE INVENTION The carbon black of the present invention comprises a
chain body comprising  (1) chain parts of spherical carbon particles
and (2) chain parts of rod-shaped carbon  particles, the chain part
(1) and the chain part (2) being connected, as shown in Figs. 1  and
2. The carbon black of the present invention has a unique structure
as compared  with acetylene black constituted of only the chain part
(1) of spherical carbon particles.  The chain part (1) of spherical
carbon particles preferably has a structure such that a  plurality of
spherical carbon particles having a particle diameter of preferably
10-200  nm, more preferably 20-100 nm, are chained, similar to the
chain structure of the  conventional acetylene black. On the other
hand, the chain part (2) of rod-shaped  carbon particles preferably
has a structure such that a plurality of fibrous particles  having a
length of preferably 0.1-1,000 m, more preferably 0.2-100 m, and an
aspect  ratio, a length/diameter ratio, of preferably 2 or more, more
preferably 5 or more, are  chained. 3 The number of the connecting
portion between the chain part (1) of spherical  



carbon particles and the chain part (2) of rod-shaped carbon
particles may be at least  one. Length of the chain part (1) of
spherical carbon particles is preferably 5-99%,  more preferably
10-95%, per the entire length of one chain body. The preferable
embodiment of the carbon black according to the present invention is
that the carbon  black comprising the chain part of spherical carbon
particles comprises acetylene black,  and the chain part of the
rod-shaped carbon black comprises carbon black other than  acetylene
carbon black. The carbon black of the present invention can be
produced by  the method for producing the carbon black according to
the present invention described  hereinafter. The carbon black powder
of the present invention comprises a mixture of the  carbon black of
the present invention and carbon black other than the carbon black of
the present invention. Examples of the carbon black other than the
carbon black of the  present invention include acetylene black,
furnace black, ketjen black, and carbon black  constituted of only a
fibrous portion (2) of the carbon black of the present invention.
The carbon black powder of the present invention contains the carbon
black of the  present invention in an amount of preferably10-100% by
weight, more preferably  20-100% by weight, based on the weight of
the carbon black powder. The carbon black powder of the present
invention can be produced by producing  the carbon black of the
present invention, and mixing the carbon black thus produced  with
carbon black other than the carbon black of the present invention.
The carbon  black powder of the present invention can further be
produced by selecting conditions in  the method for producing the
carbon black according to the present invention described
hereinafter. The method of producing carbon black according to the
present invention  comprises supplying a raw material mixture
comprising acetylene gas, hydrocarbon and  a catalyst for carbon
nanotube formation to a high temperature field having a  4
temperature equal to or higher than a thermal decomposition
temperature of the  



hydrocarbon, and heat treating the mixture. Examples of the
hydrocarbon that can be used include saturated hydrocarbons  such as
methane, ethane, propane or butane; unsaturated hydrocarbons having
double  bond such as ethylene, propylene, butene or butadiene;
unsaturated hydrocarbons  having triple bond such as acetylene,
propyne or butyne; and aromatic hydrocarbons  such as benzene,
toluene or xylene. Of those, the aromatic hydrocarbons are liquid at
room temperature, and are easily mixed previously with the catalyst
for nanotube  formation. For this reason, the aromatic hydrocarbons
are particularly preferably used. Fine particles such as Co, Ni, Fe,
Mo, S, V or Cr can be used as the catalyst for  nanotube formation.
Of those, organic materials such as ferrocene or thiophene are
soluble in an aromatic hydrocarbon such as benzene, and are easily
handled. Further,  an element contained in the compound is atom size,
and therefore effectively acts as a  catalyst in a reaction field as
compared with fine particles. For this reason, the organic  materials
are particularly preferably used. One example in proportion of each
component in the raw material mixture  comprising acetylene gas,
hydrocarbon and a catalyst for nanobube formation is that  acetylene
gas is 40-99% by weight, hydrocarbon other than acetylene gas is
1-60% by  weight, and the catalyst for nanotube formation is 5-20
parts by weight per 100 parts by  weight of the hydrocarbon. One
example of temperature in high temperature field is  500-2,000C. The
preferred embodiment in the production method of the present
invention is  that the hydrocarbon is supplied during pyrolysis of
acetylene gas and/or in the state  that acetylene gas has been
pyrolyzed, and the resulting mixture is heat treated at a
temperature equal to or higher than the thermal decomposition
temperature of the  hydrocarbon used. The chain part (2) of
rod-shaped carbon particles is generally produced at  5 500-2,000C.
The chain part (2) has a property to be easily produced at lower  



temperature. Therefore, the chain part (2) is produced at a
temperature of preferably  500-1,700C, more preferably 500-1,500C. On
the other hand, acetylene gas has a  pyrolysis temperature (i.e.,
formation temperature of the chain part (1) of spherical  carbon
particles) of about 2,000C. Therefore, rather than mixing acetylene
gas,  hydrocarbon and a catalyst for nanotube formation and supplying
the resulting raw  material mixture to a high temperature field, or
supplying hydrocarbon containing a  catalyst for nanotube formation
during pyropysis of acetylene gas, it is preferable that  acetylene
gas is supplied to a high temperature filed and pyrolyzed to form the
chain  part (1) of spherical carbon particles, hydrocarbon containing
a catalyst for nanotube  formation is supplied to a region of
500-2,O00C in the same reaction vessel to form  rod-shaped carbon
chain part, and the respective parts are connected and grown in the
same reaction vessel. For example, it is preferable that the
conventional production apparatus of  acetylene gas (as described in,
for example, JP-A-56-93765) is used, acetylene gas is  supplied from
an upper side of such a vertical pyrolyzer, and gasified hydrocarbon
containing a catalyst for nanotube formation is supplied,
accompanying with a carrier } gas such as hydrogen, from an optional
portion having its environmental temperature of  500-2,000C. in
particular, where the gasified hydrocarbon containing a catalyst for
nanotube formation is supplied from the portion further upper the
acetylene supply  portion, such a further upper portion is a region
having a temperature lower than the  pyrolysis temperature field of
acetylene gas. As a result, the chain part of rod-shaped  carbon
particles is further effectively formed. Further, the chain part of
rod-shaped  carbon particles thereafter flows down in the pyrolyzer,
contacts with the chain part of  spherical carbon particles in the
pyrolysis region of acetylene gas, and then passes  through a further
higher temperature region than the formation region of the chain part
of rod-shaped carbon particles. This enables crystallinity of the
chain part of  6 rod-shaped carbon particles to increase. Of course,
the gasified hydrocarbon  



containing a catalyst for nanotube formation may be introduced into a
500-2,000C  region lower than the introduction portion of acetylene
gas. Carbon black thus formed  is collected by a collection apparatus
such as cyclone, bag filter or electric collector. If  required and
necessary, the carbon black is then purified with, for example, acid
treatment. In the production method of the present invention, a size
of spherical particles in  the chain part (1) of spherical carbon
particles, and a length of the chain part can be  controlled by, for
example, changing the amount of acetylene gas introduced, or the
amount of hydrocarbon introduced, and a size of rod-shaped particles
in the chain part  (2) of rod-shaped particles, and a length of the
chain part can be controlled by, for  example, changing the amount of
hydrocarbon introduced, the amount of a catalyst for  nanotube
formation used, or supply position of those. The composition of the
present invention comprises at least one of resins and  rubber, and
the carbon black or carbon black powder of the present invention
mixed  therewith. On example of the mixing method is that the raw
materials are mixed with  a mixer such as a blender or Henschel
mixer, and if required and necessary, the resulting } mixture is
further kneaded with, for example, heat rolls, a kneader or a
single-screw or  twin-screw ext ruder. One example of mixing
proportion is that the carbon black is  used in an amount of 5-150
parts by weight per 100 parts by weight of at least one of  resins or
rubber. The resins that can be used are general-purpose plastics,
general-purpose  engineering plastics, superengineering plastics and
other resins. Examples of the  general-purpose plastics include
olefinic resins (such as polyethylene, ethylene/vinyl  acetate resin,
ethylene/vinyl alcohol resin, polymethyl pentene or cyclic olefin
copolymer), vinyl chloride resins (such as polyvinyl chloride or
ethylene/vinyl chloride  resin), styrenic resins (such as
polystyrene, styrene/acrylonitrile resin or  7
acrylonitrile/butadiene/styrene resin), and acrylic resins (such as
methyl  



polymethacrylate). Examples of the general-purpose engineering
plastics include  thermoplastic polyesters (such as polyethylene
terephthalate or polybutylene  terephthalate), polyamides,
polyacetals, polycarbonates and modified polyphenylene  ethers.
Examples of the superengineering plastics include fluorine-containing
resins  (such as polytetrafluoroethylene or polyvinylidene fluoride),
polyphenylene sulfides,  liquid crystal polymers, polyacrylates,
thermoplastic polyimides, ketone resins and  slfone resins. Examples
of the other plastics include phenolic resins, urea resins,  melamine
resins, unsaturated polyesters, alkyld resins, silicone resins, epoxy
resins,  urethane resins, polyvinyl esters, polyimides, furan resins,
xylene resins, thermosetting  reinforced plastics and polymer alloys.
Examples of the rubbers that can be used include natural rubbers,
styrene- butadiene rubbers, acrylonitrile-butadiene rubbers, butyl
rubbers, acrylic rubbers,  ethylene-propylene rubbers,
ethylene-propylene terpolymers, ethylene-a-olefin  copolymer rubbers,
silicone rubbers, fluorine rubbers, thermoplastic elastomers (such as
polyester), chloroprene rubbers, polybutadiene rubbers, hydrin
rubbers, and  chlorosulfonated polyethylene. The present invention is
described in more detail by reference to the following  Examples, but
it should be understood that the invention is not construed as being
limited thereto. EXAMPLES 1 TO 3 AND COMPARATIVE EXAMPLE Acetylene
gas was supplied to a vertical pyrolyzer (overall length: 6 in,
diameter: 0.5 in) from an upper portion thereof having a temperature
of 2,000C in a  proportion shown in Table I below. On the other hand,
gasified benzene containing  ferrocene and thiophene, accompanying
with hydrogen gas, was supplied to the  pyrolyzer from a further
upper portion thereof having a temperature of 1,000C in  proportions
shown in Table 1 below. Carbon black formed was collected from a bag
8 filter directly connected to a bottom portion of the pyrolyzer.
Carbon blacks obtained  



in Example 1 and Comparative Example were observed with a
transmission electron  microscope to observe the respective
structure. The results obtained are shown in Figs.  1 and 3. TABLE 1
Unit Example I Example 2 Example 3 Comparative  Example  Acetylene
m3/hr 16 15 15 16  Benzene kg/hr 3.7 1.7 5.2 0  Ferrocene kg/hr 0.3
0.2 0.4 0  Thiophene kg/hr 0.05 0.03 0.07 0 To evaluate the
conductivity-imparting ability of carbon blacks obtained in  Examples
I to 3 and Comparative Example, the respective resin composition was
prepared, and its volume resistivity was measured, as follows. (1)
Volume resistivity: Carbon black and PS resin (trade name: H700, a
product of Toyo  Styrene Co.) were blended in proportions shown in
Table 2 below. The resulting blend  was kneaded with a kneader (trade
name: LABO PLASTO MILL, a product of Toyo  Seilci Seisaku-Sho, Ltd.)
the number of blade revolution of 30 rpm at a temperature of  150C
for 10 minutes. The resulting kneaded product was heated to 200C, and
molded under pressure of 9.8 x 106 Pa to obtain a test piece having a
size of 2 x 20 x 70  mm. Volume resistivity of this test piece was
measured using a digital multimeter  (trade name: DEGITAL MULTIMETER
7562, a product of Yokogawa Electric  Corporation) according to SRI
2301. (2) The test piece used in measurement of volume resistivity
was cut into a size of 2 x 5  x 5 mm. Using the cut piece, weight
(MFI) of a resin composition per 10 minutes  flown from a nozzle
having an inner diameter of 2 mm was measured with a flowability
measuring device (trade name: MELT INDEXER A-111, a product of Toyo
Seiki  Seisaku-Sho, Ltd.) under heating at 200C and a load of 5 kg 9 



The results obtained are shown in Table 2 below.  TABLE 2 Ex eriment
No. 1 2 3 4 5 6 7 8  Carbon Kind Ex.1 Ex.1 Ex.I Ex. 2 Ex. 3 Coin.
Corn. Ketjen  Black Ex. Ex. Black EC  Parts by 5 10 20 20 20 5 20 10
wei ht PS resin Parts by 95 90 80 80 80 95 80 90  weight volume 92-cm
390 42 4 31 2 1,100 45 46  sistivity MFI 10 men 30 8 4 3 5 25 3 1
The carbon blacks (Examples 1 to 3) according to the present
invention have  excellent conductivity-imparting ability and
flowability as compared with acetylene  black obtained in the
Comparative Example. Further, it is apparent from the  comparison
between Experiment 2 and Experiment 8 that the carbon black of the
present invention is also superior to KETJEN BLACK (Ketjen Black
International Co.) The carbon black or carbon black powder according
to the present invention can  be also used as coating compositions,
conducting agents for battery (primary battery,  secondary battery,
fuel cell or capacitor), antistatic agents or conducting agents for
conducting papers, in addition to conductivity-imparting agents for
resins and rubbers.  10 CLAIMS  1. A carbon black comprising a chain
body which comprises (1) chain parts of spherical carbon particles
and (2) chain parts of rod-shaped carbon particles, the chain  part
(1) and the chain part (2) being connected. 2. The carbon black as
claimed in claim 1, wherein the chain part of the  



spherical carbon particles comprises acetylene black, and the chain
part of the  rod-shaped carbon particles comprises a carbon black
other than acetylene black. 3. A carbon black powder comprising the
carbon black as claimed in claim 1  or 2 and a carbon black other
than the carbon black. 4. The carbon black powder as claimed in claim
3, wherein the carbon black as  claimed in claim I or 2 contains in
an amount of 10% by weight or more based on the  weight of the carbon
black powder. 5. A method of producing a carbon black, comprising
supplying a raw material  mixture comprising acetylene gas,
hydrocarbon and a catalyst for carbon nanotube  formation to a high
temperature field having a temperature equal to or higher than a
thermal decomposition temperature of the hydrocarbon, and heat
treating the mixture. 6. A method of producing a carbon black,
comprising supplying hydrocarbon  } containing a catalyst for carbon
nanotube formation, during pyrolysis of acetylene gas  and/or in the
state that acetylene gas has been pyrolyzed, and heat treating the
resulting  mixture at a temperature equal to or higher than a thermal
decomposition temperature of  the hydrocarbon. 7. A composition
comprising resins and/or rubbers, and the carbon black as  claimed in
claim I or 2 or the carbon black powder as claimed in claim 3 or 4
compounded therewith. 11 




