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CARBON FLUORIDE PARTICLES, PREPARATION
PROCESS AND USES OF THE SAME

TECHNICAL FIELDS
The present invention relates to mnovel carbon
fluoride particles and preparation process of the same,
and applications for water— and oil-repellents, non—
10 tackifying agents, solid lubricants, agents for imparting

~ electric conductivity, composit materials :.of ~“various
forms, additives to toners- and additives to carrier
coating for developing electrostatic image,  fixing

. rollers, phosphoric acid fuel («cells, zinc/air batteries,
15 and nickel/metal hydride batteries.

| ‘ BACKGROUND ARTS
Carbon fluorides can be prepared by fluorinating
various carbon powder materials, and are present as solid
20 powders. Since carbon fluorides have an. extremely Ilow
surface energy, and can - exhibit their exellent
characteristics under sever  conditions regardless of
atmosphere, the carbon fluorides have been evaluated as
excellent industrial materials in wide technical fields
25 such as water— and  oil-repellents, mold-releasing
compounds, non—tackifying agents and solid lubricants.

‘When utilizing those excellent properties of the
carbon fluorides, rather than that the carbon fluoride
powder is used alone in the form of powder, the carbon

30 fluorides are generally utilized, for example, usually in
the manner of adding and dispersing the carbon fluoride
particles into materials such as resins and rubbers, in
the manner of dispersing into oils, greases, organic
solvents or aqueous solutions, or in the manner of fine

35 particle composits with other powders.

However, when utilizing the above excellent
various properties by composing the carbon fluoride powder
with other materials, there is a problem that, since it is
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properties cannot be sufficiently obtained.

The reasons are in  that, since commercially
available common conventional carbon fluoride particles
are highly fluorinated throughout the inner portion to
provide particles which are wholely in the form of carbon
fluoride, (1) the specific gravity becomes higher to from
25 to 3.0, and (2) during the fluorinating step the
particles are broken irregularly due to stress yielded in
the whole particle to make the particle size distribution
very wide and to make the particle shape irregular,
because though a spacing of (001) plane of microcrystal of

- graphite is 0.34 nm, a spacing of the plane of carbon

15

20

25

30

35

fluoride widens to from 0.6 to 0.9 nm due to the
fluorination. Therefore, the wholely fluorinated carbon
fluoride = is inferior in dispersibility and powder
flowability. : .
' If carbon fluoride particles having a low
specific gravity and a narrow particle size distribution
can be obtained, such carbon fluoride particles are
advantageous in view that a difference of specific gravity
from a despersing medium is made small to improve the
dispersibility. For example, as carbon fluoride particles
which may have a low specific gravity, JP-A-142968/1975
discloses carbon fluoride particles having a  fluorine
content of 35 to 55 % by weight [corresponding to an
atomic ratio of fluorine atom to carbon atom (hereinafter
referred to as “F/C’) of 0.34 to 0.77]

However, the carbon - fluoride particles having
such a high F/C within the above range are in such a state
that the spacing of (001) plane of the crystal is maximum,
and thus, as mentioned above, the particles tend to be
broken.  Therefore, when dispersing into other materials,
there remains a problem as to dispersibility, and the
excellent lubrication property cannot be exhibited. .

Also, it is known that modified carbon materials
for composit materials prepared by treating the carbon
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fluoride on the surface of the material, but 1is only
yeilded a weak, semi-ionic C-F bond which contributes to
5 hydrophilic property. Accordingly, the treated carbon
fluoride does not exhibit a water-repelling property which
is owned by the carbon fluoride, rather becomes more
hydrophilic than the starting carbon material (Proceedings
of 16th Fluorine Chemistry Conference, pl6 (Sep. 20,
10 1991), 17th Proceedings of Fluorine Chemistry Conference
p21-22 (Sep. 21, 1992)).

There is a graphite material for an atomic
reactor, which comprises a carbon fluoride at a part or
all of its surface region or of pores of surface layer

15 (JP-B-31283/1981). This art directs to - graphite molding,
and is ‘technically different from carbon fluoride which is
used in the manner of additives to other materials.

The present invention has been completed from
those viewpoints,” and one object is to provide novel

20 carbon fluoride particles having an excellent
dispersibility and powder flowability and further a
controlable conductivity and charging property which are
not owned by the conventional carbon fluoride particles,
as well as a  water-repelling property, oil-repelling

- 25 property, lubricating property, non—adhesion, non-wetting

' property and stain resistant which are owned by the
conventional carbon fluoride perticles, said carbon
fluoride particles being carbon fluoride particles with a
low specific gravity in which the F/C as a whole is

30 maintained at a low level but the F/C at the particle
surface is high. ,

An object of the present invention is to provide
a process for preparing the novel <carbon fluoride
particles in which a consuming amount of expensive

35 fluorine gas can be reduced.

An object of the present invention is to
provide, as applications of the novel carbon fluoride, a
water— and oil-repellent, .a non-tackifying agent, a solid
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2 materials, and accordingly, the desired properties are not
sufficiently. The reason for this problefnis that commercially available

conmon

lubricant and an  agent for imparting

concuctivity.

Another object of the present invention is to
provide a composit material which is composed with various

5 other materials in various manners.

Another object of the present invention is to
provide an additive to toners which gives
effects that an amount of toners adhered to the -carrier
surface for developing electrostatic emage can be reduced

10 and that a ‘cleaning property of the toners remaining on a
" surface of a photoreceptor can be improved. S

Further object of the present invention is to
provide an additive to carrier coating in order to produce
a carrier for developing electrostatic image,

15 excellent in abrasion resistance and toner—-spent property

and does not yield irregularity in toner charge.

An object of the present invention is to provide
a fixing roller for developing electrostatic image,
does not <cause both the hot offset and electrostatic

20 offset.

An object of the present .invention is to provide
a gas diffusion electrode for a phosphoric . acid fuel cell
or an air battery, which has a small internal resistance

and a long life.

25 An object of the present invention is to provide
an alkaline battery wusing a hydrogen—absorbing alloy,
which is excellent in rapid charging and has a long

durability.

30 DISCLOSURE OF THE INVENTION

The present invention relates -to carbon fluoride
particles in which a number—average particle size
to 50 um, a content of particles having such a diameter
that the particle size distribution falls within the range

35 of the number—average particle size *20 % amounts to at
least 50 % of the whole, a true specific gravity is 1.7 to
25, a F/C of the particle as a whole is 0.001 to 0.5,
preferably 0.001 to 0.3,  particularly preferably 0.001
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conventional carbon fluoride particles are highly fluorinated throughout
the inner “portion to provide particles which are in whole in the form of
carbon fluoride. This results in (1) the specific gravity becom ng high
with values in the range from2.5 to 3.0, and (2) the particles being
broken irregularly during the fluorinatimg step due to stress in the whole
particle in order to produce a very wide particle size distribution“and to
create irregular particle shapes (due to wi dening of the (001) plane of
carbon fluori @e2upand 0a6 F/(D &tnnthm curtaee ofoft hthe | particke i aa palwagss in

Co 05 - gdE o e DHREC, FET) B8, P la, B VoaA) B¢, DA eg g of
have the desi m@fﬁﬂaﬂﬁrm%iwﬂt@\ regard to dispersibility and powder
flowability. The present invention also relates to a process
5 for preparing carbon fluoride particles, which comprises
pre—-heating at 350° to 600C a carbon powder in which a
number—average particle size is 0.01 to 50 um and a
content of particles having such a diameter that the
particle size distribution falls within the range of the
10 number—average particle size *20 % amounts to at least 50
% of the whole, introducing a fluorine gas, and then -
reacting the carbon particles with the fluorine gas at a
temperature of the above range.
The present invention relates to  various uses of
15 the above carbon fluoride particles, for example, to a
water— and oil-repellent, a non—tackifying agent, a solid
lubricant,' an agent for imparting electric conductivity,
an  additive to coating of carrier  for developing
electrostatic image, a composit material combined with
20 other materials and a fine composit particle coated with
other materials; and, using the above material, a fixing
roller, a gas diffusion eletrode, a phosphoric acid fuel
cell, an air battery and an alkaline battery.
The present invention relates to an additive to
25 toners for  developing  electrostatic image  comprising
carbon fluoride particles in which a number—average
particle size is 0.01 to 50 xm, a content of particles
having such a diameter that the particle size distribution
falls within the range of the number—-average particle size
30 +20 % amounts to at least 50 % of the whole, a true
specific gravity is 1.7 to 2.5, a F/C as a whole is 0.001
to 0.3, and a F/C at the surface is always larger than the
F/C as a whole and is 0.1 to 2.0.

35 BRIEF EXPLANATION OF THE DRAWINGS
Fig. 1 shows a diagramatic perspective view of
one embodiment of the construction of the phosphoric acid

fuel cell according to the present invention.
This Sheet Has Been Replaced
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S an
structure, and comprise a core portion of substantially

made of carbon and a shell portion which is thin and has a
large content of carbon fluorine, a F/C of the shell
portion is always larger than that of the core.

The reason why the carbon fluoride particles .of
the present invention s difficult to be  broken
nevertheless the F/C of the shell portion is large, is
assumed that since the carbon fluoride is present in a
relatively large amount in the shell portion, the stress
stops only near the surface region, and as’ explained in
the background arts, the stress does not go into the deep
portion, and thus the breakage would not be affected over
the whole of particle. '

* The carbon fluoride obtained according to the
present invention does not have a clear peak at and near
the angle of diffraction corresponding to (001) plane by
means of X-ray diffractometry, and even if a peak is
observed, such a peak is broad. This is assumed that,
depending on the kind of starting carbon, since the carbon -
fluoride exists thinly in the surface region of the

. Darticle, a sharp peak may not be observed.

The carbon fluoride in the present invention is

" generally obtainable by reacting various carbon materials

30

35

with fluorine, and substantially comprises an inorganic
polymer  carbon fluoride in  which carbon  atom s
chemically, . covalently bonded.

The carbon fluoride particles of the present
invention have a number—average particle size of 0.01 to
50 um.  When the number-average particle size becomes
smaller, a secondary  agglomeration tends to occur
strongly, and thus, at. the wuse, it is difficult to
disperse  uniformly in the materials. When larger, a
dispersibility becomes worse.  Preferred range is 0.01 to
20 4 m, more preferred range is 0.1 to 10 4 m.

In the present invention, the particle size

This Sheet Has Been Replaced
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t hus, as nentioned-above, the particles tend to break. Therefore, when

di spersing the particles into other materials, there remins a problem as
to dispersibility and the excellent |ubrication properties cannot be
obtained. Further, it is known that nodified cdrbon materials for conposite
material s may be prepared by treating-thg carbon surface with a fluorine
gas at -80 to 50C (JP-B-38686/1992). However, no real carbon fluoride is
obtained at the surface of the material, but only a weak sem -ionic CGF
bond whi ch codistmibution o apdr opthe | c romberravenage eplparticiet shset nee.

1 8 DEC 1997 determined in the following manners.
Particle sizes = of randomly selected 100
particles in an scanning electron microscopic photograph
5 are measured. From the number of particles of each
particle size is obtained a ©particle size distribution.
Then a number—average particle size is calculated from the
particle size distribution. .
| The carbon fluoride particles of the present
10 invention have a particle size distribution in which a
content of particles having such a diameter that the
particle size distribution falls within the range of the
number—average particle size *20 % amounts to at least
50 % of the whole. When the particle size distribution
15 becomes wider, a F/C as a whole and a F/C at the surface
are not uniform, i.e. particles having too high or too low
F/C bein'g present in the mixed manner in addition to the
particles having the desired F/C. Preferred particle size
distribution is that the particles having such a diameter
20 that the particle size distribution falls within the range
of the number—average particle size *20 % amounts to at
least 60 % of the whole, more preferablly at least 7 0 % of
the whole.
_ - The carbon fluoride particles of the  present
25 invention have a true specific gravity of 1.7 to 2.5. The
lower limit of the true specific gravity depends on a true
specific gravity of the starting carbon. When the true
specific gravity is larger than 2.5, the carbon fluoride
cannot maintain its spherical shape and 1is inferior in
30 dispersibility. Preferred true specific gravity is 1.7 to
2.3, more preferably 1.7 to 2.0.

A true specific gravity of the carbon fluoride
particles is measured by means of a usual method in which,
for example, ethanol described in  Hideaki Chihara,

35 “Butsurikagaku Jikkenho” 3rd ed. Tokyo Kagaku Dojin
(1988) is wused, and the particles in a pycnometer is

weighed. :
- The F/C of the particle as a whole resides

Sheet Has Been Replaced
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3 properties. Accordingly, the treated carbon (fluoride) does not exhibit
the water-repel’ling property which is typical for actual car EhinSlfebtlﬁainﬁRﬁlaced

In contrast, it becomes nore hydrophilic than the carbon mater
(Proceedings of 16th Fluorine Chem stry Conference, pl6 (Sept.
17th Proceedi ngs of Fluorine Chem stry (nference p21-22 (Sept. , ;

Al'so known is a graphite material for an atom c reactor, which conprises a
carbon fluoride at a part or all of its surface region or in pores of the

between 0.001 and 0.5. When the F/C is smaller, the
desired performance cannot be obtained, because an amount
of carbon fluoride is not enough. When larger, the
particle begins to break and thus does not maintain its
5 spherical shape, which results in bad dispersibility.
Preferred F/C is 0.001 to 0.3, more preferably 0.001 to
0.2.
In the present invention, a F/C of the particle
as a whole is measured as follows. _
10 Carbon fluoride particles are burned together
with a combusion improver Na,0, and a polyet}fylene film in
a flask filled with oxygen, and the produced hydrogen
fluoride HF 1is absorbed in water. An amount of the
produced HF is measured with fluoride ion specific
15 electrode ion meter (Ion Analyzer 901 of Orion Corp.).
From th‘e measured value, regarding all the remaining
portion of the carbon fluoride particle as carbon, a ratio
F/C of the number of fluorine atoms to the number of
carbon ‘atoms is calculated. @ The obtained value is a F/C
20 of the particle as a whole. .
The F/C of the carbon fluoride particle at the
surface 1is defined by the value obtained by the following
measuremant.
Fis spectrum (680 to 700 eV)and C,s spectrum
25 (280 to 300 eV) of a carbon fluoride particle are measured
with X ray photoelectron spectrometer (ESCA-750 of
Shimadzu Co., Ltd.). From a ratio of areas in the charts
corresponding to each spectrum, a ratio F/C of the number
of fluorine atoms to the number of carbon atoms at the
30 surface of the carbon fluoride particle is calculated.
The F/C at the surface is 0.1 to 2.0, preferably
0.3 to 2.0, more preferably 0.5 to 1.5.
The carbon fluoride particles of the present
invention are . excellent in dispersibility and powder
35 flowability. These properties are further improved when
the shape of the particle goes near sphere. Generally,
there is employed a degree of sphere which indicates how
approximate a particle is to be spherical. The carbon



surface | ayer (JP-B-31283/1981). This prior art is directed to graphite
nol dings,*and is froma different technical field than car bqnlsﬁllldacﬂagﬂamus ed

as additive to other materials. The present invention has be
starting fromthe above-di scussed vi ewpoints. One object is t
novel carbon fluoride particles having excekl ent dispersibili
flowability and farther a controllable conductivity and charging properties
(which are not obtainable with the -conventional carbon fluoride particles)
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car bon degree of sphere of t e carbon fluoride

particles of the present invention is defined by

5 (circumferential length of a circle which has the same

area as area of projected image of particle)/(length of

profile of projected image of particle), and is

specifically described in Kiichiro Kubo et al “ Funtai

Riron to Oyo” 2nd ed p50. Maruzen (1979). In an

10 exemplified method, it can be measured by using an image

analyzer (TVIP-4100 II of Nippon Avionics:- Co., Ltd.).

When a particle is perfectly spherical, a degree of sphere

is 1.0. When a particle is flattened or irregular, a
degree of sphere becomes small.
15 The preparation of the carbon fluoride particles

of the present invention can be carried out by pre-
heating, ‘to from 350° to 600C, carbon particles in which
a number— average particle size is 0.01 to 50 um and a
content of particles having such a diameter that the
20 particle size  distribution falls within the range of the
number—average particle size *20 % amounts to at least
50 % of the whole, introducing a fluorine gas, and
reacting the carbon  particles with fluorine at a
temperature of the above range for a given reaction time
25 to fluorinate the carbon particles. _

In the present invention, the reason why the
carbon  particles are  pre~heated to the  reaction
temperature is to fluorinate the surface of the carbon
particle within a short time at the constant temperature.

30 If the pre-heating is not carried out, the carbon
particles are gradually fluorinated from a low
temperature, which cannot provide the carbon fluoride
particles of the present invention.

In the process of the present invention, the

35 carbon particles having the given properties are
fluorinated at about 350°C to about 600°C for a given time
in the presence of  fluorine. When  the reaction
temperature is lower than about 350C, the surface of the



fluoride particles), said carbon fluoride particles having—a tow specific
gravity, a F/C as a whole at a low |l evel and the F/C at t Biis RRdef Fids BEen Replaced
surface at a high |evel. Another object of the present inve '

provi de a process for preparing such novel carbon fluori deﬂau‘mm&mﬂtﬂl
whi ch process the anmobunt of expensive- fllgor -ne gas needed ,
further object of the present invention is to provide uses of the novel

carbon fluoride, i.e. as a water- and oil-repellent, as a non-tackifying
agent, as a séarbomubrpashiclesnd ganpat agebr f guffigpentlyng eeacted ¢ with
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conposite materi gl which js conposed wt arious other haterials in
vari ous mannefténdency  that hermal  decomposition  reaction  occurs

preferently than the production of the carbon fluoride

5 particles. The reaction time varies with the reaction
temperature. When the reaction time 1is shorter, it is
difficult to  fluorinate the surface of the carbon
particles sufficiently and uniformly. When longer, the
fluorination also occurs inside the carbon  particle,

10 thereby the particles are broken to be in an amorphous
shape. Preferred reaction temperature varies :with a kind
and particle size of the carbon particles, and is 400° to
550C, more preferably 400° to 500C. The reaction time
is usually from one minute to six hours, preferably five

15 minutes to three hours, more preferably ten minutes to two
hours. ' '

According to the process of the present
invention, since the reaction is carried out within a
relatively short time under the particular reaction

20 conditions, the . obtained carbon fluoride particles have a
low F/C in the core portion and a high F/C at the surface
(shell portion) of the carbon particle.

The fluorine gas 1is  wusually introduced after

diluting with nitrogen, argon, helium, air or the like to
25 2 to 100 % by volume, preferably 2 to 50 % by volume, more

preferably 5 to 20 % by volume. To the dilution gas, Iif

necessary, are added oxygen, tetrafluorocarbon, hydrogen

fluoride and the like. After the reaction, the fluorine

gas is instantly purged with an inert gas, and then the
30 carbon fluoride particles are cooled.

The staring carbon particles used in the process
of the present invention have a degree of sphere equal to
that of the desired carbon fluoride particles. A degree
of shere of the carbon particles is generally 0.5 to 1.0,

35 preferably 0.8 to 1.0. '

Examples of the carbon particles to be
fluorinated in the process of the present invention are,
for instance, meso—carbon microbeads (MC) (carbon



Anot her object of the present invention is to provide an additive for

toners whicch gi‘'ves excellent effects in regard to that the ahd B
adhering to This is the replacenent sheet 4 the carrier su
devel oping el ectrostatic images is reduced and that cleaning

the toner remaining on the surface of-a jphotoreceptor is inproved. A
further object of the present invention'i's to provide an additive to

mliced

thermally treated at 2800°C available from OSAKA Gas Co.,
Ltd.; number—average particle size: 6 to 20 pum; content
of particles having such a diameter that the particle size
distribution falls within the number—average particle size
5 *#20 % : 50 % degree of sphere: 0.7 to 0.8; true specific
gravity: 2.1 to 2.2), fine thermal (FT) (available from
Asahi Carbon Co., Ltd.; number—average particle size:
0.09 um  particle size  distribution (particles falling
within the number—average particle size 20 %): 70 %
10 degree of sphere: 0.9 to 1.0; true specific gravity: 1.8
to 1.9), medium thermal (available from Colambia Carbon
Co., Ltd.; number—average  particle size: 0.35 ©m;
particle size distribution (particles falling within the
number—average particle size *20 %): 60 % degree of
15 sphere: 0.9 to 1.0; true specific gravity: 1.8 to 1.9),
acethylene black (Denka Black available from Denki Kagaku
Kogyo Cc'>.,, Ltd; number-avérage particle size: 0.04 4 m;
particle size distribution (particles falling within the
number—average particle size *20 %) 70 %  degree of
20 sphere: 0.9 to 1.0; true specific gravity: 1.8 to 1.9),
furnace black, and the like.

The carbon fluoride particles of the present are
excellent in powder flowability. Therefore, not- only when
using alone but also when using by adding to resins,

25 rubbers, films, paints, oils, aqueous solutions, greases,

' other various inorganic materials, and other various
metallic materials, the handling property is good, and as
mentioned hereinbefore, the dispersibility is also good.

Uses utilizing the water-repelling property are,

30 for instance, an additive for films, an additive for
resins, an additive for paints, and an additive for
rubbers, and an  additive: for plating dispersions.
Concrete examples are, for instance, an air electrode for
air battery, a gas diffusion electrode for phosphoric acid

35 fuel «cell, an anode  for closed-type secondary battery
having an anode of hydrogen—absorbing alloy, and the like.

Uses  utilizing the non—tackifying (releasing)
property are, for instance, an additive for films, an



carrier coatlngs in order to produce a carrier for developlng el ectrostatic
images, which is excellent in respect to abrasion resistanc t Has Been Replaced
t oner-spent properties and which does not lead to irregulari EI"" ﬂm
charge. Another object of the present invention is to provi d

roller for devel oping el ectrostatic idrages, -whi ch does not cause both, the
hot offset and electrostatic offset. Another object of the present
invention is to provide a gas diffusion electrode for a phosphoric acid

fuel cell or aaldatm/ebatfbﬁryresmsph aed aarsrrvdddltweerrf@k r pairgisan@adandna
long life. A f% : 1rve0b ct of Eger rese 'r(]:\éﬁnrt'ét%n IS to Prow de an for
al kal i ne di C <
instance, a fixing roller for electrostatic copying
machine, a resin molding die, and a releasing agent for
5 plastic molding, rubber molding, a die~cast article, a
glass article and a sintered alloy, and the like.

Uses utilizing the lubricating property are, for
instance, and an additive for lubricating oils and
greases. Examples of the lubricating oils are, for

10 instance, mineral oils such as naphthenic hydrocarbons,
paraphinic hydrocarbons and aromatic  ‘hydrocarbons;
synthetic oils such as olefinic polymerized oils,
diester oils, polyalkylene glycol oils, halogenated
hydrocarbon oils, silicone oils and phosphate oils;

15 and fatty oils. Examples of the grease are greases

" prepared by adding a metallic so0ap, bentonite,
silica ‘ gel, coper phthalocyanihe, allylurea and
fluorine~containing resin to a base oil such as the
above—mentioned mineral o0il or synthetic oil . |

20 Concrete examples are an engine oil for cars, a
wheel bearing grease, a graphite grease, a lubricant for
drawing of metal, and the like.

The carbon fluoride particles have a surprising
property, i.e. controllable electric conductivity. Carbon

25 nparticles such as carbon black are electrically
conductive, but the fluorinated carbon becomes an

insulator. Though the conductivity remains in an
incompletely fluorinated carbon to some extent, since the
carbon is fluorinated  as a whole, the remaining
30 conductivity is low, and is not enough to provide an
additive utilizing as an agent for imparting

conductivity. The carbon fluoride particles of the
present invention have, as mentioned above, the core~shell
structure, and the shell portion is a very thin carbon

35 fluoride layer. Therefore, it is assumed that the
conductivity of carbons of the core portion is not so
lost.

Accordingly, the «carbon fluoride particles of



battery using a hydrogen-absorbing alloy, which is excellent in rapid

charging and has a long durability. DI SCLOSURE OF THE | NVE 1y\pheeh Ha laced
invention relates to carbon fluoride particles in which the n ﬂmt ll

di ameter that the particle size distr-bd8iom falls within the range of the
nunber - average particle size +/-20 % anounts to at | east 50 % of the whol e,

particle size is 0.01 to 50 pm the content of particles havi

in which the true specific_ gravity of the particles is 1.7 to 2.5,

i n which

the F/C ratiothbe tBEessmt i sheentiona el durther ode  spplisd pref bl yise. 001
to 0.3, parti g¢iigzing Prigfeer adbotrde 00donduétivityand ERambledh dfe khe rasko at

t he surface of the particles |

al ways 1 arger .t han .
utilizing the con?iucjuvn\:/y are? for instance, a conductive
paint, an antistatic resin composition, an  antistatic

5 container for  semiconductor tip, an  antistatic

abration resistive sheet, a cleaning

brushing a photosensitive - drum of electrostatic

and
for

copying

machine, a fixing roller of electrostatic copying machine,
a toner or carrier for electrostatic copying machine, a

10 variable resistor, a gas diffusion electrode
phosphoric acid fuel <cell, an air electrade

for
air

battery, a surface treating agent for hydrogen—absorbing

alloy in alkaline battery, and the like.

Though the carbon fluoride particles
15 solely applied to various wuses utilizing their
properties, by combining with other materials,

can be
excellent

is

possible ‘to endow the specific functions of the carbon
fluoride particles of the present invention, with the other

materials:

20 Examples of the composit materials are,

for

instance, composit materials in which the carbon fluoride
particles are added and dispersed into solid materials

such as resins, rubbers, metals, ceramics and

liquid materials such as oils, organic solvents,
25 various aqueous solutions. As the resins,

carbons,
water and

are

employed resins which can be endowed with the specific

functions of the carbon fluoride. Examples
synthetic resins are phenol resin, wurea resin,

resin, fluorine—containing resin, acetal
30 polycarbonate, polyamide, polyimide,
polyphenylene sulfide, silicone  resin  and
Examples of the rubbers are styrene-butadiene
chloroprene rubber, neoprene rubber, nitrile
ethylene~propylene~butadiene rubber, and

35 Examples of the metals are aluminium, titanium,

lead, tin, copper, zinc, and the like. Also,

the

€poxXy”
resin,
polyester,

like.

rubber,
rubber,

like.

nickel,
alloys such

as duralmin, stainless steel and hydrogen—absorbing alloy

may also be employed. Examples of the ceramics are

SiC,



the F/C as-a whole and is 0.1 to 2.0, preferably 0.3 to 2.0 e present
invention also telates to a process for preparing carbon fl uqﬁiggiﬁetﬂasBeenReilaced

particles, which conprises pre-heating at 350[err] to 600C a
W th a nunber-average particle size of 0.01 to 50 pm and vvithcl
particles having such a dianeter that-theg4pasticle size distri all's

within the range of the This is the replacenent sheet Date:

10

15

20

25

30

35

SigNi,, BN, ALN, PbSnF,, as well as oxides such as
alumina, zirconia, yttria and titania, and the like.
Examples of the «carbons are meso— carbon microbeads,
needle coke, carbon black, pitch, tar, and the like.
Examples of the oils are mineral oils and systhetic oils
such as polyolester oils as well as fluorine~containing
oils such as  perfluoropolyether and CTFE  oligomer.
However, oils which contain an amine additive are not
preferable.  Examples of the organic solvents are alcohols
such as  ethanol, hydrocarbons such as benzene, halogenated
hydrocarbons (hydrogen atom may be contained in the
molecule), and the like. Examples of ~the aqueous
solutions are aqueous solutions containing a surfactant,
more specifically a plating solution, and the like.

A composit with a solid material can be
prepared, for example, by dispersing the., carbon fluoride
particles “as a solid material in a proper organic solvent
or aqueous solution, and as it is or after coating, drying
the dispersion to remove the organic solvent or the like.
If necessary, a post—treatment such as sintering may be

carried out. There may be employed other method that the

solid material may be obtained by once preparing the fine
composit particles as mentioned  hereinafter, powder—
coating or compression-molding the particles, and if
necessary, post—treating like sintering. According to
this method, there can be provided in the form of thin
film such as film, porous membrane or coating and molded
article. . : |
A composit with a liquid material can be
prepared, for ex_ample, by dispersing the carbon fluoride
particles in a liquid  material with an  ultrasonic
dispersing machine. If necessary, an additive such as a

surfactant may be added. The liquid composit may be in

the form of paint, spraying solution, plating solution,
lubricating oil, grease and the like. _
Further, it is possible to prepare fine composit
particles by coating solid particles with the ‘carbon
fluoride particles of the present invention. Examples of

18 DEC 1997



nunber - average particle size +/-20 % anounting to at |east 50 % of the
whol e, introducing a fluorine gas, and then reacting the carbon particles
with the fluorine gas at a tenperature of the above-nentioned range. The
present invention relates to various uses of the above carbon fluoride
particles, for exanple, for a water- -andsoil-repellent, a non-tackifying
agent, a solid lubricant, an agent for inparting electric conductivity, an
additive to coatings of carriers for devel oping electrostatic i rrages a
conposi te nat éhieal solidi nepanticlas ot fere, matferi aligstantes flmmorrmx'rtt es,

Paterial s a fontst” o ﬁgééraéaﬁﬁﬁs.oﬁﬁf‘f@%%?ﬁe B s Eitles,
fuel cell, anC&FbOBat@éWlC& adngl kdihiene lilggyt ¢ eUpable partlcle size 1is
within the range of 0.1 to 500 uxm, and the shape of the.
5 solid particle may not be spherical. Preferred method for
coating with the «carbon fluoride particles 1is, for
example, a method in which an impact mixing method or a
mixing with agitation is conducted with an impact surface
improving machine or a high speed agitation type mixer
10 (dry type). The fine composit particles are suitably
available for the wuses such as a watei~ and -oil-
repellent, a non—tackifying agent, a solid lubiricant, an
agent for imparting electric conductivity and the like,
and more specificallyy, a powder paint for electrostatic
15 coating, a powder for flame spraying, a powder for powder
metallurgy, an  additive for  plating dispersion, an
additive ‘ to toner for developing electrostatic image, an
additive to resious <coating of «carrier for developing
electrostatic image, a hydrogen—absorbing alloy electrode
20 of alkaline battery in which hydrogen—absorbing alloy is
used, a lubricant for draw—processing of metals, an
additive to coating of a fixing rollers, and the like. |
The carbon fluoride particles of the present
invention is particularly wuseful as an additive to tomer
25 for developing electrostatic image. Hitherto, in order to
prevent the toners from adhésion to the surface of the
carriers and the surface of the photoreceptor, carbon
fluoride particles have been added to the toners. However,
the adhesion—preventing effect in the prior methods is
30 insufficient, because the carbon fluoride particles
obtained by the prior methods are bad in powder
flowability due to their irregular shape and wide particle
distribution, and thus is mnot sufficiently dispersed into
the toners. The carbon fluoride particles of the present
35 invention are excellent in dispersibility and powder
flowability, and are an additive. to toner which has not
been found in the prior arts.
—  Namely, the present invention also relates to an

eet Has Been Reraced
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The presént invention relates in particular to an additive to toners for
devel oping el ectrostatic inmages conprising carbon fluoride particles as

defi ned above. BRI EF EXPLANATI ON OF THE DRAWNGS Fig. 1 shows a

di agrammatic perspective view of one enbodi ment of the construction of a
phosphoric acid fuel cell according +o Lfe present invention. PREFERRED
EVMBODI MENTS OF THE | NVENTI ON The carbon fluoride particles of the present
invention are particles having so-called core-shell structure, and conprise
a core porti caddigbee anttcal | ytmmie ofoxrar bdeveloping sheﬂlecq:r@statm whimages

thin and has ghBFREnsONt A OlafBERON ALMAHENE: particles in which a
number—average particle size is 0.01 to 10 um, preferably
0.1 to 10 um a content of particles having such a
5 diameter that the particle size distribution falls within
the range of the number—average particle size 20 %
amounts to at least 50 % of the whole, a true specific
gravity is 1.7 to 2.5, the F/C of the particle as a whole
is 0.001 to 0.3, and the F/C of the particle at the
10 surface is always larger than the F/C as a whole and is
0.1 to 2.0. i

The carbon fluoride particles used in the
additive to toner for developing electrostatic image of
the present invention is the same as the carbon fluoride

15 nparticles of the present invention except that the number-
average particle size is 0.01 to 10 zm =~ When the number-
average particle size of the carbon fluoride particles is
larger than 10 uzm, there is a tendency that, since the
particle size becomes near the particle size of the

20 toner, the characteristics of the toner cannot be
exhibited sufficiently.

Since the additive to toner for developing
electrostatic image of the present invention has a uniform
shape, a narrow particle size distribution and a small

25 true specific gravity, the additive is excellent in powder
flowability and dispersibility' and thus are uniformly
dispersed in the toner. As a result, since the surface of
the additive to toner 1is fluorinated, the adhesion—
preventing effect of toner to the carrier surface and the

30 removability of the remaining toner on the photosensitive
drum can be improved.

. The additive to = toner for developing
electrostatic image of the present invention is used by
adding to the toner with which usual components are

35 blended. Examples of the usual components which constitute
the toner are, for instance, a binder resin, a coloring
agent, and the like.

An amount of the additive to toner for

is Sheet Has Been Reﬂlaoed
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the F/C of the shell portion being always |arger than that of the core. The

reason for the ‘carbon fluoride particles of the present i nverhisiShét BRiB&h Repl

difficult to be broken despite of the large F/C of the shell

assumed to This is the replacenent sheet Date: 18 DEC 192'E,!m
since the carbon fluoride is present +n ¥ retatively large a

L

shell portion, the stress stops only near the surface region, and as

expl ained in the

developing electrostatic image 1is 0.01 to "~ 10 parts by

weight to 100 parts by weight of the toner.
amount, the characteristics of the toner

When larger
cannot  be

exhibited, and when smaller, effects of the additive
5 cannot be obtained. Preferred amount is 0.1 to 3 parts by

weight.

Examples of the binder resins are, for instance,
homo- or co—polymers of styrenes such as styrene,

chlorostyrene and vinylstyrene; monoolefins

such as

10 ethylene, propylene,  butylene and isobutylene; vinyl
esters such as vinyl acetate, vinyl propienate, vinyl

benzoate, vinyl  ©butylate, vinyl propionate

and vinyl

benzoate; esters of « -methylene aliphatic monocarboxylic
acids such as methyl acrylate, ethyl acrylate, butyl
15 acrylate, dodecyl acrylate, octyl acrylate, phenyl
acrylate, methyl methacrylate, ethyl methacrylate and
butyl methacrylate; vinyl ethers such as . vinyl methyl

ether, vinyl ethyl ether and vinyl butyl

ether; vinyl

ketones such as vinyl methyl ketone, vinyl hexyl ketone

20 and vinyl isopropenyl ketone; and the

specifically, polystyrene, - styrene—alkyl
copolymer, styrene~maleic anhydride
polyethylene, polypropylene, and the like. As
resins, there may also be employed

25 polyurethanes, epoxy resins, silicone resins,

like, - more
acrylate
copolymer,
the binder
polyesters,
polyamides,

modified rosins, paraffins and the Ilike. Examples of the
coloring agents are, for instance, carbon black, Nigrosine
dye, Aniline Blue, Karcoil Blue, Chrome Yellow,
Ultramarine Blue, Dupont OQil Red, Quinoline  Yellow,
30 Methylene Blue Chloride, Phthalocyanine Blue, Marakite
Green Oxalate, Camp Black, Rose Bengal, and the like.
The additive to toner for developing electrostatic image
of the present invention can also be used by adding to
magnetic toners containing magnetic materials. The

35 additive to toner for developing electrostatic

image can

exhibit their effects with respect to both negatively

charged toner and positively charged toner.

In addition,

the additive to toner for developing electrostatic image

ilced




di scussion of the background prior art, the stress does not go into the
deep portion, and thus the breakage (cI eavage) will not spdhisf mﬁ i‘m'i‘“d

‘particle. The carbon fluoride obtained according to the pres
does not have a clear peak at and-near the angle of diffract

corresponding to the (001) plane by meapg af X-ray diffractonetry, and even
If a peak is observed, such a peak is broad. It is assuned that, dependi ng
on the kind of starting carbon, a sharp peak nay not be observed because

t he carbon flhag izde effect asoal ghafg'ea-lqonitﬁomm szgreha,ce regi on of the

bt ai nabi & by roacting DS o6 bR b0 RIS pattiles {lohr BEE°, fire¥ent
subst ant i al I yinvempiorses ane  particularly useful as an additive  to
resinous coating of carrier for developing electrostatic

5 image. Conventionally, in order to improve the- abrasion
resistance of the carrier and the toner spent, carbon
fluoride particles have been added to the resinous coating
of the carrier for  developing  electrostatic  image.
However, since the prior carbon fluoride particles have an

10 irregular shape, the powder flowability thereof is bad and
the adhesion to the carrier is insufficient, and thus the
particles tend to be broken due to friction or the like.
In addition, since the particle size distribution is wide,
the difference of the F/C is large among the individual

15 particle, and, as a result, the toner charge varies
widely.  Further, carbon fluoride particles having a large
particle size tend to be peeled off from the carrier. The
carbon  fluoride particles of the present invention,
however, have a uniform particle size and are excellent in

20 powder flowability, and futher have a narrow particle size
distribution, which can provide a novel excellent
additive to coating of carrier. _ '

Namely, the present invention also relates to an
additive to resinous coating of carrier for developing

25 electrostatic image comprising the carbon fluoride
particles, in ~which a number—average particle size is 0.01
to 50 um  opreferably 0.1 to 50 um a content of
particles having such a diameter that the particle size
distribution falls within the range of the number—average

30 particle size +20 % amounts to at least 50 % of the whole,
a true specific gravity is 1.7 to 2.5, the F/C of the
particle as a whole is 0.001 to 0.3, and the F/C of the
particle at the surface is always larger than the F/C as a
whole and is 0.1 to 2.0.

35 Since the additive to coating of the carrier
has a shape near sphere, a uniform particle size and a
narrow particle size distribution, the additive has a good
adhesion to the carrier core and has less possibility of




E—————— T o

I norgani ¢ pol ynmer carbon fluoride in which the carbon atons are chemcally,
coval ent bonded. The carbon fluoride particles of the predgrishetrtios Bedn®aplaced

have a nunber-average particle size of 0.01 to 50 [err]m Iﬂmwml IH“l

nunber - average particle size becones snmaller, a secondary

tends to occur strongly, and thus, when gpplying, it is difficul 0

di sperse the particles uniformy in the materials. If it is |larger,

di spersibility beconmes worse. A preferred range is 0.01 to 20 [err]m a

nore preferredyéalade dff OwhehO abFalledr ] nThen ddditireesem ibeveprdditted hat

par Ll e ST 7e ) SR I cRap, WABEAe 2 4° Bl Bt 5 *Hlorine
content. Therefore, it is possible to improve the
abrasion resistance of the carrier and the toner spent at

5 a low cost.

The carrier for developing electrostatic image
comprises a carrier core on which coating made of resin is
provided. The coating contains the additive to coating of
the carrier of the present invention. :

10 The carbon fluoride particles of the additive to
coating of the carrier of the present invention are the
same as the carbon fluoride particles of the present
invention. :

The carrier core has a particle size of about 30

15 to 500 g m. Usually a total amount of the resin and the
carbon fluoride particle is 0.1 to 10 parts by weight to
100 parts' by weight of the carrier core.

As a method for coating the carrier core with
the resin containing the carbon fluoride particles, there

20 are the wet method and the dry method. In the wet method,
a coating solution is used. In the dry method, the
carrier core particles, the carbon fluoride particles and
the resin particles are admixed with agitation or are
subjected to the impact—mixing. _

25 Since the carbon fluoride particles have the
water-repelling  property; the 'latter dry method is
preferred. Examples of the machines wused in the dry
method are impact type surface improving machines such as
Hybridizer (available from Nara Kikai Seisakusho) and

30 Mechanomill (available from Okada Seiko), high speed
agitation type mixers such as Laboratry Matrix (available
from Nara Kikai Seisakusho), Vertical Granulator
(available from Fuji Sangyo) and Spiral Flow Coater
(available from Froint).

35 According to the carbon fluoride particles of
the present invention, a charging characteristic of the
particle can be controlled to some extent by controlling
the degree of the F/C at the surface. For example, since




Particle sizes of randomy selected 100 particles are neasured in a
scanni ng €l ectron m croscope photograph. Fromthe nunber of particles of
each particle size a particle size distribution is obtained. Then a
nunber - average particle size is calculated fromthe particle size

di stribution. The carbon fluoride paLlicé@s.pf the present invention have a
particle size distribution such that the content of particles having such a
dianeter that the particle size distribution falls within the range of the

nunber - aver ageyRent ittlee BACG eafihthe! Sukfdcd ol daegent theepartieles dBoWEG
1997 . . .
strong  negative charge, the carrier for  developing
electrostatic image is usually a negatively chargable
carrier which endows the toner with positive charge. The
5 charge characteristic also depends on the charge
characteristic of the resin, and  therefore a positively
chargable carrier can be obtained depending on the F/C at
the surface of the carbon fluoride particles contained in
the resin and on the content of the particles. Examples
10 of the resins are fluorine-containing resins and silicone
resins for the nagatively chargable carrier; and the
styrene—acrylate resin for the positively chargable
carrier. .
The carbon fluoride particles of the present
15 invention have a similar certain electric conductivity.
It is kr}own that toners having a conductivity to some
extent are generally excellent in reproducability of image
or the like. '
A content of the carbon fluoride particles in
20 the resinous coating is in the range of 0.5 to 65 % by
" weight. When the content of the carbon fluoride particles
is smaller, the obtained resinous coating - is inferior in
abrasion resistarice, and when larger the dispersibility of
the carbon fluoride particles is worse and the carbon
25 fluoride particles tend to be peeled off easily from the
carrier surface. Preferred content is 5 to 40 % by
weight. .
As materials of the carrier core used in the
present invention, there may be wused sands, glasses,
30 metals, and the like. Preferred materials are substances
which are strongly magnetized by magnetic field in the
direction of the magnetic field such as ferite, magnetite,
ferromagnetic metals such as iron, cobalt, nickel, alloys
containing the metals and compounds of the metals; alloys
35 which do not show such a ferromagnetic property but show a
ferromagnetic  property when  heat—treating appropriately
such as manganese—-copper—aluminium and manganese-coppef—
tin; chromium dioxide; and the like. | —_—
cet Has Been Reilaced
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7 +1-20 % anounts to at |least 50 % of the whole. If the particle size

distribution becomes wider, F/C as a whole and F/C at the sﬂﬁmﬂmﬁfﬂﬁﬁi‘rd

uniform i.e. particles having too high or too low F/C are p

m xture in addition to the particles having the desired F/ C.

1

particle size distribution correspondsgfo-an anount of particles having
such a dianeter that the particle size distribution falls within the range
of the nunber-average particle size +/-20 % of at |east 60 % of the whole,
.nore preferably at |eastPrdfetred té&eampldse. of the resin materials are,

for instance, fluorine—containing resins such as
polyvinylidene fluoride, polytetrafluoroethylene,
polychlorotriﬂuoroethylehe, polytrifluoroethylene,

5 vinylidene fluoride~-tetrafluoroethylene copolymer,
tetrafluoroethylene—hexafluoropropylene copolymer,
tetrafluoroethylene—perfluoro(vinyl ehter) copolymer,
tetrafluoroethylene—ethylene copolymer, vinylidene
fluoride—tetrafluoroethylene—chlorotrifluoroethylene

10 copolymer, vinylidene - fluoride—tetrafluoroethylene—
hexafluoropropylene copolymer and  vinylidene  fluoride-
chlorotrifluoroethylene copolymer; . fluorinated (meth)
acrylate resins represented by the formulae: '

15 llh -

CH:=C90CHaCnF4n+1_
0

and

20

llh
CH:-"CQOCH:C“FMH H
0
25 styrene resins; styrene—alkyl (meth)acrylic resins;

(meth)acrylic resins; = epoxy reins; polyethylene resins;

polypropylene  resins; polybutadiene  resins; polyurethane
resins; polyester resins; polyamide resins; polycarbonate
resins; silicone resins; and the like.

30 - The present invention further relates to a

fixing roller of a heat roller fixing machine for an
electrostatic copying nmachine, which is coated with a
composit material in the form of film or paint to which
the present

is added the «carbon fluoride particles of
35 invention.

In the electrostatic copying

machine, a

recently, popularly used method for fixing a toner image
formed on paper is a method with a heat roller. This



The carbon fluoride particles of the present invention have a true specrfrc

gravity of 1.7 to 2.5. The lower linmit of the true specific
on a true specific gravity of the starting carbon. If the tr I |
gravity is above 2.5, the carbon fluoride particles cannot

spherical shape and are inferior in drspﬁrbrlrty A preferred true
specific gravity is 1.7 to 2.3, nore preferably 1.7 to 2.0. The true
specific gravity of the carbon fluoride partrcles i s measured by neans of a

t sur h ed.
Tokyo Kagaku Doy (186) ﬁ‘f‘*ﬁﬁkb@fﬂféﬁs 1B 3t b SWIBER" %, S
particles are BedlS n dhsough two t1ghtly contacted rollers, one
or both of wh1ch being heated from the inside, thereby the

toner image is fused on the paper.

5 This fixing method has various adventages such
as a high speed operation and a high heat efficiency in
comparison with other method like oven type. Accordingly,
in almost of the recent -electrostatic copying machines,
such a fixing method with these rollers is employed.

10 Generally a fixing roller is produced by coating a surface
of  the roller made of a metal such as Zluminium or
stainless steel with a non-adhesive substance such as
'fluorine—containing resin in order to prevent from offset.
' In case of fixing by using such -a fixing roller,

15 when an-image of toner powder which is positively charged
is fixed, by contacting with a roller coated with a

fluorine—containing  resin, since the  fluorine—containing
resin is nagatively charged due to its lower abrasion
charging property, the positively charged toner is

20 electrically absorbed to cause the electrostatic offset,
and thus the part of the image is not fixed.
In order to avoid this~ phenomenon, there has
been proposed a fixing roller which is coated with a
fluorine—containing resin in which electrically conductive
25 materials are dispersed (JP-A-55374/ 1980). However, this
conductive material (mainly carbon) is not good in
releasing property. Therefore, when the conductive
material appears on the surface of the fluorine~containing
resin coating of the roller, the toner adheres to the
30 appeared portion to cause the hot offset, which results
not only in stain of the fixed image but also in
shortening of the usable duration of the fixing machine,
thereby early change of the fixing roller is required.
In order to prevent the occurance of both the
35 . electrostatic offset and the hot offset, a fixing roller
is proposed that prepared by previously surface-treating
the conductive materials with a substance having a low
surface energy, dispersing the surface-treated conductive



The F/C of the particles as a whole is between 0.001 an 5. If the F/F
smal l er, the desired perfornmance cannot be obtai ned, becanﬁﬁhbdn

carbon fluoride is not sufficient. If above 0.5, t he parti »

y O. 001 to

break and thus do not nmintain a spherical shape, which re
di spersibility. A preferred F/Cis Q.00Jatq. 0.3, nore prefera
0.2. In the present invention, the F/Cof the particle as a whole is
nmeasured as follow ng. Carbon fluoride particles are burned together with a
combustion i nippeaenld er ihto andhe Pofluekine-ebAatdiningi N resthaskahdl | eghen th
oxygen and the roducquehydr en fluogide Hv's:ntlhs agﬁgrb%ﬂuorme—contau-irm ,
anount of pr %d suriace g
' resin (JP-A-17080/1989). When using a wusual wet surface—
treating agent 1is used, though both the -electrostatic
5 offset and the hot offset can be prevented temporarily, a
sufficient preventing effect cannot be obtained for a long
time at a high temperature of about 200°C.
There have been proposed some fixing rollers
surface of which 1is coated with a fluorine-containing
10 resin in which a carbon fluoride is dispersed. For
example, in JP-B-44224/1988, there has beer.x:" proposed a
fixing roller coated with a fluorine-containing resin
containing a carbon fluoride in a content of 1 to 25 % by
| weight. ‘However, since the carbon  fluoride is
15 electrically insulative, though the prevention of hot
offset az}d the abrasion resistance may be improved, the
occurance of electrostatic offset cannot be prevented. In
JP-A-224366/1983, there is disclosed that a carbon
 fluoride in which an unreacted portion is remained can
20 also be wused. Actually, however, the releasing property
(prevention of hot offset) and the improvement of abrasion
resistance are insufficient, and the roller is decidedly
inferior "to the carbon fluoride in which no wunreacted
portion is remained. Further, it 1is silent about the
25 opreventing effect of electrostatic offset as a conductive
material.
In JP-B-59468/1990, on the other hand, there has
been proposed that a carbon fiber is added as a conductive
material and that for improving an abrasion resistane a
30 carbon fluoride is added. = However, according to this
proposal, not only the preparation step is made
complicated due to the use of two additives, but also it
is difficult to disperse uniformly and to coat uniformly.
Acturally, as described in that specification,
35 the abrasion resistance is somewhat improved by that
carbon fluoride, but the electrostatic offset is. not
‘prevented.

The fixing rqller of the present invention can



with a quorlde ion specific electrode ion neter (lon Analyzer 901 of Orion
Corp.). Fromthe neasured value, regarding all the renmmislsgeemgsmb& Lceahe

carbon fluoride This is the replacenent sheet Date:

particle as carbon, a ratio F/ C of the nunber of quorlne mw| UI

nunber of carbon atons is cal cul ated— Tl@Bd obt ai ned val ue

particle as a whol e.

10

15

20

25

30

35

effectively prevent the ©both offsets, ie.  electrostatic

offset and hot offset, and can maintain such an effect for
a long time, and further is excellent 1in abrasion
resistance and heat conductivity. _

The carbon fluoride particles used in the
present invention as an electric conductive material and a
releasing material have a number—average particle size of
0.01 to 50 um A content . of particles having such a
diameter that the particle size distribution falls within
the range of the number—average particle size *20 %
amounts to at least 50 % of the whole. When a ratio of
fluorine atom to carbon atom is represented’ by F/C, the
F/C as a whole is 0.001 to 0.5, and the F/C at the surface
is always larger than the F/C as a whole and is 0.5 to
2.0.
- The carbon fluoride particle is a particle
having S&o—called core-shell structure, and comprises the

core portion of carbon which is substantially electrically

the

conductive and the shell portion having a large amount of

carbon fluoride which is low in electric conductivity but
has a very low surface energy, i.e. a high hot offset
preventing effect, in which the F/C of the shell portion

being always larger than that of the core portion.

The carbon fluoride particle of the - present
invention has the F/C as a whole of 0.001 to 0.5. When
this F/C is smaller, an amount of the carbon fluoride is
not enough to obtain the hot offset preventing effect, and
when larger, an electric conductivity is too low to obtain
the electrostatic offset previnting effect. Preferred F/C
is 0.001 to 0.3. |

The composit material for the fixing roller of

-the present invention is prepared by dispersing the- carbon

fluoride - particles into the matrix resin or matrix rubbers
and is formed in film or paint.

Preferred examples of the matrix resins are, for
instance, polyolefin resins such as polyethylene and
polypropylene, and fluorine—containing resins. Examples
of the fluorine—containing resins wused in the present



The F/ C of the carbon fluoride particle at the surface is defined by val ues
obt ai ned using the follow ng nethode of neasurenent. THis H

(680 to 700 eV) and the [err] spectrum (280 to 300 eV) koride
particle are measured with a X-ray photoel ectron spectr 0 of
Shi madzu Co., Ltd.). Froma ratio of _ar?gs Ln the charts correspondi ng tio

each spectrum a ratio F/C of the nunber“of fluorine atons to the nunber of
carbon atons at the surface of the carbon fluoride particle is calcul ated.

The F/C at thenpertfiaae | SaPel t OpdlyRetPifbhic¥rithyléhe? t 0 doPolyimers of
preferably 0.15: é{aﬂ[. S, '{Rg{lcl?r bonwiltﬁorl dgt partlégsltes ofontehe p(r)Fsentother
i nvention ar e ' @YE YR IENE

copolymerizable ethylenically  unsaturated  monomer (for
example, olefins such as ethylene and propylene,
5 halogenated olefins such as ‘hexafluoropropylene,
vinylidene fluoride, chlorotrifluoroethylene and vinyl
fluoride, perfluoroalkyl vinyl ethers); polychloro—
trifluoroethylene;  polyvinylidene fluoride;, and the like.
Particularly preferable fluorine—containing resins are
10 polytetré.ﬂuoroethylene,' copolymers of tetrafluoroethylene
with at least one of hexafluoropropylene, perfluoro(methyl
vinyl ether), perfluoro(ethyl vinyl ether) and
perfluoro(propyl vinyl ether) (containing generally in an
amount of not more than 40 % by mole with respect to

15 tetrafluoroethylene), and the like.
As the rubbers, silicone rubbers or. fluorine—

conta'.ininé rubbers are preferred. The fluoro—containing
rubbers wused in the present invention are  highly
fluorinated ‘elastic . copolymers, and particularly
20 preferable fluorine—containing rubbers are elastic

copolymers of generally 40 to 85 % by mole of vinylidene
fluoride with at least one of other - copolymeriable
fluorine—containing ethylenically unsaturated monomers.
The fluorine—containing rubber which contains iodide in
25 the polymer chain is, for instance, a fluorine—containing
rubber which mainly comprises an elastic copolymer of, as
mentioned above, 40 to 80 % by mole of vinylidene fluoride
with at least one of other copolymerizable fluorine—
containing ethylenically unsaturated monomers, said
30 copolymer being containing 0.001 to 10 % by weight,
preferably 0.01 to 5 % by weight of iodide at its polymer
end (JP-A—-40543/1977). Typical examples of° the other
ethylenically unsaturated monomers which are copolymerized
with vinylidene fluoride to provide the elastic copolymers

35 are hexafluoropropylene, pentafluoropropylene,
trifluoroethylene, ' trifluorochloroethylene,
tetrafluoroethylene, vinyl fluoride, perfluoro{(methyl

vinyl ether), perfluoro(ethyl vinyl ether),



di spersibility and powder flowability. These properti i es ar are furt-F\_e_r
i mproved if the shape of the particles is al nost spherﬂ:ﬁﬁiﬁf g

there is enployed a degree of sphere which indicates h
particle is spherical. The carbon fluoride particles of 4
invention usually have a degree of spherggof-0.5 to 1.0, preferably of 0.8
to 1.0. The degree of sphericity of the carbon fluoride particles according
the present invention is defined by the quotient of the circunference of a
circle, which pafludeo(propyhr eximyl a erhgroct edndmag;éleof likear t Patrtaculardy

(ne o1 curt o egetinty® PIGAESABIR B 2adC | Sigylidene
ed. p50. Mar uzfénorllcg#@)exaﬁkm@rﬁpmpmf i ed n@haa ti¢ it copolymer and
vinylidene _ : fluoride/tetrafluoroetylene/

5 hexafluoropropylene elastic copolymer.

An amount of the carbon fluoride particles is,
in case of film, 0.1 to 50 % by weight, preferably 1 to
20 % by weight, and in case of paint, 0.1 to 50 % by
weight in the dry coating, preferably 1 to 20 % by weight.

10 As a production process of the fixing roller, there is
employed a usual process.

As mentioned above, since the fixing roller of
the present invention is provided on its surface with the
coating containing the novel coarbon - fluoride particles

15 having both electric conductivity and low surface energy,
both the electrostatic offset and the hot offset can be
effectively prevented, and such an effect can be
maintained for a long time. Further the coating is
excellent in abrasion resistance. In addition, since a

20 large amount of the carbon fluoride particles can be
incorporated to the fluorine—containing resin, the heat
conductivity can be improved, whereby the thickness of the
coating can - be increased. From the above—mentioned
‘synergistic effects, the fixing roller having an epoch-

25 making long life can be provided.

The present invention further relates to a gas
diffusion electrode comprising an electrode on which
surface a layer of a composit material containing ‘the
carbon fluoride particles of the present invention, a

30 fluoro resion and a catalyst is provided. |

The gas diffusion electrode of the present
invention is useful in the battery field as an electrode
for an alkaline, sulfuric acid or phosphoric acid fuel
cell and as an air electrode for an air battery such as

35 zinc/air battery; and in the industrial electrolytic
' field, as a hydrogen generating electrode in the salt
electrolysis, 'an electrode for depolarization by 6xygen,
an chloride generating electrode, an anode for water




can be rreasured by using an i mage anal yzer (TVI P—4100Thlgs&gtﬁggg&g Hig&@ni CS

Co., Ltd.)." If a particle is perfectly spherical the d city
is 1.0. If a particle is flattened or irregular, the: dagl C|ty

beconmes snmall. The preparation of the carbon fluoride

present invention can be carried out by pre-heating (to terrperatures from
350[err] to 600[err]) carbon particles in which the number-average pdrticle
size is 0.01 to 50 [err]mand the content of particles having such a

di ameter that electpelydis| e oxi zeelbicttoplatinggn fands thes ildké.he rTheacermnt

sheet Date:  hifrd$h19ectrode is an electrode which reacts in the
interface of gas/liquid/solid three layers, ie. the gas
layer which relates to the reaction on an electrode, and
5 the solid layer and the electrolyte layer which has a role
as an electrode catalyst to accelerate the electron
transferring and the reaction on the electrode.
Accordingly, in order to 'improve performances of the gas
diffusion electrode, it is necessary to increase the
10 interface of the three layers by controlling the gas
permeable water-repelling area and the hydrophilic area
where the electrolyte can exist. In the prior art, as
materials for the water-repelling area, therre are used a
fluorine—containing resin such as typically
15 polytetrafluoroethylene, and a water—repelling carbon
black such as typically acethylene black. The acethylene
black used in the water-repelling area does not have a
sufficient =~ water—-repelling  property, oxidation resistance
and corrosin resistance to the electrolyte. Thus, when -
- 20 wusing for a long time, the electrolyte penetrates into the
water-repelling area where the gas should pass- through,
and the gas cannot be supplied enough, then the electric
current stops.
There has been tried to improve the water—
25 repelling  property, oxidation resistance and corrosion
resistance by subjecting the acethylene black to various

surface-treatements. For example, JP-A-207893/1987
proposes to improve the water-repelling property,
oxidation resistance and corrosion resistance by

30 heat—treating the acethylene black together with a carbon
: material under an inert atmosphere to convert into a
graphite. This method, however, has problems that a
temperature higher than 1000° +to 2000C is required and
that the corrosion resistance may be reduced because the
35 growth of the graphite crystal accelerates the formation
of an interfacial compound with the phospholic acid in the
electrolyte. From this knowledge, there has been tried to
use a carbon fluoride, as the water-repelling substance,



-

9 within hs L3 egI(Rgplpagednunber-average particle size +/-20 % anounts to
at | east e, introducing a fluorine gas, and reacting the
car bon pa?ﬁﬁ“&ﬁlmlmm“korine at a tenperature of the above-nentioned
range for ntime to fluorinate the carbon particles. In the
present invention, the reasbn for pre- hggting the carbon particles to the
reaction tenperature is to fluorinate the surface of the carbon parficle

within a short tine at a constant tenperature. If the pre-heating is not
carried out, which 1is extremely excellent in water-repelling property,

oxidation resistance and corrosion resistance
(JP-A-118857/ 1992). The «carbon fluoride wused in that
method is a completely fluorinated one and is electrically

-5 insulative. Therefore, though the long life can be
accomplished because of its excellent water—repelling
property, oxidation resistance and corrosion resistance,
there are problems that the intarnal resistance of the
electrode becomes large due to its electrical insulation,

10 and thus the batteri performances become lowered and that
heat is generated.

In JP-B-31788/1987, there has been proposed an
electrically conductive water—repelling partially
fluorinated graphite "having a low fluorine content, which

15 can exhibit simultaneously both the water—-repelling
property and the electric conductivity. =~

As described in the publication, (however, when
the value x of CFx (x corresponding to the fluorination .
degree as a whole of the present invention) is lower than

20 0.2, an electric resistance becomes lower than
1000Q -cm™%, and at the same time a contact angle to water
which represents the water-repelling property is at most
120 degree or less. This value of contact angle is
excellent in comparison with that of

25 polytetrafluoroethylene (about 110 degree), but is
remarkably inferior to the inherent value of carbon
fluoride (about 140 degree). Further,’ though the obtained
carbon fluoride prepared by a known preparation process,
for example, a process decribed in the above—mentioned

30 publication has the desired degree of fluorination as a
mean value of the whole reaction product, the carbon
fluoride is only a mixture in microscopic view. Namely, a
small particle has a relatively high fluorination degree
and a large particle has a relatively low fluorination

35 degree. When fabricating a gas diffusion electrode by
using such carbon fluoride particles  having irregular
fluorination  degrees, the  electrolyte penetrates to a
portion where the water—repelling property is




e ———————.

t he car bdl’lus;mgertHgslBﬂE re gradual ly fluorinated froma | ow tenperature, and
carbon fl u of the present invention are not obtained. In the
process of Mm Himnventlon the carbon particles having the given
properties edjat about 350C to about 600[err] for a given tine
in the presence of quorlné | f the reagyion tenperature is lower than

about 350[err], the surface of the carbon particles cannot be sufficiently
reacted with fluori ne, if higher than about 600[err], there is a tendency

that thermal méhtlonahqactagns #HCClHes{iR heratha;;r@dﬁ@QIuctdfon ehet he
carbon fluoride rticles react{jon ti vary with the act.i

t enper at ure. W& ‘?eac?fon ﬁ" h’f P]Eryfers’lt |’sed|ffgﬁﬁ{q‘{1g%°hd
fluorinate thdesredsesg ahdt hehear bmheparpenfbﬁmanuéé i cofnt theandleotrbde v.
It too |ong, Hggrease early.

5 The carbon fluoride particles of the present
invention can provide an epoch—making  conductive water—
repellent whcih can solve all of the above problems.
Namely, the <carbon fluoride particles of the present
invention are characterized in that, as mentioned above,

10 the fluorination degree at the surface is large even Iif
* the fluorination degree as a whole is not more than 0.2,
whereby the excellent water-repelling property equal to
the completely  fuorinated carbone  fluoride <can be
obtained. Accordingly, since a sufficient water-repelling

15 property can be obtained when the fluorination degree as a
whole is‘ low, ie. an electric resistance being lower, the
internal resistance of the gas diffusion electrode can be
lowered. . Further, since the initial water—repelling
property is  high, it takes a long time that the

20 electrolyte penetrates even if the electrode is degraded
with lapse of time, which can provide a long life
electrode.

In addition, since the = particle size
distribution is narrow and the fluorination  degree is

25 uniform, the spot where the electrolyte easily penetrates
is difficult to occur in _.the electrode, and . thus the
stable interface of the gas/liquid/solid three layers can
be maintained for a long time. Accordingly, there can be
obtained a battery having a small overpotential and a long

30 life. '

The gas  diffusion electrode is  particularly
useful as a fuel electrode and an oxygen electrode for the
phosphoric acid fuel cell Typical structure of the
phosphoric acid fuel cell is illustrated in Fig. 1. In

35 the figure, 1 represents a matrix which has a role to
maintain a phospholic acid electrolyte, and is made of,
for example, a composit material of a fluorine—containing
resin and SiC. 2 represents a pipe through which a heat



fluorination also occurs inside the carbon particles, whereby the particl es
‘are broken to gp.aRm The preferred reaction tenperature varies

'HakhBess R :
with the Idnd a e of the carbon particles, and is 400[err] to
550[ err], nore gm% err] to 500C. The reaction tinme is usually
fromone mnute I'X hours, preferably . five mnutes to three hours, nore

preferably ten ninutes to two hours. Ac (Qrdi—ng to the process of the
present invention, since the reaction is carried out within a relatively

Fl'vor i de par 1 LECILHE BASGes, Bhd( I3 Uhale (R4 MEAIEAE SRS CRMLRIIRN |
surface (shel protectesh) fsem: heoreosion phytial efguorme-wnr@nnm g&ssim 3
usual Iy introguppesetser di | WdlRRtitd N PlateP9eProm which an  electric
 current is taken out. 4 and 5 represent a fuel electrode
5 and an oxygen  electrode, respectively, where the gas
diffusion electrode prepared by the carbon fluoride
particles if the present invention is employed. .
More specifically, the fuel cell has the two—
layer—-structure consisting of the electrode catalyst layer
10 which provides the electrode reaction field by forming the
three-layer—interface and the gas. diffusion . layer which
smoothly feeds hydrogen or a fuel gas to the electrode
catalyst layer. g '
The electrode catalyst layer is prepared by
15 wusing a. composit material which comprises at least the
carbon fluoride particles of the present invention, - a
fluorine—containing resin as a binder, a carbon black as a
catalyst carrier and  platinum as a catalyst. When
preparing the composit material, an electrode catalyst
20 having a further high performance can be obtained by means
of the impact surface improving machine or the high speed
agitating mixer (dry type).
The gas diffusion layer is prepared by using a
carbon paper which is subjected to the water-repelling
25 treatment. As the water-repelling treatment, a fluorine—
treatment is  particularly preferable, and before the
fluorine—treatment, if  necessary, a  proper oxidation
treatment or a steam modification can be carried out.
The gas diffusion electrode of the present
30 invention is also wuseful as an air electrode for air
battery. Among the air battery, one which has a zinc
anode is called as an zinc/air battery. This battery is
widely used for a hearing-aid and a beeper, because it is
cheap and has a high energy density and a small content of
35 harmful substance. The =zinc/air battery comprises an
anode of =zinc, a cathode of a gas diffusion electrode
which utilizes oxygen in air as a cathode active material,
and an electrolyte of a concentrated alkaline aqueous



ar gon, heI_ium air or the like to 2 to 100 % by vol ume, preferably 2 to 50

"% by vol une, h&gﬁ{@;’e laedt 0 20 % by volune. To the dilution gas, if
necessary, are | acenent sheet Date: "18 DEC 1997 10.
added oxygen, t m n,- hydrogen fluoride and the |like. After the
reaction the fl u nstantJ_y gklrg_gd with an inert gas, and then

t he carbon fl uori de

solution. Further, in order to prepare' a closed-type
battery, a water-repelling membrane is used for preventing
the electrolyte from leakage to the outside of the battery
and supplying oxygen in air smoothly into the battery.
5 Practlcally a porous membrane of PTFE is used, and various
oxygen permeable membranes have been studied. Some of the
oxygen permeable membranes are good in oxygen permeability
but inferior in water—proof. For improving the water—
proof, it is useful to employ the oxygen permeable
10 membrane to which the carbon fluoride particles are added.

One problem of the zinc/air batj:é‘ry is that
characteristics under a high load is bad. Namely, since
an air having a low oxygen content is used, when obtaining
a large current, it is required for the gas diffusion

15 electrode to be excellent in gas permeability. The gas
diffusion electrode of the present invention has an
excellent gas permeability, and 1is particularly useful as
the air electrode of the zinc/air battery.

As the gas diffusion electrode for the zinc/air

20 battery, the same electrode as of the phosphoric acid fuel
cell may be used as it is, and for utilizing effectively .
the oxygen in air at room temperature, catalysts may be
changed. For  example, the gas  diffusion electrode

, comprising a composit material prepared from the carbon

25 fluoride particles of the present invention, a catalyst of
manganic acids, an active carbon and a binder such as PTFE
is suitable. ' .

The present invention further relates to an
alkaline battery comprising an anode of a hydrogen—

30 absorbing alloy which is surface—treated with the carbon
fluoride particles.

The alkaline - battery having an anode of a
hydrogen—absorbing alloy has a higher energy density than
an prior nickel/cadmium~type alkaline battery, and is

35 widely used as a power of a potable video recorder or a
personal computer. Since the alkaline battery of a
hydrogen—absorbing alloy has a high energy density, it is
possible to discharge for a longer time by one charge



particles are caoled. The starting carbon particles used in the process of
the present invention have a degree of sphericity equHlisSheet HacBeeDR zﬁhﬂg
II on

~desired carbon fluoride particles. The degree of sphen
i particles is generally 0.5 to 1.0, preferably 0.8 to 1.

carbon particles to be fluorinated ingh rqcess of the resen I nventi
are, for instance, neso-carbon m crobeads (I\/C) (carbon thermal ly treat ed at
2800[ err] avail able from CSAKA Gas Co., Ltd.; nunber-average particle size:

6 to 20 [err] mhaant ettie Of MLk C'ﬁi‘tli&)’dd?ﬁnﬁﬁh?rty%ed' apgttryt hat }F everé
oLl 07 a2 o " LT g S
+/-20 % 50 %

' hfe of charge—discharge cycle are not equal to those of
the prior nickel/cadmium battery.

5 Considering these problems, optimization of the
composition of the hydrogen—absorbing alloy has been
carried out, and also various surface treatments have been
tried. For example, JP-A-139255/1987 proposes the
surface~treatment with a dispersion of fluorine—containing

10 resin. According to such treatment, the interface of
gas/liquid/solid three layers is formed by .éndowing the
surface of the hydrogen—absorbing alloy electrode with
water-repelling property, at which portion the oxygen
generated by the rapid charging can be electrochemically

15 reduced.

, Thereby, the rapid charging performance can be
improved and the increase of the inner pressure of the
battery at overcharge can be inhibited. However, when the
dispersion of fluorine—containing resin is exposed to

20 atomic hydrogen or oxygen in the concentrated alkaline
electrolyte, the water-repellihg property cannot  be
maintained stably for a long time. Since the fluorine-
containing resin is not electrically conductive, the
internal resistance of the electrode becomes large, which

25 results in lowering the battery performances.

' ' According to the carbon fluoride particles of
the present invention, all of the above problems can be
solved at once. Namely, since the <carbon fluoride
particles of the present invention have a higher water—

30 repelling property than usual ﬂuorme-contamlng resins
and an excellent chemical stability, the same effects as
of the usual fluorine-containing resin can be obtained in
a smaller amount, and the effects can be maintained for a
long time. Further since also the conductivity is

35 excellent, the internal resistance of the battery does not
increased, thereby a battery having a small overpotential
can be provided.

Since the carbon fluoride particles used in the




of sphericity 0.7 to 0.8; true specific gravity: 2.1 to 2.2), fine t her mal

(FT) (avail abl e from Asahi Carbon Co., Ltd.; nunber-
0.09 [err]m particle size di stribution (particles faII
nunber - average particle size +/-20 %9: 70 % degree :of

{ii -

1.0; true specific gravity: 1.8 to 1.9), di um t hermal (aval able from
Col unbi a Carbon Co., Ltd.; nunber-avera partlcle size: 0.35 [err]m .
particle size distribution (particles faIIing wi t hin the nunber-average

particle size p‘lfv{e'saﬁt /t)mv@thn deghvee af & txc' Bgrﬁg% I Qide0; it rgﬁl en?t

specific gravity:

acety
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at’ ~4° ;@étiz'gl}% h‘i&ﬂr eteerr?f;e ROCLT Yol Yeovért! Otd The carbon
fluoridee As a result, the center portion of the carbon
particle is less fluorinated, and only the surface of the
carbon particle is highly fluorinated. @ Because the center
portion is less fluorinated, as explained above, the
breakage of the particle does not occur. Accordingly, the
carbon  fluoride particles of the present ‘invention

(0]

rom

maintains the narrow particle size distribution and the

spherical shape of the starting carbon particle. In
addition, an amount of fluorine for the fluorination can
be saved.
: The carbon fluoride particle of the present

invention , has a low true specific gravity and does not
affect to the inherent properties owned by the prior
carbon fluoride particles such as water-repelling
property, oil-repelling  property, non—adhesive .- property
and lublicating property. _ :

The present invention is explained by means of
Examples, but the present invention is not limited to the
Examples. . o

In Examples, a true specific gravity is measured
by a pyconometer method with ethanol. The other factors,
ie. number—average particle size, particle size
distribution and degree of sphere are measured by the
methods explained in the above detailed description.

Dispersibility is measured by adding 1 mf of a

- nonionic surfactant (Triton X available from Rohm & Haas

Company) to 100 m# of distilled water, and thereto adding
10 g of «carbon fluoride Tparticles, agitating for 10
minutes at 13,000 per minute with a homogenizer (Nippon
Seiki Kabushiki Kaisha), poring the resulting dispersion
into a test tube, allowing to stand for 6 hours, and then
observing with naked eyes. The one which maintains the

- dispersing state is represented by (O, and the one which

is clearly separated to two layers, i.e. supernatant layer



true specific gravity: 1.8 to 1.9), furnace bl ack, and the Iike. The carbon
fluoride particles of the present invention are excel
flowability. Therefore, not only when used al one but als D EldRh & mﬁﬂ
resins, rubbers, filns, paints, oils, aqueous solutions,

various inorganic materials, and ot her yariqus nmetallic ma “'lm““ wm
handl i ng properties are good, and as nenti oned herei nbefor

di spersibility is also good. Uses utilizing the mater-repelllng properties

are, for instgngdepréSipabed MayetSist FeprefritednByt >sheet Date: 1 8 DEC
1997

EXAMPLE 1

10 g of Mesocarbon microbeads (MC) heat~treated
5 at 2800C (MCMB-6-28 available from Osaka Gas Co., Ltd;
number—average  particle size: 6 oom; particle size
distribution: particles  having a particle size of from
48 um to 7.2 upm amounting to 70 % of the whole; degree
of spheree 0.8; true specific gravity: 2.1) was thinly
10 spreaded on a nickel plate and put into a reactor of monel
(capacity: 1.5 £).  After substitution of ‘air in the
reactor with nitrogen, while flowing nitrogen at a flow
rate of 1 £ /minute, the temperature was raised up to the
fluorinating temperature of 400C and maintained for 1
15 hour. Then, fluorine gas diluted to 10 % by volume with
nitrogen was supplied at a flow rate of 1 £ /minute and
carbon particles were fluorinated for 0.5 hour. After the
-end of fluorination, the carbon fluoride - particles were
immediately «cooled to room temperature while flowing
20 nitrogen at a flow rate of 1 £ /minute, and then the

carbon fluoride particles were taken out. '

A F/C of the particle as a whole and a F/C of
the particle at the surface of the .obtained carbon
fluoride particles were measured, and each was 0.01 and

25 0.57. A number—average particle size was 6 uxm and a
particle size  distribution was that particles having
particle size of 4.8 um to 7.2 um occupied 70 % of the
whole, and a degree of sphere was 0.8. A true specific
gravity was 2.1, and dispersibility was good.

30 ' B

EXAMPLES 2 TO 6 _

By using the same carbon particles as in
EXAMPLE 1, fluorination was carried out in the same manner
as in EXAMPLE 1 under conditions shown in Table 1. The

35 results of measuring a F/C as a whole and a F/C at the
surface ‘of the obtained carbon fluoride particles in the
same manner as in EXAMPLE 1 are shown in Table 1,
respectively. A number—average particle size, a particle



additive for films, for resins, for paints, and for rubbers, and for
pl ating di spersions. Specific exanples are, for |nst§hs d&hsB&ﬁ I&ed r ode
for air battery, a gas diffusion electrode for phosph cells,
an anode for cl osed-type secondary batteries havi ng a

hydr ogen- absorbing all oy, and the Ii %Ees ut|I|Z|ng t e non-

(rel easing) properties are, for |nstance as an additive for fllns for
resins, and for paints, and for rubbers, and specific exanples are, for

I nstances, a f|X|ng for electrostatlc op a resike:
nmol di ng d| e, r‘i‘fsg gl?%bo%fgerﬂ f%%?%st?ﬁ n%?}t’i% gr S$S€Cl 1c

grav1ty and dlspers1b111ty are shown in Table

EXAMPLE 7

5 100 g of Medium thermal (MT) of a thermal black
(Sevacarb MT-Cl' available form Columbian Carbon Japan
Ltd.; number—average particle size: 0.35 um; particle
size distribution: 60 % of particles having a particle
size of from 0.28 um to 0.42 x m; degree of sphere: 1.0;

10 true specific gravit}}: 1.8) was fluorinated in the same
manner as in EXAMPLE 1 under the condition shown in Table
1. The results of measuring the F/C as a whole and the F/C
at the surface of the obtained carbon fluoride particles
in the same manner as in EXAMPLE 1 are shown in Table 1,

15 respectively. Number—average particle size, particle size
distributign, degree of sphere, true specific gravity and
dispersibility are also shown in Table 1.

20 - EXAMPLE 8
In the same manner as in EXAMPLE 7 except that
reaction time was 1.0 hour, the fluorination was carried
out. The results of measuring the F/C as a whole and the
F/C 'at the surface of the obtained carbon fluoride
25 nparticles in the same manner as in EXAMPLE 1 are shown in
Table 1, respectively. Number—average particle size,
particle size distribution, degree of sphere, true
specific gravity and - dispersibility are also shown in
Table 1.
30 _
COMPARATIVE. EXAMPLE 1
By wusing the same carbon particels as in
EXAMPLE 1, the fluorination was carried out in the same
manner as in EXAMPLE 1 under the condition shown in Table
35 1. The results of measuring the F/C as a whole and the F/C
at the surface of the obtained carbon fluoride particles
in the same manner as in EXAMPLE 1 are shown in Table 1,
respectively. Number—average particle size, particle size



nol di ngs, die-cast articles, glass articles and sintered alloys, and the
like. Uses-utildzing the lubricating properties are, for instance, as an
additive for lubricating oils and greases. Exanples for the lubricating
oils are, .for instance, mneral oils such as naphtheni c hydrocarbons,
paraffinic hydrocarbons and aromatic hyd@gcaLbons; synthetic oils such as
ol efinic polynerized oils, diester oils, "polyal kyl ene glycol oils, '

hal ogenat ed hydrocarbon oils, silicone oils and phosphate oils; and fatty

oi I's. Exanpl esd{driliitdanes abgral ©afres sphepar edre adgesfi@ NBradityC apdp.
bentonite, silica gel,,. .cg(pper glht ha] ocynai n'ﬁé al lylurea and

fl uori ne-cont aﬁjlfﬁﬂ?%sﬂ?}lit sarg alspashowm insfahlead: t he above- menti oned

- mneral oils or synthetic oils. Specific exanples are engine oils for cars,

a wheel bearing grease, a graphi (S5 &381vR EXAMPLE 2

5 10 Grams of the same carbon particles as in
EXAMPLE 7 was thinly spreaded on a nickel plate, and put
into a reactor of monel. After substitution with nitrogen
gas, the temperature was raised from room temperature to
400C at a rate of 2.5 C /minute with supplying a fluorine

10 gas diluted to 10 % by volume with nitrogen, maintained
for 30 hours, and then the fluorination i'W_as carried
out. After the end of the fluorination, the carbon
fluoride paticles were taken out in the same manner as in
EXAMPLE 1. The results of measuring the F/C as a whole

15 and the F/C at the surface of the obtained carbon fluoride
particles 'in the same manner as in EXAMPLE 1 are shown in
Table 1, respectively. Number-average particle size,
particle size distribution, degree of sphere, true
specific gravity and dispersibility are also shown in

20 Table 1. :

COMPARATIVE EXAMPLE 3 :

In the same manner as in COMPARATIVE EXAMPLE 2

except that the temperature-raising rate was 2.5 °C /minute

25 and the retention time was 4 ‘hours, the fluorination was

carried out. The results of measuring the F/C as a whole

and the F/C at the surface of the obtained carbon fluoride

particles in the same manner as in EXAMPLE 1 are shown in

Table 1, = respectively. Number—average  particle size,

30 particle size distribution, degree of sphere, true

specific gravity and dispersibility are also shown in
Table 1.
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Date: _18-DECS1997 12 Therefore, it is assunmed that the conductivity

of carbon of S h S Léedon i s not significantly | owered. Accordingly,
t he carbon™ | es of the present invention can further be used
for applica “ ﬂ m the electric conductivity. Exanples are, for

c |

I nst ance, s| anti stat ic ggsi n conpositions, antistatic

- containers for A

EXAMPLE 9
100 Parts by weight of a polystyrene resin
[Vicorastic D 135 (registered trademark) available from -
Shell Standard Oil - Co., Ltd.], 5 parts by weight of Viales
5 155 [tradename available from Columbia Ribbon &
Manufacturing Co., Ltd.] and 5 parts by weight of Oilblack
BW [registeréd trademark, available from Orient Kagaku
Kogyo Kabushiki Kaisha] and 1 part by weight of the carbon
fluoride particles obtained in EXAMPLE 7 were admixed by
10 means of a ball mill and kneaded, pulvelized, then
classified to obtain a toner having an average nparticle
size of 9 um To 100 parts by weight of the toner
particles were mixed with 1 part by weight of the carbon
fluoride particles obtained in EXAMPLE 7 to give a toner
15 of the present invention. ' _

, 2.5 Parts by weight of the toner were mixed with
100 parts by weight of a carrier wherin a surface of a
spherical ferrite core was coated with a fluorinated

methacrylate resin represented by the formula:

20
.
{CHa-Ci-
COCH,CFs
0
25

to give a developing agent for electrostatic copying. _
. Continuous copying test was conducted with
50,000 sheets of paper by using an electrostatic copying
machine with  which an organic photo—conductive
30 photoreceptor was equipped. The photosensitive body had a
negatively chargable two-layer structure consisting of an
anthrone pigment as an electron generating substance of
the photosensitive body and a curbazole derivative as an
electron transporting substance.” As a result of a degree
35 of adhesion of the toner to the surface of the
photo—conductive body was examined, the toner was scarcely
adherXed on the surface, and after copying 50,000 sheets
there could not be observed on the photocopy any band-like



sem conductor chips, antistatic and abrasion resistive sheets, cleaning
. brades for brushing photosensitive druns of an el ectrostatic copying
- machine, fixing rollers in an electrostatic copying machine, toners or
. carriers for electrostatic copying machine, variable resistors, gas

- diffusion el ectrodes for phosphoric acid el_cell, air electrodes for air

battery, surface treating agents for hydrogen-absorbing alloy in alkaline
battery, and the like. Though the carbon fluoride particles can be solely

applied to var Ibl)atskuse'e‘nlﬂel ligidg amei r afpege! | Qffaglr ORRIA | &% bt:'héo ﬂlér”g

wi th ot her

carbon fluorid

mat eri al s.

10

15

20

25

30

35

oS epifing oo 37 Xhe pmiheRerRFLTe o . 6 B e oF

image. In add1t1on, after copying 50,000 sheets, when the
state of adhesion of the toner to the surface of the
carrier was examined by means of a scanning electron
microscope, the toner was scarcely adherred. A charged
amount which was measured according to the blow—off method
decreased by about 2 % from the initial charged amount.

EXAMPLE 10
A developing agent for electrostatic copying was
prepared in the same manner as in EXAMPLE 9 except that
the carbon fluoride particles obtained in EXAMPLE 8 was
used, and the continuous copying test was carried out. As
a result, ‘there was no problem as in EXAMPLE 9.

EXAMPLE 11 _

A developing agent for electrostatic copying was
prepared in the same manner as in - EXAMPLE 9 except that
the carbon fluoride particles obtained in COMPARATIVE
EXAMPLE 2 was used, and the continuous copying test was
carried out. When the surface of the. photo—conductive
body after copying 50,000 sheets was examined, there was
observed that a considerable amount of the toner was
adherred, and on the photocopy, there were many stains
such as band-like black stripes. ,

In addition, after copying 5,000 sheets when the
state of adhesion of the toner to the surface of the
carrier was examined by means of a scanning electron
microscope, the toner was adherred in a large amount. A
charged amount measured according to the blow-off method
decreased by about 20 % from the initial charged amount.

EXAMPLE 12

30 Parts by weight of the carbon fluoride
particles obtained in EXAMPLE 3, 70 parts by weight of a

polymer (A) represented by the formula:

Sheet Has Beenllrilaced




Exanpl es for conposite materials are, for instance, conposite materials in
whi ch the carbori fluoride particles are added and di spersed into solid
materials such as resins, rubbers, netals, ceram cs and carbons, or into
liquid materials such as oils, organic solvents wat er and vari ous agueous
" solutions. Resins which can be endowed- wiggh the specific functions of the
carbon fluoride are used. Exanples of such synthetic resins are phenol
resin, urea resin, epoxy resin, fluorine-containing resin, acetal resin,
pol ycar bonat e, pol yani de, poninidF, p?lyestgL{ ponphePerne Eulfhdgne
silicone resin and the |ike,, Exanpl es for rubbgrs.are styrene-bu
rubber, chl oroprene rubber caﬁeoprene rubber, nif FMEETY @YF3A8C parficle

et hyl ene- propyl ene- bULq@HQr@_Lub.ber and the | i ksizé&hiBl gusm‘ or netalk are
QOCH P, secondary average
L particle size 3 uzm

5

as a vresin material and 4,000 parts by weight of .a
spherical carrier core of ferrite [F-150 available from

10 Powder Tec Co., Ltd, average particle size 80 g m] were
admixed and agitated at a temperature of 80°C :by means of
a high speed agitating mixer to obtain a carrier wherein
the surface of the core was treated by coating.

15 EXAMPLE 13 _
A carrier was prepared in the same manner as in
EXAMPLE * 12 except that 30 parts by weight of the carbon
fluoride particles obtained in EXAMPLE 5 were used.

20 | ' EXAMPLE 14 |
A carrier was prepared in the same manner as in
EXAMPLE 11 except that as a coating resin material, 70
parts by weight of a vinylidene
fluoride~tetrafluoroethylene copolymer . [{copolymerization
25 ratio 80 : 20 mol %), primary average particle size 0.15
u# m, secondary average particle size 4 u m] were used.

EXAMPLE 15

A carrier was prepared in the same manner as in
30 EXAMPLE 12 except that 30 parts by weight of the carbon
fluoride particles obtained in EXAMPLE 6 and, as a coating
resin material, a methyl methacrylate-styrene copolymer
[(copolymerization ratio 70 : 30 % by weight), primery
average particle size : 0.10 uxm, secondary average

35 particle size : 3 x m] were used.

EXAMPLE 16 |
is Sheet Has Been Replaced 1.9  Parts by weight of the carbon fluoride

[




al um num titani.um nickel, lead, tin, copper, zinc, and—t—he I I ke AI SO,

all oys such as duralmn, stainless steel and hydrogen ab ;@‘y
al so be enpl oyed. Exanples for ceramcs are SiC, [err],

wel | as oxides such as alumna, zirconia, yttria and tltanl

‘Exanpl es for car bons are This is the r_epI@ferrent sheet Dat

13

particles obtained in EXAMPLE 3 and 3.5 parts by weight of
the same resin material (A) as in EXAMPLE 12 were admixed
with 100 parts by weight of methyl ethyl ketone.
The same carrier core as in. EXAMPLE 12 was
5 coated with the coating material by means of a fluidizing
bed machine to obtain a carrier.

COMPARATIVE EXAMPLE 4
A carrier was prepared in the same manner as is
10 EXAMPLE 12 except that 30 parts by weight of the carbon
fluoride particles obtained in COMPARATIVE - EXAMPLE 1 were
used.

: . _ EXAMPLE 17

15 100 Parts by weight of the carrier obtained in
EXAMPLE 12 were admixed with 2.5 parts by We1ght of a
toner havmg an average particle size of 8 um which
comprises a mixture of 100 parts by weight of a
polystyrene resin [Vicorastic D 135, available from Shell

20 Standard Oil Co., Ltd] 5 parts by weight of Viales 155
[available from Columbia Ribbon & Manufacturing Co., Ltd.]
and 5 parts by weight of Oil Black BW [available from
Orient Kagaku Kogyo Kabushiki Kaisha] to obtain a
developing agent for electrostatic copying machine.

25 Subsequently, a running test was conducted with
50,000 sheets of paper by using an electrostatic copying
machine with which an organic photo—conductive

photoreceptor was equipped. The photoreceptor had a

- negatively chargable two-layer structure consisting of an

30 anthoalone pigment as an electrodeposition

generating substance of the photoreceptor and a

curbazole derivative as an electrodeposition transporting
substance. The results are shown in Table 2.

In Table 2, the “Charged amount” is a value of

35 the charged amount per 1 g of toner measured according to

the known blow—off method, and the *“Coated amount” is

percent by weight of the coating material obtained by

removing the toner. according to the blow—off method,



meso- carbon m ¢robeads, needl e coke, carbon black, pitch, tar, and the

| i ke. Exanples for oils are mneral oils and synthetlc oils such as

pol yol ester oils as well as fluorine-containing oils such as

perfluoropol yether and CTFE ol i gomer. However, oils which contain an am ne
additive are not preferable. Exanples fgr organi c solvents are al cohols
such as ethanol, hydrocarbons such as béffzene, hal ogenated hydrocar bons
(hydrogen atom may be contained in the nol ecul e), and the I|ke Exanpl es

for agueous 5854#619 ara?@quedat Ol HUsiAns PR Shcieied B4 1 AN tiafDY ©
specifically a at| utiqn A conp 05|t a so
mat eri al can epr@@ﬂ‘)@d mrldﬁarm@mb,% dW@E@rsﬁlﬁg t@@ﬁ@@orfmorﬂ'@e

particles as gappldrdcHPER 4RH Evapbrat BREtHY G@Btene ol vent

5 EXAMPLES 18, 19 and 20 and
COMPARATIVE EXAMPLE 5
The developing agents were prepared in the same
manner as in EXAMPLE 17 - except that the carriers obtained
in EXAMPLES 13, 14 and 15 and COMPARATIVE EXAMPLE 4 were

10 used instead of the carrier obtained in EXAMPLE 12
(respectively, correspond to EXAMPLES 18, 19 “and 20 and
COMPARATIVE EXAMPLE 5), and the continuous copying was
carried out. _ '

The results are also shown in Table 2.
15 .
, EXAMPLE 21
100 Parts by weight of a  styrene-butyl
methacrylate (7 : 30) copolymer, 10 parts by weight of a
carbon black [Regul 66R, available from Cabot Co., Ltd]

20 and 3.5 parts by weight of a low molecular weight
polypropylene [Viscol 66P, available from Sanyo Kasei
Kogyo Co., Ltd.] were admixed by means of a ball mill, and
kneaded, pulverized and classified ‘to -obtain a toner
having an average particle size of 9 u m.

25 2.5 Parts by weight of the obtained toner and
100 parts by weight of the carrier obtained in EXAMPLE 15
were admixed to obtainn a  developing agent . for
electrostatic copying machine.

Then, the continuous copying test with 50,000

30 sheets was carried out by using an electrostatic copying
machine equipped with a photoreceptor containing Se.

~ The results are also shown in Table 2.

This Sheet Has Been Replaced




or aqueous solution, and as it is or after coating, drying the dispersion
‘to renove ‘the oOrganic solvent or the like. If necessary, a post-treatnent
such as sintering may be carried out. Other methods for obtaining the solid
.material nmy be used by once preparing the fine conposite particles as
mentioned hereinafter, powder-coating of,conpression-nolding the particles,
and if necessary, applying post-treatneﬁ?s i ke sintering. According to

this method, a thin filn1can be provided such as film a porous nenbrane or
coat i ng, and nol d d artl gg,\ conposite with a liduid matefial can be
prepared, for exa er#ing the carbon fluqride particles in a
liquid materi al vm'thman ul tgason C di speral ng,mgchie. Lf negessary, an
additive such as qi sty f ctaml'g‘,,nall 2 atidedd Phe S
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liquid, composite may be in the formof paint, spraying solution, plating
solution, lubricating oil, grease and the like. Further, it is possible to
prepare fine conposite partlcles by coating solid partlcles wi th the carbon
fliuoride particles of the present invention. Exanples for solid particles
are, for instance, resin particles, rubbefqparticles, metal particles,
ceramc particles, carbon particles, and the Iike. Usable particle sizes
are wthin the range of 0.1 to 500 [err]m and the shape of the solid
particles may not be spherical. A pref &XAMPLEt22d for coating with the

mxing method or - m xi o' v RORSFt 4B O §mn®n35fl}¢?§‘3m5‘w”f&%a%§e@p%?

repl acement shelect rlcal?y conduct1ve core, a surface of the roller
was previously roughened by sand blastmg.
5 To a PFA resin powder (average particle size 35

p#m, sperical particle) the carbon fluoride particles
obtained in EXAMPLE 7 were admixed in an amount of 1 % by
weight and agitated. A surface of the roller was coated
with the mixed powder at a thickness of 40 um according
10 to an electrostatic bowder coating method, and then melt
and sintered for 20 minutes in an electrié- furnace at:
380¢C. ' : ’
The roller was set in the fixing part of the
copying machine, and an image of a negatively charged
15 toner which was formed according to an electrostatic
copying method (the toner mainly comprising a
styrene—dcrylic resin and had an average particle size of
14 ym and a charged amount of =10 to 12 u C/g) was fixed
at a roller surface temperature of 180C. Occurence of
20 the offset was observed. A case that any offset did not
occur is represented by (O), and a case that the offset
occured even a little is represented by (><).
In order to evaluate the occurence of the
electrostatic - offset, there was also evaluated as to an
25 image of a positively charged toner (the toner mainly
comprising a styrene—acrylic resin and had a average
particle size of 14 um and a charged amount of +10 to
12 u C/g).
Further, in order to evaluate the durability and
30 the abrasion resistance as to the fixing roller, a paper—
passing test with 50,000 sheets of A4 size was conducted.
Occurence of the offset was observed every 10,000 sheets.
of paper, and after passing 50,000 sheets, the abrasion
resistance was evaluated from a decrease of the resin
35 thickness on the surface of the roller. The results of
the above—mentioned evaluations are shown in Table 3.

Sheet Has Been Replaced
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Dat e: 1 8 DEC 1997 .14 an inpact surface inproving nmachine or a high
speed agitation‘type m xer (dry type). The fine conposite particles are

. suitably available for uses such as a water- and oil-repellent, a

- non-tackifying agent, a solid lubricant, an agent for inparting electric

. conductivity and the like, and nore spe0|4‘5' cally, a powder paint for

el ectrostatic coating, a powder for flanme spraying, a powder for powder

metal lurgy, an additive for
EXAMPLES 23 to 26
The same evaluations as in EXAMPLE 22 were
carried out except that the amount of the carbon fluoride
particles to be added was changed to 5, 10, 20 and 30 % by
. 5 weight, which correspond to. EXAMPLES 23, 24, 25 and 26
respectively.
The results are also shown in Table 3.

I
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plating dispersions, an additive to toners for developing electrostatic

I mges, an additive to resinous coatings of carriers for devel oping

el ectrostatic images, a hydrogen-absorbing alloy el ectrode of alkaline.
batteries in which a hydrogéen-absorbing alloy is used, a lubricant for
draw processing of netals, an additive #§ ceating of a fixing rollers, and

the Iike. The carpon quorlde pagjticles of the present, i nvention aré
particularly useful as ag addltlge to§ton£rsof06 develjopi ng el ectrostatic
i mages. Hitherto, |in ord&r:osto prqve&}—-ad sidn Bf Ehe |toners to the surface
of the carriers apd to tHegsurfa¢e &f 5t h& pfiot oPec®ptdr, carbon fluoride
particles have begen adde o the|toners. However, the Jadhesion-preventing
effect in the pribr met hods is ipsufficient, because tlhe carbon
g °
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fluoride particles obtained by the prior nethods are bad in powder
flowability due to their irregular shape and wi de particle distribution,
and thus are not sufficiently dispersed in the toners. The carbon fluoride
particles of the present invention are excellent in dispersibility and
powder flowability, and are.an additi_ve4 o0 toners which has not been
disclosed in the prior art. Nanely, the %resent invention also relatfes to
an additive for toners used for devel oping electrostatic inages conprising

carbon fluoride particles w @VIPARWI‘WEE ﬁgaeq“tt'bcgg size of 0.01 to 10
(qu of pariicles

[err]m preferably 0.1 to IC a content | aving such a
di aneter hat the particfe Siizingii srolleft i est alfadrigatadn tine thege $HME he

nunber - aver agQapidrls Cif SEXAMPLED) %2mauntpgg texcept! e@Bit SAH¥® carbon
fluoride particles were changed to the «carbon fluoride
5 particles obtained in COMPARATIVE EXAMPLE 1 in each case.

The results are shown in Table 4.

It is .clear that the conventional carbon
fluoride has a problem that, when using the conventional
carbon fluoride for a positively charged toner, the

10 electrostatic offset occurs because they do not have an
electric conductivity. > '

e
heet Has Been Replaced
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of the whole, a true specific gravity of 1.7 to 2.5, a F/C of the particle
as a whole from0.001 to 0.3,.and a F/C of the particle at the surface.

al ways | arger than the F/C as a whole and fromO0.1 to 2.0. The carbon
fluoride particles used in the additive for toners for This is the
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devel oping.el ectrostatic images of the present invention are the sane as
the carbon fluoride particles of the present invention except that the
nunber - average particle size is 0.01 to 10 [err]m If the nunber-average
particle size of the carbon fluoride particles is larger than 10 [err]m
there is a tendency for the characteristics of the toner not being -
exhi bited sufficiently, because the par #9| & size is near the particle size
of the toner. Since the additive for toners for developing electrostatic
i mges of the present inventd - nj - : rrow particle size
distribution and a snal | tr&%@ﬂﬁﬁgt&%}wﬁg :ﬁj??. ve is excellent
in powder flowability add diximg sirbilert ywaad falricatedunafdr nevaldatedr sied in
the toner. AStfercaild : nidifneddNes! - RRAVPIES928f fte° 26 2daREbEN tBat | HRET
to the carrier surtace) an he : .

unfluorinated thermal black (Sevacarb MTCI available from

5 Columbian Carbon Co., Ltd.) was used as it is, instead of
the carbon fluoride particles. The results are shown in

Table 5.

It is clear that addition of the carbon inhibits

the non—adhesive property of PFA, and therefore no

10 function was exhibited with respect to  both the

positively charged toner and the negatively cﬁarged toner.

From . the above—mentioned results, it 1is clear

that, by . using the carbon fluoride of the present

invention, in each case of the positively charged toner

15 and the negatively charged toner, the offset-preventing
- effect can be continued for a long time.

/’_/“;
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renmovabi l i ty- of t-he remai ning toner on the photosensitive drum can be

i nproved due to the surface of the additive to toner being fluorinated. The
additive for toners for developing el ectrostatic inmages of the present
invention is used by adding it to the toner to which usual conponents are
bl ended. Exanpl es for the usual conponentg which constitute the toner are,
for instance, a binder resin, a coloring %ent, and the |ike. The additive

to toner for developinf el ectrostatic imges is used in an anount of 0.01
to 10 parts by weight fo 100 parts by weight of the toner. If thel]amount is
| arger, the characterifjstics Qf the tgner cannot be exhibited, and|if it is
smal ler, the desired gffects.®fd the gdditli ve cannott be obt ai ned.
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A preferred,amount is 0.1 to 3 parts by weight. Exanples for the binder
resins are, for instance, hono- or co-polyners of styrenes such as styrene,
chl orostyrene and vinyl styrene; nonool efins such as ethyl ene, propyl ene,
butyl ene and i sobutyl ene; vinyl esters such as vinyl acetate, vinyl

propi onate, vinyl benzoate, vinyl butyleugx \ nyl propionate and vinyl
benzoate; esters of [err]-nethylene aliphatic nonocarboxylic acids such as
met hyl acrylate, ethyl acrylate, butyl acrylate, dodecyl acrylate, octyl

acrylate, phenyl acrylate, nethyl 3@uupn53ﬂzq tgtgylnethacrylate and butyl
gﬁéh\?:\g: at)ﬁi y?“ g%llhe(raf v isu h?'%%e\sfl ucr?' as{%? ﬁ?‘\t h%ﬁggﬁl Eﬁlﬁem o hﬁ{rﬁn
sheet carbon black l.e. Kejhen Black (commercial name,
available from Ketjen Black International Co., Ltd.;
5 average particle size: 0.03 uxm) was fluorinated in the
same manner as in EXAMPLE 1 except that the reaction time
was one hour. _

As a result of measuring the F/C as a whole and

the F/C at the surface of the obtained carbon fluoride
10 particles in the same manner as in EXAMPLE 1, the F/C as a
whole was 0.09 and the F/C at the surface was 0.69.
| By using the obtained carbon fluoride particles,
the evaluation as to the fixing roller was conducted in
the same manner as in EXAMPLES 22 to 25. The results are
15 shown in Table 6. _ .

The obtained carbon  fluoride shows more
excellent * electric conductivity than the carbon fluoride
of EXAMPLE 7 which is the fluorinated thermal black, and
therefore it is clear that the durability to the

20 positively charged toner is more excellent.

This Sheet Has Been Replaced




Date: 18 DEC 1997 16 nmet hyl ketone, vinyl hexyl ketone and vinyl

| sopropenyl ketone, and the like, nore specifically, polystyrene,

styrene-al kyl acryl ate copol ynmer, styrene-nal ei c anhydri de copol yner,

pol yet hyl ene, pol ypropyl ene, and the like. As binder resins, may be used:
pol yesters, pol yurethanes, epoxy resins__silicone resins, polyam des,

nodi fied resins, paraffins and the Il’ke5 Exanpl es for the col oring agents
are, for instance; carbon
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bl ack, Nigroesine-dye, Aniline Blue, Karcoil Blue, Chrone Yell ow,
Utramarine Blue, Dupont G| Red, Quinoline Yellow Methylene Blue

Chl ori de, Phthal ocyanine Blue, Marakite Green Oxal ate, Canp Bl ack, Rose
Bengal , and the like. The additive to toner for devel oping electrostatic

i mges of the present invention can alsob3e wsed by adding it to nagnetic
toners containing magnetic materials. The additive to toners for devél oping
el ectrostatic imges can exhibit its effects with respect to both

negatively charged toner and GRMPARASIYECEXAYRLES A 40 2A addition, the
additive to toners for dq%/_ebfgah?g IR T %atﬁ'rx‘e | e%nh%ef]‘”sﬁﬁée%arﬁ%ra
charge-control ling, age e _carbon uori de“particles of the present

i nvention are Partiul 4y ul27as tan Addi exeept o thati nads upAtuosgaated
carriers for dieefepi RlackecECoswasi cused instead of the carbon fluoride

5 particles, and the same evaluation was carried out. The
results are shown in Table 7. '
Although the electric conductivity 1is  better
than the thermal ©black, a non—adhesive property s
decreased as in COMPARATIVE EXAMPLES 11 to 15.

I
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i mages. Conventicnally, in order to inprove the abrasion resistance of the
carrier and the toner spent, carbon fluoride particles have been added to
the resinous coating of the carrier for devel oping el ectrostatic imge.
However, since the prior known carbon fluoride particles have an irregul ar
shape, their powder flowability is bad-anglytheir adhesion to the carrier is
insufficient Thus, the particles tend to be broken due to friction or-the

like. In addition, sinke the particle siz& distribution is wide, tfhe
difference of the F/CJ}s Iarggggnnng t he #ndi vi dual particles, and, as a
result, the toner charge vari'%séswi delly. Purthe®, cagbon Bl uorigde particles
having a | arge particlje size d to |be pieledﬁoff:%ronhghe carrigr. The
carbon fluoride partic]es of the pregdent & nvention, however, have{a uniform
particle size and are jexcellent in pdwder
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flowability, and further have a narrow particle size distribution, which
can provide a novel excellent additive to coating of carrier. Accordingly,
the present invention also relates to an additive for resinous coatings of
carriers for developing electrostatic inmages conprising the This is the
repl acenent sheet Date: .18 DEC 1997 55 1+

EXAMPLES 32 to 36

In EXAMPLES 27 to 31, the PFA powder and the
carbon fluoride particles were only mixed. In EXAMPLES 32
to 36, the PFA powder and the carbon fluoride particles

5 were treated for 10 minutes by means of a hybridizer
(NHS-0O Type, available from Nara  Kikai Seisakusho
Kabushiki Kaisha) under a condition of a peripheral
velosity of 80 m/s to give a composite powder, and then a
powder coating was carried out by wusing the composit

10 powder. The results are shown in Table 8.

The results shows more excellent properties than
those of EXAMPLES 7 to 31. The reason is assumed that the
mixing of carbon fluoride particles and PFA 1is extremely
efficiently carried out even from microscopic observation,

15 and therefore the electrostatic coating is  uniformly
carried out.

Sheet Has Been Reﬁlaced
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carbon fl uoride particles,

whol e,

whol e of 0.001 to 0.3, an gF/C
| arger than the F/C as a |l e andeo@
(particles) to coatings f@&rSthe ci
uniform particle $ize an® & narr
additive adheres wgll tq the carrier
peel ed of f when abpaded. The
costs because of the 5
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with

a nunber-average particle size of 0.01 to
50 [err]m preferably 0.1 to 50 [err]m a content of particles having such
a dianeter that the particle size distribution falling within the range of
t he nunber-average particle size +/-20 % anounting to at

or more

or more

particles which is a

Ex.32

fluorinated Ketjen black

ditto

ditto

ditto

Ex.33

8 ng

produced at

ditto

ditto

10

ditto

Ex.34

ditto

ditto

20

ditto

Ex.35

ditto

ditto

30

ditto

Ex.36

| east 50 % of the

a true specific gravity of 1.7t058.5-a F/C of the particles as a
bf t he partlcles at th¢
.18to022. &
Ar 1 GET'S has agdnedr phe
)m1$apt|cle size distri
core and has a | owe
' adgi {1 ve can be

surface al ways

e the additive
rical shape, a
bution, the

r tendency of being
relatively | ow
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| ow fluorine content Therefore, it is possible to inprove the abrasion
resi stance of the carrier and the toner spent at |ow costs. The carrier for
devel opi ng el ectrostatic images conprises a carrier core OThisgheatHa a '
made of resin is .provided. The coating contains the additivq nmm Er t

I nvention. The.carbon fluoride partictegpf +he additive fo
the carriers of the present invention are the sane as the carbon fluoride |
particles of the present invention. The carrier core has a particle size of
about 30 to 500 [err]m Usually the t @XGAMBEBUST of the resin and the

carbon fluoride particlespds Grand 0 JO RA't Scy¥RLINblack (Denka Black,
available from Denki Kagaku Kogyo Kabushiki Kaisha,

commercial name) was fluorinated in the same manner as in

5 EXAMPLE 1 except that the reaction time was 2 hours to

obtain carbon fluoride particles having a degree of

fluorination as a whole of 0.18, a degree of fluorination

at the surface of 0.92 and an average particle size of

0.042 u m.

10 The obtained ‘carbon fluoride particles were
dispersed and mixed with 30 parts by weight of a
polytetrafluoroethylene (Polyflon Dispersion D-3,

available from Daikin - Industries, Ltd., commercial name),
2000 parts by weight of a surfactant (Triton X-100, 10 %
15 aqueous solution) and 40 parts by weight of an acetylene
black treated with HNOs by means of an ultrasonic
homogeniZer (frequency 38 KHz, rotation 1200 rpm). 8.4
Parts by weight of H,PtCf ¢ was added and mixed therewith,
and the mixture was dried according to a lyophilization
20 method (temperature: ~70C — 80C). The obtained powder
was heated at 300C for 2 hours in an atmosphere of
hydroger}, and the surfactant was removed, and then 4 parts

by weight of platinum fine particles was carried thereon.
Then the obtained platinum—carrying powder was
25 packed into a press die, and a raw material of a supplying
' layer consisting of 70 parts by weight of the above-
mentioned carbon fluoride particles and 30 parts by weight
of the polytetrafluoroethylene was added thereon, and hot—
pressed at 380°C wunder 600 kg/cm2® for 3 seconds without
30 stirring to obtain a reaction layer of a gas diffusion
electrode having an area of 100 cm® and a thickness of

0.5 mm. The properties of the gas diffusion electrode are
shown in Table 9.

35 COMPARATIVE EXAMPLE 21
A gas diffusion electrode was prepared in the
same manner as in EXAMPLE 37 except that an untreated
acetylene black was wused instead of the carbon fluoride



to 100 parts by meight ofthe carrier core. As nethods for coating the
carrier core with the resin containing the carbon fl uomhdswﬂasmd:mﬁaqeﬁe

wet met hod and the dry method may be used. Wien using th
coating solution is applied. Wien using the dry nethod
riircles are

particles, the carbon fluoride particlessgd-<the resinp

adm xed vmth agitation or are subjected to inpact-mxing. Since the carbon
fluoride particles have water-repelling properties, the latter dry nethod
is preferred. Epanhicles fofr tehipresentednwenbiarhe dFlyerrqmmqndarhr i opadthe

AP S e BRI MBeS e b S (Rl 1 © From
COMPARATIVE EXAMPLE 22

5 A mixture of 30 parts by weight of a vinyl

chloride resin (Denka Vinyl SS-119S, available from Denki

Kagaku Kogyo Kabushiki Kaisha, commercial name), 100 parts

by weight of an acetylene black and 180 parts by weight of

water was granulated by means of a mixing and granulating

10 machine, and dried. The granulates were supplied into an

oven wherein N> was filled and a temperature :was kept at

1300°C, and sintered for 1 hour to obtain ‘109 parts by

weight of a carbon powder. A gas diffusion electrode was

prepared in the same manner as in EXAMPLE 37 except that

15 the obtained carbon powder was used instead of the carbon

fluoride particles of the present invention. The
properties thereof are also shown in Table 9.

COMPARATIVE EXAMPLE 23
20 A gas diffusion electrode was prepared in the
same manner as in EXAMPLE 37 except that the carbon
fluoride described in COMPARATIVE EXAMPLE 2 was used
instead of the carbon fluoride particles of the present

invention. The properties thereof are also shown in
25 Table 9. '

_ COMPARATIVE EXAMPLE 24

12 Grams of a graphite powder (SGP-25, available

from Kabushiki Kaisha SEC, commercial name, average

30 particle size 25 um) was put into a pressure resistive
reactor of monel. After reducing a pressure to not more
than 10 Pa, 80 g of a fluorine gas was introduced
and the reactor was sealed. A temperature was raised from
room temperature to 400C at a rate of 5 C /min, and kept

35 at 400C for 1 hour, and allowed to cool After
substituting the air in the reactor with nitrogen, the
product was taken out. The degree of fluorination of the
product as a whole was 0.19. A gas diffusion electrode



Date: 18 DEC 1997 Ki kai Sei sakusho) and Mechanom || (available from
Okada Sei ko), high speed agitation type m xers such as Laboratory Matri x
(avai l abl e from Nara Ki kai Sei sakusho), Vertical G anulator (available from
Fuji Sangyo) and Spiral Flow Coater (available fromFroint). According to
t he carbon fluoride particles of the-pr&8ent invention, a charge
characteristics of the particles can be controlled to some extent by
controlling :

was prepared in the same manner as in EXAMPLE 37 except

“that the obtained carbon fluoride was used instead of the
carbon fluoride particles of the present invention. The
properties are also shown in Table 9.

5 Table 9
Electric specific’ Gas permeability
resistance (102*ml(0.5atm0z)/cm- sec)
(Q -cm) :
10
Ex.37 0.52 321 =
Com.
Fx.21 0.40 | 20.0
Com.
15 Ex.22 0.09 23.3
Com.
Fx.23 ¢ 1.86 35.8
Com.
20

In COMPARATIVE EXAMPLE 21, although the electric
specific ~ resistance is a  sufficient value, the gas
permeability is not sufficient because of lack in water-

25 repelling property.

In COMPARATIVE EXAMPLE 22, both a water—
repelling property and an electric specific resistance are
improved because the graphite crystals in the carbon black
particles were grown more than those of COMPARATIVE

30 EXAMPLE 21. However, a water repelling property is not
sufficient in comparison with the <carbon fluoride
particles of the present invention, and therefore only a
little improvement of the gas permeability is obtained
Furthermore, there is pointed out a problem that, owing to

35 the growth of the graphite «crystals, an oxidation
resistance and a corrosion resistance to an electrolytic
solution become rather wrong. i '

In COMPARATIVE EXAMPLE 23, a superior gas

This Sheet Has Been Replaced




the degree of the F/C at the surface. For exanple, if the F/C at the
surface is larger the particles show a strong negative charge and the
carrier for developing electrostatic inmage is usually a negatively

chargeabl e carrier which endows the toner with positive charge. (
characteristics al so depend on the chafgegqharacteristics of the resin,

therefore a positive chargeable carrier can be obtained dependi ng on the

F/IC at the surface of the carbon fluoride particles contained in the resin

and on the contpermeabiliby pasti obsarveBxarh@caasé or of heaneserscelderet water—

fl uori ne-cont ai, i
and tﬁle%b
The c&3BHEANT |

carrier,
carrier.
simlar

5

10

15

20

25

30

35

qridepadsi caBs eleatricabr eirsulatorentanch Hherefore
the electric specific resistance becomes large.

, In COMPARATIVE EXAMPLE 24, such an excellent
water-repelling property that a carbon fluoride has is not

fully exhibited, and the gas permeability is inferior to
that of COMPARATIVE EXAMPLE 23. The electric specific
resistance is superior to that of COMPARATIVE EXAMPLE 23
because of an electric conductivity, but is inferior to
those of COMPARATIVE EXAMPLES 21 and 22.

In EXAMPLE 37, the gas permeability is equal to
that of COMPARATIVE EXAMPLE 23 and the electric specific
resistance is equal to that of COMPARATIVE EXAMPLE 21.
The characteristics thereof are maintained for a long
time, and it can be said that the gas diffusion electrode
has superior performances in comparison with those of
COMPARATIVE EXAMPLES 21 to 24.

EXAMPLE 38

A water-repelling—treated - carbon paper
(available from Kureha Kagaku Kogyo Kabushiki Kaisha) was
pressed and adherred to the gas diffusion electrode of
EXAMPLE 37, and the obtained electrode was used as a fuel
electrode and ‘an oxygen electrode to produce an phosphoric
acid fuel cell having the constitution shown in Fig. 1.
In Fig. 1, 1 designates a matrix of 95 % of SiC and 5 % of
PTFE with which 55 parts by weight of phosphoric acid was
immersed, 2 designates a pipe to pass a heating medium, 3
designates a  collecting plate, 4 designates a fuel
electrode of the gas diffusion electrode of the present
invention, and 5 designates an oxygen electrode as the
same. A thickness of unit cell was 6 mm, and hydrogen was
used as a fuel gas, and then a characteristic of current
density—cell voltage was measured when discharge at a

constant current was done at an operation temperature of

190°C. The results are shown in Table 10.

The charge
and

%f?%?&i&?%%?%*af o AFootel oreRon D AHBRAETT ifekRd 92@ -

COMPARATIVE EXAMPLES 25 to 28
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certain electric-conductivity. It is known that toners havin

conductivity to some extent are generally excellent in resp Has Been R lac"d
reproduci bility of inmages or the |ike. The content of the car I!I“I Ims
particles in the resinous coatings is in the range fromO0.5 t

weight. |If the content of the carbon fluogide-particles is |lower, the

obt ai ned resinous coating is inferior with respect to abrasion resi;tancez
and if it is higher the dispersibility of the carbon fluoride particles is

wor se and the carbon fl ucPhosplmatetitypes fueld tellbe wasel Ypmﬁdged ofii ftleen
the carrier surd, 'n'én@r f [‘@W@g’? er
.core materials %ﬁﬁ@ I'n g qun §§ eﬁg gg%%s § géé gaffﬁrlgf%ﬁls
and the |ike. meleckrades r@ft eGQMPARérTéVEuiﬁi@d‘ﬁﬁsmﬂlchzar e23t andgld4 were
used instead of the gas diffusion electrode of EXAMPLE 37,
° and they were respectively represented as COMPARATIVE

EXAMPLE 25, 26, 27 and 28. The results are also shown in

- Table 10.
Table 10
10 | ' Current density (mA/cm?2)
50 100 200 - 400
_ Ex.38 0.91  0.89 0.86 0.81
. - Com. .
15 Fx.25 0.85 078 ° 0.74  0.55
Cell , Com. '
Voltage  Ex.26 0.87  0.84 0.79 0.65
¥ Som 089 08 081  0.71
20 Com. |
- Fx.28 0.88  0.85 0.79 0.69

A characteristic of current density—cell voltage

25 of a fuel cell depends on both an electric specific
resistance and a gas permeability of a gas diffusion
electrode. Namely, when an electic specific resistance is
large, as a current density increases, a descent
percentage of voltage becomes large according to the

30 Ohm's law. When a gas permeability is low, as a current
density increases, supplement of gas consumed by the
electrode reaction delays, and there occurs a phenomenon
that, when a specific current density is exceeded at a
certain level, a cell voltage suddenly descends.

35 From the above, it can be understood that a cell
voltage under. a highly-loaded operation, namely a cell
voltage at 400 mA/cm® in Table 10, -is an indicator to
- compare a performance of the fuel celll. Table 10 shows



magneti zed by a vmagnetic field in the direction of the nmagnetic field such
as ferrites, magnetites, ferromagnetic netals such as iron, cobalt, nickel,
or alloys and conpounds thereof alloys which as such do not show such a
This is the replacenent sheet Date: 18 DEC 1997 19 fereommgnetic
property but show a ferromagnetic proepergdy when heat-treated

that the fuel cell using the carbon fluoride particles of .
the present invention exhibits the highest cell voltage
and has a superior performance. The reason is in that the
carbon fluoride particles of the present invention have a

5 high electric conductivity and a high water-repelling
property, and therefore a gas diffusion electrode having a
small electric  specific resistance and a  high gas
permeability is obtained. In addition, these excellent
properties can be maintained for a long time without

10 degradation, and therefore labor and cost required for

' maintenance such as electrode~exchange can :ibe extremely
saved. ' '

EXAMPLE 39
15 The gas diffusion electrode of EXAMPLE 37 was
pressed and adherred to a net of nickel, and the obtained
electrode’” was used as an air electrode. A 4N-aqueous
solution of sodium hydroxide was used as an electrolytic
solution, and a zinc plate large enough not to be consumed
20 during the evaluation was used as an anode. Thus an
zinc/air battery was prepared.
The obtained battery was continuously discharged
with a load of 75 Q in an atmosphere of 60 % RH at a
temperature of 20C, and the time (life time) until a
25 terminal voltage fell down to 0.9 V was measured. The
results are shown in Table 11. |

COMPARATIVE EXAMPLES 29 to 32
Zinc/air batteries were prepared in the same
30 manner as in EXAMPLE 39 except that the gas diffusion
*  electrodes of COMPARATIVE EXAMPLES 21, 22, 23 and 24 were
used instead of the gas diffusion electrode of EXAMPLE 37,
and they were respectively represented as COMPARATIVE

EXAMPLE 29, 30, 31 and 32. The results are also shown in
35 Table 11.
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appropriately such as nanganese-copper-al um ni um and nanganese-copper-tin;
chrom um di oxi de; and the like. Preferred exanples for the resin materia

fluoride-tetrafluoroethyl ene-chlorotrifTuoroethyl ene copol yner,
vinyl i dene fluoride-tetrafl uoroethyl ene hexafl uoropropyl ene copolyner

and

vi nyl i dene Life time (hour)
5 Ex.39 18.9
Bags | 10-1
gff;o 12.3
10 g;ngl | 14.2
B3 13.2
15

20

25

30

35

The role of a gas diffusion electrode in an
zinc/air ,battery is the same as that in a fuel cell, and
therefore the performance of the zinc/air battery
corresponds to that of the phosphoric acid fuel cell in
EXAMPLE 38. The value of the life time in the evaluation
results of EXAMPLE 39 and COMPARATIVE EXAMPLES 29 to 32
substantially represents the degree of polarization
property at a large load, because an enough large zinc
plate was used as an anode.

' As is clear from Table 11, the zinc/air battery
wherein the carbon fluoride particles of the present
invention were used shows a superior life time. This can
be said that since the carobn fluoride particles of the
present invention have a high electric conductivity and an
high water-repelling property, a gas diffusion electrode
having excellent properties at a large load can be
provided.

EXAMPLE 40
30 Parts by weight of the same carbon fluoride
particles as used in EXAMPLE 37 were dispersed in 100
parts by weight of a surfactant (Toriton- X-100, 10 %
aqueous solution) by means of an ultrasonic homogenizer. |

| s

are, for instance, fluorine-containing resins such as pol y\Tih een Replaced -
fluoride, polytetrafl uoroethylene, polychlorotrifluoroethyl ’ :
pol ytrifluoroethyl ene, vi nyl'i dere §8uori de-tetrafl uor I _
copol yner, tetrafluoroethyl ene-hexafl uoropropyl ene copol yner,

tetrafl uoroet hyl ene-perfluoro(vinylether) copolyner,

t et raf | uor oet hyl ene- et hyl ene chabley nki , vi nyl i dene



fluoride-chlorotrifl uoroethyl ene copol yner, fluorinated—{+eth) acrylate

styrene-al kyl (meth) acrylic resins; (neth)acrylic resins, |
pol yet hyl ene resins; polypropyl ene resins; polybutadiene riﬂ“&ﬂ“ﬂ
pol yuret hane resins; polyester resins. pgyam de resins; p

silicone resins; and the like. This is the replacenent sheet

resins represented by the fornmulae: [err] and [err] styre %g“g‘gh&%"e“mﬁi‘“‘i

resins;

10

15

20

25

30

35

il

Each metal of lanthanum (La), nickel (Ni),
cobalt (Co) and manganese (Mn) of which purities are not
less than 99.5 %, and Mischmetal (Mm) which contains a
rare earth element of not less than 98 %, was weighed so
that a composition of an alloy  was
Lao.2Mmo.sNis.6Co1.0Mno. 4, and a uniform alloy was
prepared by means of a high-frequency heating furnace.
The alloy in a fused state was dropped on a dish which
rotated at a high-speed of 20000 rpm in an inert gas
atmosphere to obtain a spherical hydrogen—absorbing alloy
powder having an average particle size of 60 um  The
powder was further immersed in an aqueous solution of
potassium hydroxide (specific gravity: 1.30) at 80C for 5
hours, rinsed and dried. :

To 100 g of the powder was added 25 g of a 2 %
by weight of aqueous polyvinylalcohol solution, and
kneaded to be pasty. A foamed porous nickel body having a
porosity of 95 to 96 % was umiformly filled with the
paste, and dried. Then, a pressure of 500 kg/cm? was
applied and a nickel lead was spot-welded. The obtained
article was immersed in the above-mentioned dispersion of
the carbon fluoride particles and dried to obtain an
anode. As a cathord, there was used a "'known foamed metal
having an excess electrical capacity, which was filled
with nickel hydroxide. As an electrolytic solution, there
was used an aqueous potassium hydroxide solution having a
specific gravity of 1.20 in which lithium hydroxide was
dissolved at 30 g/&. As a separator, there was used a
sulfonation—treated nonwoven fabric of polypropylene. The
anode, the cathord and the separator were coiled like a
swirl, and put into a container of a C size cell. The
electrolytic solution was poured, and the container was
sealed to prepare a nickel/metal hydride storage battery
of 3000 mAh.

The storage battery was charged under the
constant temperature of 20C, with a charging current of
300 mA for 15 ‘hours in the first cycle of charge, with a
charging current of 600 mA for 7.5 hours in the 2nd to



Dat e: 1 8 DEC 1997 20 The present invention further relates to a
fixing roller of a heat roller fixing nmachine for an electrostatic copying
machi ne, which is coated with a conposite nmaterial in the formof filmor
paint to which the carbon fluoride particles of the present invention are
added. In electrostatic copy machi nes. a ggecent popul ar net hod used for

5th cycles of charge, and with a charging current of
1000 mA for 4.5 hours in and <after the 6th cycle of
charge. Discharge was carried out at 600 mA until a
terminal wvoltage fell down to 0.9 V, and a cycle life time

5 of the battery was examined. In addition, a bottom of the
battery was opened, and a pressure sensor was inserted
therin, and an internal pressure of the battery was
measured. The results are shown in Table 12.

10 COMPARATIVE EXAMPLE 23
' A nickel/metal hydride storage ‘battery was
prepared and evaluated in the same manner as in EXAMPLE 40
except that a polytetrafluorcethylene dispersion (Polyflon
Dispersion D—-1, available from Daikin Industries, Ltd.,
15 commercial name) was used instead of the dispersion of the
' carbon fluoride particles of the present invention. The
results are also shown in Table 12.

. COMPARATIVE EXAMPLE 34 ,

20 A nickel hydrogen storage battery was prepared
and evaluated in the same manner as in EXAMPLE 40 except
that the carbon fluoride particles of - COMPARATIVE
EXAMPLE 2 were wused instead of the carbon fluoride
particles of the present invention The results are also

25 shown in Table 12. ‘
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fixing toner inmages formed on paper is with a heat roller. This nethod is
carried out by passing a paper on which a toner image is fornmed through

two tightly contacted rollers, one or both of which are being heated from

- the inside. Thereby the toner inmage is fused on the paper. This fixing

- method has various advantages such as -a hjggh -speed operation and a high

heat efficiency in conparison with other nethods |ike the oven type. ~
Accordingly, in alnost all of the recent electrostatic copying nachines,
such a fixing nethod with these rollers Tablendldyed. Generally a fixing
roller is produced by coating a surface of the roller (made of a netal such
as alum numor stainless steel) with a non-adhesive substance such as a '

f1 uori ne-containi ng resi n & Btaidi0thocpeleyent At the 100th cycle
5 Peak internal Discharge Peak internal Discharge
pressure at capacity pressure at capacity
charging (mAh) charging (mAh)
(kg/cm?3) (kg/cm?)
10 Ex40 3.1 3032 5.7 3001
Lo, 5.5 3004 9.4 . 2650
o 3.3 3018 6.5 2880
15 — '

* In COMPARATIVE EXAMPLE 33, the peak internal
pressure at the 10th cycle of the charge is highest
because a  water-repelling property of the fluorine-

20 containing resin is inferior to that of a carbon fluoride,
and the degree of degradation at the 100th cycle of the
charge  is also remarkable, because the fluorine—containing
resin is inferior in chemical stability. |

In COMPARATIVE EXAMPLE 34, since the interface

25 of the three layers can stably exist for a long time due
to an excellent water-repelling and .chemical stability of
the carbon fluoride, the increase of the internal pressure
is restrained for a long time, and thus a cycle life time
becomes longer than that of COMPARATIVE EXAMPLE 33.

30 In EXAMPLE 40, though, at the 10th cycle of
charge, there was not a remarkable difference from
COMPARATIVE EXAMPLE 34 wherein the completely fluorinated
carbon fluoride was wused, the descent of voltage in
discharging was slow because of a small internal

35 resistance of the battery. As a result, the cycle life
time becomes longer, which shows utility of the present
invention. .
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offset. In case of using such a fixing roller, if an inage of toner powder,
which is positive charged, is’fixed by contact with a roller coated with a
fluorine- comxwmaﬁsBmRﬁme positive charged toner is electrically

absorbed to rostatic offset and thus the part of the inmage
Is not fi xed fluori ne-eonggi ni=ng resin being negatively
charged due to |

ower abrasion chargi ng property. In order to avoid this

phenonenon, a fIXI ng roller coated with a fluorine-containing resin in
whi ch el ectrically conduct.ive nmat edNDUSTRIALJUSEEIB¥d (JP- A-55374/1980) has

been proposed. However, Gphge congiact i yor-ugy e iflo i8B! " Yarticles of  the
’ present invention has a low F/C as a whole, a high F/C at
the surface, a low specific gravity and a narrow particle

5 size distribution, the particles are excellent in
dispersibility and powder flowability, and also have a
controllable conductivity and charging characteristic.
For example, dispersibility to composit materials such as
resins, rubbers and greases 1is excellent. In addition,

10 since the surface area is highly fluorinated in comparison
with the inner portion, the particels have :ithe inherent
properties of the conventional carbon fluoride such as
water—repelling property, oil-repelling property, non-
adhesive  property ' and lubricating property. Further,

15 since the ~carbon fluoride particles of the present
invention contain a smaller amount of fluorine, the .
particles ‘can be produced at a lower cost than the prior

carbon - fluoride particles. Also, various composit
materials can be provide. o
20 Since the additive to toner is excellent in

powder flowability and can be dispersed into the toner

well, it is possible to save an amount of toner which

adheres to the carrier surface and to improve the cleaning
_ of the toner which remains on the -=surface of the
25 photoreceptor.

When using the additive to coating for carrier,
the abrasion resistance and the toner-spent are excellent
and the variaty of charged amounts is narrow. Further,
since the particle shape is spherical and uniform and the

30 particle size distribution is narrow, the adhesion to the
carrier is good and thus the particles are not broken and
would not be peeled off from the carrier when abrading.

According to the fixing roller, both the
electrostatic offset and hot offset do not .'appear, and

35 these effects can be maintained for a long use.

- Since the gas diffusion electrode of the present
invention is excellent in gas permeability and has a low
internal resistance, the performance at a high current



carbon) is:not good with respect to releasing properties. Therefore, if the
conductive material appears on the surface of the fluorine-containing resin
coating of the roller, the toner adheres to the appeared portion to cause

the hot offset;

which results not only in staining of the fixed i mage but

also in shortenl ng of the usable duratigg ot the This is the replacenent

sheet Dat e:
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density is particularly excellent. Further, the electrode
has a long life time because of its excellent oxidation
resistance and corrosion resistance.

The phosphoric acid fuel cell of the present

5 invention is less decrease of «cell voltage at a highly
loaded operation and has a long life time.

The air battery of the present invention has an

excellent performance at a highly loaded operation and -
less degradation even when using for a long time.

10

The alkaline storage Dbattery of the present

invention 1is excellent in rapid charging and -has a long
life of charge—discharge time.

[
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fixing machi ne.-Therefore early change of the fixing roller is required.
-order to prevent the occurrence of both, . electrostatic-offset and hot
a fixing roller is proposed, which is prepared by flrst

surface treating the conductive materials with a substa
surface energy, dispersing the surface-tggated conductiv
the fluorine-containing resin, and then coating the roll h t

fl uori ne-containing resin (JP—A— 17080/ 1989). If a usual vvet
surface-treating agent is used, both th€IAIMS rostatic offset and the hot
of fset can be prevented terrporarlly, a sufficient preventing effect can,
not be obtained for a long tine at a high tenperature of about

of f set,

however ,
200[ err]
resin

Some fixing rbl | GaEbasyr hl%'édéoaﬁééﬁl‘élﬁﬁh 13 f MideERnea c amber ing
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average particle size is 0.01 to 50 um, a content of
particles having such a diameter that the particle size
distribution thereof falls within the range of the number-
average particle size *20 % amounts to at least 50 % of
the whole, a true specific gravity is 1.7 to 2.5, when
representing an atomic ratio of fluorine atom to carbon
atom as F/C, a F/C of the particle as a whole is 0.001 to
0.5, and a F/C of the particle at the surface is always
larger than the F/C as a whole and is 0.1 to 2.0.

2. The particles of Claim 1, wherein the F/C as
a whole is 0.001 to 0.3, and the F/C at the surface is 0.3
to 2.0. ‘ '

3. The particles of Claim 1, wherein the F/C as
a whole is 0.001 to 0.2, and the F/C at the surface is 0.3
to 2.0.

4. The  carbon fluoride particles of Claim 1, 2
or 3, wherein a degree of sphere is 0.8 to 1.0.

5. A process for preparing the carbon fluoride
particles of Claim 1, 2, 3 or 4, which comprises; pre—
heating carbon particles in which a number—average
particle size is 0.01 to 50 um and a content of particles
having such a diameter that the particle size distribution
falls within the range of the number—average particle size
120 % amounts to at least 50 % of the whole, to 350° to
600°C; introducing a fluorine gas; and reacting the carbon
particles with the fluorine gas at a temperature within
said range.

. 6. Water- and oil-repellents comprising the
carbon fluoride particles of Claim 1, 2, 3 or 4.

(U

I n

he



in whi cha carbon TTuoride is di spersed have been proposed. For exanple,
JP- B- 4422%,;9,%1{@3{,4“)“@'@54 oller coated with a fluorine-containing resin

cont ai ni ng h
pr oposed }-E |ih EHI
may be i npr a,

oceurrence of eIgctfostatic offset cannot be

prevent ed, because the carboén fluoride is electrically insulative. In
JP—A—224366/ 1983, the use of a carbon fluoride in which an unreacted
portion is remaining is @i sdﬂmretackﬁfmngl | pgentsweveomprisange| shei ngarbon

property (prevﬁﬂﬁﬁqé?@(arleﬂfleé’fcﬁisﬁlﬁ 3 ?heyd’{p venent of abrasion
r

resi stance are rnsu

i‘'clent, and t

wi th carbon fluoride in which no unreacted portion is remai ned. Further,
nothing is said about prgvent§slgdt helefiesitsd! comprising the  carbon
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fluoride particles of Claim 1, 2, 3 or 4.

9. Agents -for imparting electric conductivity

. comprising the carbon fluoride particles of Claim 1, 2, .3

or 4.

10.  Additives to toner for:. developing
electrostatic image, comprising carbon fluoride particles
in which a number—average particale is 0.01 to 10 um, a
content of particles having such a diameter that the
particle size distribution falls within the range of the
number—average particle size *20 % amounts to at least
50 % of’ the whole, a true specific gravity is 1.7 to 2.5,
a F/C of the particle as a whole is 0.001 to 0.3, and a
F/C of the particle at the surface is always larger than
the F/C as a whole and is 0.1 to 2.0.

11. The additives to toner for developing
electrostatic 1image of Claim 10, wherein the number—
average particle size is 0.1 to 10 u m.

12. The additives to ‘toner for developing
electrostatic .image of Claim 10 or 11, wherein the F/C as

a whole is 0.001 to 0.2, and the F/C at the surface is 0.3
to 2.0.

13. The additives to tomer for developing
electrostatic image of Claim 10, 11 or 12, wherein the
degree of sphere is 0.8 to 1.0. -

14. Additives to coating of carrier for
developing electrostatic  image, comprising  the carbon
fluoride particles of Claim 1, 2, 3 or 4.

* [ L M S *

ide in a content of 1 to 25 % by wei ght has been
evention of hot offset and the abrasion resistance

ecidedly inferior to such

in



el ectrostatd ¢ offset by a conductive material. In Jﬁns%h 6 19 on t he
ot her hand, it has been proposed that a carbon fiber

conductive material and that a carbon fluoride is ad ﬁ ng the
abrasi on resi stance. However, according to this prop t he

preparation step is-conplicated due te tfig use of two addltlves but it is
also difficult to disperse uniformly and to coat uniformy. Act ual | y, as
described in that specification, the abrasion resistance is sonmewhat

i nproved by that carbon iSuorThe, ladditivesel dot r coesing oof secargenot for

prevented. Thigeddloblig  CBIREPIEH IS Chage of Claim 14, wherein the.
number—average particle size is 0.1 to 50 u m.

5 ‘ 16. Composit materials in which the carbon
fluoride particles of Claim 1, 2, 3 or 4 are added and
dispersed into resins, rubbers, metals, ceramics, carbons,
oils, organic solvents, water or aqueous solutions.

10 17. Composit materials in which the carbon
fluoride particles of Claim 1, 2, 3 or 4 are added and
dispersed into solid materials of resins, rubbers, metals,
ceramics or carbons.

15 18. Composit materials in which the carbon
fluoride particles of Claim 1, 2, 3 or 4 are added and
dispersed” into liquid materials of oils, organic solvents,
water or aqueous slutions. '

20 19. Composit materials in which the composit
~ materials of Claim 16, 17 or 18 are in the form of film,
paint, grease, toner, carrier or plating solution.

: 20. Fixing rollers coated with composit

25 materials in the form of that the carbon fluoride
particles of Claim 1, 2, 3 and 4 are dispersed into resins
or rubbers, or in the form of film or coating made of the
composit materials. '

30 21. Fine composit particles in which pafticles
of resins, rubbers, metals, ceramics or carbons are
coated with the carbon fluoride particles of Claim 1, 2, 3
or 4.

35 22. The fine composit particles obtainable by
impact-mixing or admixing by means of an impact surface
improving machine or a high speed mixing tank (dry
method).

e
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Date: 18 DEC 1997 22 The fixing roller of the present invention can
effectively prevent both offsets, i.e. electrostatic offset and hot offset,
and can maintain such an effect for a long tine; and further it is
excel l ent in abrasion resistance and heat conductivity. The carbon fluoride
particles used in the present inventien &8 arm electric conductive naterlal
and as a releasing nmaterial have a nunber-average

23. A process for preparing fixing rollers which
comprises, electro—depositing the fine composit particles
of Claim 21 or 22, and thereafter heat—treating to produce

coatings.
5 .
24. Gas diffusion electrodes which comprise, a
layer containing the carbon fluoride particles of Claim 1,
2, 3 or 4 or the composit materials of Claim 16, 17, 21 or
22 is formed on the surface of the electrode.
10

~ 25. Phosphoric acid fuel cells in which the gas
diffusion electrode of Claim 24 is used. ‘

26, Air batteries in which the gas diffusion
15 electrode of Claim 24 is used.

* 27. Alkaline storge batteries in which an anode
formed by using the carbon fluoride particles of Claim 1,
2, 3 or 4 or the compos1t materials of Claim 16, 17, 21 or
20 22 is used.
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particle size of 0.01 to 50 [err]m a content of particles having such a
dianeter that the particle size distribution falls wthin the range of the
nunber - average particle size +/-2- %anounting to at | east 50 % of the
whole, a F/Cratio as a whole of 0.001 to 0.5, and a F/Cratio at the
surface always larger than the F/C rati o7&s & whole and fromO0.5 to 2.0.
The carbon fluoride particles have a so-called core-shell structure,” and
conprise a core portion of carbon, which is substantially electrically
conductive, and a shell portion with a ABSHRA&Tount of carbon fluori de,

-~ which is lowin electric conductivity but has a very | ow surface energy,

I.e. a high hot offset p eventln effect In the particles. the F/C of .t he
shel |l portion is always {: TGt B?rttlgl@scorlg whic number-

average partlcle size is 0.01 to 50 um a content of
5 particles having such a diameter that the particles size
distribution falls with in range of the number-average
particle size *20 % amounts to at least 50 % of the whole,
a true specific gravity is 1.7 to 2.5, a F/C as a whole is
0.001 to 0.5, and a F/C at the surface is always larger
10 than the F/C as a whole and is 0.1 to 2.0. These carbon
fluoride  partilces . are obtainable by reacting carbon
particles with fluorine at 350° to 600°C for "one minute to
six hours. These carbon fluoride particles have an
excellent dispersibility and “a powder flowability, and are
15 wusable solely or in the form of composit, as water— and
oil- repellents, non-tackifying agents, solid lubricants,
agents ‘for imparting electric conductivity, additives to
toner for developing electrostatic image, additives to
coating of carrier for devéloping electrostatic  image,
20 composit materials for fixing roller, phosphoric acid fuel
cells, zinc/air batteries and nickel/hydride storage
' batteries.
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portion. Thé cafbon fluoride particles of the present invention have a F/C’
‘as a whole of 0.001 to 0.5. If this F/Cis |lower, the anount of the carbon
~fluoride is not high enough to obtain the hot offset preventing effect, and
1f higher, the electric conductivity is too lowto obtain the electrostatic
of fset preventing effect. Preferred F/Cvalues are 0.001 to 0.3 The
conposite material for the fixing roller of the present invention is
prepared by dispersing the carbon fluoride particles in the matrix resin or
matri x rubbers and is fornmed as filmor paint. Preferred exanples for the
matrix resins are, for instance, polyolefin

FIG T
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HYDROGEN GAS OXYGEN GAS
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CARBON FLUORIDE PARTICLES, PREPARATION
PROCESS AND USES OF THE SAME

TECHNICAL FIELDS
The present invention relates to novel carbon
fluoride particles and preparation process of the same,

~and  applications for  water— and oil-repellents, non-

tackifying agents, solid lubricants, agents for imparting

electric conductivity, composit materials of ‘“various
forms, additives to toners- and additives to carrier
coating for developing electrostatic image, fixing

rollers, phosphoric acid fuel |«cells, =zinc/air batteries,
and nickel/metal hydride batteries.

BACKGROUND ARTS ,
Carbon fluorides can be prepared by fluorinating
various carbon powder materials, and are present as solid
powders. _Sihce carbon fluorides have an extremely low

surface energy, and can exhibit their exellent

characteristics under sever conditions regardless of
atmosphere, the carbon fluorides have been evaluated as
excellent industrial materials in wide technical fields
such as water— and  oil-repellents, mold—releasing
compounds, non—tackifying agents and solid lubricants.

‘When utilizing those excellent properties of the
carbon fluorides, rather than - that the carbon fluoride

powder is used alone in the form of powder, the: carbon

fluorides - are generally utilized, for example, usually in
the manner of adding and dispersing the carbon fluoride
particles into materials such as resins and rubbers, in
the manner of dispersing into oils, greases, organic

solvents or aqueous solutions, or in the manner of fine

particle composits with other powders.

However, - when utilizing the .above excellent
various properties by composing the carbon fluoride powder
with other materials, there is a problem that, since it is

This is the replacement sheet
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et hyl ene and propyl ene, hal ogenated ol efins such as hexafluoropropyleﬁe
vinylidene fluoride, chlorotrifluoroethylene and vinyl fl uori d®ijsSheetHas Been Replaced

pertluoroal kyl vinyl ethers); polychloro-trifluoroethylene; poI
fluoride; and the like. Particularly preferable fluorine-cont a| mpm "I
are pol ytetrafluoroethyl ene, copol ymers & tetrafluoroethylene w

| east one of hexafl uoropropyl ene, perfluoro(nethyl vinyl ether),

perfluoro(ethyl V|n - ether) and perfluoraq(propyl vi et he (cont i ni ng
general ly in i‘ht 01:0 not GAER& Sehan %%g/E’Bﬂ&lrm horekPlct ab

tetrafl uoroet &Yﬁ@ﬁ@lk apdwidee | iie. Ahet heotrhdibermatai-ials,onethabb&twmd

fl uorine-contai ni ng, rubbers pr erre f1 uoro-contai ni ng rubbers
used in the prR¥k ’r%@ﬁfmﬁﬁ g‘? e“ﬁ&lﬁpg} bBEained”

The reasons are in that, since commercially
available common conventional carbon fluoride particles
are highly fluorinated throughout the inner portion to
provide particles which are wholely in the form of carbon
fluoride, (1) the specific gravity becomes higher to from
2.5 to 3.0, and (2) during the fluorinating step the
particles are broken irregularly due to stress yielded in
the whole particle to make the particle size distribution
very wide and to make the particle shape irregular,
because though a spacing of (001) plane of microcrystal of
graphite is 0.34 nm, a spacing of the plane of carbon
fluoride widens to from 0.6 to 09 nm due to the

fluorination. Therefore, the wholely fluorinated carbon
fluoride is inferior in dispersibility and powder
flowability. :

If carbon fluoride particles having a low
specific gravity and a narrow particle size distribution
can be obtained, such <carbon fluoride particles are
advantageous in view that a difference of specific gravity
from a despersing medium is made small to improve the
dispersibility. For example, as carbon fluoride particles
which may have a low specific gravity, JP—-A-142968/1975
discloses carbon fluoride particles having a  fluorine
content of 35 to 55 % by weight [corresponding to an
atomic ratio of fluorine atom to carbon atom (hereinafter
referred to as “F/C”) of 0.34 to .0.77]

- However, the . carbon fluoride particles having
such a high F/C within the above range are in such a state
that the spacing of (001) plane of the crystal is maximum,
and thus, as mentioned above, the particles tend to be
broken. Therefore, when dispersing into other materials,
there remains a problem as to dispersibility, and the
excellent lubrication property cannot be exhibited.

Also, it is known that modified carbon materials
for composit materials prepared by treating the carbon

This is the replacement shéet
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¥
fluorinated el astic copolyners, and particularly preferable are elastic

copoal ymer sThisfShepe Hay Bekrd dt o 85 % by nole of vinylidene fluoride with at

| east one nmerizabl e fluorine-containing et hylenically

unsat ur at ed . ori ne-contai ni ng rubber which contains iodine in
c

t he pol yner aini1s, for instance, a fl3iort ne-containing rubber which
mai nly conprises an el astic -copolyner of, as nentioned above, 40 to 80 % by

T uor i ne- contanracg ebTiheniaalFyoringas 878t cat monBlier . 48 d50%nol JIBTB-

contai ni ng 0. 99486219920 by Hoeveiftlr, PtRéss ablsy Rl tydekledd byanwei watrboh

L9012 201 SRR 59 GBE PGl 1300) oy ke O o)
yeilded a weak, semi-ionic C-F bond which contributes to
" hydrophilic  property. Accordingly, the treated -carbon
fluoride does not exhibit a water-repelling property which
is owned by the carbon fluoride, rather becomes more
hydrophilic than the starting carbon material (Proceedings
of 16th Fluorine Chemistry Conference, pl6é (Sep. 20,
1991), 17th Proceedings of Fluorine Chemistry Conference
p21-22 (Sep. 21, 1992)).

There is 'a graphite material for an atomic
reactor, which 'comprises a carbon fluoride at a part or
all of 1its surface region or of pores of surface layer
(JP-B—-31283/1981). This art directs to - graphite molding,
and is technically different from carbon fluoride which is
used in the manner of additives to other materials.

The present invention has been completed from
those viewpoints,” and one object 1is to provide novel
carbon fluoride particles having an excellent
dispersibility and  powder flowability =~ and further a
controlable conductivity and charging property which are
not owned by the conventional carbon fluoride particles,
as well as a  water-repelling property, oil-repelling
property, lubricating property, non—adhesion, non—wetting
property and stain resistant which are owned by the
conventional carbon fluoride perticles, said carbon
fluoride particles being carbon fluoride particles with a
low specific gravity in which the F/C as a whole is
maintained at a low level but the F/C at the particle
surface is high. _

An object of the present invention is to provide
a process for opreparing the novel carbon fluoride
particles in which a consuming amount of expensive
fluorine gas can be reduced. _

An object of the present invention is to
provide, as applications of the novel carbon fluoride, a
water— and oil-repellent, .a non-tackifying agent, a solid

This is the replacément sheet
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copolynerized with vinylidene fluoride to provide the elastlc copol yners
are hexaf| uor opropyl ene, pentafl uoropropyl enetrifl uoroet hyl &# ﬁmﬁ}hSB%ﬂR h“
tréfluorochl oroet hyl ene, tetrafluoroethyl ene, vinyl fluoride,
perfluoro(methyl vinyl ether), perfluoro(ethyl vinyl ether),

perfluoro(propyl vinyl ether), and the 4ike. Particularly preferable

fluori ne-containing rubbers are vinylidene fluoride/hexafl uoropropyl ene

el astic copol yner and vinylidene

fluoride/t et hebtiganpet hyarede/ heamaf | ucagemtopy| éoe el aknpartingol ynelectrige
amount of carg ntl%f}prlde particles is, in case of a film 0.1 to 50 % by
wei ght, pref&?ﬁ (f/ 0 20 % by wei ght, and In case of a pal nt, 0,1 to 50 %
by weight in the dry cdeather pobjestabp§ 1the mresesy warvgRtions is to

production pLagesfe Oh composit material which is composed with various
other materials in various manners.

Another object of the present invention is to
provide an additive to tonmers which gives excellent
effects that an amount of toners adhered to the carrier
surface for developing electrostatic emage can be reduced
and that a cleaning 'property of the toners remaining on a
surface of a photoreceptor can be improved.

Further object of the present invention is to
provide an additive to carrier coating in order to produce
a carrier for developing' electrostatic image, which Iis
excellent in abrasion resistance and toner—spent property
and does not yield irregularity in toner charge.

_ An object of the present invention is to provide
a fixing roller for developing electrostatic image, which
does not' cause both the hot offset and electrostatic
offset.

An object of the present invention is to provide
a gas diffusion electrode for a phosphoric .acid fuel cell
or an air battery, which has a small internal resistance
and a long life. ' _

An object of "the present invention is to ﬁrovide
an alkaline battery wusing a hydrogen—absorbing alloy,
which is excellent in rapid charging and has a long
durability.

DISCLOSURE OF THE INVENTION

The present invention relates to carbon fluoride
particles in which a number—average particle size is 0.01
to 50 um, a content of particles having such a diameter
that the particle size distribution falls within the range
of the number—average particle size +20 % amounts to at
least 50 % of the whole, a true specific gravity is 1.7 to
2.5, a F/C of the particle as a whole is 0.001 to 0.5,
preferably 0.001 to 0.3,  particularly preferably 0.001 to

This is the replacement sheet
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This is the replacenent sheet Date: 18 DEC 1997 24 the fixing roller,

a usual pro isSheqt ed As nentioned above, both the electrostatic
of fsset and t an be effectively prevented and such an effect
can be mai nt iJ#hg ti ne because the fixing roller of the present

invention is provided on its surface_\fvitg a_

0.2, and a F/C at the surface of the particle is always
larger than the F/C as a whole and is 0.1 to 2.0,
preferably 0.3 to 2.0. |

The present invention also relates to a process
for preparing carbon fluoride particles, which comprises
pre~heating at 350° to 600C a carbon powder in which a
number—average particle size is 001 to 50 um and a
content of particles having such a diameter that the
particle size distribution falls within the range of the
number—average particle size *20 % amounts to at least 50
% of the whole, introducing a fluorine gas, and then
reacting the carbon particles with the fluorine gas at a
temperature of the above range.

The present invention relates to  various uses -of
the above carbon fluoride particles, for example, to a
water— and oil-repellent, a non—tackifying agent, a solid
lubricant, an agent for imparting electric conductivity,
an additive to coating of  carrier for developing
electrostatic - image, a composit material combined with
other materials and a fine composit particle coated with
other materials; and, using the above material, a fixing .
roller, a gas diffusion eletrode, a phosphoric acid fuel
cell, an air battery and an alkaline battery. :

The present invention relates to an additive to
toners for developing electrostatic image comprising
carbon fluoride particles in which a number—average
particle size is 0.01 to 50 um, a content of particles
having such a diameter that the particle size distribution
falls within the range of the number—average particle size
20 % amounts to at least 50 % of the whole, a true
specific gravity is 1.7 to 2.5, a F/C as a whole is 0.001
to 0.3, and a F/C at the surface is always larger than the
F/C as a whole and is 0.1 to 2.0.

BRIEF EXPLANATION OF THE DRAWINGS
Fig. 1 shows a diagramatic perspective view of
one embodiment of the construction of the phosphoric acid

fuel cell according to the present invention. y
| This is the replacement sheet
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coating containing the novel carbon fluoride particles having both electric

conductivity and | ow surface energy. Further the coating is ¢} da3tBeén Replaced
abrsasi on resistance. In addition, since a | arge anount of the

fluoride particles can be incorporated to the fluorine-contai mkjﬂ,ﬁ

t he heat conductivity can be inproved, ereby the thickness of the ¢c

can be increased. Omng to the above- ntioned synergistic effects, fixing
roll ers having an epoch-nmaking long life can be provided. The present

invention further rel atmp%@mpmmtqq? OFe THECARVENTRONSI ng an

el ectrode with a surface on ch a [Layer, of a canposite. materi al
cont ai ni ng the carbon f ri garhom ¢ i Elueside  Rarigelesent Of nvERei oRresent uoro

resin and a invention are particles having so—called core—shell
structure, and comprise a core portion of substantially
made of carbon and a shell portion which is thin and has a
large content of «carbon fluorine, a F/C of the shell
portion is always larger than that of the core.

The reason why the carbon fluoride particles of
the  present invention is  difficllt to be  broken
nevertheless the F/C of the shell portion is large, is
assumed that since the carbon fluoride is present in a
relatively large amount in the shell portion, the stress
stops only near the surface region, and as explained in
the background arts, the stress does not go into the deep
portion, and thus the breakage would not be affected over
the whole of particle.

' The  carbon fluoride obtained according to the
present invention does not have a clear peak at and near
the angle of diffraction corresponding to (001) plane by
means of X-ray diffractometry, and even if a peak is
observed, such a peak is broad. This is assumed that,
depending on the kind of starting carbon, since the carbon -
fluoride exists thinly in the surface region of the

~ particle, a sharp peak may not be observed.

The carbon fluoride in the present invention is
"generally obtainable by reacting various carbon materials
with fluorine, and substantially comprises an inorganic
polymer carbon fluoride in  which carbon atom s
chemically, covalently bonded.

" The carbon fluoride particles of the present
invention have a number—average particle size of 0.01 to
50 uxm.  When the number-average particle size becomes
smaller, a secondary  agglomeration  tends to occur
strongly, and thus, at the wuse, it is difficult to
disperse uniformly in the materials. When larger, a
dispersibility becomes worse. Preferred range 1is 0.01 to
20 x4 m, more preferred range is 0.1 to 10 u m. '

In the ©present invention, the particle size

This is the replacement sheet
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catal yst is pfhg\g@,ggeﬁasgggg{ Reeddi ffusion el ectrode of the present invention
is yseful in b IM :]‘l el ectrode for an alkaline, sulfuric acid or

phosphorl c aC| as an air electrode for an air battery such
as zincl/air he i ndustrial electrolytic field, as a

hydr ogen generat| ng el ectrode i'n salt—el &trolysis, an elect rode for

depol ari zation by oxygen; a chloride generating el ectrode, an anode for
wat er el ectrol SIS or el ectropl at j ng, andthe | i ke. The sldlffu5|on

el ectrode is 1butide \H’ﬁdgh FR&ct snupberavarages acQ%‘q%‘F € hrege are

gas/ li qui d/soldeiefmﬁéé,i_ﬂ the FOHoG2Ag ! M¥Anerdli ch relates to the reaction

2% an ol cctrode’ cat al yetbAIiAEce! eS|t heoll ectrRSTRner sPicEdand 1" ©
particles in an scanning electron microscopic photograph
are measured. From the number of particles of each
particle size 1is obtained a particle size distribution.
Then a number—average particle size is calculated from the
particle size distribution.

The carbon fluoride particles of the present
invention have a particle size distribution in which a
content of particles having such a diameter that the
particle size distribution falls within the range of the
number—average particle size 20 % amounts to at least
50 % of the whole. When the particle size distribution
becomes wider, a F/C as a whole and a F/C at the surface
are not uniform, ie. particles having too high or too low
F/C being present in the mixed manner in addition to the
particles having the desired F/C. Preferred particle size
distribution is that the particles having such a diameter
that the particle size distribution falls  within the range
of the number—average particle size *20 % amounts to at
least 60 % of the whole, more preferablly at least 70 % of
the whole.

The carbon fluoride particles of the present
invention have a true specific gravity of 1.7 to 2.5. The
lower limit of the true specific gravity depends on a true
specific gravity of the starting carbon. When the ftrue
specific gravity is larger than 2.5, the carbon fluoride -
cannot maintain its spherical shape and 1is inferior in
dispersibility. = Preferred true specific gravity is 1.7 to
2.3, more preferably 1.7 to 2.0.

A true specific gravity of the carbon fluoride
particles is measured by means of a usual method in which,
for example, ethanol described in  Hideaki Chihara,
“Butsurikagaku Jikkenho” 3rd ed Tokyo Kagaku Dojin
(1988) is wused, and the particles in a pycnometer is
. weighed. o |

The F/C of the particle as a whole resides
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reaction on the el ectrode. Accordingly, in order to inprove_.the perfoFmance

of the gas diffusion electrode, it is necessary to i ncrease” < laced
of “t he three layers by controlling the gas perneable water-r !
and the hydrophilic area where the electrolyte can exist. I.n

an

fl uorine-containing resins such as typi c%I | y. pol ytetrafl uoroethyl ene,
wat.er-repel ling carbon bl ack such as typically acetyl ene This is the
repl acenent sheet Date: 18 DEC 1997 .

between 0.001 and 0.5. When the F/C is smaller, the
" desired performance cannot be obtained, because an amount
of carbon fluoride is not enough. When larger, the
particle begins to break and thus does not maintain its
spherical  shape, which results in bad  dispersibility.
Preferred F/C is 0.001 to 0.3, more preferably 0.001 to
0.2.

In the present invention, a F/C of the particle
as a whole is measured as follows.

Carbon fluoride particles are burned together
with a combusion improver Naz0- and a polyethylene film in
a flask filled with oxygen, and the produced hydrogen
fluoride HF is absorbed in water. An amount of the
produced HF is measured with fluoride ion specific
electrode ion meter (Ion Analyzer 901 of Orion Corp.).
From the measured value, regarding all the remaining
portion of the carbon fluoride particle as carbon, a ratio
F/C of the number of fluorine atoms to the number of
carbon ‘atoms is calculated. @The obtained value is a F/C
of the particle as a whole. :
' The F/C of the carbon fluoride particle at the
surface is defined by the value obtained by the following
measuremant.

F;s spectrum (680 to 700 eV)and C;s spectrum
(280 to .300 eV) of a carbon fluoride particle are measured
with X ray photoelectron  spectrometer (ESCA-750  of
Shimadzu Co., Ltd.). From a ratio of areas in the charts
corresponding to each spectrum, a ratio F/C of the number
of fluorine atoms to the number of carbon atoms at the
surface of the carbon fluoride particle is calculated.

The F/C at the surface is 0.1 to 2.0, preferably
0.3 to 2.0, more preferably 0.5 to 1.5. |

The carbon fluoride particles of the present
invention are excellent ‘'in dispersibility  and powder
flowability. These properties are further improved when
the shape of the particle goes near sphere. Generally,
there is employed a degree of sphere which indicates how
approximate a particle is to be spherical The carbon

" This is the replacement sheet
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25 bI ack are used as et er |als for the water-repelling area. The acetyl ene
bl ack useiﬂhl | 1ing area does not have sufficient

wat er-repe S, oxidation resistance and corrosion resistance
W th regar ol yte. Thus, when used for a long tine, the

el ectrol yte penetrates |nto,the wat er -r epel +i ng area where the gas should
pass through, and the gas cannot be supplied sufficiently, resulting in a

stop of the electric current. It has been tried.,to inprove th

vat er - r epel | i §ueridger pasticl aski Oht | Bie ré’é’ﬁ@@%ﬁcén&ﬁﬁ“@é‘rr%}l Yr R afce
by subj ecti ng ddpe-eacef Yégpﬁfé?e Bfagls tte vy, Q!E'éfélably’ﬁqﬁBt teatligents. For
exanple, JP-A-2 07893/1&7 %'o?oses tfo | r(I).ve to e

he carbon fluoride
particles of the present invention is defined by
(circumferential length of a circle which has the same
area as area of projected image of particle)/(length of
profile of projected image of particle), and is
specifically described in Kiichiro. Kubo et al “ Funtai
Riron to Oyo” 2nd ed. p50. Maruzen (1979). In an
exemplified method, it can be measured by using an image
analyzer (TVIP-4100 II of |Nippon Avionics Co., Ltd.).
When a particle is perfectly spherical, a degree of sphere
is 1..0. When a particle is flattened or irregular, a
‘degree of sphere becomes small.

The preparation of the carbon fluoride particles
of the present invention can be carried out by pre-
heating, to from 350° to 600°C, carbon particles in which
a number— average particle size is 0.01 to 50 um and a
content .of particles having such a diameter that the
particle size distribution falls within the range of the
number—average particle size *20 % amounts to at least
50 % of the whole, introducing a fluorine gas, and
reacting the carbon  particles with fluorine at a
temperature of the above range for a given reaction time
to fluorinate the carbon particles.

In the present invention, the reason why the
carbon particles are pre—heated to the reaction
temperature is to fluorinate the surface of the carbon
particle within a short time at the constant temperature.
If the pre-heating is not carried out, the carbon
particles are gradually fluorinated from a low
temperature, which cannot provide the carbon fluoride
particles of the present invention.

In the procéss of the present invention, the
carbon particles having the given properties are
fluorinated at about 350C to about 600°C for a given time
in the presernce of fluorine. When the reaction
temperature is lower than about 350C, the surface of the
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wat er-repel | i ng properties, oxidation resistance and corrosion resistance

by heat-treating the acetyl ene black together with a car bmlmeanh_atee,u e
an rnert atnosphere to convert it into graphite. This met ho
problematic in that a tenperature above 1000[err] to 2000[e

and in that the corrosion resistance-maygbe-reduced because

the graphite crystal accelerates the formation of an interfaC| al corrpound
wi th the phosphoric acid in the electrolyte. Wth this know edge, it has
been tried toca,ts’u@na cgdreicles uor catmats t e wasefficegredlyi ngreadtedanceyithhi ch

oxi dat | onr SALPERE" heS, | SUBBEF, éiﬁh??éﬁéaﬁ%p' ASOQEE P ThBLES s 0

carbon fl uorltmidm i n thatt nethermadls a decapipesitipnf | ugieaabiosd orRECANE i s

electrically phsdrahtNe- tHE! ©f PA€: production of the carbon fluoride
particles. = The reaction time varies with the reaction
temperature. When the reaction time 1is shorter, it is
difficult to  fluorinate the surface of the carbon
particles sufficiently and uniformly. When longer, the
fluorination also  occurs inside the <carbon  particle,
thereby the particles are broken to be in an amorphous
shape. Preferred reaction temperature varies with a kind
and particle size of the carbon particles, and is 400° to
550C, more preferably 400° to 500C. The reaction time
is usually from one minute to six hours, preferably five
minutes to three hours, more preferably ten minutes to two
hours. '

According to the oprocess of the present
invention, since the reaction is carried out within a
relatively short time under the  particular reaction
conditions, the .obtained carbon fluoride particles have a
low F/C in the core portion and a high F/C at the surface
(shell portion) of t!}e carbon particle.

The fluorine gas is usually introduced after
diluting with nitrogen, argon, helium, air or the like to
2 to 100 % by volume, preferably 2 to 50 % by volume, more
preferably 5 to 20 % by volume. To the dilution gas, if
necessary, are added oxygen, tetrafluorocarbon, hydrogen'
fluoride and the like. After the reaction, the fluorine
'gas is instantly purged with an inert gas, and then the
carbon fluoride particles are cooled.

The staring carbon particles used in the process
of the present invention have a degree of sphere equal to
that of the desired carbon fluoride particles. A degree
of shere of the carbon particles is generally 0.5 to 1.0,
preferably 0.8 to 1.0.

Examples of the carbon  particles to be
fluorinated in the process of the present invention are,
for instance, meso—carbon microbeads (MC) (carbon
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though | ong. &ib@tal BEn RBFladeE. achi eved because of its excellent

wat er - repel 'l ' oxi dation resistance and corrosion resistance,
probl ens ari S‘M‘“mﬂﬁmﬁl ernal resistance of the el ectrode becom ng high
due to its el [ ion, and thus the battery performance decreases
and heat is generated. |In JP;B-3 1788L198j/, an el ectrically conductive

wat er-repelling partially fluorinated graphite having a | ow fluorine

content, which can exhibit simultaneously both the vvater-r?&gl l'ing
properties andhermallyectreatedbndtici280i0fy haeaibele piroposO&SA déasriGmd in

lvor i nat s on daghbe Hibiber averdge! PRI s (B PO61 F0 0] O (cBnkBte
of particles having such a diameter that "the particle size
distribution falls within the number—average particle size
+20 % : 50 % degree of sphere: 0.7 to 0.8; true specific
gravity: 2.1 to 2.2), fine thermal (FT) (available from
Asahi Carbon Co.,, Ltd; number—-average particle size:
0.09 um  particle size distribution (particles falling
within the number—average particle size 20 %): 70 %
degree of sphere: 0.9 to 1.0; true specific gravity: 1.8
to 1.9), medium thermal (available from Columbia Carbon
Co., Ltd.; number—average  particle size: 0.35 Lom;
particle size distribution (particles = falling within the
number—average particle size 20 %): 60 % degree of
sphere: 0.9 to 1.0; true specific gravity: 1.8 to L1.9),
acethylene black (Denka Black available from Denki Kagaku
Kogyo Co.,, Ltd; number—average particle size: 0.04 x m;
particle size distribution (particles falling within the
number—average particle size *20 %): 70 % degree of
sphere: 0.9 to 1.0; true specific gravity: 1.8 to 1.9),
furnace black, and the like. |

The carbon fluoride particles of the present are
excellent in powder flowability. Therefore, not only when
using alone but also when wusing by adding to resins,
rubbers, films, paints, oils, aqueous solutions, greases,
other various inorganic materials, and other various
metallic materials, the handling property is good, and as
mentioned hereinbefore, the dispersibility is also good.

Uses utilizing the water-repelling property are,
for instance, an = additive for films, an additive for
resins, an additive for ©paints, and an additive for
rubbers, and an  additive  for plating dispersions.
Concrete examples are, for instance, an air electrode for
air battery, a gas diffusion electrode for phosphoric acid
fuel cell, an anode for closed~type secondary battery
having an anode of hydrogen—absorbing alloy, and the like.

Uses utilizing  the non—tackifying (releasing)
property are, for  instance, an additive for films, an
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This is the replacenent sheet Date: 18 DEC 1997 26 than 0.2, the
el ectric resistance becones |ower than 1000 Q. [err], and at the sane tine
t he* contact angle to water which represents the water-repelling property is
at nost 120 degrees. - This value of contact angle is excellent in
conparison wth that of polytetrafl uor‘betlﬂyl €he (about 110 degrees), but is
remarkably inferior to the

additive for resins, and an additive for paints and an
additive for rubbers, and concrete examples are, for
‘instance, a fixing roller - for  electrostatic  copying
machine, a resin molding die, and a releasing agent for
plastic molding, rubber molding, a die-cast article, a
glass article and a sintered alloy, and the like.

Uses utilizing the lubricating property are, for
instance, and an  additive for lubricating oils and
greases. Examples of the lubricating  oils are, for
instance, mineral oils such as naphthenic hydrocarbons,

paraphinic hydrocarbons and aromatic hydrocarbons;
synthetic  oils  such as olefinic polymerized oils,
diester oils, polyalkylene glycol oils, halogenated

hydrocarbon oils, silicone oils and phosphate oils;
and  fatty oils. Examples of the grease are greases
prepared by adding a metallic soap, bentonite,
silica gel, coper phthalocyanine, allylurea and
fluorine—containing resin to a base o0il such as the
above—mentioned mineral oil or synthetic oil _

Concrete examples are an engine oil for cars, a
wheel bearing grease, a graphite grease, a lubricant for
drawing of metal, and the like.

The carbon fluoride particles have a surprising

property, 1i.e  controllable electric conductivity. Carbon
particles such as carbon black are electrically
conductive, but the  fluorinated carbon  becomes an
insulator. Though  the  conductivity  remains in an
incompletely fluorinated carbon to some extent, since the
carbon is  fluorinated as a  whole, the remaining
conductivity is low, and is not enough to provide an
additive utilizing as an agent for imparting
conductivity. The carbon fluoride particles of the

present invention have, as mentioned above, the core-shell
structure, and the shell portion is a very thin carbon

fluoride layer. Therefore, it is ' assumed that the
conductivity of carbons of the core portion is not so
lost.

Accordingly, the «carbon fluoride particles of

This Sheet Has Been Replaced
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i nherent value of carbon fluoride (about 140 degree). Further, t hough the
carbon fluoride prepared by a known pr.eparation- process, f%ism@ealkeﬁaced

process described in the above-nentioned publication, has th :
degree of fluorination as a nean val ue of the whole reaction
carbon fluoride is only a mxture at—a ¥ croscopic level. Na

particle will have a relatively high fluorination degree and a |arge
particle a relatively low fluorjnation en na

di f fusi on el d&er o@EEEENTsiIRYEBLIOR céaﬁogﬁgﬂr@%fi \égepaéﬁl?qgé‘igtﬁ%?;bi@ﬁﬁa ase

't[] i ealglt ar ‘;ngiii?%iéoptﬁgggéﬁi&trithecf@?_dﬁ_t:tiiitiyy.e geEmnplrees ofit otlae easseher e

t he interfacslté#izfg%ptﬁg%e %ﬂfﬁ‘}clst?éﬁyel %'Iﬁ ’rs]/ ii:iogﬂi ﬁ%o%cg?gg%? ’e%og{ecg},%ltg%édy °

thus the perfgmimgnce af t lenté$tatic oderetdnr easemposition, an antistatic
container for semiconductor tip, an antistatic and
abration  resistive sheet, a cleaning brade for
brushing a photosensitive drum of electrostatic 'copying
machine, a fixing roller of electrostatic copying machine,
a toner or carrier for electrostatic copying machine, a
variable resistor, " a gas diffusion electrode for
phosphoric acid fuel «cell, an air electrode for air
battery, a surface treating agent for hydrogen—absorbing
alloy in alkaline battery, and the like.

Though the carbon fluoride particles can be
solely applied to various uses utilizing their excellent
properties, by combining with other materials, it Iis
possible to endow the specific functions of the carbon
fluoride particles of the present invention, with the other
materials: _

Examples of the composit materials are, for
instance, composit materials in which the carbon fluoride
particles are added and dispersed into solid materials
such as resins, rubbers, metals, ceramics and carbons,
liquid materials such as oils, organic solvents, water and

various aqueous solutions. As the resins, there are
employed resins which can be endowed with the specific
functions of the «carbon fluoride. Examples of the
synthetic resins are phenol resin, urea resin, epoxy
resin, fluorine—containing resin, acetal resin,
polycarbonate, polyamide, polyimide, polyester,

polyphenylene sulfide, silicone resin and the like.
Examples of the rubbers are styrené-butadiene rubber,
chloroprene rubber, neoprene rubber, nitrile rubber,
ethylene-propylene—butadiene' rubber, and the like.
Examples of the metals are aluminium, titanium, nickel,
lead, tin, copper, =zinc, and the like. Also, alloys such
as duralmin, stainless steel and hydrogen—absorbing alloy
may also be employed. Examples of the ceramics are SiC,
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fast. The carbon fluoride particles of the present invention can provide an
epoch- maki ng conductive water-repell ent which can sol ve ahhlssﬁeeﬂ-lmeBeenRe laced
abdve-nmenti oned probl ens. Nanely, the carbon fluoride parti

present invention are characterized in that, as nmentioned

fluorination degree at the surface is |gyge-even if the fluori nat | on

as a whole is not nore than 0.2, whereby excellent water-repelling
properties equal to those of corrpl etely fluorinated carbon fluoride can be

obt ai ned. Acc@jgNpgl yBNsi nael $\gjff|13<bsqm‘;l wager - mlel lagg oxilesrt issghcarasbe

O e ot e, K, CodiEE, gn%f” oFLpRiE g as o S, THkE !

el ectrode canBExanpieeredf the carbons meso— carbon microbeads,
needle coke, carbon black, pxtch, tar, and the Ilike.
Examples of the oils are mineral oils and systhetic oils
such as ©polyolester oils as well as fluorine—containing
oils such as  perfluoropolyether and CTFE  oligomer.
However, oils which contain an amine additive are not
preferable. Examples of the organic solvents are alcohols
such as ethanol, hydrocarbons such as benzene, halogenated
hydrocarbons (hydrogen atom may be contained in the
molecule), and the like. Examples of the aqueous
solutions are aqueous solutions containing a surfactant,
more specifically a plating solution, and the like.

A composit with a solid material can be
prepared, for example, by dispersing the., carbon fluoride
particles as a solid material in a proper organic solvent
or aqueous- solution, and as it is or after coating, drying
the dispersion to remove the organic solvent or the like.
If necessary, a post—treatment such as sintering may be
.carried out. There may be employed other method that the
solid material may be  obtained by once preparing the fine
composit particles as mentioned  hereinafter, powder—
coating or  compression—molding the particles, and if
necessary,  post—treating like sintering. According to
this method, there can be provided in the form of thin
film such as film, porous membrane or coating and molded
article. :

A composit with a liquid material can be
prepared, - for example, by dispersing the carbon fluoride
particles in a liquid material with an  ultrasonic
dispersing machine. If necessary, an additive such as a
surfactant may be added. The liquid composit may be in
the form of paint, spraying solution, plating solution,
lubricating oil, grease and the like.

Further, it 1is possible to prepare fine composit
particles by coating solid - particles with the carbon
fluoride particles of the present invention. Examples of
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Further, since the initial water-repelling properties are high, it takes a
long time for the electrolyte to penetrate even if the eITdaith@dQSiBsenReﬁlaced

dedgraded with lapse of tinme. By this a long life el ectrode ed.
In addition, since the particle size distribution is narro
fluorination degree is uniform a spot afgwhich the electrolyte may easily
penetrate is This is the replacenent sheet Date: 18 DEC 1997

the solid particles are, for instance, resin particles,
rubber particles, metal particles, ceramic particles,
carbon particles, and the like. Usable particle size is
within the range of 0.1 to 500 uxm, and the shape of the
solid particle may not be spherical. Preferred method for
coating with the carbon fluoride  particles is, for
example, a method in which an impact mixing method or a
mixing with agitation is conducted with an impact surface
improving machine or a high speed agitation type mixer
(dry type). The fine composit particles are suitably
available for the wuses such as a water— and oil-
repellent, a non—tackifying agent, a solid Ilubiricant, an
agent for imparting electric conductivity and the like,
and more specificallyy, a powder paint for electrostatic
coating, a powder for flame spraying, a powder for powder
metallurgy, an additive for plating dispersion, an
additive to toner for developing electrostatic image, an
additive to resious coating of carrier for developing
electrostatic image, a hydrogen—absorbing alloy electrode
of alkaline battery in which hydrogen—absorbing alloy is
used, a lubricant for draw—processing of metals, an
additive to coating of a fixing rollers, and the like.

The carbon fluoride particles of the present
invention is particularly useful as an additive to toner
for developing electrostatic image. Hitherto, in order to
prevent the toners from adhesion to the surface of the
carriers and the surface of the photoreceptor, carbon
fluoride particles have been added to the toners. However,
the adhesion—preventing effect in the prior methods is
insufficient, because the carbon fluoride particles
obtained by the prior methods are bad in powder
flowability due to their irregular shape and wide particle
distribution, and thus 1is not sufficiently dispersed into
the toners. The carbon fluoride particles of the present
invention are excellent in dispersibility and powder
flowability, and -are an additive to toner which has not
been found in the prior arts.

Namely, the present invention also relates to an
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27 unlikely to occur in the electrode, and thus the stable interfaces of

the three gas/liquid/solid | ayers can be maintai n isiSRdet FasBRAR pIhdIE -
Accordingly, a battery having a small overpotentia Mm IH fe can be
fuel

obt ai ned. The gas diffusion electrode is particul ar
el ectrode and as an oxygen el ectrode tor jghosphoric
Typi cal structures of phosphoric acid fuel cells are illustrated |n Fig. 1.
In Fig.1, (1) represents a matrix which acts to maintain a phosphoric acid
el ectrol yte anadditiee i storadetarer f ofosxangeeelopingnposiectrontiadiG al 181288
f1 uori ne-cont awmgmlﬁ in gRg [ed& ohP! f58Fide 2 pbp@mués' Ough WhiRhrip 3
heat ed nmedi um pasSes a Is made of a stainl es& sl %lch | S protect@1
number—average partlc e size 1s 0.0 ¢ m, preferably
0.1 to 10 um a content of part1cles having such a
diameter that the particle size distribution falls within
the range of the number—average particle size *20 %
amounts to at least 50 % of the whole, a true specific
gravity is 1.7 to 2.5, the F/C of the particle as a whole
is 0.001 to 0.3, a}nd the F/C of the particle at the
surface is always larger than the F/C as a whole and is
0.1 to 2.0. '

The <carbon fluoride particles used in " the
additive . to toner for developing - electrostatic image of
the present invention is the same as the carbon fluoride
particles of the present invention except that the number-
average particle size is 0.01 to 10 xm  When the number-
average particle * size of "the carbon fluoride particles is
larger than 10 um, there is a tendency that, since the
particle size Tbecomes near the particle size of the
toner, the characteristics of 'the toner cannot be
exhibited sufficiently.

Since the additive to toner for developing
electrostatic image of the present invention has a uniform
shape, a narrow particle size distribution and a small
true specific gravity, the additive .is excellent in powder
flowability and dispersibility- and thus are uniformly
dispersed in the toner. As a result, since the surface of
the additive to toner is fluorinated, the adhesion—
preventing effect of toner to the carrier surface and the
removability of the remaining toner on the photosensitive
drum can be improved. .

The additive to toner - for developing
electrostatic image of the present invention is used by
adding to the toner with which wusual components are
blended. Examples of the usual components which constitute
the toner are, for instance, a binder resin, a coloring
agent, and the like. '

An amount of the additive to toner for
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pate:  * 7 0CT 9%



-

agai nst corrosion by a fluorine-containing resin.(3)represents a collecting

pl at e fromIMmswuHB BRéffehbhieg current is taken (4)and(5)represent a fuel

el ect rode an ectrode, respectively, in which a gas diffusion
el ectrode pr Ng the carbon fluoride particles of the present

i nvention is enpl e specificallyy7 the fuel cell has a

t wo- | ayer-structure conS| sting of the electrode catalyst |ayer, which
provi des the el ectrode reaction field by formng the ree-layer-interface,
and the gas didevekipingl aystectrakitatics mintagley fieed<).0ydr agen 18r pdrdsl @ys to.

Lo ng o compodiaEBhua, | B0, ipalhS . BT WeRltie (3C R fREE, | SYREED Mt
particles of amoyntesent &nv@haraoterastlcs of the toner cannot be

exhibited, and when smaller, effects of the additive

cannot be obtained. Preferred amount is 0.1 to 3 parts by

weight. .
Examples of the binder resins are, for instance,
homo— or co—polymers of styrenes such as styrene,
chlorostyrene and vinylstyrene; monoolefins such as
ethylene, propylene,  butylene and isobutylene; vinyl
esters such as vinyl acetate, vinyl propionate, vinyl
benzoate, vinyl  butylate, vinyl propionate and vinyl
benzoate; esters of « —methylene aliphatic monocarboxylic
acids such as methyl acrylate, ethyl acrylate, butyl"
acrylate, dodecyl acrylate, octyl acrylate, phenyl
acrylate, methyl  methacrylate, ethyl methacrylate and
butyl methacrylate; vinyl ethers such as  vinyl methyl
ether, vinyl ethyl ether and vinyl butyl ether; vinyl
ketones such as vinyl methyl ketone, vinyl hexyl ketone
~and vinyl isopropenyl Lketone; and the like, more

specifically, polystyrene, styrene—alkyl acrylate
copolymer, - styrene—maleic anhydride copolymer,
polyethylene, polypropylene, and the likee As the binder
resins, there may also be employed polyesters,

polyurethanes, epoxy resins, silicone resins, polyamides,
modified rosins, paraffins and ~the like. Examples of the
coloring agents are, for instance, carbon black, Nigrosine
dye, Aniline Blue, Karcoil Blue,  Chrome Yellow,
Ultramarine  Blue, Dupont ©0il Red, ~Quinoline Yellow,
Methylene: Blue Chloride, Phthalocyanine Blue, Marakite
Green Oxalate, Camp Black, Rose Bengal, and the like.
The additive to toner for developing electrostatic image
of the present invention can also be used by adding to
magnetic toners containing  magnetic materials. The
additive to toner for developing electrostatic image can
exhibit their effects with respect to ©both negatively
charged toner and positively charged toner. In addition,
the additive to toner for developing electrostatic image

This is the replacemant sheet

Date: = T 00T 1996



flﬁorine-containing resin as a binder, carbon black as a catal yst carrier
and pl ati num aFhissShestHad Besd Repld@n preparing the conposite material, an

el ectrode cat al 'gher performance nmay be obtai ned by neans of
an inpact surfa chine or a high speed agitating m xer (dry
type). The gas difrtu I S preparfgl by using a carbon paper, which

. 1S subjected to a water-repelling treatnent. As a water-repelling
treatment, a fluorine-treatnment is particularly preferable, and before the

fluorine-treatfRatan idffBEE SRS A ¥haPg®riftrolingladdan. treat ment or a steam
nodi fi cati on can be carrjrﬁd out., The S dlffu5|on.(il ectr _de f the e%re ent
|

invention is also useful 188 a GATPOB| edtyQdder oPALtICIES ¢ OF i edhe | Presen
particular a invention are particularly wuseful as an additive to

resinous coating of carrier for developing electrostatic
image. Conventionally, in order to improve the abrasion
resistance of the carrier and the toner spent, carbon
fluoride particles have been added to the resinous coating
of the carrier for  developing  electrostatic image.
However, since the prior carbon fluoride particles have an
irregular shape, the powder flowability thereof is bad and
the adhesion to the carrier is insufficient, and thus the
particles tend to be broken due to friction or the like.
In addition, since the particle size distribution is wide,
the difference of the F/C is large among the individual
particle and, as a vresult, the toner charge varies
widely.  Further, carbon fluoride particles having a large
particle size tend to be peeled off from the carrier. The
carbon fluoride  particles of the present invention,
however, have a uniform particle size and are excellent in
powder flowability, and futher have a narrow particle size
distribution, which can provide a novel excellent
additive to coating of carrier. '

' Namely, the present invention also relates to an
additive to resinous coating of carrier for developing
electrostatic image comprising the carbon fluoride
particles, -in which a number—average particle size is 0.01
to 50 um opreferably 0.1 to 50 um a content of
particles having such a diameter that the particle size
distribution falls within the range of the number—average
particle size *20 % amounts to at least 50 % of the whole,
a true specific gravity is 1.7 to 2.5, the F/C of the
particle as a whole is 0.001 to 0.3, and the F/C of the
particle at the surface is always larger than the F/C as a
whole and is 0.1 to 2.0.

Since the additive to coating of the carrier
has a shape near sphere, a uniform particle size and a
narrow particle size distribution, the additive has a good
adhesion to the carrier core and has less possibility of
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ThIS is the repl ace replacenent sh ety Date 18 DEC 1997 28 zinc/air battery
may be used dre w dely used in hearing-aids and beepers,
because they ave a high energy density and a small content
of harnful su inc/air battery conprises an anode nade of

zinc, as a cat hode a gas di ffusion el'ectl%de which utilizes oxygen from
the air as a cathode

peeled off when abraded. The additive can be produced at
a relatively low cost because of a small amout of fluorine

content. Therefore, it is possible to improve the
abrasion resistance of the carrier and the toner spent at
a low cost.

The carrier for developing electrostatic image
comprises a carrier core on which coating made of resin is
provided. The coating contains the additive to coating of
the carrier of the present invention.

The carbon fluoride particles of the additive to
coating of the carrier of the present invention are the
same as the «carbon fluoride particles of the present
invention.

The carrier core has a particle size of about 30
to 500 g m Usually a total amount of the resin and the
carbon fluoride particle is 0.1 to 10 parts by weight to
100 parts by weight of the carrier core.

As a method for coating the carrier core with

the resin containing the carbon fluoride particles, there
are the wet method and the dry method. In the wet method,
a coating solution is used. In the dry method, the
carrier core particles, the carbon fluoride particles and
the resin particles are admixed with agitation or are
subjected to the impact—-mixing. .
_ ~ Since the carbon fluoride particles have the
water—repelling property, the latter dry method is
preferred. Examples of the machines used in the dry
method are impact type surface improving machines such as
Hybridizer (available from Nara Kikai Seisakusho) and
Mechanomill (availé.ble from QOkada Seiko), high  speed
agitation type mixers such as Laboratry Matrix (available
from Nara Kikai Seisakusho), Vertical Granulator
(available’ from Fuji Sangyo) and Spiral Flow Coater
(available from Froint). '

According to the «carbon fluoride particles of
the present invention, a charging characteristic of the
particle can be controlled to some extent by controlling
the degree of the F/C at the surface. For example, since
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active material, and as el ect rolyte a concentrated al kal i ne aqueous
sol uti on. FuFhigfheet HagBeer Riplacado prepare a cl osed-type battery, a

wat*er - r epel | i used for preventing the electrolyte from .

| eaking to th e battery and for supplying oxygen fromthe air
snoothly into t attery. Practically, # pasous nenbrane of PTFE is used,
and vari ous oxygen per meabl e-nmenbr anes have been studi ed. Sone of the
oxygen perneabl e menbranes exhi bit good oxygen perneability but inferior

wat er - pr oof ne%hel’EOthérrﬂ'T/ﬁ}/img tHﬂ@ sat-faceprisoflaeger thei pavticles sbown oy

s ot ol em oPtERBE( nargabish s ShARE, ¢ ﬁ;f?ﬁ?hfel ey o
electrostatic image “is usually a negatively chargable
carrier which endows the toner with positive charge. The
charge characteristic also depends on the charge
characteristic of the resin, and therefore a positively
chargable carrier can be obtained depending on the F/C at
" the surface of the carbon fluoride particles contained in
the resin and on the content of the particles. Examples
of the resins are fluorine~containing resins and silicone
resins for the nagatively chargable -carrier, and the
styrene—acrylate resin for the positively chargable
carrier.

The carbon fluoride particles of the present
invention have a . similar certain electric conductivity.
It is known that toners having a conductivity to some
extent are generally excellent in reproducability of image
or the like.

A content of the carbon fluoride particles in
the resinous coating is in the range of 0.5 to 65 % by
weight. When the content of the carbon fluoride particles
is smaller, the obtained resinous coating  is inferior in
abrasion resistance, and when larger the dispersibility of
the carbon fluoride particles is worse and the carbon
fluoride particles tend to be peeled off easily from the
carrier surface. - Preferred content is. 5 to 40 % by
weight. |

As materials of the carrier core used in the
present invention, there may be used sands, glasses,
metals, and the like. DPreferred materials are substances
which are strongly magnetized. by magnetic field in the
direction of the magnetic field such as ferite, magnetite,
ferromagnetic metals such as iron, cobalt, nickel, alloys
containing the metals and compounds of the metals; alloys -
which do not show such a ferromagnetic property but show a
ferromagnetic  property when  heat-treating appropriately
such as manganese-copper—aluminium and manganese—copper—

tin; chromium dioxide; and the like. ,
This is the replacement sheet
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high load is bad. Nanely, if a hi éh current is wished, it is required for
the gas diffusion electrode to be excellent, in gas per et ceneplaced ai r
havi ng a | ow oxygen content is used. The gas diffusion €f I mt e _
present invention has an excellent gas perneability, an |y
useful as the air el ectrode of the zi ncjabrl battery. As a gas diffusion

el ectrode for the zinc/air battery, the same electrode as for the
phosphoric acid fuel cell may be used as it is, and for utilizing
effectively the oxygen inpPréferdefl alexhfipled eNPEr afhl €. rddift CalabyRIS Eve,be
nodi fied. For exanple,.for a gas dﬁlffum on e| ectrode corg)rl sing a ﬁorrpomte
material prepar frorﬁr‘(sﬁénﬁ%fr bon FHOOMETEOR BN RE es oF ERMRE pr eSHR as

i nvention, a capelywshyhtlemengani ¢ acfldsridey active capblytetraflaotvettigiersich

as PTFE is suitgbl&hiorotrifluoroethylene, polytrifluoroethylene,
vinylidene fluoride—tetrafluoroethylene copolymer,
tetrafluoroethylene~hexafluoropropylene copolymer,
tetrafluoroethylene—perfluoro(vinyl ehter) copolymer,
tetrafluoroethylene—ethylene copolymer, vinylidene
fluoride—tetrafluoroethylene—chlorotrifluoroethylene
copolymer, vinylidene fluoride—tetrafluoroethylene—
‘hexafluoropropylene copolymer and vinylidene fluoride-
chlorotrifluoroethylene copolymer; - fluorinated (meth)

acrylate resins represented by the formulae:

X
[
CHz=CI(IIOCHzCnFin+1 ,
0
and
llh
CHz=cl(l:OCHzCannH ’
0
styrene resins; styrene—alkyl (meth)acrylic resins;

(meth)acrylic  resins; ' epoxy reins; polyethylene  resins;
polypropylene  resins; polybutadiene  resins; polyurethane
resins; polyester resins; polyamide resins; polycarbonate
resins; silicone resins; and the like. '

" The present invention further relates to a
fixing roller of a heat roller fixing machine for an’
electrostatic copying machine, which is coated with a
composit ~ material in the form of film or paint to which
is added the carbon fluoride particles of the present
invention. :

In the electrostatic copying machine, a
recently, popularly used method for fixing a toner image
formed on paper is a method with a heat roller. This
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-
The pr esent |nvent|on further relates to an al kaline battery conprising an

anode of a hydr ltkd Oy Which is surface-treated with the
carbon fluoride I|ne batteri es having an anode of a
hydr ogen- absor bi hi.gher energy density than prior
nickel/cadniun}type a I'ne tterles %ﬂ? are This is the repl acenent

sheet Dat e: 18 DEC 1997

method is carried out by passing a paper on which a toner
image is formed through two tightly contacted rollers, one
or both of which being heated from the inside, thereby the
toner image is fused on the paper.

This fixing method has various adventages such
as a high speed operation and a high heat efficiency in
comparison with other method like oven type. Accordingly,
in almost of the recent electrostatic copying machines,
such a fixing method with these rollers is employed.
Generally a fixing roller is produced by coating a surface
of the roller made of a metal such as aluminium or
stainless steel with a non—adhesive substance such as
fluorine—containing resin in order to prevent from offset:
' In case of fixing by using such -a fixing roller,
when an image of toner powder which is positively charged
is fixed by contacting with a roller coated with a
fluorine—containing  resin, since. the  fluorine—containing
resin is nagatively charged due to its lower abrasion
charging property, the positively charged toner is
electrically absorbed to <cause the electrostatic offset,
and thus the part of the image is not fixed.

In order to avoid this phenomenon, there has
been proposed a fixing roller which is coated with a
fluorine—containing resin in which electrically conductive
materials are dispersed (JP-A-55374/1980). However, this
conductive material (mainly carbon) is not good in
releasing property. Therefore, when the conductive
material appears on the surface of the fluorine—containing
resin coating of the roller, the toner adheres to the
appeared © portion to cause the hot offset, which results
not only in stain of the fixed image but also in
shortening of the usable duration of the fixing machine,
thereby early change of the fixing roller is required.

In order to prevent the occurance of both the
. electrostatic offset and the hot offset, a fixing roller
is proposed that prepared by previously surface-treating
the conductive materials with a substance having a low
surface energy, dispersing the surface-treated conductive
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29 widely used as a power source for portable video recorders or ersonal

conputers. Since the alkaline batteries with a hydrogen- abs Re, laced
have a high energy density, it is possible to discharge the
tinme per charge than the prior nicckel/cadm umtype batt

there is a problemthat rapid charging ppgperties and the Ilfetlrre o
charge-di scharge cycles are not equal to those of the known nickel /cadm um
batteries. Considering these problens, optimzation of the conposition of

t he hydr ogen- alnatetiaby alihty haﬁiebeeﬂuonme-md)rmiimngnd sesinar i cusl suthene

tSLf? ;g‘;nt f egﬁxé%¥?§#t t rfkfed FOfief* 2Rk face! P- idts 92 2Rel 98 ubFRIRBAt Aning
resin (JP—A—17080/1989) When using a usual wet surface-
treating agent is wused, though ©both the electrostatic
offset and the hot offset can be prevented temporarily, a
sufficient preventing effect cannot be obtained for a long
time at a high temperature of about 200TC.

There have been proposed some fixing rollers
surface of which 1is coated with a fluorine-containing
resin in which a carbon fluoride 1is dispersed. For
example, in JP-B-44224/1988, there has been proposed a
fixing roller «coated with a  fluorine—containing resin
containing a carbon fluoride in a content of 1 to 25 % by
weight. However, since the carbon fluoride 1s
electrically insulative, though the ©prevention of hot
offset and the abrasion resistance may be improved, the
occurance of electrostatic offset cannot be prevented. In
JP-A-224366/1983, there is disclosed that a carbon
fluoride in which an unreacted portion is remained can
also be used. Actually, however, the releasing property
(prevention of hot offset) and the improvement of abrasion
resistance are insufficient, and the roller is decidedly
inferior "to the carbon fluoride in which no unreacted
- portion is remained. Further, it 1is silent about the
preventing effect of electrostatic offset as a conductive
material. '

In JP-B-59468/1990, on the other hand, there has
been proposed that a carbon fiber is added as a conductive
material’ and that for improving an abrasion resistane a
carbon fluoride is added. = However, according to this
proposal, not only the opreparation step is made
complicated due to the use of two additives, but also it
is difficult to disperse uniformly and to coat uniformly.

Acturally, ds described in that specification,
the abrasion resistance is somewhat improved by that
carbon fluoride, but the electrostatic offset is not
prevented.

The fixing roller of the present invention can
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di spersion of a fluorine-containing resin. According to such a treatnent,
the interfaces of the three gas/liquid/solid I ayenhgsageeﬁgs(ye lRskd endowi ng

the surface of the hydrogen-absorbing alloy el ectr -repel l'ing
properties, at which portion the oxygen generated m har gi ng can
be el ectrochem cally reduced. Thereby, bphe rapid c mance can

be i nmproved and the increase of the inner pressure of the battery at
overcharge can be inhibited. However, if the dispersion of the

fluorine- contefflewﬁzerlsas' npzr@vemtposeldet o thim coffisdtegenier oxelgetrosbatice

o ntai ned st aHREtr G Foho GifhEt Site coie TRRGAIoSEBR: Hh RESFEoAT o
not electricakly longductlme,, tmdl nt further esist araxeelent he inl ecﬂbm&;on
becormes | argeredfitfllce and heat conductivity.

The carbon fluoride particles wused in the
present invention as an electric conductive material and a
releasing material have a number—average particle size of
0.01 to 50 um A content of particles having such a
diameter that the particle size distribution falls within
the range of the ' number—average particle size 20 %
amounts to at least 50 % of the whole. When a ratio of
fluorine atom to carbon atom is represented by F/C, the
F/C as a whole is 0.001 to 0.5, and the F/C at the surface
is always larger than the F/C as a whole and is 0.5 to
2.0.

The carbon fluoride particle is a particle
having so-called core-shell = structure, and comprises the
core portion of carbon which is substantially electrically
conductive and the shell portion having a large amount of
carbon fluoride which is low in electric conductivity but
has a very low surface energy, ie a high hot offset
preventing effect, in which the F/C of the shell portion
being always larger than that of the core portion.

The carbon fluoride particle of the - present
invention has the F/C as a whole of 0.001 to 0.5. When
this F/C is smaller, an amount of the carbon fluoride is
not enough to obtain the hot offset preventing effect, and
when larger, an electric conductivity is too low to obtain
the electrostatic offset  previnting effect. Preferred F/C
is 0.001 to 0.3.

The composit material for the fixing roller of
the present invention is prepared by dispersing the- carbon
fluoride - particles into the matrix resin or matrix rubbers
and is formed in film or paint.

Preferred examples of the matrix resins are, for
instance, polyolefin resins such as polyethylene and
polypropylene, and fluorine—containing resins. Examples
of the fluorine—containing resins used in the present
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results in decreasi ng battery—performance. By using the carbon fluoride

particles of ’nh@sﬂaét k&\{&p{{)l on, all of the above problens can be sol ved
at once. Namel on fluoride particles of the present

i nvention have epel | ing properties than usual

fl uori ne-cont ai d an excel %gnt_chem’ cal stability, the sane
effects as of the usual fI uori ne-containtng resins can be obtained with

smal | er anounts, and the effects can be maintained for a long timne.

Further, si ”Cﬁwan $ion he c&r@_ductl lw%ereﬁm&ﬁ fene he |561§<519§{er@e3| shance

of the batter not ease, #tery avi ng

over pot ent i aI H@rﬁﬁmy Si Wéfeht he %'ar botea3tyor | BBepart?’il es Oﬁgﬁﬁ in
t he present Immmiwble a ethylemcally unsaturated  monomer  (for

example, olefins such as ethylene and propylene,
halogenated olefins such as hexafluoropropylene,
vinylidene fluoride, chlorotrifluoroethylene and vinyl
fluoride, perfluoroalkyl vinyl ethers); polychloro—
trifluoroethylene;  polyvinylidene fluoride;, and the like.
Particularly preferable fluorine—containing resins  are
polytetraiﬂuoroethylene,' copolymers of tetrafluoroethylene
with at least one of hexafluoropropylene, perfluoro(methyl
vinyl ether), perfluoro(ethyl vinyl ether) and
perfluoro(propyl vinyl ether) (containing generally in an
amount of not more than 40 % by mole with respect to
" tetrafluoroethylene), and the like.

As the rubbers, silicone rubbers or. fluorine—

containing rubbers are preferred. The fluoro—containing
rubbers wused in the ©present invention are highly
fluorinated ‘elastic copolymers, and particularly
preferable fluorine—containing rubbers are elastic -

copolymers of generally 40 to 85 % by mole of vinylidene
fluoride with at least one of other - copolymeriable
fluorine—containing ethylenically unsaturated monomers.
The fluorine—containing rubber which contains iodide in
the polymer chain 1is, for instance, a fluorine—containing
rubber which mainly comprises an elastic copolymer of, as
mentioned above, 40 to 80 % by mole of vinylidene fluoride
with at least one of other copolymerizable fluorine—
containing ethylenically unsaturated monomers, said
copolymer: being containing 0.001 to 10 % by weight,
preferably 0.01 to 5 % by weight of iodide at its polymer
end (JP—-A-40543/1977). Typical examples of the other
ethylenically unsaturated monomers which are copolymerized
with vinylidene fluoride to provide the elastic copolymers

are : hexafluoropropylene, pentafluoropropylene,
trifluoroethylene, ' trifluorochloroethylene,
tetrafluoroethylene, vinyl fluoride, perfluoro(methyl
vinyl ether), perfluoro(ethyl vinyl ether),
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This is the Teptacenment sheet Date: 1 8 DEC 1997 30 uniform particle
size, it IS NG @ﬁ&pﬁé@@éﬁ adelange the fluorination condition stepw se,
and”thus the re carrled out for a short tinme at a relatively
hi gh terrperatur -the carbon fluoride: As a result, the center
portion of the e Is' | ess fpgor+nated, and only the surface of
t he carbon partlcle |s hlghly '

perfluoro(propyl vinyl ether), and the like. Particularly

preferable fluorine—containing rubbers are vinylidene
fluoride/hexafluoropropylene - elastic copolymer and
vinylidene fluoride/tetrafluoroetylene/

hexafluoropropylene elastxc copolymer.

' An amount of the carbon fluoride particles is,
in case of film, 0.1 to 50 % by weight, preferably 1 to
20 % by weight, and in case of paint, 0.1 to 50 % by
weight in the dry coating, preferably 1 to 20 % by weight.
As a production prbcess of the fixing roller, there is
employed a usual process.

As mentioned above, since the fixing roller of
the present invention is provided on its surface with the
coating containing the novel coarbon . fluoride particles
having both electric conductivity and low surface energy,
both the electrostatic offset and the hot offset can be
effectively prevented, and such an  effect can be
maintained for a long time. Further the coating is
excellent in abrasion resistance. In addition, since a
large amount - of the carbon fluoride particles can be
incorporated to the fluorine—containing resin, the heat
conductivity can be improved, whereby the thickness of the
coating can be increased. From the above—mentioned
‘synergistic effects, the fixing roller having an epoch—
making long life can be provided.

The present invention further relates to a gas
diffusion electrode comprising an electrode on which
surface a layer of a composit material containing the
carbon fluoride particles of the present invention, a
fluoro resion and a catalyst is provided.

The gas diffusion electrode of the present
invention is wuseful in the battery field as an electrode
for an alkaline, sulfuric acid or phosphoric acid fuel
cell and as an air electrode for an air battery such as
zinc/air battery; and in the industrial electrolytic
field, as a hydrogen generating electrode in the salt
electrolysis, 'an electrode for depolarization by oxygen,
an chloride generating electrode, an anode for water
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f1 uori nat ed. —Becatuse—the—center portion is less fluorinated, as expl ai ned
above, a break seSh(&It eﬁ)ﬁéial:&l' e does not occur. Accordingly, the carbon
fluoride parti cd ent invention maintains the narrow particle
TN W
J

size distributi ri cal shape of the starting carbon particles.
In addition, fl fluorinati @@ can be saved. The carbon
fluoride particles of the present invention have a |ow true specific
~gravity and do not exhibit the inherent properties of the prior carbon
fluoride partieleesrolyshs as omt eelectraplatmg, pr cgoed t | &be oilike.epel Therg gas

ties. ) : ! T, pr : _ X t
OB e o R LR 1 ) U R s TR prser

interface of gas/liquid/solid three layers, i.e the gas
layer which relates to the reaction on an electrode, and
the solid layer and the electrolyte layer which has a role
as an electrode catalyst to accelerate the electron
transferring and the reaction on the electrode.
Accordingly, in order to improve performances of the gas
diffusion electrode, it is necessary to increase the
interface of the three layers by controlling the gas
permeable water—repelling area and the hydrophilic area
where the electrolyte can exist. In the prior art, as
materials for the water-repelling area, therre are used a
fluorine—containing resin such as typically
polytetrafluoroethylene, and a  water-repelling carbon
black such as typically acethylene black. The acethylene
black used in the water—repelling area does not have a
sufficient  water—repelling  property, oxidation  resistance
and corrosin resistance to the electrolyte. Thus, when
using for a long time, the electrolyte penetrates into the
water—repelling area where the gas should pass through,
and the gas cannot be supplied enough, then the electric
current stops. |

There has been tried to improve the water—
" repelling  property, oxidation resistance and corrosion
resistance by subjecting the acethylene black to various

surface—treatements. For example, JP-A-207893/1987
proposes to improve the  water—repelling property,
oxidation resistance and corrosion resistance by

heat—treating the acethylene black together with a carbon
material under an inert atmosphere to convert into a
graphite. This method, however, has problems that a
temperature higher than  1000° to 2000C is required and
that the corrosion resistance may be reduced because the
growth of the graphite crystal accelerates the formation
of an interfacial compound with the phospholic acid in the
electrolyte. From this knowledge, there has been tried to
use a carbon fluoride, as the water-repelling substance,
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pre-sent invention is not limted to the Exanpl 657 Th the Exanples, the true
specific gravity is neasured by a pycononeter rremgghewﬂabB&h The

ot her factors, i.e. nunber-average particle size,
di stribution and degree of sphericity are rreasurec* s expl ai ned
in the above detailed description. D speggiblity i y adding 1
m of a nonionic surfactant (Triton X available from Rohm & Haas Conpany)

to 100 m of distilled water, and adding thereto 10 g of carbon fluoride
particles, agiwhithhg for a@ttramelyes eacellenooin . praterrrepeling nopeoperdy,

(N ppon, Sei ' dgluishid! K1 shloragipr 19 e r ool éé“é‘%s‘?'%‘?ﬁer ' 2‘32%#%"@
P—A—118857/ 1992). The cargon r}luorl é %hat
method is a completely fluorinated one and is electrically
insulative. Therefore, though the long life can be
accomplished because  of its excellent water—repelling
property, oxidation resistance and corrosion resistance,
there are problems that the intarnal resistance of the
electrode becomes large due to its electrical insulation,
and thus the batterf performances become lowered and that
heat is generated.

In JP—-B—31788/ 1987, there has been proposed an
electrically conductive water—repelling partially
fluorinated graphite having a low fluorine content, which
can exhibit simultaneously both the water—repelling
property and the electric conductivity.

As described in the publication, (however, when
the wvalue x of CFx (x corresponding to the fluorination
degree as a whole of the present invention) is lower than
0.2, an electric resistance becomes lower than
10000 -cm™*, and at the same time a contact angle to water
which represents the water—repelling property is at most
120 degree or less. This value of contact angle is
excellent in comparison with that of
polytetrafluoroethylene (about 110 degree), but is
remarkably inferior to the inherent value of carbon
fluoride (about 140 degree). Further,” though the obtained
carbon fluoride prepared by a known preparation process,
for example, a process decribed in the above—mentioned
publication has the desired degree of fluorination as a
mean value of the whole reaction product, the carbon
fluoride is only a mixture in microscopic view. Namely, a
small particle has a relatively high fluorination degree
and a large nparticle has a relatively low fluorination
degree. When fabricating a gas diffusion electrode by
using such carbon fluoride particles having irregular
fluorination degrees, the electrolyte penetrates to a
portion where the water—repelling property is’
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Di sper si ons W||i ch—Temain dispersed are represented by 0, and those which

are clearly sgp Beg,;ﬂe a\g& Iayers I.e. in a supernatant layer This is
t he repl acemen H““ DEC 1997 30 and a precipatated |ayer

are represent e

insufficient, and as a result, a propotion of the
interface  of the three layers, i.e. gas/liquid/solid
decreases, and then the performances of the electrode
decrease early. _

The carbon fluoride particles of the present
invention can provide an epoch—making - conductive water—
repellent whcih can solve all of the above problems.
Namely, the <carbon fluoride particles of the present
invention are characterized in that, as mentioned above,
the fluorination degree at the surface is large even if
" the fluorination degree as a whole is not more than 0.2,
whereby the excellent water-repelling property equal to
the completely fuorinated carbone fluoride can be
obtained. Accordingly, since a sufficient water—repelling
property can be obtained when the fluorination degree as a
whole is low, i.e. an electric resistance being lower, the
internal resistance of the gas diffusion electrode can be
lowered. . Further, since the initial water—repelling
property is  high, it takes a long time that the
electrolyte peénetrates even if the electrode is degraded
with lapsé of time, which can provide a long life
electrode.

In addition, since the particle size
distribution is narrow and the fluorination  degree is
uniform, the spot where the electrolyte easily penetrates
is difficult to occur in .the electrode, and -thus the
stable interface of the gas/liquid/solid three layers can
be maintained for 'a long time. Accordingly, there can be
‘obtained a battery having a small overpotential and a long
life.

The gas  diffusion electrode is  particularly
useful as a fuel electrode and an oxygen electrode for the
phosphoric acid fuel cell Typical structure of the
phosphoric acid fuel cell is illustrated in Fig. 1. In
the figure, 1 represents a matrix which has a role to
maintain a phospholic acid electrolyte, and is made of,.
for example, a composit material of a fluorine—containing
resin and SiC. 2 represents a pipe through which a heat
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10 g of Mesocarbon microbeads (MC) heat-treated at 2800[err] (MCMB-6=28—
avai l able from Gsaka Gas Co., Ltd.;. nunber-average pamtsisggegﬂas%ie&q}

[erF] m particle size distribution: particles havi n%"w aced
size of from4.8 [err]mto 7.2 [err]manounting to 70 9 imumam
degree of sphericity 0.8, true spegpfic gravity: 2.1) :
applied as a layer on a nickel plate and put into a Monel reactor
(capacity: 1.5 | ). After substitution of air in the reactor
with nitragediumwhpassesf | awidhgis nimtacegeof & ataihless r ateelofwhidh / dgnut e
the tenperature ¥ag "AlGifd Wroidd'® by a fluorine—containing resin. 3
represents a collecting plate from which an electric
current is taken out. 4 and 5 represent a fuel electrode
and an oxygen electrode, respectively, where the gas
diffusion  electrode prepared by the carbon fluoride
particles if the present invention is employed. '

_ More specifically, the  fuel cell has the two~
layer—-structure consisting of the electrode catalyst layer
which provides the electrode reaction field by forming the
three-layer—interface and the gas diffusion layer which
smoothly feeds hydrogen or a fuel gas to the electrode
catalyst layer.

The electrode catalyst layer 1is ©prepared by
using a composit material which comprises at least the
carbon fluoride particles of the present invention, a
fluorine—contaiﬁ.ing resin as a binder, a carbon black as a
catalyst carrier and  Dplatinum as a catalyst. When
preparing the composit material, an electrode catalyst
having a further high performance can be obtained by means
of the impact surface improving machine or the high speed
agitating mixer (dry type).

The gas diffusion layer is prepared by wusing a
carbon paper which is subjected to the water-repelling
treatment. As the water-repelling treatment, a fluorine-
treatment is  particularly preferable, and before the
fluorine—treatment, if necessary, a proper oxidation
treatment or a steam modification can be carried out.

The gas diffusion electrode of the present
invention is also wuseful as an air electrode for air
battery. @ Among the air battery, ome which has a zinc
anode is called as an zinc/air battery. This battery is
widely used for a hearing—aid and a beeper, because it is
cheap and has a high energy density and a small content of
harmful substance. The zinc/air Dbattery comprises an
anode of =zinc, a cathode of a gas diffusion -electrode
which utilizes oxygen in air as a cathode active material,
and an electrolyte of a concentrated alkaline aqueous
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fluorinating tenperature—of 400[err] and maintained for 1 hour.
Then, fluorine sBdi u a%éﬁ to 10 % by volunme with nitrogen was supplied
at a fl ow b nute and carbon particles were fluorinated for
0.5 hour. ﬂ of fluorination, the carbon fluoride
particles ly cooled tygq room tenperature while

flowng nitrogen at a flow rate of 1 | /mnute, and then the
carbon fluoride particles were taken out. The F/C of the particle as a

whol e and t kelitionof tiPartReF i cire @8fdert hetoSudrapare Of a t hdosabtmjigeed

carbon battery, a water—repelling membrane is used for preventing
the electrolyte from leakage to the outside of the battery
and supplying oxygen in air smoothly into the battery. .
Pracficall_y a porous membrane of PTFE is used, and various
oxygen permeable membranes have been studied. Some of the
oxygen permeable membranes are good in oxygen permeability
but inferior in water—proof. For improving the water-
proof, it is useful to employ the oxygen permeable
membrane to which the carbon fluoride particles are added.

One problem of the zinc/air battery 1is that
characteristics under a high load is bad. Namely, since
an air having a low oxygen content is used, when obtaining
a large current, it is required for the gas diffusion
electrode to be excellent in gas permeability. The gas
diffusion electrode of the present invention has an
excellent gas permeability, and 1is particularly wuseful as
the air electrode of the zinc/air battery.

As the gas diffusion electrode for the zinc/air
battery, the same electrode as of the phosphoric acid fuel
cell may be wused as it is, and for utilizing effectively -
the oxygen in air at room temperature, catalysts may be
changed. For  example, the gas  diffusion electrode
comprising a composit material prepared from the carbon
fluoride particles of the pfesent invention, a catalyst of
manganic acids, an active carbon and a binder such as PTFE
is suitable. '

The present invention further relates’ to an
alkaline battery comprising an anode of a hydrogen—
absorbing alloy which is surface~treated with the carbon
fluoride particles. .

The alkaline - battery having an anode of a
hydrogen—absorbing alloy has a higher energy density than
an prior nickel/cadmium—type alkaline battery, and is
widely used as a power of a potable video recorder or a
personal computer. Since the alkaline Dbattery of a
hydrogen—absorbing alloy has a high energy density, it is
possible to discharge for a longer time by one charge
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fluoride particles were respectively 0.01 _and 0.57.
nunber - average particle size was 6 J[err] m and the particle

distribution was such that particles having a partlclefq ﬁﬁm’ e ?d]m
to 7.2 [err] moccupied 70 % of the whole, and a degree ||E mﬂ
0.80. The true specific gravity was_ and di spersi bi |
EXAMPLES 2 TO 6 By using the sane 3%ar'bon particles as in EXAMPLE 1,
fluorination was carried out in the sane nanner as in EXAMPLE 1 under the
condi tions shown inylabl Sribr  nickel/cadmium-type battery. However,

there is a problem that a rapid charging property and a

life of charge—discharge cycle are not equal to those of

the prior nickel/cadmium battery.

Considering these problems, optimization of the
composition of the hydrogen—absorbing alloy has been
carried out, and also various surface treatments have been
tried. For  example, JP-A-139255/1987 proposes  the
surface—treatment with a dispersion of fluorine—containing
resin. According to such treatment, the interface of
gas/liquid/solid three layers is formed by endowing the
surface of the hydrogen—absorbing alloy electrode with
water—-repelling property, at which portion the oxygen
generated by the rapid charging can be electrochemically
reduced.

Thereby, the rapid charging performance can be
improved and the increase of the inner pressure of the
battery at overcharge can be inhibited. However, when the
dispersion of fluorine—containing resin is exposed to
atomic hydrogen or oxygen in the concentrated alkaline
electrolyte, the water—repelling property cannot be
maintained stably for a long time. Since the fluorine-
containing resin is not electrically conductive, the
internal resistance of the electrode becomes large, which
results in lowering the battery performances.

According to the carbon fluoride particles of
the present invention, all of the above problems can be
solved at once Namely, since the carbon fluoride
particles of the present invention have a higher water—
repelling property than usual fluorine—containing resins
and an excellent chemical stability, the same effects as
of the wusual fluorine-containing resin can be obtained in
a smaller amount, and the effects can be maintained for a
long time. Further since also the conductivity is
excellent, the internal resistance of the battery does not
increased, thereby a battery having a small overpotential
can be provided.

Since the carbon fluoride particles used in the
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The F/C as a whole and the F/C at the surfaceé of the obtained carbon

qare shown in
S|ze t he -
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Tabte 1, respectively, as well as the nunber aﬂmmﬂﬂﬂm

- 33 -

present invention have a uniform particle size, it is not
necessary to change the fluorination condition stepwise,
and thus the reaction can be carried out for a short time
at a relatively high temperature to convert to the carbon
fluoride. As a result, the center portion of the carbon
particle is less fluorinated, and only the surface of the
carbon particle is highly fluorinated. @ Because the center
portion is less fluorinated, as explained above, the
breakage of the particle does not occur. Accordingly, the
carbon fluoride particles of the present invention
maintains the narrow particle size distribution and the
spherical shape of the starting carbon particle. In
addition, an amount of fluorine for the fluorination can
be saved.

The carbon fluoride ©particle of the present
invention has a low true specific gravity and does not
affect to the inherent properties owned by the prior
carbon fluoride particles such as water—repelling
property, oil-repelling property, non—adhesive  property
and lublicating property.

The present invention is explained by means of
Examples, but the present invention is not limited to the
Examples.

In Examples, a true specific gravity is measured
by a pyconometer method with ethanol. The other factors,
i.e. number—average particle ' size, particle size
distribution and degree of sphere are measured by the
methods explained in the above detailed description.

Dispersibility is measured by adding 1 mf of a
nonionic surfactant (Triton X available from Rohm & Haas
Company) to 100 mé of distilled water, and thereto adding
10 g of carbon fluoride Tparticles, agitating for 10
minutes at 13,000 per minute with a homogenizer (Nippon
Seiki Kabushiki Kaisha), poring the resulting dispersion

into a test tube, allowing to stand for 6 hours, and then
observing with naked eyes. The one which maintains the
dispersing state is represented by (O, and the one which
is clearly separated to two layers, i.e. supernatant layer
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size dist ributton, the degree of sphericity, the true specific
gravity and trhiGSHBe&lb@Bsenm ladeg' EXAMPLE 7 100 g of Mediumthermal (MI) of a

t hrer mal bl ack avail able - from Col unbi an Car bon
Japan Ltd.; particle size: 0.35 [err]m particle size
di stribution: partncles—havu ng a particle size of fromaO0. 28
[err] mto 0.42 [err] m degree of sphericity 1.0: true specific gravity:

1.8) was fluorinated in the sane manner as in EXAMPLE | under the
condi ti on shawd predigated layer is represented by ><.

EXAMPLE 1

10 g of Mesocarbon microbeads (MC) heat—treated
at 2800°C (MCMB—-6-28 available from Osaka Gas Co., Ltd,;
number—average particle size: 6 Qom; particle size
distribution: particles having a particle size of from
4.8 um to 7.2 pm amounting to 70 % of the whole; degree
of sphere: 0.8; true specific gravity: 2.1) was thinly
spreaded on a nickel plate and put into a reactor of monel
(capacity: 1.5 £). After substitution of air in the
reactor with nitrogen, while flowing nitrogen at a flow
rate of 1 £ /minute, the temperature was raised up to the
fluorinating temperature of 400C and maintained for 1
hour. Then, fluorine gas diluted to 10 % by volume W1th
nitrogen was supplied at a flow rate of 1 £ /minute and
carbon particles were fluorinated for .0.5 hour. After the
end of fluorination, the -carbon fluoride - particles were
immediately cooled to room temperature while flowing
nitrogen at a flow rate of 1 £ /minute,” and then the
carbon fluoride particles were taken out. '

A F/C of the particle as a whole and a F/C of
the particle at ‘the surface of the .obtained carbon
fluoride. particles were measured, and - each was 0.01. and
0.57. A number—average particle size was 6 um, and a
particle size  distribution was that particles Thaving
particle size of 4.8 um to 7.2 um occupied 70 % of the
whole, and a degree of sphere was 0.8. A true specific
gravity was 2.1, and dispersibility was good.

. EXAMPLES 2 TO 6
By wusing the same carbon partides as in
EXAMPLE 1, fluorination was carried out in the same manner
as in EXAMPLE 1 under conditions shown in Table 1. The
results of measuring a F/C as a whole and a F/C at the .
surface of the obtained carbon fluoride particles in the
same manner as in EXAMPLE 1 are shown in Table 1,
respectively. A number—-average particle size, a particle
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1. The F/C as a whole and the F/C at the surface of the obtained carbor——
fluoride particles neasured in the sanme nmanner as in This Sheet Has Beeq epIYA?:eJE

1 are shown in Table 1, respectively, as well as the nunber
particle size, the particle size distribution, degree of s mmg
specific gravity and dispersibility. E LE_8 The fluori n

out in the sane manner as in EXAVMPLE 7 ept that reaction tinme was 1 0
hour. The F/C as a whole and the F/C at the surface of the obtained

size distribution, a degree of sphere, a true specific
gravity and dispersibility are shown in Table 1.

EXAMPLE 7

100 g of Medium thermal (MT) of a thermal black
(Sevacarb MT-CI available form Columbian Carbon Japan
Ltd; number—average particle size: 0.35 um  particle
size distribution: 60 % of particles having a particle
size of from 0.28 um to 0.42 um degree of sphere: 1.0;
true specific gravitj': 1.8) was fluorinated in the same
manner as in EXAMPLE 1 under the condition shown in Table
1. The results of measuring the F/C as a whole and the F/C
at the surface of the obtained carbon fluoride particles
in the same manner as in EXAMPLE 1 are shown in Table 1,
respectively.  Number—average particle size, particle size
distribution, degree of sphere, true specific gravity and
dispersibility are also shown in Table 1.

EXAMPLE 8
In the same manner as in EXAMPLE 7 except that
reaction time was 1.0 hour, the fluorination was- carried
out. The results of measuring the F/C as a whole and the
F/C at the surface of the obtained carbon fluoride
particles in the same manner as in EXAMPLE 1 are shown in

Table 1, respectively. Number—average  particle size,
particle size distribution, = degree of sphere, true
specific gravity and . dispersibility are also shown in
Table 1.

COMPARATIVE. EXAMPLE 1

By wusing the same carbon particels as in
EXAMPLE 1, the fluorination was carried out in the same
manner as in EXAMPLE 1 under the condition shown in Table
1. The results of measuring the F/C as a whole and the F/C
at the surface of the obtained carbon fluoride particles
in the same manner as in EXAMPLE 1 are shown in Table 1,
respectively. Number—average particle size, particle size
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carbon fluoride particles neasured in the sanme nmanner as in EXAMPLE 1 are
shown in Table 1, respectively, as well as the nunber-average particle
size, particle size distribution, degree of sphericity true

specific gravity and dispersibility. COMPARATI VE EXAMPLE 1 By wusing
the sanme. carbon particles as in EXAVPLE 1, the fluorination was carried
out in the sane manner as in EXAMPLE-1 ggder the condition shown in Table
1. The F/C as a whole and the F/C at the surface of the '

distribution, degree of sphere, true specific gravity and
dispersibility are also shown in Table l.

COMPARATIVE EXAMPLE 2

10 Grams of the same carbon particles as in
EXAMPLE 7 was thinly spreaded on a nickel plate, and put
into a reactor of monel. After substitution with nitrogen
gas, the temperature was raised from room temperature to
400C at a rate of 2.5 °C /minute with supplying a fluorine
gas diluted to 10 % by volume with nitrogen, maintained
for 30 hours, and then the fluorination was carried
out. After the end of the fluorination, the carbon
fluoride paticles were taken out in the same manner as in
EXAMPLE 1. The results of measuring the F/C as a whole
and the F/C at the surface of the obtained carbon fluoride
particles in the same manner as in EXAMPLE 1 are shown in

Table 1, respectively. Number—average  particle size,
particle  size  distribution, degree  of  sphere, true
~ specific gravity and dispersibility ‘are also shown in

Table 1.

COMPARATIVE EXAMPLE 3
In the same manner as in COMPARATIVE EXAMPLE 2
except that the temperature-raising rate was 2.5 7 /minute
and the retention time was 4 hours, the fluorination was
carried out. The results of measuring the F/C as a whole
and the F/C at the surface of the obtained carbon fluoride
particles in the same manner as in EXAMPLE 1 are shown in

Table 1, respectively. Number—average  particle size,
particle size distribution, degree  of sphere, true
specific gravity and dispersibility are also shown in
Table 1.
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obt ai ned carbon fluoride particles neasured in the same nanner as in ———————

EXAMPLE 1 are shown in Table 1

particle size,

1997

as the nunber-aver age

as wel |
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100 parts—by weight of a polystyrene resin [Vicorastic D 135
(registered trademark) available from Shell Standard G| Co., Ltd.] 5

parts by weilkjsgheet 1 [trade nane; avai lable from Col unmbi a
Ri bbon & ﬂ ﬂp ., Ltd.] 5 parts by weight of Olblack BW
[registered ailable fr Orient Kagaku,K Kogyo Kabushi ki

Kai sha] and 1 part by weight of the carbon fluoride particles obtained in
EXAMPLE 7 were adm xed by neans of a ball mll, and kneaded,
pul veri zed, then classified to obtai nEpaMPIgr ghaving an average particle

100 Parts by weight of a polystyrene resin
[Vicorastic D 135 (registered trademark) available from
Shell Standard O0il Co., Ltd.], 5 parts by weight of Viales
155 [ tradename available from Columbia Ribbon &
Manufacturing Co., Ltd.] and 5 parts by weight of Oilblack
BW [registered trademark, available from Orient Kagaku
Kogyo Kabushiki Kaisha] and 1 part by weight of the carbon
fluoride particles obtained in EXAMPLE 7 were admixed by
means of a ball mill and kneaded, pulvelized, then
classified to obtain a toner having an average particle
size of 9 um To 100 parts by weight of the toner
particles were mixed with 1 part by weight of the carbon
fluoride wparticles obtained in EXAMPLE 7 to give a toner
of the present invention. ' _

2.5 Parts by weight of the toner were mixed with
100 parts by weight of a carrier wherin a surface of a
spherical ferrite <core was coated with a fluorinated
methacrylate resin represented by the formula:

.

0~ G
COCH,CF,
0

to give a developing agent for electrostatic copying.

- Continuous copying test was conducted with
50,000 sheets of paper by using an electrostatic copying
machine with which an organic photo—conductive
photoreceptor was equipped. The photosensitive body had a
negatively chargable two-layer structure consisting of an
anthrone pigment as an electron generating substance of
the photosensitive body and a curbazole derivative as an
electron transporting substance. As a result of a degree
of adhesion of the toner to the surface of the
photo—conductive body was examined, the toner was scarcely
adherXed on the surface, and after copying 50,000 sheets
there could not be observed on the photocopy any band-like
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size of 9 [err] m 100 parts by weight of the toner particles
were mxed with 1 part by weight of the carbon fluoride p@{,;g'h@gteﬁspégﬁ @m

in*EXAMPLE 7 to give a toner of the present invention. mn\ﬂmw

of the toner were mxed with 100 parts by weight of a carr|

surface of a spherical . ferrite core S.. coated W th

nmet hacryl ate resin represented by the fornmula: [err] [err]
black stripe and any after— image due to the toner
remaining on the photosensitive body in the form of
image. In addition, after copying 50,000 sheets, when the
state of adhesion of the toner to the surface of the
carrier was examined by means of a scanning electron
microscope, the toner was scarcely adherred. A charged
amount which was measured according to the blow—off method
decreased by about 2 % from the initial charged amount.

EXAMPLE 10 .

A developing agent for electrostatic copying was
prepared in the same manner as in EXAMPLE 9 except that
the carbon fluoride particles obtained in EXAMPLE 8 was
used, and the continuous copying test was carried out. As
a result, there was no problem as in EXAMPLE 9.

EXAMPLE 11

A developing agent for electrostatic copying was
prépared in the same manner as in  EXAMPLE 9 except that
the carbon fluoride particles obtained in COMPARATIVE
EXAMPLE 2 was used, and the continuous copying test was
carried out. When the surface of the photo—-conductive
body after copying 50,000 sheets was examined, there was
observed that a considerable amount of the toner was
adherred, and on the photocopy, there were many stains
such as band-like black stripes.

In addition, after copying 5,000 sheets when the
state of adhesion of the toner to the surface of the
carrier was examined by means of a scanning electron
microscope, the toner was adherred in a large amount. A
- charged amount measured according to the blow—off method
decreased by about 20 % from the initial charged amount.

EXAMPLE 12
30 Parts by weight of the carbon fluoride
particles obtained in EXAMPLE 3, 70 parts by weight of a

polymer (A) represented by the formula: _
This is the replacement sheet
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to give a devel opi ng agent for—el ectrostatic copying. Continuous copying
test was conduct ed wth 50 000 sheets of paper by using an

electrostati cThi - W th whi ch an organic
phot o- conduct i r was equi pped. The photosensitive body. had
a negatively ch yer structuyg cansisting of an anthrone

pi gnent as an e ectron generating substance of the photosensitive body
and a curbazole derivative as an electron transporting substance. As

t he degree of adhesion of the toner to the surface\ of
e CHs | ‘primary average particle
i .
—(CH,—(I;).— 51zed0.13 @ m
900H CF, secondary average
particle size 3 um

as a resin material and 4,000 parts by weight of a
spherical carrier core of ferrite [F-150 available from
Powder Tec Co., Ltd, average particle size 80 .« m] were
admixed and agitated at a temperature of 80°C by means of
a high speed agitating .mixer to obtain a carrier wherein
the surface of the core was treated by coating.

EXAMPLE 13 .
A carrier was prepared in the same manner as in
EXAMPLE 12 except that 30 parts by weight of the carbon
fluoride particles obtained in EXAMPLE 5 were used.

EXAMPLE 14
A carrier was prepared in the same manner as in
EXAMPLE 11 except that as a coating resin material, 70

parts by weight of a vinylidene
fluoride—tetrafluoroethylene copolymer . . [(copolymerization
ratio 80 : 20 mol %), primary average particle size 0.15

¢ m, secondary average particle size 4 u m] were used.

_ EXAMPLE 15

A carrier was prepared in the same manner as in
EXAMPLE - 12 except that 30 parts by weight of the carbon
fluoride particles obtained in EXAMPLE 6 and, as a coating
resin material, a methyl methacrylate-styrene copolymer
[ (copolymerization ratio .70 : 30 % by weight), primery
average particle size : 0.10 gz m, secondary average
particle size : 3 u m] were used.

EXAMPLE 16
1.5 Parts by weight of the carbon fluoride
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phot o- conducti ve body was exam ned, the toner was scarcely adhered on the—
surface, and after copying 50, 000 sheets there coul d not be obsiﬁvegas

photocopy any band-like This is the replacenment sheet. 18 DE ﬁ r“l“ﬁm“ﬁ

black stripe and any after- inmage due to the toner
particles obtained in EXAMPLE 3 and 3.5 parts by weight of
the same resin material (A) as in EXAMPLE 12 were admixed
with 100 parts by weight of methyl ethyl ketone.
The same carrier core as in EXAMPLE 12 was
coated with the coating material by means of a fluidizing
bed machine to obtain a carrier. '

COMPARATIVE EXAMPLE 4
A carrier was prepared in the same manner as is
EXAMPLE 12 except that 30 parts by weight of the carbon
fluoride particles obtained in COMPARATIVE - EXAMPLE 1 were
used.

_ EXAMPLE 17

100 Parts by weight of the carrier obtained in
EXAMPLE 12 were admixed with 2.5 parts by weight of a
toner having an average particle size of 8 uxm which
comprises a mixture  of 100 parts by weight of a
polystyrene resin [Vicorastic D 135, available from Shell
Standard Oil Co., Ltd] 5 parts by weight of Viales 155
[available from Columbia Ribbon & Manufacturing Co., Ltd.]
and 5 parts by weight of Oil Black BW [available from
Orient Kagaku Kogyo Kabushiki Kaisha] to obtain a

developing agent for electrostatic copying machine.
Subsequently, a running test was conducted with
50,000 sheets of paper by wusing an electrostatic copying
machine with which an organic photo—conductive
photoreceptor was equipped. The photoreceptor had a
negatively chargable two—layer structure consisting of an
anthoalone pigment as an electrodeposition
generating substance of the photoreceptor and a
curbazole derivative as _an electrodeposition transporting
substance. The results are shown in Table 2. '
In Table 2, the “Charged amount” is a value of
the charged amount per 1 g of toner measured according to
the known blow—off method, and the “Coated amount” is
percent by weight of the coating material obtained by '
removing the toner. according to the blow—off method,
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remaining on the photosensitive body in the form of inmage. In
addition, after copying 50,000 sheets, when the state of adhesion of the
tomer to the surface of the carrier was examned by neans of a
scanning electron mcroscope, the toner was scarcely adhered. The
char ged anmount measured according to t bl ow-of f net hod decreased by
about 2 % fromthe initial charged anmpun EXAMPLE 10 A devel opi ng agent
for electrostatic copying was prepared in the same manner as in EXAMPLE 9

except that  giseolving the coating resin with acetone (at this time,
the carbon fluoride particles were also removed from the
carrier core), and evaporating the acetone.

EXAMPLES 18, 19 and 20 and
- COMPARATIVE EXAMPLE 5
The developing agents were prepared in the same
manner as in EXAMPLE 17 - except that the carriers obtained
in EXAMPLES 13, 14 and 15 and COMPARATIVE EXAMPLE 4 were
used instead of the carrier obtained in EXAMPLE 12
(respectively, correspond to EXAMPLES 18, 19 and 20 and
COMPARATIVE EXAMPLE 5), and the continuous copying was
carried out. _
The results are also shown in Table 2.

EXAMPLE 21

100 Parts by weight of a  styrene-butyl
methacrylate (7 : 30) copolymer, 10 parts by weight of a
carbon black [Regul 66R, available from Cabot Co., Ltd.]
and 3.5 parts by weight of a low molecular weight
polypropylene [Viscol 66P, available from Sanyo Kasei
Kogyo Co., Ltd.] were admixed by means of a ball mill, and
kneaded, pulverized and classified ‘to -obtain a toner
having an average particle size of 9 x m. '

2.5 Parts by weight of the obtained toner and
100 parts by weight of the carrier obtained in EXAMPLE 15
were admixed to obtain a developing agent for
electrostatic copying machine. '

Then, the continuous copying test with 50,000
sheets was carried out by using an electrostatic copying
machine equipped with a photoreceptor containing Se.

' ~ The results are also shown in Table 2.
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the carbon fluoride particles obtained in EXAMPLE 8 were used, and the

conti nuous copying test was carried out. As a result, there was no problem
ass i n EXAMPLE 9. EXAMPLE 11 A devel opi ng agent for electrostatic copying
was prepared in the sane manner as in EXAMPLE 9 except that the carbon
fluoride particles obtained in CQNPQ@ATLyE EXAMPLE 2 were used, and the
conti nuous copying test was carried out’ Wen the surface of the
phot o- conducti ve body after copying 50,000 sheets was exam ned, there was
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observed that a considerable anount of the toner was adhered and
on the photocopy, there were many stains such as band-1i ke bl ack
stripes. In addition after copying 5.000 sheets exam nation of the state
of adhesion of the toner to the surface of the carrier by neans of a
scanni ng el ectron microscope, showed-thgj the toner was adhered in a large
anount. The charged anount neasured according to the bl ow of f nethod
decreased by about 20 % fromthe initial charged amount. EXAVPLE 12

_ EXAMPLE 22 _

A roller (¢ 50 mm) of alminium was used as an
electrically conductive core, and a surface of the roller
was previously roughened by sand blasting.

To a PFA resin powder (average particle size 35
um, sperical particle) the carbon fluoride particles
obtained in EXAMPLE 7 were admixed in an amount of 1 % by
weight and agitated. @A surface of the roller was coated
with the mixed powder at a thickness of 40 x m according
to an electrostatic powder coating method, and then melt
and sintered for 20 minutes in an electric furnace at-
380C.

The roller was set in the fixing part of the
copying machine, and an image of a negatively charged
toner which was formed according to an electrostatic
copying method (the toner mainly comprising a
styrene—acrylic resin and had an average particle size of
14 xm and a charged amount of —10 to 12 u C/g) was fixed
at a roller surface temperature of 180C. Occurence of
the offset was observed. A case that any offset did not
occur 1is represented by' (O), and a case that the offset
occured even a little is represented by (><).

. In order to evaluate the occurence of the
electrostatic offset, there was also evaluated as to an
image of a positively charged toner (the toner mainly
comprising a styrene~acrylic resin and had a average
particle size of 14 um and a charged amount of +10 to
12 u C/g). o

Further, in order to evaluate the durability and
the abrasion resistance as to the fixing roller, a paper-
passing test with 50,000 sheets of A4 size was conducted.
Occurence of the offset was observed every 10,000 sheets
of paper, and after passing 50,000 sheets, the abrasion
resistance was evaluated from a decrease of the resin
thickness on the surface of the roller. The results of
the above-mentioned evaluations are shown in Table 3.
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30 Parts by weight of . the carbon fluoride particles obtained in
EXAMPLE 3, 70 parts by weight of a polymer (A) represented by the forrrul a.
Thi*s is the replacenent sheet Date: 18 DEC 1997 34 [err]

primary average particle

- 45 -

EXAMPLES 23 to 26
The same evaluations as in EXAMPLE 22 were
carried out except that the amount of the carbon fluoride
particles to be added was changed to 5, 10, 20 and 30 % by
weight, which correspond to EXAMPLES 23, 24, 25 and 26
respecﬁvely.
The results are also shown in Table 3.

" i
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size 0.13 [err]m[err] ' secondary average particle size 3 [err]
mas a resin mterial and 4,000 parts by weight of a spherical
carrier core of ferrite [F-150 available from Powder Tec Co., Ltd.
average particle size 80 J[err]n] were adnixed and agitated at a
tenperature of 80[err] by neans of a hig@sspeed agitating mxer to obtain a
carrier wherein the surface of the core was treated by coating. EXAMPLE 13
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A carrier was prepared in the sane manner as in EXAMPLE 12 except that 30
parts by weight of the carbon fluoride particles obtained in EXAMPLE 5 were
used... EXAMPLE 14 A carrier was prepared in the sane manner as in EXAMPLE

11 except that as a coating resin material, 70 parts by wei ght
of a vinyl i dene fluoride-tetrafl uoroethyl ene copol ymer
[ (copol ynerization ratio 80 20 mol Hp, primary average particle

size 0.15 [err] m secondary average particle size 4 [err] n] were used.

COMPARATIVE EXAMPLES 6 to 10

A fixing roller was fabricated in the same
matters in EXAMPLES 22 to 26, except that the carbon
fluoride particles were changed to the carbon fluoride
particles obtained in COMPARATIVE EXAMPLE 1 in each case.
The results are shown in Table 4.

It is clear that the conventional carbon
fluoride has a problem that, when using the conventional
carbon fluoride for a positively charged toner, the
electrostatic offset occurs because they do not have an
electric conductivity.
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EXA]VPLE 15 -A carrier was prepared in the same manner as in EXAMPLE 12
except that 30 parts by weight of the carbon fluoride particles obtained

in-EXAMPLE 6 and, as a coating resin material, a nmet hyl
met hacryl at e- styrene copolymer [(copolynmerization ratio 70 : 30 %
by weight), primary average particle hze_ : 0.10 [err]m
secondary average pargicle size : 3 [errf were used. EXAMPLE 16 1.5
Parts by weight of [the carbon quor%de
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This is the replacenent sheet Date: 18 DEC 1997 35 particles obtained
in EXAMPLE 3 and 3.5 parts by weight of the sane resin material (A) as in
EXAMPLE 12 were adm xed with 100 parts by wei ght of nethyl ethyl ketone.
The sane carrier core as in EXAMPLE 12 was

-_ 49 —

COMPARATIVE EXAMPLES 11 to 15

A fixing roller was fabricated and evaluated in
the same manner as in EXAMPLES 22 to 26 except that an
unfluorinated thermal black (Sevacarb MTCI available from
Columbian Carbon Co., Ltd.) was used as it is, instead of
the carbon fluoride particles. The results are shown in
Table 5. : _

It is clear that addition of the carbon inhibits
the non—adhesive property of PFA, and therefore no
function was exhibited with respect to both the
positively charged toner and the negatively charged toner.

From . the above~mentioned results, it 1is clear
that, by . using the «carbon fluoride of the present
invention, in each case of the positively charged toner
and the negatively charged toner, the offset—preventing
effect can be continued for a long time.
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coated with the coating material by means of a fluidizing bed machine to
obtain a carrier. COVPARATI VE EXAMPLE 4 A carrier was prepared in the sane

manner as i s EXAMPLE 12 except that 30 parts by wei ght of the carbon
fluoride particles obtained i n COWPARATI VE EXAMPLE 1 were used. EXAVPLE 17

100 Parts by weight of the carrier obtai %%d i n EXAMPLE 12 were admi xed with
2.5 parts by weight of a
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t oner
m xt ur

D. 135,
of Viales 155 [available from Colunbia R bbon & Mnufacturing Co.,
parts by weight-of Ol Black BW[ available fromOient Kagaku

and 5
Kogyo
el ectr
wth 5

havi ng an average particle size of 8 [err] mwhich conprises

a

e of 100 parts by weight of a polystyrene resin [Vicorastic

Kabushi ki Kaisha] to obtain dével opi ng agent for

avai lable from Shell Standard GOl Co., Ltd.] 5 parts by wei ght

Ltd.]

ostatic copying nachi ne. Subsequently, a running test was conducted

0, 000 sheets of paper by usimlﬁse%b]r gt gtli c copying

50 Grams of a typical electrically conductive

carbon black, i.e. Kejhen Black (commercial
available from  Ketjen Black International Co.,
average particle size: 0.03 x m) was fluorinated

name,

Ltd.;

in the

same manner as in EXAMPLE 1 except that the reaction time

was one hour.

As a result of measuring the F/C as a whole and
the F/C at the su;face of the obtained carbon fluoride
particles in the same manner as in EXAMPLE 1, the F/C as a

whole was 0.09 and the F/C at the surface was 0.69.

By using the obtained carbon fluoride particles,
the evaluation as to the fixing roller was conducted
the same manner as in EXAMPLES 22 to 25. The results are

shown in Table 6 _ .
The _obtained carbon  fluoride  shows
excellent electric conductivity than the carbon

in

more

fluoride

of EXAMPLE 7 which is the fluorinated thermal black, and

therefore it is <clear that the durability to

positively charged toner is more excellent.
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machi ne W th whi ch an organic phot o- conducti ve phot or ecept or
was equi pped. The photoreceptor had a negatively chargable
two-layer structure consisting of an anthoal one pi gnent as an
el ectrodepositi on generating subst ance of t he phot or ecept or and
a curbazole derivative as an electrodeposition transporting substance.
The results are shown in Table 2. In Table: 2,"the "Charged anmount” is a
val ue of the charged amount per 1 g of toner neasured according to the
known bl ow-of f metlhod, aney the " Coated gmoynty i
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thé per cent age by wei ght of the coating material obtained by renoving the
toner according to the blowoff nethod, This is the replacenent sheet Date:
18-DEC 1997 36 dissolving the coating resin with acetone (at this tine,

the carbon fluoride particles were also renoved from

- 53 —

COMPARATIVE EXAMPLES 16 to 20

t he

A fixing roller was prepared in the same manner
as in EXAMPLES 27 to 31 except that an unfluorinated
Ketjen Black EC was used instead of the carbon fluoride
particles, and the same evaluation was carried out. The

results are shown in Table 7.

Although the electric conductivity

than the thermal black, a non—adhesive
decreased as in COMPARATIVE EXAMPLES 11 to 15.
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carrier core), and evaporating the acetone. EXAWMPLES 18, 19 and 20 and
COVPARATI VE EXAMPLE 5 The devel opi ng agents were prepared in the sane
mamner as in EXAMPLE 17 except that the carriers obtained in EXAMPLES 13,
14 and 15 and COVWPARATI VE EXAMPLE 4 were used instead of the carrier
obtained in EXAMPLE 12 (respectively, fﬁrr_espond to EXAVMPLES 18, 19
and 20. and COVWPARATI VE EXAMPLE 5), and e continuous copying was carried
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The results are also shown in Table 2. EXAMPLE 21 100 Parts by  weight
of a styrene-butyl nethacrylate (7 : 30) copolyner, 10 parts by wei ght
of -carbon black [Regul 66R, available from Cabot Co., Ltd.] and 3.5
parts by weight of a Ilow nolecular weight polypropylene [Viscol

66P, available from Sanyo Kasei Kogyo Co., Ltd.] were adm xed by
means of a ball mll, and kneaded, Julygrized and classified to obtain
a toner having an average particle size of 9 [err] m

EXAMPLES 32 to 36

In EXAMPLES 27 to 31, the PFA powder and the
carbon fluoride particles were only mixed. In EXAMPLES 32
to 36, the PFA powder and the carbon fluoride particles
were treated for 10 minutes by means of a hybridizer
(NHS-0  Type, available from  Nara  Kikai  Seisakusho
Kabushiki Kaisha) wunder a condition of a peripheral
velosity of 80 m/s to give a composite powder, and then a
powder coating was carried out by using the composit
powder. The results are shown in Table 8.

The results shows more excellent properties than
those of EXAMPLES 7 to 31. The reason is assumed that the
mixing of carbon fluoride particles and PFA is extremely
efficiently carried out even from microscopic observation,
and therefore the electrostatic coating is  uniformly
carried out.
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2.5 Parts by weight of the obtained

carrier
devel opi ng
cont i nuous
an
cont ai ni ng Se.
repl acenent sheet

agent

Table 8

copyi ng
el ectrostatic .
The results are al so showgg n-Table 2. This is the
DEC 1

Occurence of offset

Dat e:

18

Abraded

Initial stage

Added amount

Kind of

Durability (times)

amount

(% by weight)

additives

Negatively Positively
charged toner charged toner

Positively

Negatively

charged toner

charged toner

obtai ned i n EXAMPLE 15 were
for electrostatic copying machine.
test with 50,000 sheets

D97

50000 2pym

50000

Hybridized carbon fluoride
particles which is a

toner and 100 parts by weight of the
obt ain a

adm xed

or less

or more

or more

Ex.32

fluorinated Ketjen black

ditto

ditto

ditto

ditto

Ex.33

to

was
copyi ng machi ne equi pped with a photoreceptor

‘ditto

ditto

ditto

10

ditto

Ex. 34

ditto

ditto

ditto

20
30

ditto

Ex.35

ditto

ditto

ditto

ditto

Ex.36

Then,
carried

t he

out by using
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120 Grams of an acetylene black (Denka Black,
available from Denki Kagaku Kogyo Kabushiki Kaisha,
commercial name) was fluorinated in the same manner as in
EXAMPLE 1 except that the reaction time was 2 hours to
obtain carbon fluoride particles having a degree of
fluorination as a whole of 0.18, a degree of fluorination
at the surface of 0.92 and an average particle size of
0.042 u m.

The obtained carbon fluoride particles were
dispersed and mixed with 30 parts by weight of a
polytetrafluoroethylene (Polyflon Dispersion D-3,
available from Daikin- Industries, Ltd., commercial name),
2000 parts by weight of a surfactant (Triton X-100, 10 %
aqueous solution) and 40 parts by weight of an acetylene
‘black treated with HNOs by means of an ultrasonic
homogenizer (frequency 38 KHz, rotation 1200 rpm). 8.4
Parts by weight of H.PtCf ¢ was added and mixed therewith,
and the mixture was. dried according to a lyophilization
method (tempgérature: -70C — 80C). The obtained powder
was heated at 300C for 2 hours in an atmosphere of
hydrogen, and the surfactant was removed, and then 4 parts
by Weigflt of platinum fine particles was carried thereon.

Then the obtained platinum—carrying powder was
packed into a press die, and a raw material of a supplying
layer consisting of 70 parts by weight of the above—
mentioned carbon fluoride particles and 30 parts by weight
of the polytetrafluoroethylene was added thereon, and hot-
~pressed at 380C wunder 600 kg/cm® for 3 seconds without
stirring to obtain a reaction layer of a gas diffusion
electrode having an area of 100 cm?® and a thickness of
0.5 mm. The properties of the gas dlffuswn electrode are
shown in Table 9.

- 57 —

COMPARATIVE EXAMPLE 21
A gas diffusion electrode was prepared in the
same manner as in EXAMPLE 37 except that an untreated
acetylene black was wused instead of the carbon fluoride

This is the replacement shee
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EXAMPLE 22 A rol | er ([err] 50 mm of alum niumwas tUsed as an electrically
conductive core, and a surface of the roller was pr?ﬂik@ﬂé&'ﬁésﬁ&ﬁﬂiﬂﬁﬂ by

sand blasting. To a PFA resin powder (average particle m
sperical particle), the car bon fluoride particd%@ﬂﬁﬂi@!{ I}| _
EXAMPLE 7 were adm xed in an anount of 1.% by wei ght a A

surface of the roller was coated with tﬁ m xed powder at a thickness of

40 [err] maccording to an el ectrostatic powder . coating nmethod, and then
mel t particles of the present invention. The properties of the
gas diffusion electrode are also shown in Table 9.

COMPARATIVE EXAMPLE 22
A mixture of 30 parts by weight of a vinyl
chloride resin (Denka Vinyl SS-118S, available from Denki
Kagaku Kogyo Kabushiki Kaisha, commercial name), 100 parts
by weight of an acetylene black and 180 parts by weight of
water was granulated by means of a mixing and granulating
machine, and dried. The granulates were supplied into an
oven wherein N, was filled and a temperature was kept at
1300C, and sintered for 1 hour to obtain 109 parts by
weight of a carbon powder. A gas diffusion electrode was
prepared in the same manner as in EXAMPLE 37 except that
the obtained carbon powder was used instead of the carbon
fluoride particles of the present invention. The

properties thereof are also shown in Table 9.

COMPARATIVE EXAMPLE 23
A gas diffusion electrode was prepared in the
same manner as in EXAMPLE 37 except that the carbon
fluoride described in COMPARATIVE EXAMPLE 2 was wused
instead of the carbon fluoride particles of the present

invention. The properties -thereof are also shown in
Table 9. '

. COMPARATIVE EXAMPLE 24

12 Grams of a graphite powder (SGP-25, available
from Kabushiki Kaisha SEC, commercial name, average
particle size 25 um) was put into a pressure resistive
reactor of monel. -After reducing a pressure to not more
than 10 Pa, 8.0 g of a fluorine gas was introduced
and the reactor was sealed. A temperature was raised from
- room temperature to 400C at a rate of 5 °C /min, and kept
at 4007C for 1 hour, and allowed to cool After
substituting the air in the reactor with nitrogen, the
product was taken out. The degree of fluorination of the
product as a whole was 0.19. A gas diffusion electrode

This is the replacement sic
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and sint ' mnutes in an electric furnace at 380[err].
The roll er_‘fﬁss[ﬁggttﬂagﬁeeﬁh@pﬁ&d(iz ng part of the copying machi ne, and an i mage

of +a negativ f er- which was forned according to an
el ectrostati \mml ‘lumt hod (the toner mai nly conpri sing a
styrene-acrylh havi ng an aqlgara_ge particle size of 14 [err] m
and a charged anmount of -10 to 12 [err] g) was fixed at a roller

surface tenperature of 180[err]. Occurence of the offset was observed.

Non-occurence i ap¥e M f&flin the same manner as in EXAMPLE 37 except
that the obtained carbon fluoride was used instead of the
carbon fluoride particles of the present invention. The
properties are also shown in Table 9.

Table 9

Electric specific Gas permeability
resistance (10~2ml(0.5atm02z)/cm- sec)
(Q -cm)

Ex.37 0.52 ' 32.1

com. 0.40 20.0

Com, 0.09 23.3

com 1.86 35.8

oo 0.73 25.6

In COMPARATIVE EXAMPLE 21, although the electric
specific resistance is a  sufficient value, the gas
permeability is not sufficient because of lack in water—
repelling property. :

- In COMPARATIVE EXAMPLE 22, both a water—
repelling property and an electric specific resistance are
improved because. the graphite crystals in the carbon black
particles were grown more than those of COMPARATIVE
EXAMPLE 21. However, a water repelling property is not
sufficient in  comparison with the carbon fluoride
particles of the present invention, and therefore only a
little improvement of the gas permeability is obtained.
Furthermore, there is pointed out a problem that, owing to
the growth of the graphite crystals, an oxidation
resistance and a corrosion resistance to an electrolytic
solution become rather wrong. )

In COMPARATIVE EXAMPLE 23, a superior gas

This is the replacement sheet -
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I's represented by (O and occurence of the offset even to a snmall extent is
represented by (x). In order to evaluate the oqaiSkadisBegh Repl

el ectrostatic offset, eval uati on was al so made in [ I mage
of a positively charged toner (the toner mainly conpr

styrene-acrylic resin and having an average particle size o 4 [err] mand
a charged anount of +10 to 12 [err] C/g)6. Further,.in order to evaluate the
durability and the abrasion resistance as to the fixing roller, a. paper-

permeability is observed because of an excellent water—
repelling property of the carbon fluoride. However, the
carbon fluoride is an electrical insulator, and therefore
the electric specific resistance becomes large.

In COMPARATIVE EXAMPLE 24, such an excellent
water-repelling property that a carbon fluoride has is not
fully exhibited, and the gas permeability is inferior to
that of COMPARATIVE EXAMPLE 23. The electric specific
resistance is superior to that of COMPARATIVE EXAMPLE 23
because of an electric conductivity, but is inferior to
those of COMPARATIVE EXAMPLES 21 and 22.

In EXAMPLE 37, the gas permeability is equal to
that of COMPARATIVE EXAMPLE 23 and the electric specific
resistance is equal to that of COMPARATIVE EXAMPLE 21.
The characteristics thereof are maintained for a long
time, and it can be said that the gas diffusion -electrode
has superior performances in comparison with those of
COMPARATIVE EXAMPLES 21 to 24.

EXAMPLE 38

A water—repelling—treated carbon ‘paper
(available from Kureha Kagaku Kogyo Kabushiki Kaisha) was
pressed and adherred to the gas diffusion electrode of
EXAMPLE 37, and the obtained electrode was used as a fuel
electrode and an oxygen electrode to produce an phosphoric
acid fuel cell having the constitution shown in Fig. 1.
In Fig. 1, 1 designates a matrix of 95 % of SiC and 5 % of
PTFE with which 55 parts by weight of phosphoric acid was
immersed, 2 designates a pipe to pass a heating medium, 3
designates a  collecting plate, 4 designates a  fuel
electrode of the gas diffusion electrode of the present
invention, and 5 designates an oxygen electrode ‘as the
same. A thickness of unit cell was 6 mm, and hydrogen was
used as a fuel gas, and then a characteristic of current
density—cell voltage was measured when discharge at a
constant current was done at an operation temperature of
190°C. The results are shown in Table 10.

COMPARATIVE EXAMPLES 25 to 28
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passing test with 50,000 sheets of A4 size was conducted. Qccurence of the
of fset was eval uated every 10,000 sheets of paﬂﬁrsshee&lludBeéﬁ ﬁcedpaSSI ng

50,000 sheets, the abrasion resistance
decrease of the resin thickness on the surwm ' oIIer The
results of the above-nmenti oned eval uat] ons are s 3. This is
t he repl acenent sheet 1 8 DEC 1997 Dat

Phosphate-type fuel cells were prepared in the
same manner as in EXAMPLE 38 except that the gas diffusion
electrodes of COMPARATIVE EXAMPLES 21, 22, 23 and 24 were
used instead of the gas diffusion electrode of EXAMPLE 37,
and they were respectively represented as COMPARATIVE
EXAMPLE 25, 26, 27 and 28. The results are also shown in

Table 10. '
Table 10
Current density (mA/cm?)

50 100 200 400

Ex38 091 089 086  0.81

Lot 085 078 074 055

.Sgﬁage BT 0.87 084 079 065
¥ P 0.89 086 0.81 071
o 088 085 079 0.69

A characteristic of current density—cell voltage
of a fuel cell depends on both an electric specific
resistance and a 'gas permeability of a gas diffusion
electrode.”. Namely, when an electic specific resistance is
large, as a current density increases, a descent
percentage of voltage becomes large according to the
Ohm's law. When a gas permeability is low, as a current
density increases, supplement of gas consumed by the
electrode reaction delays, and there occurs a phenomenon
that, when a specific cwrent density is exceeded at a
certain level, a cell voltage suddenly descends.

From the above, it can be understood that a cell
voltage wunder a highly-loaded operation, namely a cell
voltage at 400 mA/cm? in Table 10, -is an indicator to
compare a performance of the fuel cell. Table 10 shows

This is the replacereni sheet
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39 EXAMPLES 23 to 26 The sane evaluations as in EXAMPLE 22 were carried
out except that the anmount of carbon fluoride particles to be
added was changed to 5, 10, 20 and 30 % by wei ght, which correspond to
EXAMPLES 23, 24, 25 and-26 respectively. The results are also shown in
Tabl e 3.

-— 62 -

that the fuel cell using the carbon fluoride particles of
the present invention exhibits the highest cell voltage
and has a superior performance. The reason is in that the
carbon fluoride particles of the present invention have a
high electric conductivity and ~a high water-repelling
property, and therefore a gas diffusion electrode having a
small electric  specific resistance and a high gas
permeability is  obtained. In addition, these excellent
properties can be maintained for a long time without
degradation, and therefore labor and cost required for
maintenance such as electrode-exchange can be extremely
saved. '

EXAMPLE 39 .

The gas diffusion electrode of EXAMPLE 37 was
pressed and adherred to a net of nickel, and the obtained
electrode was used as. an air electrode. A 4N—aqueous
solution of sodium hydroxide was used as an electrolytic
solution, and a zinc plate large enough not to be consumed
during the evaluation was used as an anode. Thus an
zinc/air battery was prepared.

The obtained battery was continuously discharged
with a load of 75 Q@ in an atmosphere of 60 % RH at a
temperature of 20C, and the time (life time) until a
terminal voltage fell down to .0.9 V was measured. The
results are shown in Table 11.

COMPARATIVE EXAMPLES 29 to 32

~ Zinc/air batteries were prepared in the same
manner as in EXAMPLE 39 except that the gas diffusion
electrodes of COMPARATIVE EXAMPLES 21, 22, 23 and 24 were
used instead of the gas diffusion electrode of EXAMPLE 37,
and they were respectively represented as COMPARATIVE
EXAMPLE 29, 30, 31 and 32. The results are also shown in
Table 11.
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Table 11

Life time (hour)

Ex.39 18.9
g}'fgg | 10.1
g;‘go 12.3
g;‘gl | 14.2
g;“;z 13.2

| The role of a gas diffusion electrode in an
zinc/air battery is the same as that in a fuel cell, and
therefore the performance of the zinc/air battery
corresponds to that of the phosphoric acid fuel cell in
EXAMPLE 38. The value of the life time in the evaluation
results of EXAMPLE 39 and COMPARATIVE EXAMPLES 29 to 32
substantially represents the degree of polarization
property at a .large load, because an enough large zinc
plate was used as an anode.

' As is clear from Table 11 the zinc/air battery
wherein the carbon fluoride particles of the present
invention were . used shows a superior life time. This can
be said that since the carobn fluoride particles of the
present invention have a high electric conductivity and an
‘high water-repelling property, a gas diffusion electrode
having excellent properties at a large 1load <can be
provided.

EXAMPLE 40 |
30 Parts by weight of the same carbon fluoride
particles as used in EXAMPLE 37 were dispersed in 100
parts by weight of a surfactant (Toriton_ X-100, 10 %
aqueous solution) by means of an ultrasonic homogenizer.
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41° COVPARATI VE EXAMPLES 6 to 10 A fixing roller was fabrlcated in the
same nmanner as in EXAMPLES 22 to 26, except that t Ahis Bhe
particles were changed to the carbon fluoride |
COVPARATI VE EXAMPLE 1 in each case. The results are |

is clear that the conventional_ cgaibo_g

Each metal of lanthanum (La), nickel (Ni),
cobalt (Co) and manganese (Mn) of which purities are not
less than 99.5 % and Mischmetal (Mm) which contains a
rare earth element of not less than 98 %, was weighed so
that a composition of an - alloy was
Lao.2Mmo.sNis.6Co1.0Mno. 4, and a uniform alloy was
prepared by means of a high—-frequency heating furnace.
The alloy in a fused state was dropped on a dish which
rotated at a high—speed of 20000 rpm in an inert gas
atmosphere to obtain a spherical hydrogen-absorbmg alloy
powder having an average particle size of 60 um  The
powder was further immersed in an aqueous solution of
potassium hydroxide (specific gravity: 1.30) at 80C for 5
hours, rinsed and dried.

To 100 g of the powder was added 25 g of a 2 %
by weight of aqueous polyvinylalcohol solution, and
kneaded to be pasty. A foamed porous nickel body having a
porosity of 95 to 96 % was uniformly filled with the
paste, and dried. Then, a pressure of 500 kg/cm® was
applied and a nickel lead was spot—welded. The obtained
article was immersed in the above—mentioned dispersion of
the carbon fluoride particles and dried to obtain an
anode. As a cathord, there was used a known foamed metal
having an excess electrical capacity, which was filled
with nickel hydroxide. As an electrolytic solution, there
was used an aqueous potassium hydroxide solution having a
specific gravity of 1.20 in which lithium hydroxide was
dissolved at 30 g/&. As a separator, there was used a
sulfonation—treated nonwoven fabric of polypropylene. The
anode, the cathord and the separator were coiled like ‘a
swirl, and put into a container of a C size cell. The
electrolytic solution was poured, and the container was
sealed to prepare a nickel/metal hydride storage battery
~of 3000 mAh. | -

The storage battery was charged wunder the
constant temperature of 20C, with a charging current of
300 mA for 15 ‘hours in the first cycle of charge, with a
charging current of 600 mA for 7.5 hours in the 2nd to
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fluoride suffers fromthe probl em that, when using it for a positively
charged toner, electrostatic offset occurs because it does not have an

el ectric conductivity. This is the replacenment sheet Date: 18 DEC 1997
42 [err] '

5th cycles of charge, and with a charging current of
1000 mA for 4.5 hours in and after the 6th. cycle of
charge. Discharge was carried out at 600 mA until a
terminal voltage fell down to 0.9 V, and a cycle life time
of the battery was examined. In addition, a bottom of the
battery was opened, and a pressure sensor was inserted
therin, and an internal pressure of the Dbattery was
measured. The results are shown in Table 12.

COMPARATIVE EXAMPLE 23

A  nickel/metal hydride storage  battery was
prepared and evaluated in the same manner as in EXAMPLE 40
except that a polytetrafluoroethylene dispersion (Polyflon
Dispersion D—1, available from Daikin Industries, Ltd,
commercial name) was used instead of the dispersion of. the
carbon fluoride nparticles of the present invention. The
results are also shown in Table 12.

COMPARATIVE EXAMPLE 34 _

'A nickel hydrogen storage battery was prepared
and evaluated in the same manner as in EXAMPLE 40 except
that the carbon fluoride particles of - COMPARATIVE
EXAMPLE 2 were wused instead of the carbon fluoride
particles of the present invention The results are also
shown in Table 12. '
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43 COMPARATI VE EXAMPLES 11 to

15 Afixing roller was fabricated and evaluated in the sane manner as in

EXAMPLES 22 to 26 except that an

-— 66 —_

Table 12

At the 10th cycle

At the 100th cycle

Peak internal Discharge Peak internal Di_scharge
pressure at capacity  pressure at capacity
charging (mAh) charging (mAh)
(kg/cm?) (kg/cm?)
Ex.40 3.1 3032 5.7 3001
com, 5.5 3004 9.4 2650
om 3.3 3018 6.5 2880
In COMPARATIVE EXAMPLE 33, the peak internal
pressure at the 10th cycle of the charge is highest
because a  water-repelling property of the fluorine-

containing resin is inferior to that of a carbon fluoride,
and the degree of degradation at the 100th cycle of the
charge - is also remarkable, because the fluorine—containing
resin is inferior in chemical stability.

In COMPARATIVE EXAMPLE 34, since the interface
of the three layers can stably exist for a long time due
to an excellent water—-repelling and .chemical stability of
the carbon fluoride, the increase of the internal pressure
is restrained for a long time, and thus a cycle life time
becomes longer than that of COMPARATIVE EXAMPLE 33.

- In EXAMPLE 40, though, at the 10th cycle of
charge, there- was not a remarkable difference from
COMPARATIVE EXAMPLE 34 wherein the completely fluorinated
~carbon fluoride was ‘used, the descent of voltage in
discharging was slow because of a small internal
resistance of the battery. As a .result, the cycle life

time becomes longer, which shows utility of the present

invention.

eet Has Been Replaced

||II|I|| fmpn

Date:

he replacément sheet

- 7 0CT Q%%



unfluorinated thernmal bl ack (Sevacarb MICl avail abl e from Col unbtan—Carbon

Co., Ltd.) was used as it is, instead of the carbon flugri BRAREIREES

The results are shown in Table 5. It is clear that §

carbon inhibits the non-adhesive property of PFA. A a H “HE no
t

function was exhibited wth resggct~to both
charged toner and the negatively <charged toner. From the
above-nmentioned results, it 1is clear that, by using the carbon
fluoride of the present INDUSTRIAL UTILITY

Since the carbon fluoride particles of the
present invention has a low F/C as a whole, a high F/C at
the surface, a low specific gravity and a narrow particle
size  distribution, the  particles are  excellent in
dispersibility and powder flowability, and also have a
controllable conductivity  and charging characteristic.
For example, dispersibility to composit materials such as
resins, rubbers and greases is excellent. In addition,
since the surface area is highly fluorinated in comparison
with the inner portion, the particels have the inherent
properties of the conventional carbon fluoride such as
water—repelling property, oil-repelling property, non—
adhesive  property °~ and lubricating  property. Further,
since the carbon fluoride |particles of the present
invention contain a smaller amount of fluorine, the
particles can be produced at a lower cost than the prior
carbon ~ fluoride particles. Also, various composit
materials can be provide.

Since the additive to toner 1is excellent in
powder flowability and can be dispersed into the toner
well, it 1is possible to save an amount of toner which
adheres to the carrier surface and to improve the cleaning
of the toner which remains on the surface of the
photoreceptor. _ '

"When using the additive to coating for -carrier,
the abrasion resistance and the toner—spent are excellent
and the variaty of charged amounts is mnarrow. Further,
since the particle shape is spherical and uniform and the
. particle size distribution is narrow, the adhesion to the
carrier is good -and thus the particles are not broken and
would not be peeled off from the carrier when abrading.

According to the fixing roller, both the
electrostatic offset and hot offset do not ‘appear, and
these effects can be maintained for a long use.

Since the gas diffusion electrode of the present
invention is excellent in gas permeability and has a low
internal resistance, the performance at a high current
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invention,  both for the positively charged toner and the
negatively charged toner, the offset-preventing effect can be
maintained for a long tinme. This is the replacenent sheet Date: 18 DEC
1997 44 [err] :

- 68 -

density is particularly excellent. Further, the electrode
has a long life time because of its excellent oxidation
resistance and corrosion resistance. _

The phosphoric acid fuel cell of the present
invention is less decrease of cell voltage at a highly
loaded operation and has a long life time.

The air battery of the present invention has an
excellent performance at a highly loaded operation and
less degradation even when using for a long time.

The alkaline storage Dbattery of the present
invention is excellent in rapid charging and has a long
life of charge—discharge time.

This Sheet Has Been Replaced
e’ill This is the replacentsnt shest

L

pate: - 7 OCT 19%



[err] 45 EXAMPLES 27 to 31 50 grans of a typical electrically

conductive carbon bl ack, I.e. Kej hen Bl ack (comer ci al nane,
avai l abl e f_Lom———Ket]—en"’BT-Ck | nt er nat i onal Co., Ltd.; average
particle sizg QRsBlefREda® - was fluorinated in the
\\ll\l\\\lll\\\\\l\l\ |\ S
CLAIMS

1. Carbon fluoride particles in which a number—
average particle size is 0.01 to 50 um, a content of
particles having such a diameter that the particle size
distribution thereof falls within the range of the number—
average particle size *20 % amounts to at least 50 % of
the whole, a true specific gravity is 1.7 to 2.5, when
representing an atomic ratio of fluorine atom to carbon

. atom as F/C, a F/C of the particle as a whole is 0.001 to
- 0.5, and a F/C of the particle ‘at the surface is always
larger than the F/C as a whole and is 0.1 to 2.0.

2. The particles of Claim 1, wherein the F/C as
a whole is 0.001 to 0.3, and the F/C at the surface is 0.3
to 2.0. : '

3. The particles of Claim 1, wherein the F/C as
a whole is 0.001 to 0.2, and the F/C at the surface is 0.3
to 2.0.

4. The . carbon fluoride nparticles of Claim 1, 2
or 3, wherein a degree of sphere is 0.8 to 1.0.

5. A process for preparing the carbon fluoride
particles of Claim 1, 2, 3 or 4, which comprises; pre—
heating carbon particles in which a number—average
patticle size is 0.01 to 50 um and a content of particles
having such a diameter that the particle size distribution
falls within the range of the number—average particle size
+20 % amounts to at least 50 % of the whole, to 350° to
600°C; introducing a fluorine gas; and reacting the carbon
particles with the fluorine gas at a temperature within
said range.

6. Water— and oil-repellents comprising the
carbon fluoride particles of Claim 1, 2, 3 or 4.

* [+ L M S *
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same manner as in EXAVPLE | except that the reactiomtime—was onehour. The

F/C as a whole and the F/C at the surface of the Obfh?s'sﬂ&%&%f lﬁ!ﬁﬂ;& ori de

particles nmeasured in the sanme manner as in EXAIVPLE

respectively 0.69. By using the obtained carbon fl uo t he
eval uation as to the fixing roller was cgnducted in r as in
EXAMPLES 22 to 25. The results are shdwn?fn Tabl e 6.

7. Non-tackifying agents comprising the carbon
fluoride particles of Claim 1, 2, 3 or 4.

8. Solid  lubricants comprising the carbon
fluoride particles of Claim 1, 2, 3 or 4.

9. Agents for imparting electric conductivity
. comprising the carbon fluoride particles of Claim 1, 2, 3
or 4.

10. Additives to toner for developing
electrostatic image, comprising carbon fluoride particles
in which a number-average particale is 0.01 to 10 ugm, a
content of particles having such a diameter that the
particle size distribution falls within . the range of the
number—average particle size *20 % amounts to at least
50 % of the whole, a true specific gravity is 1.7 to 2.5,
a F/C of the particle as a whole is 0.001 to 0.3, and a
F/C of the particle at the .surface is always larger than
the F/C as a whole and is 0.1 to 2.0.

: 11. The additives to toner for developing
electrostatic image of Claim 10, wherein the number-
average particle size is 0.1 to 10 ¢ m. .

12. The additives to 'tohef for developing
electrostatic .image of Claim 10 or 11, wherein the F/C as
a whole is 0.001 to 0.2, and the F/C at the surface is 0.3
to 2.0.

.13. The additives to toner for developing
electrostatic image of Claim 10, 11 or 12, wherein the
degree of sphere is 0.8 to-1.0.

14. Additives to coating of carrier for
developing electrostatic  image, comprising the carbon
fluoride particles of Claim 1, 2, 3 or 4.
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The' obt ai_ned,__(;acr-ben———H'ueri de shows nore excellent electric
conductivity than t c rd on fluoride of EXAMPLE 7 which is the

fluorlnated ndtherefore it is clear that the
durability Wlt Iy charged toner is nore excellent. This is the
repl acenent s 1 8 DEC 1997

—~ 71 —

15. The additives to coating of carrier for

developing electrostatic image of Claim 14, wherein the
number—average particle size is 0.1 to 50 u m.
’ 16. Composit materials in which the carbon
fluoride particles of Claim 1, 2, 3 or 4 are added and
dispersed into resins, rubbers, metals, ceramics, carbons,
oils, organic solvents, water or aqueous solutions.

17. Composit materials in which the carbon
" fluoride particles of Claim 1, 2, 3 or 4 are added and
dispersed into solid materials of resins, rubbers, metals,
ceramics or carbons.

18. Composit materials in which the carbon
fluoride particles of Claim 1, 2, .3 or 4 are added and
dispersed into liquid materials of oils, organic solvents,
water or aqueous slutions. '

_ 19. Composit materials in which the composit
materials of Claim 16, 17 or 18 are in the form of film,
paint, grease, toner, carrier or plating solution.

' 20. Fixing rollers coated with composit
materials in the form of that the carbon fluoride
particles of Claim 1, 2, 3 and 4 are dispersed into resins
or rubbers, or in the form of film or coating made of the
composit materials.

'21.  Fine composit particles in which pafticles
of resins, rubbers, metals, ceramics or ' carbons are
coated W1th the carbon fluorlde particles of Claim 1, 2, 3
or 4.

22. The fine composit particles obtainable by
impact-mixing or admixing by means of an impact surface
improvipg machine or a high speed mixing tank (dry

method). _—

LT
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- 72 -

23. A process for preparing fixing rollers which
comprises, electro-depositing the fine composit particles
of Claim 21 or 22, and thereafter heat—treating to produce
coatings.

24. Gas diffusion electrodes which comprise, a
layer containing the carbon fluoride particles of Claim 1,
2, 3 or 4 or the composit materials of Claim 16, 17, 21 or
22 is formed on the surface of the electrode.

25. Phosphoric acid fuel cells in which the gas
diffusion electrode of Claim 24 is used.

~26. Air |Dbatteries in which the gas diffusion
electrode of Claim 24 is used..

27. Alkaline storge batteries in which an anode
formed by wusing the carbon fluoride particles of Claim 1,
2, 3 or 4 or the composit materials of Claim 16, 17, 21 or
22 is used.

il
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A f?xing roller was prepared in the same manner as in EXAMPLES 27 to 31
except that an unfluorinated Ketjen Black EC was used instead of the carbon
fluoride particles, and the sane . evaluation was carried out. The
results are shown in Table 7. Although the electric conductivity is
better than for the thermal black, the non-adhesive property is worse as in
COMPARATI VE EXAMPLES 11 to 15. This is the replacenment sheet 1 8 DEC 1997

CARBON FLUORIDE PARTICLES, PREPARATION PROCESS
AND USES OF THE SAME

ABSTRACT

Carbon fluoride particles wherein number—average
particle size is 0.01 to 50 m, content of particles
having such a  diameter that the particles size
distribution falls in number—average particle size %20 %
amounts to at least 50 % of the whole, true specific
gravity is 1.7 to 2.5, F/C as a whole is 0.001 to 0.5, and
F/C at the surface is always larger than the F/C as a
whole ‘and is 0.1 to 2.0, have excellent dispersibility and
powder flowability, and are usable as water— and oil-
repellents, non—tackifying agents, solid .  lubricants,
agents for imparting electric conductivity, additives to
toner for developing electrostatic image, additives to
coating of <carrier for developing electrostatic image,
composit materials for fixing roller, phosphoric acid _fuel
cells, zinc/air batteries and nickel/hydride storage
batteries.

FIGURE 1.
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49 *EXAMPLES 32 to 36 |~n EXAIVPLES 27 to 317~the PFA gg(\g;%{wﬁmdqgh CQ{BQ{L é)_
flyoride particles vvére only i xed. |n EXAMPLES ;37 *m ed ég
powder and the carbon fluoride particles were Ge 5

by’ means of a hybridizer (NHS-O Type, avail gﬁ oS —
Kikai  Seisakusho Kabushi ki Kaisha) ~under a SU“CT  poge ?to paged """
per i pher al : 1 8 DEC 1997

DATE - OF RECEIPT ........c.ccveunee.

DESCRIPTION

CARBON FLUORIDE PARTICLES, PREPARATION
PROCESS AND USES OF THE SAME

. TECHNICAL FIELD-

The present invention relates to novel carbon fluoride particles, a
preparation process of such carbon fluoride particles, and their use for water- and
oil-repellents, non-tackifying agents, solid lubricants, agents for imparting electric
conductivity, composite materials of various forms, additives to toners and additives
to carrier coating for developing electrostatic images, fixing rollers, phosphonc acid

- fuel cells, zinc/air batteries, and mckel/metal hydride batteries.

BACKGROUND ART
Carbon fluorides can be prepared by fluorinating various carbon
powder materials, and are obtained as solid powders. Sinc_é carbon fluorides have an
extremely low surface energy and can exhibit their excellent characteristics under
severe conditions regardless of the atmospheric environment, the carbon fluorides
have been regarded as excellent industrial materials in wide technical fields such as
water-and oil-repellents, mold-releasing compounds, non-iackifying agents and solid'!'

lubricants
When utilizing the said excellent properties of the carbon fluorides, the

carbon fluorides are generally added and dispersed into materials such as resins and
rubbers, dispersed into oils, greases, organic solvents or aqueous solutions, or used in
the form of fine particle composites with other powdus rather than usmg the carbon
fluoride powder alone as such.

However, when utilizing the above-mentioned various excellent
properties by composing the carbon fluoride powder with other materials, a problem
arises from thgl_diﬁcﬁlnt"y.tg' disperse the powder uniformly and stable within the other

This is the replacement sheet



velfocity of 80 mis to give a conposite powder, and then a powder coating
was carried out by wusing the conposite- powder. The results are shown
in_Table 8. The results shows nore excellent properties than those of
EXAMPLES 7 to 31. | t assumed that the mxing of carbon
fluoride particles and PFA is extremely e?ficient
from mcroscopic observation, and therefore t he el ectrostatic
coating is wuniformy carried out. This is the replacenent sheet

materials, and accordingly, the desired properties are not obtained sufficiently.

The reason for this problem is that commercially available common
conventional carbon fluoride particles are highly fluorinated throughout the inner
portion to provide particles which are in whole in the form of carbon fluoride. This
results in (1) the specific gravity becoming high with values in the range from 2.5 to
3.0, and (2) the particles being broken irregularly during the fluorinating step due to
stress in the whole particle in order to produce a very wide particle size distribution
and to create irregular particle shapes (due to widening of the (001) plane of carbon
fluoride up to 0.6 - 0.9 nm in course of the fluorination process in comparison with
the (001) plane spacing of microcrystalline graphite, which is 0.34 nm). Therefore, the
wholly fluorinated ca:bon fluoride does not have the desired properties with regard to
dispersibility and powder flowability. |

If carbon fluoride particles with a low specific gravity and a narrow
particle size distribution could be obtained, such carbon fluoride particles would be
advantageous in view that a difference of specific gravity compared to a dispersing
medium may be made small to improve the dispersibility. As an example for carbon
fluoride particles with a low specific gravity, JP-A-142968/1975 discloses carbon

- fluoride particles having a fluorine content of 35 to 55 % by weight [corresponding to
an atomic ratio of fluorine atoms to carbon atoms (hereinafter referred to as "F/C") of
0.34 to 0.77].

However, the carbon fluoride particles having such a high F/C within
the above-mentioned range exhibit a maximal (001) plane spacing in the crystals and
thus, as mentioned above, the particles tend to break. Therefbre, when dispersing the
particles into other materials, there remains a problem as to dispersibility and the
excellent lubrication properties cannot be obtained.

Further, it is known that modified carbon materials for composite
materials may be prepared by treating the c_arbén surface with a fluorine gas at -80° to
50°C (JP-B-38686/1992). However, no real carbon fluoride is obtained at the surface
of the material, but only a weak semi-ionic C-F bond which contributes to hydrophilic
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bropertics. Accordingly, the treated carbon (fluoride) does not exhibit the
water-repelling property which is typical for actual carbon fluoride. In contrast, it
becomes more hydrophilic than the carbon material as such (Proceedings of 16th
Fluorine Chemistry Conference, p16 (Sept.. 20, 1991), 17th Proceedings of Fluorine
Chemistry Conference p21-22 (Sept.. 21, 1992)). . '

Also known is a graphite material for an atomic reactor, which
comprises a carbon fluoride at a part or all of its surface region or in pores of the
surface layer (JP-B-31283/1981). This prior art is directed to graphite moldings, and
is from 2 different technical field than carbon fluoride used as additive to other
materials.

The present invention has been performed starting from the
above-discussed viewpoints. One object is to provide novel carbon fluoride particles
having excellent dispersibility and powder flowability and further a controllable
conductivity and charging properties (which are not obtainable with the conventional
carbon fluoride particles) and théreby maintaiping sufficient water-repelling
properties, oil-repelling properties, lubricating properties, non-adhesion, non-wetting
properties -and stain resistance (which is characteristic for conventional carbon
fluoride particles), said carbon fluoride particles having a low specific gravity, a F/C
as a whole at a low level and the F/C at the particle surface at a high level.

Another object of the present invention is to provide a process for
preparing such novel czrbon fluoride particles in which process the amount of
expensive fluorine gas needed may be reduced.

_ A further object of the present invention is to provide uses of the
novel carbon fluoride, i.e. as a water- and oil-repellent, as a non-tackifying agent, as a
solid lubricant and as an agent for imparting electric conductivity.
A further object of the present invention is to provide a composite
material which is compogcd with various other materials in various manners.
Another object of the present invention is to provide an additive for
toners which gives excellent effects in regard to that the amount of toner adhering to
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51*EXAMPLE 37 120 grans of an acetylene black (Denka Black, available
from Denki Kagaku Kogyo Kabushi ki  Kai sha, commerci al nane) was
fluorinated in the same manner. as in EXAMPLE 1 except that the reaction
tifire was 2 hours to obtain carbon fluoride particles havi ng a
degree of fluorination as . a whole &f 0.18, a degree of fluorination at
the surface of 0.92 and an average particle size of 0.042 [err] m

the carrier surface for developing electrostatic images is reduced and that cleaning
properties of the toner remaining on the surface of a photoreceptor is improved.

A further object of the present invention is to provide an additive to
carrier coatings in order to produce a carrier for developing electrostatic images,
which is excellent in respect to abrasion resistance and toner-spent properties and
which does not lead to irregularities in toner charge.

Another object of the present invention is to provide a fixing roller
for developing electrostatic images, which does not cause both, the hot offset and
electrostatic offset.

Another object of the present invention is to provide a gas diffusion
electrode for a phosphoric acid fuel cell or an air battery, which has a small internal
resistance and a long life.

A further object of the present invention is to provide an alkaline
battery using a hydrogen-absorbing alloy, which is excellent in rapid charging and has
a long durability. '

DISCLOSURE OF THE INVENTION

The present invention relates to catbon fluoride particles in which the
number-average ‘particle size is 0.01 to 50 pm, the content of particles having such a
diameter that the particle size distribution falls within the range of the
number-average particle size +/-20 % amounts to at least 50 % of the whole, in which
the true specific gravity of the particles is 1.7 to 2.5, in whick the F/C ratio of the particles
as a whole is 0.001 to 0.5, preferably 0.001 10 0.3, particﬁlarly preferably 0.001 to
0.2, and in which the F/C ratia at the surface of the particles is always larger than

the F/C as a whole and is Q.1 to 2.0, preferably 0.3 to 2.0.

The present invention aiso relates to a process for preparing carbon
fluoride particles, which comprises ﬁrc-hsa:ﬁng at 350° to 600°C a carbon powder
with a number-average particle size of 0.01 10 50 pm and with a content of particles
having such a diameter that the particle size distribution falls within the range of the
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The obt ai ned car bon fluoride particles were dispersed and m xed
with 30 parts by weight of a polytetrafl uoroethylene (Pol yflon
Di spersion D-3, available from Daikin Industries, Ltd.,
cdmercial nane), 2000 parts by wei ght (gf a surfactant (Triton X-100, 10 %
aqueous sol ution) and 40 parts by wei ght “of an acetyl ene black treated
wth [err] by neans of an ultrasonic honogenizer (frequency 38
KHz, rotation 1200 rpm. 8.4 Parts by weight of [err] was added and
m xed therewith, and the m xture was dried according to a |yophilization

. number-average particle size +-20 % amounting to at least S0 % of the whole,

introducing a fluorine gas, and then reacting the carbon particles with the fluorine gas
at a temperature of the above-mentioned range.

The present invention relates to various uses of the above carbon
fluoride particles, for example, for a water- and oil-repellent, a non-tackifying agent, a
solid lubricant, an agent for imparting electric conductivity, an additive to coatings of
carriers for developing electrostatic images, a composite material combined with
other materials and a fine composite particle coated with other materials; and, using
the above-mentioned materials, a fixing roller, a gas diffusion electrode, a phosphoric
acid fuel cell, an air battery and an alkaline battery.

The present invention relates _in Eai‘ticular to an additive to toners

for developing electrostatic images comprising carbon fluoride particles as defined

above.

BRIEF EXPLANATION OF THE DRAWINGS
Fig. 1 shows a diagrammatic perspective view of one embodiment of

the construction of a phosphoric acid fuel cell according to the present invention.

PREFERRED EMBODIMENTS OF THE INVENTION
The carbon fluoride particles of the present invention are particles
having so-called core-shell structure, and comprise a core portion substantially made
of carbon and a shell portion which is thin and has a large content of carbon fluorine,
the F/C of the shell portion being always larger than that of the core.
. The reason for the carbon fluoride particles of the present invention
being difficult to be broken despite. of the large F/C ‘of the shell portion, is assumed to
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nmet hod (tenperature -70[err] [err] 80[err] ). The obtai ned powder was
heated at 300[err] for 2 hours in an atnosphere of hydrogen and the
surfactant was renoved. and then 4 parts by wei ght of f.ine platinum
particles were applied thereon. Then the gbtained platinumcarrying powder
was packed into a press die, and a raw material of a supplying |ayer ’
consisting of 70 parts by weight of the above- nentioned carbon fluoride
particles and 30 parts by wei ght of the pol ytetrafl uoroethyl ene was added

t hereon, and hot- pressed at 380[err] under 600 kg/[err] for 3 seconds
wi t hout be that siace che carbon fluoride is present in a relatively large amount in the shell

- portion, the stress stops only near the surface region, and as cxpiained in the
discussion of the background prior art, the stress does not go into the deep portion,
and thus the breakage (cleavage) will not span the whole particle.

The carbon fluoride obtained ag:cordirig to the present invention does
not have a clear peak at and near the angle of diffraction corresponding to the (601)
plane by means of X-ray diffractometry, and even if a peak is observed, such a peak is
broad. It is assumed that, depending on the kind of starting carbon, a sharp peak may
not be observed because the carbon flitoride exists only thihly in the surface region of
the particles .

The carbon fluoride in the present invention is generally obtainable
by reacting various carbon materials with fluorine, and substantially comprises an
inorganic polymer carbon fluoride in which the carbon atoms are chemically, covalent
bonded.

The carbon fluoride particles of the present invention have a
number-average particle size of 0.01 to 50 um. If the number-average -particle size
bc;:omes smaller, a secondary agglomeration tends to occur strongly, and thus, when
applying, it is difficult to disperse the particles uniformly in the matedals, If it is
larger, dispersibility becomes worse. A preferred range is 0.01 to 20 pm, a more
preferred range is 0.1 to 10 p.m

In the present invention, the particle size distribution and the
number-average particle size are determined in the following manners.

‘ Particle sizes of randomly selected 100 particles are measured in a

scanning electron microscope photograph. From the number of particles of each

particle size a particle size distribution is obtained. Then a number-average particle
_size is calculated from the particle size distribution.

| The carbon fluoride particles of the present invention have a particle

size distribution such that the content of particles having such a diameter that the

particle size distribution falls within the range of the number-average particle size
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stfrring to obtain a reaction | ayer of a gas diffusion el ectrode having

an area of 100 [err] and a thickness of 0.5 mm The properties of the
gas diffusion electrode are shown in Table 9. COWARATI VE EXAMPLE 21 A gas
diffusion electrode was prepared in _the same manner as in EXAWPLE
.37 except that an untreated acetylene7black'mas used instead of the
carbon fluoride This is the replacenent sheet Date: 1 8 DEC 1997

+/-20 % amounts to at least 50 % of the whole. If the particle size distribution
‘becomes wider, F/C as a whole and F/C at the surface are not uniform, i.e. particles
having too high or too low F/C are present in the mixture in addition to the particles
having the desired F/C. A preferred particle size distribution _corresponds

to an amount of particles having such a diameter that the particle size distribution

falls within the range of the number-average particle size +/-20 %, _of at least 60 %
of the whole, more preferably at least 70 % of the vs;hole.

The carbon fluoride particles of the present invention have a true
specific gravity of 1.7 to 2.5. The lower limit of the true specific gravity depends on 2
true specific gravity of the starting carbon. If the true specific gravity is above 2.5, the
carbon fluoride particles cannot maintain a spherical shape and are inferior in
dispersibility. A preferred true specific gravity is 1.7 to 2.3, more preferably 1.7 to
2.0

The true specific gravity of the carbon fluoride particles is measured by

means of a usual method described in Hideaki Chihara, "Butsurikagaku Jikkenho" 3rd
ed. Tokyo Kagaku Dojin (1988) in which, for example, ethanol is used, and the
particles dre weighed in a pycnometer . '

The F/C of the particles as a whole is between 0.001 and 0.5. If the
F/C is smaller, the desired performance cannot be obtained, because the amount of
carbon fluoride is not sufficient. If above 0.5, the particles begin to break and thus do
not maintain a spherical shape, which results in bad dispersibility. A preferred F/C is
0.001 to 0.3, more preferably 0.001 to 0.2. '

In the present invention, the F/C of the particle as a whole is
measured as following. |

Carbon fluoride particles are burned together with a combustion
improver Na,O, and a polyethylene film in a flask filled with oxygen and the produced
hydrogen fluoride HF is absorbed in water. The amount of produced HF is measured
with a fluoride ion specific electrode ion meter (fTon Analyzer 901 of Orion Corp.).
From the measured value, regarding all the remaining portion of the carbon fluoride

-~
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52°particles of the . present invention. The properties of the gas

di ffusion el ectrode are also shown in Table 9. COVPARATI VE EXAMPLE 22 A

m xture of 30 parts by weight of a vinyl chloride resin (Denka Vinyl SS-
119S, available from Denki Kagaku Kogyo Kabushi ki Kai sha, conmerci al
name), 100 parts 8

particle as carbc;n, a ratio F/C of the number of fluorine atoms to the number of
carbon atoms is calculated. The obtained value is the F/C of the particle as a whole.

The F/C of the carbon fluoride particle at the surface is defined by
values obtained using the following methode of measurement..

The F,s spectrum (680 to 700 eV) and the C;s spectrum (280 to 300
eV) of a .carbon fluoride particle are measured with a X-ray photoelectron
spectrometer (ESCA-~750 of Shimadzu Co., Ltd.). From a ratio of areas in the charts
corresponding to each spectrum, a ratio F/C of the number of fluorine atoms to the
number of carbon atoms at the surface of the carbon fluoride particle is calculated.

The F/C at the surface is 0.1 to 2.0, preferably 0.3 to 2.0, more
preferably 0.5 to 1.5,

The carbon fluoride particles of the present invention are excellent in
dispersibility and powder flowability. These properties are further improved if the
shape of the particles is almost spherical. Generally, there is employed a degree of
sphere which indicates how approximate a particle is spherical. The carbon fluoride

- particles of the present invention usually have a degree of sphere of 0.5 to 1.0,
preferably of 0.8 to 1.0.

“The degree of sphericity of the carbon fluoride particles according the
present invention is defined by the quotient of the circumference of a circle, which
has the same area of a projected image of a particle, over the circumference of the
projected image of the perticle, and is specifically described in Kiichiro Kubo et al.
"Funtai Riron to Oyo" 2nd ed. p50. Maruzen (1979). As an exemplified method, it
can be measured by using an image analyzer (TVIP-4100 II of Nippon Avionics Co.,
Ltd.). If a particle is perfectly spherical the degree of _sphericity is 1.0. If a particle
is flattened or irregular, the degree of sphericity becomes small.

The preparation of the carbon fluoride particles of the present
invention can be carried out by pre-heatmg (to temperatures from 350° to 600°C)
carbon particles in which the number-average particle size 15 0.01 to 50 pm and the
content of particles having such a diameter that the particle size distribution falls
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by* wei ght of an acetyl ene bl ack and 180 parts by wei ght of water was
granulated in a m xi ng and granul ating machi ne, and dri ed.
The granul ates were supplied into an oven wherein [err] was filled and
kept at 1300[err], and sintered.for 1 hour to obtain 109. parts by wei ght of
a carbon powder. A gas diffusion el ectr &e was prepared in the sane
manner as in EXAMPLE 37 except that the obtained carbon powder was used

i nstead of the carbon fluoride particles of t he pr esent

i nventi on. The properties thereof are also shown in Table 9.

within the range of the number-average particle size +/-20 % amounts to at least 50 %
of the whole, introducing a fluorine gas, and reacting the carbon particles with
fluorine at a temperature of the above-mentioned range for a given reaction time to
fluorinate the carbon particles. _

In the present invention, the reason for pre-heating the carbon
particles to the reaction temperature is to fluorinate the surface of the carbon partible
within a short time at a_constant temperature. If the pre-heating is not carried out,
the carbon particles are gradually fluorinated from a low temperature, and carbon
fluoride particles of the present invention are not obtained.

In the process of the present invention, the carbon particles having
the given properties are fluorinated at about 350°C to about 600°C for a given time in
the presence of fluorine. If the reaction temperature is lower than about 350°C , the
surface of the carbon particles cannot be sufficiently reacted with fluorine, if higher
than about 600°C, there is a tendency that thermal decomposition reactions occur
rather than a production of the carbon fluoride particles. The reaction times vary with
the reaction temperature. If the reaction time is too short, it is difficult to fluorinate
the surface” of the carbon particles sufficiently and uniformly. If too long, the
fluorination also occurs inside the carbon particles, whereby the particles are broken
to an amorphous shape. The preferred reaction temperature varies with the kind and
particle size of the carbon particles, and is 400°C to 550°C, more preferably 400°C to
500°C. The reaction time is usually from one minute to six hours, preferably five
minutes to three hours, more preferably ten minutes to two hours.

According to the process of the present invention, since- the reaction
is carried out within a relatively short time under the particular reaction conditions,
the obtained carbon fluoride particles have a jow F/C in the core portion and a high
F/C at the surface (shell portion) of the carbon particles.

The fluorine gas is usually introduced after dﬂunon with nitrogen,
argon, helium, air or the like to 2 to 100 % by volume, preferably 2 to 50 % by
volume, more preferably 5 to 20 % by volume. To the dilution gas, if necessary, are
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COMPARATI VE EXAMPLE 23 A gas diffusion el ectrode was prepared in the sane
manner as in EXAMPLE 37 except that the carbon fluoride described
in COWARATIVE EXAMPLE 2 was wused instead of the carbon .fluoride
particles of the present invention. The properties thereof are

al so shown I n Tabl e 9. COVPARATI VE E*QNPLE 24 12 grans of a graphite
powder (SGP-25, available from Kabushiki Kaisha SEC, comercia

nane, aver age

added oxygen, tetrafluorocarbon, hydrogen tluoride and the like. After the reaction,
the fluorine gas is instantly purged with an inert gas, and then the carbon fluoride
particles are cooled.

The starting carbon particles used in the process of the present
invention have a degree of sphericity equal to that of the desired carbon fluoride
particles. The degree of sphericity of the carbon particles is generally 0.5 to 1.0,
preferably 0.8 to 1.0. |

Examples ~ _0f carbon particles to be fluorinated in the process of
the present invention are, for instance, meso-carbon microbeads (MC) (carbon
thermally twaxcd _at'2800°C available from OSAKA Gas Co., Ltd.; number-average
particle size: 6 to 20 pm, content of particles having such a diameter that the particle
size distribution falls within the number-average particle size +/-20 %: 50 %; degree
of sphericity 0.7 to 0.8; true specific gravity: 2.1 to 2.2), fine thermal (FT) (available
from Asahi Carbon Co., Ltd.; number-average particle size: 0.09 pm; particle size
distribution (particles falling within the number-average particle size +/-20 %): 70 %;
degree of sphericity: 0.9 to 1.0; true specific gravity: 1.8 to 1.9), medium thermal
(available from Columbia Carbon Co., Ltd.; number-average particle size: 0.35 pm;
particle size distribution (particles falling within the numﬁer—average particle size
+/-20 %): 60 %; degree of sphericity 0.9 to 1.0; true specific gravity: 1.8 to 1.9),
acetylene black (Denka Black available from Denki Kagaku Kogyo Co., Ltd;
number-average particle size: 0.04 um; particle size distribution (particles /falling
within the number-average particle size +/-20 %): 70 %; degree of -sphericity: 0.9 to 1.0;
true specific gravity: 1.8 to 1.9), furnace black, and the like.

" The carbon fluoride particles of the present invention are excellent in

. powder flowability. Therefore, not only when used alone but also when added

10 resins, rubbers, ﬁlrﬁs, paints, oils, aqueous solutions, greases, other various

inorganic materials, and other various metallic materials, the handling properties are
good, and as mentioned hereinbefore, the dispersibility is also good.

Uses utilizing the water-repelling properties are, for instance, as an

s ——

This is the replacement sheet

oate: 18 DEC 1997



particle size 25 [err]nm) werecharged into a pressure resistive Mnel
reactor. After reducing the pressure to not nore than 10 Pa,
8.0 g of fluorine gas was introduced and the reactor was seal ed.
The tenperature was raised froemroom tenﬁgrature to 400[err] at arate
of 5 [err] /mn, and kept at 400[err] r 1 hour, and the reactor
allowed to cool. After substituting the "air in the reactor wth
nitrogen, the product was taken out. The degree of fluorination of the
product as a whole was 0.19. A gas diffusion electrode This is the

repl acenent sheet
additive for films, for resins, for paints, and for rubbers, and for plating dispersions.
Specific examples are, for instance, an air electrode for air battery, a gas diffusion
electrode forl phosphoric acid fuel cells, an anode for closed-type secondary batteries

having an anode of hydrogen-absorbing alloy, and the like.
Uses utilizing the non-tackifying (releasing) properties are, for-

instance, as an additive for films, for resins, and for paints, and for rubbers, and
specific examples are, for instances, a fixing roller for electrostatic copying
machines, a resin molding die, and a releasing agent for plastic moldings, rubber

moldings, die-cast articles, glass articles and sintered alloys, and the like.

Uses utilizing the lubricating properties are, for instance, as an additive
for lubricating oils and greases. Examples for the lubricating gilg are, for instance,
mineral oils such as naphthenic hydrocarbons, paraffinic hydrocarbons and aromatic
hydrocarbons; synth;:tic oils such as olefinic pblymerized oils, diester oils,
polyalkylene giycol oils, halogenated hydrocarbon oils, silicone oils and phosphate
oils; and fatty oils. Examples for greases are greases prepared by adding a metallic
soap, bentonite, silica gel, copper phthalocynaine, allylurea and fluorine-containing
resins to 2 base oil. such as the above-mentioned mineral oils or synthetic oils.
Specific examples are engine oils for cars, a wheel bearing grease, a graphite grease, a
lubricant for drawing of metal, and the like. '

The carbon fluoride particles have a surprising property, ie.
controllable electric conductivity. Carbon particles such as carbon black are
electrically conductive, but fluorinated carbon becomés an insulator. Though the
conductivity remains in an incompletely fluorinated carbon to some extent, since the
carbon is fluorinated as a whole, the remaining conductivity is low and is not
sufficient to provide an additive usable as an agent for imparting conductivity. The
carbon fluoride particles of the present invention have, as mentioned above, 2

core-shell structure, and the shell portion is a ‘very thin carbon fluoride layer.
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Dat e: 18 DEC 1997 53 was prepared in the sanme nmanner as in EXAMPLE 37
except that the obtained carbon fluoride was used instead of the carbon
fluoride particles of +the present invention. The properties are al so
shown in Table 9. Table 9 .

12

Thereforc, it is assumed that the conductivity of carbon of the core portion is not
‘significantly lowered.

Accordingly, the carbon fluoride particles of the present invention
can further be used for applications utilizing the electric conductivity. Examples are,
for instance,-c-onductive paints, antistatic resin_compositions, antistatic containers for
semiconductor chips, antistatic and abrasion resistive -sheets, cleaning brades for
brushing photosensitive _drums of an electrostatic copying machine, fixing rollers in

an electrostatic copying machine, toners or carriers for electrostatic. copying machine,

variable resistors, gas diffusion electrodes for phosphoric acid fuel cell, air electrodes
for air battery, surface treating agents for hydrogen-absorbing alloy in alkaline

battery, and the like.

Though the carbon fluoride particles can be solely applied to various
uses utilizing their excellent properties, by combining with other materials it is
possible to endow the specific functions of the carbon fluoride particles of the present

- invention with the other materials. |
. Examples for composite materials are, for instance, composite
materials in which ‘the carbon fluoride particles are added and dispersed into solid
materials such as resins, rubbers, metals, ceramics and carbonms, or into liquid
materials such as oils, organic solvents, water and various aqueous solutions. Resins
which can be endowed with the specific functions of the carbon fluoride are used.
Examples of such synth:tic resins are phenol resin, urea resin, epoxy resin,
fluorine-containing resin, acetal resin, polycarbonate, polyamide, polyimide,
polyester, polyphenylene sulfide, silicone resin and the like. Examples for rubbers are
styrene-butadiene rubber, chloroprene rubber, neoprene rubber, nitrile rubber,
ethylene-propylene-butadiene rubber, and the like. Examples for metals are
aluminum, titanium, nickel, lead, tin, copper, zinc, and the like. Also, alloys such as
duralmin, stainless steel and hydrogen-absorbing alloys may also be employed.
Examples for ceramics are SiC, Si,N,, BN, AIN, PbSnF,, as well as oxides such as
alumina, zirconia, yttria and titania, and the like. Examples for carbons are
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El*ectric specific Gas perneability resistance (10[err]

-32.1 conp.

m (0.5 [err])/cm. sec) ([err] cm Ex.37 0.52
Ex. 21 0. 40 20. 0 Ex22 0. 09
1.86 1335'8 Conp .  0.73

23.3 Conp.

_meso-carpon microbeads, needle coke, carbon black, pitch, tar, and the like. Examples

for oils are mineral oils and synthetic oils such as polyolester oils as well as
fluorine-containing oils such as perfluoropolyether and CTFE oligomer. However,
oils which contain an amine additive are not preferable. Examples for organic
solvents are alcohols such as ethanol, hydrocarbons such as benzene, halogenated
hydrocarbons (ﬁydrogen atom may be contained in the molecule), and the like. -
Examples for aqueous solutions are aqueous solutions containing a surfactant, more
specifically a plating solution, and the like.

A composite with a solid material can be prepared, for example, by
dispersing the carbon fiuoride particles as a solid material in a proper organic solvent
or aqueous solution, and as it is or after coating, drying the dispersion to remove the
organic solvent or the like. If necessary, a post-treatment such as sintering may be
carried out. Other methods for obtaining the solid material my be used by once
preparing the fine composite particles as mentioned hereinafter, powder-coating or
compression-molding the particles, and if necessary, applying post-treatments like

sintering. According to this method, a thin film can be provided such as film, a

porous membrane or coating, and molded articles.

A composite with a liquid material can be prepared, for example, by
dispersing the carbon fluoride particles in a liquid material with an ultrasonic
dispersing machine. If necessary, an additive such as a surfactant may be added. The
liquid- cbmpositc may be in the form of paint, spraying solution, plating solution,
lubricating oil, grease and the like. |

Further, it is possible to prepare fine composite particles by coating
solid particics with the carbon fluoride particles of the present invention. Examples
for solid particles are, for instance, resin particles, rubber particles, metal particles,
ceramic particles, carbon particles, and the like. Usable particle sizes are within the
range of 0.1 to 500 um, and the shape of the solid particles may not be spherical. A
preferred method for coating with the carbon fluoride particles is, for example, 2
method in which an impact mixing method or mixing with agitation is conducted with
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EX. 24 I n COWARATI VE EXAMPLE 21, although the value of the electric
specific resistance is sufficient, the gas perneability is not sufficient
because of lack in water- repelling property. I n COVPARATI VE EXAVPLE 22,

both the water- repelling property andlp he electric specific
resistance are inproved because the graphite crystals in the carbon bl ack
particles were grown nore than those of COVPARATI VE EXAMPLE 21.

However, the water repelling property is not
an impact surface improving machine or a high speed-agitaﬁon type mixer (dry type).
The fine composite particles are suitably available for uses such as a water- and
oil-repellent, a non-tackifying agent, a solid lubricant, an agent for imparting electric
conductivity and the like, and more specifically, a powder paint for electrostatic
coating, a powder for flame spraying, 2 powder for powder m-etallu:gy, an additive for
plating dispersions, «n additive to toners for devcloﬁing electrostatic images, an
additive to resinous coatings of carriers for developing electrostatic images, a
hydrogen-absorbing alloy electrode of alkaline batteries in which a
hydrogen-absorbing alloy is used, a lubricant for draw-processing of metals, an
additive to coating of a fixing rollers, and the like. .
The carbon fluoride particles of the present invention are particularly
useful as an additive to toners for developing electrostatic images. Hitherto, in order
to prevent adhesion of the toners to the surface of the carriers and to the surface of the
photoreceptor, carbon fluoride particles have been added to the toners. However, the
- adhesion-preventing effect in the prior 'method-s is insufficient, because the carbon
fluoride particles obtained by the prior methods are bad in powder flowability due to
their in‘eglsiar shape and wide particle distribution, and thus are not sufficiently
dispersed in the toners. The carbon fluoride particles of the present invention are
excellent in dispersibility and powder flowability, and are an additive to toners which
has not been disclosed in the prior art.
Namely, the present invention also relates to an additive for toners
used for developing electrostatic images comprising ~ carbon fluoride particles_with
a number-average particle size of 0.01 to 10 pm, preferably 0.1 to 10pm, a
content of partxcles having such a d1ameter hat the particle size distribution falls
within the range of the number-average.particle size +/-20 % amounting to at least 50 %
of the whole, a true specific gravity 0f1.7t02.5, a_ FIC of the particle as a whole_from
0.001t0 0.3, and _a F/C of the particle at the surface. always larger than the F/C as
a whole anq_fr_og_ 0.1 to 2.0.
The carbon fluoride particles used in the additive for toners for
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sufficient in comparison wth the carbon fluoride particles of
the present invention, and therefore only a limted inprovenent of
the gas perneability 1is obtained. Furthernore, an additional problemis
that, owing to the growt h of the éaphlte crystals, the oxidation
resi stance and the corrosion resistan an electrolytic solution
becone rat her poor. |In COVPARATI VE EXAMPLE 23, a superior gas ThIS Is the
repl acenent sheet 1 8 DEC 1997

developing electrostatic images of the present invention are the same as the carbon
fluoride particles of the present invention except that the number-average particle size
is 0.01 to 10 um. If the number-average particle size of the éarbon fluoride particles is
larger than 10 pm, there is a tendency for the characteristics of the toner not being
exhibited sufficiently, because the particle size is near the particle size of the toner.

Since the additive for toners for developing electrostatic images of
the present invertion has a uniform shape, a narrow particle size distribution and a
small true specific gravity. the additive is excellent in powder flowability and
dispersibility and thus -js uniformly dispersed in the toner. As a result, the
- adhesion-preventing effect (adhesion of toner to the carrier surface) and the
removability of the remaining toner on the photosensitive drum can be improved due
to the surface of the additive to toner being fluorinated.

_The additive for toners for developing electrostatic images of the
present invention is used by adding it to the toner to which usual components are
blended. Examples for the usual components which constitute the toner are, for
instance, a binder resin, a coloring agent, and the like. '

_The additive to toner for developing electrostatic
images is used in an amount of 0.01 to 10 parts by weight to 100 parts by weight

of the toner. If the amount is larger, the characteristics of the toner cannot be
exhibited, and if it is smaller, the desired effects of the additive cannot be obtained.
A preferred amount is 0.1 to 3 parts by weight.

Examples for the binder resins are, Efor instance, homo- or
co-polymers of styrenes such as styrene, chiorostyrene and vinylstyrene; monoolefins
such as ethylene, propylene, butylene and isobutylene; vinyl esters such as vinyl
acetate, vinyl propionate, vinyl benzoate, vinyl butylate, vinyl propionate and vinyl
benzoate; esters of a-methylene aliphatic monocarboxylic acids such as methyl
acrylate, ethyl acrylate, buty] acrylate, dodecyl acrylate, octyl acrylate, phenyl acrylate,
methyl methacrylate, ethylmethacrylate and butyl methacrylate; vinyl ethers such as
vinyl methyl ether, vinyl ethyl ether and vinyl butyi ether; vinyl ketones such as vinyl
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Dat e: 54 perneability is observed because of the excellent water-
repelling property of the carbon fluoride. However, the carbon
fluoride is an electrical insulator, and therefore the electric
specific resistance becones large. In .C%NPARAT1VE EXAMPLE 24, t he
excel | ent 1 .

methyi ketone, vinyl hexyl ketone and vinyl isopropeny! ketone, and the like, more
specifically, polystyrene, styrene-alkyl acrylate copolymer, styrene-maleic anhydride
copolymer, polyethylene, polypropylene, and the like. As binder resins, may be used:
polyesters, polyurethanes, epoxy resins, silicone resins, polyamides, modified resins,
paraffins and the like. Examples for the coloring agents are, for instance, carbon
black, Nigrosine dyc,'Aniline Blue, Karcoil Blue, Chrome Yellow, Ultramarine Blue,
Dupont Oil Red, Quinoline Yellow, Methylene Blue Chloride, Phthalocyanine Blue,
Marakite Green Oxalate, Camp Black, Rose Bengal, and the like. The additive to
toner for developing electrostatic images of the present invention can also be used by
adding it to magnetic toners containing magnetic materials. The additive to toners for
developing electrostatic images can exhibit its effects with respect to both negatively
charged toner and positively charged toners. In addition, the additive to toners for
developing electrostatic images has an effect as a charge-controlling agent.

The carbon fluoride pa.rtiéles of the present invention are particularly
useful as an additive to resinous coatings of carriers for developing electrostatic
images. Conventionally, in order to improve the abrasion resistance of the carrier and
the toner spent, carbon fluoride particles have been added to the resinous coating of
the carrier for developing electrostatic image. However, since the prior known carbon
fluoride particles have an irregular shape, their powder flowability is bad and their
adhesion to the carrier is insufficient. Thus, the particles tend to be broken due to
friction or the like. In aldition, since the particle size distrbution is wide, the
difference of the F/C is large among the individual particles, and, as a result, the toner
charge varies widely. Further, carbon fluoride particles having a large particle size
tend to be péclcd off from the carrier. The carbon fluoride particles of the present
invention, however, have a uniform particle size and are excellent in powder
flowability, and further have a narrow particle size distribution, which can provide a
novel excellent additive to coating of carrier.

Accordingly, the préscnt invention also relates to an additive for
resinous coatings of carriers for developing electrostatic images comprising the
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water-repelling property of carbon fluoride Is not fully

exhi bited, and the gas perneability is inferior to that of COVMPARATI VE
EXAMPLE 23. . The electric specific resistance is superior to that of
COVMPARATI VE EXAMPLE 23 because of the electric conductivity, but is
inferior to those of COVPARATI VE EXAMPLES 21 and 22. I n EXAMPLE 37, the
gas perneability is equal to that of COVWPARATI VE EXAMPLE 23 and the

el ectric specific resistance is equal to that of COVPARATI VE EXAMPLE 21
The characteristics thereof "are mintained for a |ong

carbon fluoride particles, with  a number-average particle size of 0.01 to 50 um,
preferably 0.1 to 50 pm, a content of particles having such a diameter that the particle
size distribution falling within the range of the number-average particle size +/-20 %
amounting to at least 50 % of the whole, a true specific gravity of 1.7 to 2.5, a F/C of
the particles as a whole of 0.001 t0 0.3, and a F/C of the particles at the surface
aiways larger than the F/C as a whole afid from 0.1 to 2.0.

Since the additive (particles) to coatings for the carriers has é near
spherical shape, a uniform particle size and a parrow particle size distribution, the
additive adheres wel1 to the carrier core and has a lower tendency of being peeled off
when abraded. The additive can be produced at relatively low costs because of the

low fluorine content. Therefore, it is possible to improve the abrasion resistance of the
carrier and the toner spent at low costs.

The carrier for developing electrostatic images comprises a carrier core
on which a coating made of resin is provided. The coating contains the additive of the
present invention. _
. The carbon fluoride particles'of the additive for coatings of the carriers
of the presefit invention are the same as the carbon fluoride particles of the present
invention. .

The carrier core has a particle size of about 30 to 500 pm. Usually the .
total amount of the resin and the carbon fluoride particles is 0.1 to 10 parts by weight
to 100 parts by weight of tl.e carrier core.

As methods for coating the carrier core with the resin containing the
carbon fluoride particles, the wet method and the dry method may be used. When
using the wet method, a coating solution is applied. When using the dry method, the
carrier core particies, the carbon fluoride particles and the resin particles are admixed
with agitation or are subjectedto  impact-mixing.

Since the carbon fluoride particles bave water-repelling properties, the
latter dry method is preferred. Examples for machines used with the dry method are
impact type surface improving machines such as Hybridizer (available from Nara
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time, and it can be said that the gas diffusion el ectrode has superior
performances in conparison wth those of COVMPARATI VE EXAMPLES 21 to

24. EXAMPLE 38 A wat er-repel l i ng-treated car bon paper
(Favai | abl e from Kureha Kagaku Kogyo Kapushi ki Kai sha) was pressed and
adhered to the gas diffusion electrode of EXAMPLE 37, and the
obt ai ned el ectrode was used as a fuel electrode and an oxygen el ectrode to-
produce a phosphoric acid fuel cell having the constitution shown in Fig.

- Kikai Seisekusho) and Mechanomill (available from Okada Seiko), high speed
. agitation type mixers such as Laboratory Matrix (available from Nara Kikai
Seisakusho), Vertical Granulator (available from Fuji Sangyo) and Spiral Flow Coater
(available from Froint). |
. According to the carbon fluoride particles of the present invention, a
charge characteristics of the particles can be controlled to some extent by controlling
the degree of the F/C at the surface. For example, if the F/C at the surface is larger the
particles show a strong negative charge and the carrier for developing electrostatic
image is usually a negatively chargeable carrier which endows the toner with positive
charge. The charge characteristics also depend on the charge characteristics of the
resin, and therefore a positive chargeable carrier can be obtdined depending on the
F/C at the surface of the carbon fluoride particles contained in the resin and on the
content of the particles. Examples for the resins are fluorine-containing resins and
silicone resins for the negative chargeable carrier, and the styrene-acrylate resin for
the positive chargeable carrier.

The carbon fluoride particles of the present invention have a-similar
certain clectnc conductmty It is known that toners having a conducﬁvxty to some
extent are generally excellent in respect to reproducibility of images or the like.

The content of the carbon fluoride particles in the resinous coatings is
in the range from 0.5 to 65 % by weight. If the content of the carbon fluoride particles
is lower, the obtained resinous coating is inferior with respect to abrasion resistance,
and if it is higher the dispersibility of the carbon fluoride particles is worse and the
carbon fluoride particles tend to be easily peeled off from the carrer surface. A
preferred content is 5 to 40 % by weight.

Carrier core materials used in the préscnt invention may be sands,
glasses, metals, and the like. Preferred materials are substances which are strongly
magnetized by a magnetic field in the direction of the magnetic field such as ferrites,
magaetites, ferromagnetic metals such as iron, cobalt, nickel, or alloys
and compounds thereof; alloys which as such do not show such a
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Im Fig. 1, 1 designates a matrix of 95 %of SiC and 5 % of PTFE with which
55 parts by wei ght of phosphoric acid was i nmersed, 2 designates a pipe to
pass a heating nmedium 3 designates a collecting pl at e, 4

desi gnat es a fuel electrode of the [gas diffusion electrode of the
present invention, and 5 designates an oxygen electrode as the
sane. The unit cell was 6 mmthick and hydrogen was used as a fuel gas,
and then the characteristic of current density-cell voltage was neasured

when di schar geabnde kS pRler| e thoWPS $2Rinfhefl pRBSEA 4B HeGIhEHS Ur €

of
" appropriately such as manganese-copper-aluminium and manganese-copper-tin;

chromium dioxide; and the like.
Preferred examples for the resin materials are, for instance,

fluorine-containing resins such as polyvinylidene fluoride, polytetrafluoroethylene,

Polychlorotxiﬂuoroetl;ylene, polytrifluoroethylene, vinylidene
fluoride-tetrafluoroethylene  copolymer, tetrafluoroethylene-hexafluoropropylene
copolymer, tetrafluoroethylene-perfluoro(vinylether) copolymer,
tetrafluoroethylene-ethylene - copolymer, vinylidene

fluoride-tetrafluoroethylene-chlorotrifluoroethylene . copolymer, vinylidene
fluoride-tetrafluoroethylene  hexafluoropropylene  copolymer and  vinylidene
fluoride-chlorotrifluoroethylene copolymer; fluorinated (meth) acrylate resins

represented by the formulae:
Ry
‘ ]
- - <
= c-fosia G sy
o .
and

Ry
| : :
CH, = C-cocHy O, F, H
O .
styrehc resins; styrene-alkyl (meth) acrylic resins; (meth)acrylic
resins; epoxy resins; polyethylene resins; polypropylene resins; polybutadiene resins;

polyurethane resins; polyester resins; polyamide resins; polycarbonate resins; silicone
resins; and the like.

This is the replacemsnt sheet

Date: 1 g pEC 1997



1

190[err]. The results are shown in Table 10. COVPARATI VE EXAMPLES 25 to 28
This is the replacenent sheet Date: 18 DEC 1997 55 Phosphat e-type fuel
cells were prepared in the same manner as in EXAMPLE 38 except that the gas
di f f usi on 20

The present invention further relates to a fixing roller of a heat roller
fixing machine for an electrostatic copying machine, which is coated with a
composite material in the form of film or paint to which the carbon fluoride particles
of the present invention are added.

In electrostatic copy machines a recent popular method used for -
fixing toner images formed on paper is with a heat roller. This methiod is carried out
by passing a paper on which a toner image is formed through two tightly contacted
rollers, one or both _of which are being heated from the inside. Thereby the toner
image is fused on the paper. .

This fixing method has various advantages such as a high speed
operation and a high heat efficiency in comparison with other methods like the oven
type. Accordingly, in almost all of the recent electrostatic copying machines, such a
fixing method with these rollers is employed. Generally a fixing roller is produced by
coating a surface of the roller (made of a metal such as aluminum or stainless steel)
with a non-adhesive substance such as a fluorine-containing resin in order to prevent
offset. _

In case of using such a fixing roller, 1f an image of toner powder,
which is positive charged, is fixed by contact with a roller coated with a
fluorine-containing resin., the positive charged toner is electrically absorbed to cause
the electrostatic offset and thus the part of the image is not fixed because of the
fluorine-containing resin b>ing negatively charged due to its lower abrasion charging
property.

In order to avoid this phenomenon, a ﬁxir;g roller coated with a
ﬂuoﬁncmntéining resin in which electrically conductive materials are dispersed
(JP-A-55374/1 980)_£as__geen proposed. However, this conductive material (mainly
carbon) is not good with reséect to releasing properties. Therefore, if the conductive
material appears on the surface of the fluorine-containing resin coating of the roller,
the toner adheres to the appeared porﬁon to cause the hot offset; which results not
only in staining of the fixed image but also in shortening of the usable duration of the
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el ectrodes of COMPARATI VE EXAMPLES 21, 22, 23 and 24 were used instead of
the gas diffusion el ectrode of EXAMPLE 37, and they were respectively
represent ed as COVMPARATI VE EXAMPLE 25, 26, 27 and 28. The results are al so

shown in Table 1 0. Table 10 Current density (mA/[err]) 50 100 200
400 Ex. 38 0.91 0.89 0. 86 0.61 Conp. 0.85 0.78
0.74 0.55

fixing machine. Therefore early change of the fixing roller is required.
In order to prevent the occurrence of bothy.  electrostatic offset and
hot offset, a fixing roller is proposed, which is prepared by first surface-treating
the conductive materials with a substance having a low surface energy, dispersing the
surface-treated conductive materials into the fluorine-containing resin, and then
coating the roller surface with the fluorine-containing resin (JP-A-17080/1989). If a
usual wet surface-treating agent is used, both the electrostatic offset and the hot offset
can be prevented temporarily; a sufficient preventing effect can, however, not be
obtained for a long time at a high temperature of about 200°C .

Some fixing rollers surfaces coated with a fluorine-containing resin
in which a carbon fluoride is dispersed have been proposed. For example, in
JP-B-44224/1988, a fixing roller coated with a fluorine-containing resin containing a
carbon fluoride in a content of 1 to 25 % by weight has been proposed. However, the
prevention of hot offset and the abrasion resistance may be improved, but the
occurrence of electrostatic offset cannot be prevented, because the carbon fluoride is
electrically insulative. In JP-A-224366/1983, the use of a carbon fluoride in whick an
unreacted portion is remaining is disclosed. Actually, however, the releasing property
(prevention of hot offset) and the improvement of abrasion resistance are insufficient,
and the roller is decidedly inferior to such with carbon fluoride in which no unreacted
portion is remained. Further, nothing is said about preventing the effect of
electrostatic offset by a conductive material.

In JP-B-59468/1990, on the other hand, it has been proposed that a
carbon fiber is added as a conductive material and that a carbon fluoride is added for
improviné the abrasion resistance. However, according to ﬂﬁs proposal, not only the
preparation step is-complicated due to the use of two additives, but it is also difficult
to disperse uniformly and to coat uniformly.

| Actually, as described in that specification, the abrasion resistance is
somewhat improved by that carbon fluoride, but the electrostatic offset is not
prevented.
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Bx. 25 Cell Conp. 0.87 0.84 0.79 0. 65 Vol t age Ex. 26
(V) Conp. 0.81 0.71 Ex. 27 0.89 0.86
0.81 0.71 Conp. 0.88 0.85 0.79 0. 69 Ex. 28 The.
characteristic of current Qensity-ceii voltage of a fuel cel
depends on both the electric speci44c resistance and the gas
pernmeability of a gas diffusion '

The 1ixing roller of the present invention can cﬁ'cctively prevent both
offsets, i.e. electrostatic offset and hot offset, and can maintain such an effect for a
long time; and further it is excellent in abrasion resistance and heat conductivity.

The carbon fluoride particles used in the present invention as an
electric conductive material and as a releasing material have a number-average -
particle size of 0.01 to 50 pm, a content of particles having such a diameter that the
particle size distribution falis within the range of the number-average particle size
+/-2- % amounting 1o .at least 50 % of the whole, a F/C ratio as a whole of 0.001 to

0.5, and a F/C ratio at the surface always larger than the F/C ratio as a whole and
from 0.5 to 2.0.

The carbon fluoride particles have a so-called core-shell structure,
and comprise a core portion of carbon, which is substantially electrically conductive,
and a shell portion with a large amount of carbon fluoride, which is low in electric
conductivity but has a very low surface energy, i.e. a high hot offset preventing effect.
In the particles the F/C of the shell portion is always larger than that of the core
portion. :

| The carbon fluoride particles of the present invention have a F/Casa
whole of 0.001 to 0.5. If this F/C is lowet, the amount of the carbon fluoride is not
high énough to obtain the hot offset preventing effect, and if higher, the electric
conductivity is too low to obtain the electrostatic offset preventing effect. Preferred
F/C-values are 0.001 to 0.3 '

The composite material for the fixing roller of the present invention
is prepared by dispersing the carbon fluoride particles in the matrix resin or matrix
rubbers and is formed as film or paint. _

Preferred examples for the matrix resins are, for instance, polyolefin
resins such as polyethylene and polypropylene, and ﬂtiorine-containing resins.
Examples for the fluorine-containing resins used in the present invention are
polytetrafluoroethylene; copolymers of tetrafluoroethylene with at least one of other
copolymerizable ethylenically unsaturated monomer (for example, olefins such as
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el ectrode. Nanely, when the electric specific resistance is as ELC
current density I ncr eases, an increase high, in loss of voltage is
not ed according to the Chmis law. Wen the gas perneability
i's low, as the current density increases, supplenment of gas consuned
by the electrode reaction delays, amB there occurs a phenonenon
that, when a specific current density is exceeded at a certain |level, the
cell voltage suddenly drops. Fromthe above, it can be understood that a
cell voltage wunder a highly-loaded operation, nanmely a cel

ethylene and propylene, halogenated olefins such as hexaffuoropropylene, vinylidene
fluoride, chlorotrifluoroethylene and vinyl fluoride, perfluoroalkyl vinyl ethers);
polychloro-triflucroethylene; polyvinylidene fluoride; and the like. Particularly
preferable fluorine-containing resins are polytetrafluoroethylene, copolymers of
tetrafluoroethylene with at least one of hexafluoropropylene, perfluoro(methyl vinyl
ether), perfluoro(ethyl vinyl ether) and perfluoro(propyl vinyl ether) (containing
" generally in an amount of not more than 40 % by mole with respect to

tetraflnoroethylene), and the like. .
As the rubbers, silicone rubbers or fluorine-containing rubbers are

preferred. The fluoro-containing rubbers used in the present invention are highly
fluorinated elastic copolymers, and particularly preferable the—8uorine-containing-

.are elastic copolymers of generally 40 to 85 % by mole of vinylidene fluoride
with at least one another  copolymerizable fluorine-containing  ethylenically

unsaturated monomer. A fluorine-containing rubber which contains_iodine in the
polymer chain is, for instance, a fluorine-containing rubber which mainly comprises
an elastic copolymer of, as mentioned above, 40 to 80 % by mole of vinylidene
fluoride with at least one another copolymerizable fluorine-containing ethylenically
unsaturated monomer, said copolymer coataining 0.001 to 10 % by weight,
preferably 0.01 to 5 % by weight of jodine at its polymer end (JP-A-40543/1977).
Typical examples of the other ethylenically unsaturated monomers which are
copolymerized with vinylidene fluoride to provide the elastic copolymers are
hexafluoropropylene, pentafluoropropylene,trifluoroethylene, trifluorochloroethylene,
tetrafluoroethylene, vinyl fluoride, perfluoro(methyl vinyl ether), perfluoro(ethyl
vinyl etherj, perfluoro(propyl vinyl éther), and the like. Particularly preferable
fluorine-containing rubbers are vinylidene ﬂuoﬁde/héxaﬂuoropropylene elastic
copolymer and vinylidene fluoride/tetrafluoroethylenie/hexafluoropropylene elastic

copolymer.
. The amountof  carbon fluoride particles is, in case of a film, 0.1 to

50 % by weight, preferably 1 to 20' % by weight, and in case of a paint, 0.1 to 50 % by
weight in the dry coating, preferably I to 20 % by weight. As a production process of
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vwoltage at 400 mA/[err] in Table 10, is an indicator to conpare
the performance of the fuel cell. Table 10 shows This is the

repl acenent sheet Date: 18 DEC 1997 56 that the fuel cell using the
carbon fluoride particles of the prese_n& i nventi-on exhibits the

hi ghest cell voltage 4

the fixing roller, a usual process is employed. _

As mentioned above, both the electrostatic offset and the hot offset
can be effectively prevented and such an effect can be maintained for 2 long time
because the fixing roller of the present invention is provided on its surface with a
coating wnﬁhing the novel carbon fluoride pérticlcs baving both electric -
conductivity and low surface energy. Further the coating is excellent. in abrasion
resistance. In addition, since a large amount of the carboﬁ fluoride particles can be
incorporated to the fuorine-containing resin, the heat conductivity can be improved,
whereby the thickness of the coating can be increased. Owing to the above-
mentioned synergistic effects, fixing rollers having an epoch-making long life can be
provided.

The present invention further relates to a gas diffusion electrode
comprising an electrode with a surface on which a layer of a composite material
containing the carbon fluoride particles of the present invention, a fluoro resin and a
catalyst is provided. _

. The gas diffusion electrode of the present invention is useful in
batteries as an electrode for an alkaline, sulfuric acid or phosphoric acid fuel cell and
as an air electrode for an air battery such as zinc/air battery; and in the industrial
electrolytic field, as a hydrogen generating electrode in salt electrolysis, an electrode
for depolarization by oxygen, a_chloride generating electrode, an anode for water
electrolysis or electroplating, and the like. The gas diffusion electrode is an electrode
which reacts at the interfaces of three gas/liquid/solid layers, i.e. the gas layer which
relates to the reaction on an electrode, the solid layer and the electrolyte layer which
has a role as an electrode catalyst to accelerate the electron transferring and the
reaction on the electrode. Accordingly, in order to improve the performance of the gas
diffusion electrode, it is necessary to increase the interface of the three layers by
controlling the gas permeable water-repelling area and the hydrophilic area where the
electrolyte can exist. In the prior art fluorine-containing resins such as typically
folytetaﬂuoroethylcne, and water-repelling carbon black such as typically acetylene
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and has a superior performance. The reason is in that the carbon fluoride
particles of the present invention have a high electric conductivity

and a hi gh wat er-repel ling property, and therefore a gas diffusion
el ectrode having a small electric specific resistance and a hi gh
gas perneability 1is obtained. In add®5tion, these excellent
properties can be maintained for a long tinme w thout degradation, and
therefore .labor and cost required for nmintenance such as

el ectrode- exchange can be extrenely saved.

_black are used as materials for the water-repelling area. The acetylene black used in
the water-repelling area does not have sufficient water-repelling properties, oxidation
resistance and corrosion resistance with regard to the electrolyte. Thus, when used for
a long time, the electrolyte penetrates into the water-repelling area where the gas

. should pass through, and the gas cannot be supplied sufficiently, resulting in a stop of
the electric current. _

It has been tried to improve the water-repelling properties, oxidatidn
resistance and corrosion resistance by subjecting the acetylene : black to various
surface-treatments. For example, JP-A-2 07893/1987 proposes to improve the
water-repelling  properties, oxidation’ resistance and corrosion resistance by
heat-treating the ‘ acetylene bhd:ﬂupﬂmr\ﬁﬂ1a.anbbnznmxdd'mmhraninmt
atmosphere to convert _;xi_int'o graphite. This method, however, is problematic in that &
temperature above 1000° to 2000°C is required and in that the corrosion resistance
may be reduced because the growth of the graphite crystal accelerates the formation of

+an interfacial compound with the phosphoric acid m the electrolyte. With this
knowledge, it has been tried to use a carbon fluoride as the water-repelling substance,

which is extremely .excellent with respect to water-repelling properties, oxidation .
resistance and corrosion resistance (JP-A-118857/ 1992). The carbon fluoride used in
that method is a completely fluorinated one and is electrically insulative. Therefore,
though  long lifetime can be achieved ~ because of its excellent water-repelling
properties, oxidation re.istance and corrosion resistance, problems arise from the
internal resistance of the electrode becoming high due to its electric insulation, and
thus the battery performance decreases and heat is generated.

In. JP-B-31788/1987, an electrically conductive water-repelling
partially fluorinated graphite baving a low fluorine content, which can exhibit
simultaneously both -the water-repelling properties and the electric conductivity has
been proposed. | '

As described in the publication, however, if the value x of CFx (x

corresponding to the fluorination degree as a whole of the present invention) is lower
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EXAMPLE 39 The gas diff l!JSi on el ectrode of EXAMPLE 37 was pressed and
adherred to a net of nickel, and the obtained electrode was wused as an
air electrode.- A 4N-aqueous solution of sodium hydroxide was used
as an electrolytic solution, and a zinc plate |arge enough not to be
consuned during the evaluation was ugéd as an anode. Thus a
zinc/air battery was prepared. The obtained battery was continuously
di scharged with a load of 75 [err] 1in an atnosphere of 60 % RH at a
than 0.2, _the ele;:tric resistance becomes lower than 1000 Q .cm?, and at the same
time the contact angle to water which represents the water-repelling property is at
most 120 degrees. This value of contact angle is excellent in comparison with
that of polytetrafluoroethylene (about 110 _degrees), but is remarkably inferior to the
inherent value of carbon fluoride (about 140 degt‘ee). Further, though the Qbﬁameq-
carbon fluoride prepared by a known preparation process, for example a process
described in the above-mentioned publication, has the desired degree of fluorination
as a mean value of the whole reaction product, the carbon fluoride is only a mixture at a _
microscopic_level. Namely, a small particle will have a relatively high fluorination
degree and a large particle a relatively low fluorination degree. When manufacturing
a gas diffusion electrode by using such carbon fluoride particles having irregular
fluorination degrees, the electrolyte penetrates into areas where the water-repelling
property is insufficient, and as a result, stability of the interface of the three layers,
ie. gas/iiquid/solid decreases, and thus the performance of the electrode decreases
fast.

The carbon fluoride particles of the present invention can provide an
epoch-making conductii'e water-repellent which can solve all of the above-mentioned
problems. Namely, the carbon fluoride particles of the present invention are
characterized in that, as mentioned above, the fluorination degree at the surface is
large even if the fluorination degree as a whole is not more than 0.2, whereby
excellent water-repelling properties equal to those of completely fluorinated carbon
fluoride can be obtained. Accordingly, since sufficient water-repelling properties can
be obtained at a low fluorination degree as a whole, i.e. with the electrical resistance
being low, the internal resistance of the gas diffusion electrode can be lowered.
Further, since the initial water-repelling properties are high, it takes a long time for
the electrolyte to penetrate even if the electrode is degraded with lapse of time. By
this a long life electrode can be provided. | |

' In addifion, since the particle size distribution is narow and the

fluorination degree is uniform, a spot at which the electrolyte may easily penetrate is
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teenperature of 20[err], and the tine (life tinme) wuntil the term nal
voltage fell dowmm to 0.9 V was neasured. The results are shown in
Tabl e 11. COVPARATI VE EXAMPLES 29 to 32 Zinc/air batteries were prepared
i'n the same manner as in EXAMPLE 39 engpt that the gas diffusion

el ectrodes of COWPARATI VE EXAMPLES 21, 22, 23 and 24 were used instead of
the gas diffusion electrode of EXAMPLE 37, and they were respectively
represented as COWPARATI VE EXAMPLE 29, 30, 31 and 32. The results are

al so shown in L ]
unlikely to occur in the electrode, and thus the stable interfaces of the three

gas/liquid/solid layers can be maintained for a long time. Accordingly, 2 battery
having a small overpotential and a long life can be obtained.

The gas diffusion electrode is particularly useful as a fuel electrode and
as an oxygen electrode for phosphoric acid fuel cells. Typical structures of phosphoric
acid fuel cells are illustrated in Fig. 1. In Fig.l,(l) represents a matrix which acts to
maintain a phosphoric acid electrolyte and which is made of, for example, a
composite material of a fluorine-containing resin and SiC.@ represents a pipe through
which a heated medium passes and is made of a stainless steel which is protected
against corrosion by a fluorine-containing fesin.(3)represcnts a collecting plate from
which an electric current is taken.@and (S)represent a fuel electrode and an oxygen
electrode, respectively, in which _a gas diffusion electrode prepared by using the
carbon fluoride particles_of the present invention is employed.

More specifically, the fuel cell has a two-layer-structure consisting of
the electrode catalyst layer, which provides the electrode reaction field by forming the

. three-layer-interface, and the gas diffusion layer, which smoothly feeds hydrogen ora -
fuel gas to the electrode catalyst layer.

The electrode catalyst layer is prepared by using a composite material
which comprises at least the carbon fluoride particles of the present invention, a
fluorine-containing resin as a binder, carbon black as a catalyst carrier and platinum
as a catalyst.- When prepering the composite material, an electrode catalyst having a
higher performance may be obtained by means of _an impact surface improving
machine or _a_high speed agitating mixer (dry type).

The gas diffusion layer is prepared by using a carbon paper, which is
subjected to a water-repelling treatment. As a water-repelling treatment, a
fluorine-treatment is particularly preferable, and before the fluorine-treatment, if
necessary, a proper oxidation treatment or a steam modification can be carried out.

| The gas diffusion electrode of the present invention is also useful as 2

air electrode for air batteries. _In particular a
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Table 11. This is the'repl acenent sheet Date: 1 8 DEC 1997 57 Table 11
Life time (hour) Ex.39 18.9

28

zinc/air battery may be used. These batteries are widely used in hearing-aids and

~ beepers, because they are cheap and have 4 high energy density and a small content of
harmful substances. The zinc/air battery comprises an anode made of zinc, as a
cathode a gas diffusion electrode, which utilizes oxygen from the air as a cathode
active material, and s electrolyte  a concentrated alkaline aqueous solution.
Further, in order to i)reparea. closed-type battery, a water-repelling membrane is used
for preventing the electrol;te from leaking to the outside of the battery and for
supplying oxygen from the air smoothly into the battery. Practically, a porous
membrane of PTFE is used, and various dxygcn permeable membranes have been
studied. Some of the oxygen permeable membranes_exhibit good oxygen permeability
but inferior =~ water-proofoess. For improving the water-proofness, it is useful to
employ  oxygen permeable membraneto which the carbon fluoride particles are
added.

One problem of the zinc/air battery is that their characteristics under a
high load is bad. Namely, if a high current is wished, it is required for the gas
diffusion ele_ctrode to be excellent.in gas permeability, since air having a low oxygen
content is used. The gas diffusion electrode of the present invention has an excellent
gas permeability, and is particularly useful as the air electrode of the zinc/air battery.

* As a gas diffusion electrode for the zinc/air battery, the same electrode
as for the phosphoric acid fuel cell may be used as it is, and for utilizing effectively
the oxygen in the air at room temperature, the catalysts may be modified. For example,
for a gas diffusion electrode comprising a composite material prepared from the
carbon fluoride particles of the present invention, a catalyst of manganic acids, an
active carbc;n and a binder such as PTFE is suitable.

The present invention further relates to an alkaline battery comprising
an anode of a hydrogen-absorbing alloy which is surface-treated with the carbon
fluoride particles. _ '

Alkaline batteries hiving an anode of a hydrogen-absorbing alloy have
a higher energy density than  prior nickel/cadmium-type alkaline batteries and are
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cdnp 10.1 Ex.29 Conp 12.3 Ex. 30 Conp.

14. 2 Ex. 31 Conp. 13.2 Ex.32 The role of a gas diffusion
el.ectrode in a zinc/air battery is the same as that in a fuel cell, and
29

widely used as a power source for portable video recorders or personal computers. Since

the atkaline batteries with a hydrogen-absorbing alloy have a high energy density, it is

possible to dischatge them for a longer time _per = charge than the prior

nickel/cadmium-type batteries. However, there is a problem that rapid charging

properties and the lifetime of charge-discharge cycles are not equal to those of the
known nickel/cadmium batteries.

Considering these problems, optimization of the composition of the
hydrogen-absorbing alloy has been carried out, and so various surface treatments have
been tried. For ‘example, JP-A-139255/1987 proposes a surface-treatment with a
dispersion of a fluorine-containing resin. Acéordiné to such a treatment, the interfaces
of the three gas/liquid/solid layers are formed by endowing the surface of the
hydrogen-absorbing alloy electrode with water-repelling properties, at which portion
the oxygen generated by the rapid charging can be electrochemically reduced.

Thereby, the rapid charging performance can be improved and the
increase of the inner pressure of the battery at overcharge can be inhibifed. However,
if the dispersion of the fluorine-containing resin is exposed to atomic hydrogen or
oxygen in the concentrated alkaline electrolyte, the water-repelling properties cannot
be maintained stable for a long time. Since the fluorine-containing resin is not
electrically conductive, the internal resistance of the electrode becomes large, which
results in decreasing battery performance. '

By using the carbon fluoride particles of the present invention, all
of the above problems can be solved at once. Namely, since the carbon fluoride
particles of the present invention have ~better water-repelling properties than usual
fluorine-containing resins and an excellent chemical stability, the same effects as of
the usual fluorine-containing resins can be obtained with smaller amounts, and the
effects can be maintained for a long time. Further, since also the conductivity is
excellent, the internal resistance of the battery does not increase. Thereby a ﬁattery
having a small overpotential can be provided.

Since the carbon fluoride particles used in the present invention have
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t herefore t he per formance of t he zinc/air battery corresponds
to that of the phosphoric acid fuel cell in EXAMPLE 38. The val ue of
the life time in the evaluation results of EXAMPLE 39 and COMPARATI VE
EXAVPLES 29 to 32 substantially represgpnts the degree  of
pol ari zation property at a |arge Ioad,0 because a zi nc
pl ate | arge enough was used as an anode. As is clear from Table 11, the
zinc/air battery wherein the carbon fluoride particles of the
present invention were used shows a superior life tinme. It can

uniform particle size, it is not necessary to change the fluorination condition stepwise,

-and thus the reaction can be carried out for a short time at a relatively high

temperatures to produce  the carbon fluoride. As a result, the center portion of the

carbon particle is less fluorinated, and only the surface of the carbon particle is highly
fluorinated. Because the center portion is less ﬂuoriﬁatcd, as explained above, a
breakage of the particle does not occur. Accordingly, the carbon fluoride particles of
the present invention maintains the narrow particle size distribution and the spherical
shape of the starting carbon particles. In addition, fluorine for the fluorination can be
saved. ' _ |

The carhon fluoride particles of the present invention have a low true
specific gravity and do not exhibit the inherent properties of the prior carbon

fluoride particles such as water-repelling properties, oil-repelling properties,
non-adhesive properties and lubricating properties.

The present invention is explained by means of Examples, but the
present invention is not limited to the Examples.

.In the Examples, the true specific gravity is measured by a
pyconometer method with ethanol. The other factoré, i.e. number-average particle
size, particle size distribution and degree of _sphericity are measured by the methods
explained in the above detailed description.

Dispersibility is measured by adding 1 ml of a nonionic surfactant
(Triton X available from Robm & Haas Company) to 100 m! of distilled water, and
adding thereta 10 g of carbon fluoride particles, agitating for 10 minutes at 13,000 r.p.m.

with a homogenizer (Nippon Seiki Kabushiki Kaisha), pouring the resulting dispersion
into a test tube, allowing to stand .for 6 hours, end then observing visuaily.

Dispersions which remain dispersed are represented by 0, and those which are clearly

separated into two layers i.e. in a supernatant layer
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be said that since the carbon fluoride particles of the present

I nvention have a high electric conductivity and an high water-repelling
property, a gas diffusion electrode having excellent properties at
a large load can be provided. EXAVPLE 40 30 parts by weight of the
sane carbon fluoride particles as -used i 80 EXAMPLE 37 were di sper sed
in 100 parts by weight of a surfactant (Toriton X-100, 10 %

aqueous sol ghjog) pb¥cipatatel 2Aysk! HAS PBhresRRIROBYI XOT -

EXAMPLE 1

10 g of Mesocarbon microbeads (MC) heat—treated
at 2800C (MCMB-6-28 available. from Osaka Gas Co., Ltd;
number—average ~ particle size: 6 u m; particle size
distribution: particles having a particle size of from
4.8 um to 7.2 pm amounting to 70 % of the wholes degree
of _sphericity 0.8; true specific gravity: 2.1) was _thin
applied as a layer on a nickel plate and put into a Monel reactor -
(capacity: 1.5 2). After substitution of air in the
reactor with nitrogen, while flowing nitrogen at a flow
rate of | ¢ /minute, the temperature was raised up to the
fluorinating temperature of 400C and maintained for 1
hour. Then, fluorine gas diluted to 10 % by volume with
nitrogen was supplied. at a flow rate of 1 £ /minute and
carbon particles were fluorinated for 0.5 hour. After the
end of fluorination, the carbon fluoride particles were
immediately «cooled to ' room temperature while flowing
nitrogen at a flow rate of 1 £ /minute, and then the
carbon fluoride particles were taken out.

_The F/C of the particle as a whole and the F/C of
the = particle at the surface of the obtained carbon
fluoride particles were respectively 0.01 and
0.57. The number—average particle size was 6 zm, and _the
particle size  distribution was such that particles havinga
‘particle size of 4.8 xm to 7.2 :—r-n_occupied 70 % of the
whole, and a degree of sphericity was 0.80. The true specific

gravity was 2.1, and dispersibility was good.

EXAMPLES 2 TO 6

By using the same carbon particles as in
EXAMPLE 1, fluorination was carried out in the same manner
as in EXAMPLE 1 under the conditions shown in Table 1.
The F/C as a whole and the F/C at the surface of the
obtained carbon fluoride particles measured in the same
manner as in EXAMPLE 1 are shown.in Table 1, respectively,
_as well as the number-average particle size, the particle
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| ant hanum (La), nickel (N), cobalt (Co) and nanganese (M) of a purity of

not less than  99.5 % and M schnetal (Mr) which contains not |ess than
98 % of rare earth el enent was wei ghed so

31

size distribution, <the degree of sphericity, the true
specific gravity and the dispersibility.

EXAMPLE 7

100 g of Medium thermal (MT) of a thermal black
(Sevacarb MT-CI - available - from - Columbian Carbon Japan
Ltd.; number—average particie sizee 0.35 um particle
size distribution: 60 % of particles having a particle
size of from 0.28 um to 0.42 um; degree of sphericity 1.0:
true specific gravity: 1.8) was fluorinated in the same
manner as in EXAMPLE 1 under the condition shown in Table
1. The F/C as a whole and the F/C at the surface of the
obtained carbon fluoride particles measured in the same
manner as in EXAMPLE 1 are shown in Table 1,
respectively, as well as the number-average particle size,
the particle .size distribution, degree of sphericity, true
specific gravity and dispersibility.

EXAMPLE 8

The fluorination was carried out in the same manner
as in EXAMPLE 7 except that reaction time was 1.0 hour. The
F/C as a whole and the F/C at the surface of the obtained
carbon fluoride particles measured in the same manner as in
EXAMPLE 1 are shown in Table 1, respectively, as well as the
number-average particle size, particle size distribution,
degree of sphericity true specific' gravity and

dispersibility.

COMPARATIVE EXAMPLE 1
By using the same carbon particles as in

EXAMPLE 1, the fluorination was - carried out in the same
manner as in EXAMPLE ! under the condition shown in Table
1. The F/C as a whole and the F/C at tne surtace of the
obtained carbon fluoride particles measured in the same
manner as in EXAMPLE 1 are shown in Table 1, respectively,_as_
well as the number-average particle size, particle size
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t hat a uniform alloy [err]

al | oy was prepared by neans of a high-frequency heating furnace. The
alloy in a fused state was dropped on a dish rotated at a hi gh-speed of
20000 rpmin an inert gas atnosphere to obtain a spherical

hydr ogen- absor bi ng all oy powder having an average particle size of 60
[err]m The powder was further i mersed in3&n aqueous sol ution of

pot assi um hydroxide (specific gravitygxaMmpBf)gat 80[err] for 5 hours,

rinsed and dri ed. ) , .
10 Jarts by weight' of a polystyrene resin

[Vicorastic D 135 (registered trademark) available from
Shell Standard Oil Co., Ltd.], 5 parts by weight of Viales
155 [trade name; available from Columbia Ribbon &
Manufacturing Co., Ltd.] 5 parts by weight of Oilblack
BW [registered trademark, ° available from Orient Kagaku
Kogyo Kabushiki Kaisha] and 1 part by weight of the carbon
fluoride particles obtained in EXAMPLE 7 were admixed by
means of a ball mill, and kneaded, pulverized, then
classified to obtain a toner having an average particle
size of 9 um 1000 parts by weight of the toner
particles were mixed with 1 part by weight of the carbon
fluoride particles obtained in -EXAMPLE 7 to give a toner
of the present invention.

2.5 Parts by weight of the taner were mixed with
100 parts by weight of a carrier wherein a surface of a
spherical . ferrite core was coated with a fluorinated
methacrylate resin represented by the formula:

r

_{C“z‘s*—'—
COCKCFs
0

to give a developingz agent for electrostatic copying.

Continuous copying test was conducted with
50,000 sheets of paper by using an electrostatic copying
machine =~ with which an organic photo—conductive
photoreceptor was equipped. The photosensitive body. had a
negatively chargable two-layer structure consisting of an
anthrone pigment as an electron generating substance of
the ' photosensitive body and a curbazole derivative as an
electron transporting substance. As the degree
of adhesion of the toner to the surface of the
photo-congiuctive body was examined, the toner was scarcely
adhered ‘on the surface, and after copying 50,000 sheets
there could not be observed on the photocopy any band-like
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100 g of the powder was admi xed with 25 g of a 2 % by wei ght of

aqueous pol yvi nyl al cohol sol uti on, and kneaded to be pasty. A foaned
porous ni ckel body having a porosity of 95 to 96 % was uniformy
filled with the paste, and dried. Then, a pressure of 500 kg/cn2 was
applied and a nickel lead was spot-welded. The obtained article was

I mrersed in the above-nenti dned di spersion 83 car bon fluoride particles

Foamed ot al DS nestriRe "o aRE0S any opfteld) " @Ee "V onthed HOREP, .
remaining on the photosensitive in the form of
image. In addition. after copying 50,000 sheets, when the
state of adhesion of the toner to the surface of the
carrier was examined by means of a scanning -electron
microscope, the toner was scarcely adhered. The charged
amount whkielk==was measured accordmg to the blow—off method
decreased by about 2 % from the initial charged amount.

EXAMPLE 10
A developing agent for electrostatic copying was
prepared in the same manner as in EXAMPLE 9 except that
the carbon fluoride .particles obtained in EXAMPLE 8 were
used, and the continuous copying test was carried out. As
a result, there was no problem as in EXAMPLE 9.

EXAMPLE 11 - _

A developing agent for electrostatic copying was
prepared in the ‘same manner as in EXAMPLE 9 except that
the carbon fluoride particles obtained in COMPARATIVE
EXAMPLE 2 were used, and the continuous copying test was
carried out. When the surface of the photo—conductive
body after copying 50,000 sheets was examined, there was
observed that a considerable amount of the toner was
adhered and on the photocopy, there were many stains
such as band-like black stripes.

| In addition. after copying 5.000 sheets examination
_of the state of adhesion of the toner to the surface of the
carrier by means of a scanning electron microscope, showed
that the toner was _adhered in a large amount. _The charged
amount measured according to the blow-off method decreased by
about 20 % from the initial charged .amount.

| EXAMPLE 12
30 §arts by weight of . the carbon fluoride
particles obtained in EXAMPLE 3, 70 parts by welght of a
polymer (A) represented by the formula .
This is the replacement sheet
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wi th nickel hydroxide. As an electrolytic solution, there was used an
aqueous potassi um hydroxide solution having a specific gravity of 1.20 in
whi ch ['ithium hydroxi de was dissolved at 30 g/l . As a separator, there
was used a sul fonated nonwoven fabric of polypropyl ene. The
anode, the cathode and the separator re coiled . like a swrl, and
put into a container of a C size cell. he electrolytic solution was
poured, and the container was sealed to prepare a nickel/netal

hydri de storage battery %13000 mAh. ‘primary average particle

| i
-_‘(CH:-F)‘— size 0.13 um

COCHCF, secondary average
particle size 3 um

as a resin material and 4,000 parts by weight of a-
spherical carrier core of ferrite [F-150 available from
Powder Tec Co., Ltd., average particle size 80 uz m] were
admixed and agitated at a temperature of 80°C by means of
a high speed agitating mixer to obtain a carrier wherem
the surface of the core was treated by coating.

EXAMPLE 13
A carrier was prepared in the same manner as in
EXAMPLE 12 except that 30 parts by weight of the carbon
fluoride particles obtained in EXAMPLE 5 -were used.. '

EXAMPLE 14
A carrier was prepared in the same manner as in
EXAMPLE 1] except that as a coating resin material, 70

parts by weight of a vinylidene
fluoride—~tetrafluoroethylene copolymer - [ (copolymerization
ratio 80 : 20 mol %), primary average particle size 0.15

# m, secondary average particle size 4 x m] were used.

EXAMPLE 15

-A carrier was prepared in the same manner as in
EXAMPLE 12 except that 30 parts by weight of the carbon
fluoride particles obtained in EXAMPLE 6 and, as a coating
resin material, a methyl . methacrylate—styrene copolymer
[(copolymerization ratio 70 : 30 % by weight), primary
. average particle size : 0.10 um, secondary average
particle size : 3 x m] were used.

EXAMPLE 16
1.5 Parts by weight of the carbon fluoride
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The storage battery was ‘charged wunder the constant tenperature of
20[err], with a charging current of 300 mA for 15 hours in the first
cycle of charge, with a charging current of 600 mA for 7.5 hours in the
2nd to This is the replacenent sheet Date: 18 DEC 1997 59

35

particles obtained in EXAMPLE 3 and - 3.5 parts by weight of
the same resin materiai (A) as in EXAMPLE 12 were admixed
with 100 parts by weight of methyl ethyl ketone. '

The same carrier core as in EXAMPLE 12 was
coated with the coating material by means of a fluidizing
bed machine to obtain a carrier.

| COMPARATIVE EXAMPLE 4 _
A carrier was prepared in the same manner as is
EXAMPLE 12 except that 30 parts by weight of the carbon
fluoride particles obtained in COMPARATIVE EXAMPLE 1 were
used. -

EXAMPLE 17
100 Parts by weight of the carrier obtained in
EXAMPLE 12 were admixed with 2.5 parts by weight of a
toner having an average particle size of 8 um which
comprises - a .mixture of 100 parts by weight- of a
polystyrene resin [Vicorastic D 135, available from Shell
Standard Oil Co., Ltd] 5 parts by weight of Viales 155
[available from Columbia Ribbon & Manufacturing Co., Ltd.]
and 5 parts by weight of Oil Black BW [available from
Orient Kagaku Kogyo Kabushiki Kaisha] to obtain a
developing agent for electrostatic copying machine.
Subsequently, a running test was conducted with
50,000 sheets of paper by using an electrostatic copying
machine with which an organic photo—conductive
photoreceptor was equipped. The photoreceptor had a
negatively chargable two—layer structure consisting of an
anthoalone pigment as an electrodeposition
generating substance of the photoreceptor ~and a
curbazole derivative as an electrodeposition transporting
substance. The results are shown in Table 2. '
In Table 2, the “Charged amount” is a value of
the charged amount per 1 g of toner measured according to
the known blow—off method, and the *“Coated amount” is
the percentage by weight of the coating material obtained by
removing tne toner according to the blow-off method,
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5t'h cycles of charge, and with a charging current of 1000 nmA for

4.5 hours in and after the 6th cycle of charge. Di scharge was carried
oyt at 600 mA wuntil the terminal voltage fell down to 0.9 V, and the
cycle life tinme of the battery was exam ned. |In addition, the bottom of

the battery was opened, and a pressure sensor was inserted therein, and
the internal pressure of the battery Was measured. The results are
shown in Table 12. COVWPARATI VE EXAMPLE 23 A nickel/mnmetal hydride

t or age batte wa . . . . .
>Horag disrs)élving Stl'te coating resin with acetcne {at this time,

the carbon fluoride particles were also removed from the
carrier core), and evaporating the acetone.

EXAMPLES 18, 19 and 20 and
COMPARATIVE EXAMPLE 5

The developing agents were prepared in the same
manner as in EXAMPLE 17 except that the carriers obtained
in EXAMPLES 13, 14 and 15 and COMPARATIVE EXAMPLE 4 were
used instead of the carrier obtained in EXAMPLE 12
(respectively, correspond to EXAMPLES 18, 19 and 20 and
COMPARATIVE EXAMPLE 5), and the continuous copying was
carried out. :

The results are also shown in Table 2.

EXAMPLE 21

100 Parts. by 'weight of a styrene—butyl

methacrylate (7 : -30) .copolymer, 10 parts by weight -of
carbon - black [Regul 66R, available from Cabot Co., Ltd.]
and 3.5 parts by weight of a low molecular weight
polypropylene [Viscol 66P, available from Sanyo Kasei
Kogyo - Co., Ltd.}] were admixed by means of a ball mill, and
kneaded, pulverized and classified to obtain a toner
having an average particle size of 9 u m.
' 2.5 Parts by weight of the obtained toner and
100 parts by weight of the carrier obtained in EXAMPLE 15
were . admixed to obtain a developing  agent for
electrostatic copying machine.

Then, the continuous copying test with 50,000
sheets was carried out by using an electrostatic .copying
machine equipped with a photoreceptor containing Se.

The results are also shown in Table 2.
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prepared and eval uated in the sanme manner as in EXAVPLE 40 except that a
pol ytetrafl uoroet hyl ene dispersion (Polyflon D spersion D-1, available
from Daikin -Industries, Ltd., commercial nanme) was used instead of the
di spersion of carbon fluoride particles of the present invention.

The results are also shown in Table 12. COVPARATI VE EXAMPLE 34 A nickel .
hydrogen storage battery was prepared3§nd evaluated in the sanme manner

as in EXAMPLE 40 ekcept that..a ~the car bon fluoridp partifcl es of
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EXAMPLE 2 were used instead of the carbon fluoride particles of
the present invention. The results are also shown in Table 12. This
is the replacement sheet Date: 18 DEC 1997 60 Table 12

38

EXAMPLE 22

A roller {4 -50 mm) of aluminium was used as an
electrically . conductive core, and a surface of the roller
was previously roughened by sand blasting.

To a PFA resin powder (average particle size 35
um, sperical  particle), the - carbon fluoride particles
obtained in EXAMPLE 7 were admixed in an amount of 1 % by
weight and agitated. A surface of the roller was coated
with the mixed powder at a thickness of 40 ux m according
to an electrostatic powder .coating method, and then melt
and sintered for 20 minutes in an electric furnace - at
380cC.

The roller was set in the fixing part of the
copying machine, and an image of a negatively charged
toner which was formed according to an electrostatic
copying method (the toner mainly comprising a
styrene—acrylic resin and _having an average particle size of
14 gz m and a charged amount of —10 to 12 u C/g) was fixed
at a roller surface temperature of 180°C. Occurence of
the offset was observed. Non-occurence of any offset

is represented by (0O) and occurence of the offset
even to a small extent is represented by (X)-.

In order tc evaluate the occurence of the
electrostatic offset, ;valuation was also made in respect of
the image of a positively charged toner (the toner mainly
comprising a styrene-acrylic resin and having an average
particle size of 14 um and a charged amount of +10 to
12 p C/g).

" Further, in order to evaluate the durability and
the abrasion resistance as to the fixing roller, a. paper—
passing test with 50,000 sheets of A4 size was conducted.
Occurence of the offset was evaluated every 10,000 sheets
of paper, and after passing 50,000 sheets, the abrasion
resistance was evaluated from a decrease of the resin
thickness on the surface of the roller. The results of
the above—mentioned evaluations are shown in Table 3.
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At the 10th cycle At the 100th cycl e Peak internal D schar ge

Peak i nternal Di scharge pressure at capacity pressure at
capacity charging (mAh) char gi ng (mAh) (kg/ferr])
(kg/[err]) Ex.40 3.1 3032 5.7 3001 Conp.
5.5 3004 9.4 2650 Conp. 3.3

6.5 2880 Ex. 34 In 3@OVPARATI VE EXAMPLE 33, the

i nt er nal

EXAMPLES 23 to 26
‘The same evaluations as in EXAMPLE 22 were
carried out except that the amount of carbon fluoride
particles to be added was changed to 5, 10, 20 and 30 % by
weight, which correspond to EXAMPLES 23, 24, 25 and 26
respectively.
The results are also shown in Table 3.
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pressure at the 10th cycle of +the <charge 1is highest because the
wat er-repelling . property of the fluorine- containing . resinis
inferior to . that of a carbon fluoride, and the degree of degradation at
the 100th cycle of the charge is also remarkable, because the
fluorine-containing resinis inferior in &enical stability. In COVWARATI VE

EXAMPLE 34, since th¢ interface of tithe thyee layers can gtably exist for
a long time due to .fhe excd lbnt atex-8ep8llSngSand ¢henmical stability
of the carbon fluornide, tf_gagincreaseg I s ni@rradl gressure
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is'restrained for a long time, and thus the cycle life time becomes | onger
than that of COWPARATI VE EXAMPLE 33. I n EXAMPLE 40, though, at the 10th
cycle of charge, there was no remarkable difference w th
COMPARATI VE EXAMPLE 34 wherein the conpletely fluorinated carbon fluoride
was used, the drop in’ voltage in discharging was sl ow
because of the small internal resistan8® of the battery. As a
result, the cycle life time beconmes Ilonger, which shows the utility

of the present invention. COMPARATIVE EXAMPLES 6 to 10

A fixing roller was fabricated in the same
manner as in EXAMPLES 22 to 26, except that the carbon
fluoride particles were changed to the carbon fluoride
particles obtained in COMPARATIVE EXAMPLE 1 in each case.
The results are shown in Table 4.

It is «lear that the conventional carbon
fluoride suffers from the problem that, when using it for a
positively charged toner, electrostatic offset occurs because
it does not have an electric condﬁctivity.
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si ze di stribution, t he particles exhibit excellent dispersibility

and powder flowability, and also have a controllable conductivity
and - charging - characteristi.c. For exanple, dispersibility in
conposite materials such as resins, rubbers and greases is

excel | ent . In addition, since the surface area is highly fluorinated in

conparison with the inner portion, the part*%les have t he i nherent
properties of the conventional carbon fluoride such as

broper iy’ and” 1 ubri oat i ngOMBARBITVE EXAVRLES (P Yo s om Adnesive
: A fixing roller was fabricated and evaluated in
the same manner as in EXAMPLES 22 to 26 except that an
unfluorinated thermal black (Sevacarb MTCI available from
Columbian Carbon Co., Ltd.) was used as it is, instead of
the carbon fluoride particles. The results are shown in

Table 5.

It is clear that addition of the carbon inhibits
the non-adhesive property " of PFA, and therefore no
function was  exhibited with respect to both the
positively charged toner and the negatively charged toner.

From the above-mentioned results, it is clear
that, by using the <carbon fluoride of the present
invention, both for the positively charged toner
and the negatively charged toner, the offset-preventing
effect can be maintained for a long time. |

This is the replacement sheet
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si'lnce the carbon fluoride particles of t he present invention
contain a smal ler amount of fluorine, the particles can be
produced at a |ower cost than the prior carbon fluoride particles.
Al so, vari ous conposite materials can be provided. Since the
additive to toner shows-excellent powdergq flowability and can be well
dispersed into the toner, it 1is possible to reduce the anount of

toner which would adhefe to the carfier surface and to inprovejthe
cleaning of the tongr which remaijns on the surface of the
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phot oreceptor. Wien using the additive as. coating for carrier, the
abrasi on resi stance and the toner-spent are excellent and the variation
in charged anobunts is narrow. Further, since the- particle shape
is spherical and uniform and the particle size distribution is
narrow, the adhesion to the carrier is ?Qod and thus the particles
are not broken and would not be peeled off fromthe carrier when abrading.
According, to t he fixing roller, bot h the electrostatic offset

and hot offset do not appearﬁx,ﬂﬂﬂLEs 27 to 31

S0 grams of a typical electrically conductive
carbon black, i.e. Kejhen Black (commercial name,
available from . Ketjen Black International Co., Ltd.;
average particle size: 0.03 uzm) was fluorinated in the
same manner ‘as in EXAMPLE 1 except that the reaction time
was one hour. .
The  F/C as a whole and

the F/C at the surface of the obtained carbon fluoride
particles measured in the same manner as in EXAMPLE 1, were

0.09 and respectively 0.69.

By using the obtained carbon fluoride particles,
the evaluation as to the fixing roller was conducted in
the same manner as jn EXAMPLES 22 to 25. The results are
shown in Table 6. B

The  obtained carbon  fluoride shows  more
excellent electric conductivity than the carbon fluoride
of EXAMPLE 7 which i the fluorinated thermal black, and
therefore it is clear that the durability with the
positively charged toner is more excellent.
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Since the gas diffusion

t hese effects can be nmaintained for a | ong use.
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density is particularly excellent. Further, the electrode has a |ong
life tinme because of its excellent oxidation resistance and corrosion

resi stance. The phosphoric acid fuel cell of the present invention

all ows a reduced decrease in cell voltage when operating at a high | oad and
has a long life time. The air battery of thg present invention affords an
excel |l ent performance when operating at a high |oad and | ess degradation
even when.used for a long tinme. The alkaline storage battery of the

present COMPARATIVE EXAMPLES 16 to 20
_ A fixing roller was prepared in the same manner
as in EXAMPLES 27 to 31 except that an unfluorinated
Ketjen Black EC was used instead of the carbon fluoride
particles, and the same _evaluation was carried out. The
results are shown in Table 7. . : -
Although the electric conductivity 1is better
than _for the thermal black, the non-adhesive property is
worse as in COMPARATIVE EXAMPLES 11 to 15.
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4

average particle size from 0.01 to 50 J[err]m a content of
particles having such a dianeter that the particle size
distribution thereof falls within the range of the nunber- average
particle size 20 % anounting to at least 50 % of the whole, a
true specific gravity of 1.7 to 2.5,qn atomc ratio of fluorine to
carbon F/C of the particle as a whole-from0.001 to 0.5, and a F/Cratio
.of the particle at the surface always larger than the F/Cratio as a whol e
and from0.1 to 2.0. 2. The particles of Claim1,. wherein the F/C
EXAMPLES 32 to 36

In EXAMPLES 27 to 3!, the PFA powder and the
carbon fluoride particles were only mixed. In EXAMPLES 32
to 36, the PFA powder and the carbon fluoride particles
were treated for 10 minutes by means of a hybridi_zex"
(NHS-0  Type, available from Nara Kikai Seisakusho
Kabushiki Kaisha) under a ) peripheral
velocityof 80 m/s to give a composite powder, and then a
powder coating was carried out by using the composite
powder. The results are shown in Table 8.

The results shows more excellent properties than

those of EXAMPLES 7 to 31. It assumed that the
mixing of carbon fluoride particles and PFA is extremely
efficient from microscopic observation,

and therefore the electrostatic coating is uniformly
. carried out.
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ratio as whole is 0.001 to 0.3, and the F/Cratio at the surface is 0.3 to
2.0. 3.. The particles of daim 1, wherein the F/Cratio as whole is 0.001
to 0.2, and the F/Cratio at the surface is 0.3 to 2.0. 4. The carbon
fluoride particles of claiml, 2 or 3, whgrein the degree of sphericity
defined by the quotient of the circunference of a circle, which has the

sane area of a projecfted i e, of a artiu(':le, gvey tQ,e cjrcunference of the
projected i nage of th partiﬂlg, is Wthig a rangg feomd. 8 to 1.0. 5 A
process for preparing|the ca'gbgnflu rige; |9 8 38 3
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particles of daim1l, 2, 3 or 4. which conprises; pre- heating car bon
particles wth a nunber - average particle size of 0.01 to 50
[err]m and a content of particles having such a dianeter that the particle
size distribution falls within the range of the nunber-average particle
size [err]20 % amounting to at |least 50 % of the whole, to 350 to
600[err]; introducing a fluorine gas; and5teacting the carbon particles
with. the fluorine gas at a tenperature wthin said range. 6.

Water- and oil-repellents compEXAMRLE 3%e

120 Qrams of an acetylene black (Denka Black,
available from Denki Kagaku Kogyo Kabushiki Kaisha,
commeércial name) was  fluorinated in the same manner as in
EXAMPLE 1 except that the reaction time was 2 hours to
obtain carbon fluoride particles having a -degree of
fluorination as .a whole of 0.18, a degree of fluorination
at the surface of 0.92 and an average particle size of
0.042 x m. : :
The obtained carbon fluoride particles were
dispersed and mixed with 30 parts by weight of a
polytetrafluoroethylene (Polyflon Dispersion D-3,
available from Daikin Industries, Ltd., commercial name),
2000 parts by weigh't of a surfactant (Triton X-100, 10 %
aqueous solution) and 40 parts by weight of an acetylene
black treated with HNO; by means of an ultrasonic
homogenizer (frequency 38 KHz, rotation 1200 rpm). 8.4
Parts by weight of H;PtC¢ s was added and mixed therewith,
and the mixture was dried according to a lyophilization
method (temperature: -70C — 807C). The obtained powder
was heated at 300C for 2 hours in .an .atmosphere of
hydrogen and the surfactant was removed. and then 4 parts
by weight of fine platinum particles were applied thereon.

Then the obtained platinum—carrying powder was
packed into a press die, and a raw material of a supplying
layer consisting of 70 parts by weight of the above-
mentioned carbon fluoride particles and 30 parts by weight
of the polytetrafluoroethylene was added thereon, and hot—
pressed at 380C under 600 kg/cm? for 3 seconds without
stirring to obtain a reaction layer of a gas diffusion
electrode having an area of 100 cm? and a thickness of
0.5 mm. The properties of the gas diffusion electrode are
shown in Table 9. '

COMPARATIVE EXAMPLE 21 ,
A gas diffusion electrode was prepared in the
same manner as in EXAMPLE 37 except that an untreated
acetylene black was wused instead of the carbon fluoride
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carbon fluoride particles of Claim1, 2, 3 or 4. This is the replacement
sheet Date: 1 8 DEC 1997 64 7. Non-tackifying agents conprising the
carbon fluoride particles of Claim1, 2, 3 or 4. 8. Solid lubricants
conpri sing t he car bon

52

particles of the .present invention. The properties of the
- gas diffusion electrode are also shown in Table 9.

COMPARATIVE EXAMPLE 22
A mixture of 30 parts by weight of a vinyl
chloride resin (Denka Vinyl SS-119S, available from Denki
Kagaku Kogyo Kabushiki Kaisha, commercial name), 100 parts
by weight of an acetylene black and 180 parts by weight of

water was granulated _in_a mixing and granulating
machine, and dried. The granulates were ‘supplied into an
"oven wherein N, was filled and : kept at

1300°C, and sintered for 1 hour to obtain 109 parts by
weight of a carbon powder. A gas diffusion electrode was
prepared in the same manner as in EXAMPLE 37 except that’
the obtained carbon powder was used instead of the carbon
fluoride particles of the present invention. The
properties thereof are also shown in Table 9.

COMPARATIVE EXAMPLE 23
A gas diffusion electrode was prepared in the
same manner as in EXAMPLE 37 except that the carbon
fluoride described in COMPARATIVE - EXAMPLE 2 was used
instead of the carbon fluoride particles of the present

invention. The properties thereof - are also shown in
Table 9. '

COMPARATIVE EXAMPLE 24

12 grams of a graphite powder (SGP-25, available
from Kabushiki Kaisha SEC, commercial name, average
particle size 25 jx m) werecharged imto a pressure resistive
Monel reactor. After redic-:ling the pressure to not more
than 10 Pa, 80 g of fluorine gas was introduced
and the reactor was sealed. The temperature was raised from
room temperature to 400C at a rate of 5 C /min, and kept
at 400C for 1 hour, and the reactor allowed to cool. After
substituting the air in the reactor with nitrogen, the
product was taken out. The degree of fluorination of the
product as a whole was 0.19. A gas diffusion electrode
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fluoride particles of daim1l, 2, 3 or 4. 9. Agents for inparting
electric conductivity conprising the carbon fluoride particles of Caiml,
2,-3 or 4. 10. Addi tives to t oner for devel opi ng

el ectrostatic 1inmage, conprising car bon fluoride "~ particles with a
nunber - average particle size of 0.01 to 10 Jerr]m a content of ©particles
having such a dianmeter that the partitie size distribution falls

within the rgnge HephPed "tHP Y S5REC malidr Ch§ id| EXAMPLE37 BKIHNT 1O
that the obtained carbon fluoride was used instead of the
carbon fluoride particles of the present invention. The
properties are also shown in Table 9.

Table 8

Electric specific Gas perfneabilit};
resistance (10~3mi(0.5atm02)/cm- sec)
(Q -cm) .

Ex.37 - 0.52 - 32.1

come: 0.40 20.0

Lo 0.09 23.3
Comp- 1.86 35.8
comp- 013 25.6

In COMPARATIVE EXAMPLE 21, although the value of
the electric specific resistance is sufficient, the gas
permeability is not sufficient because of lack -in water-

repelling property.

In COMFARATIVE EXAMPLE 22, both _the water—
repelling property and the electric specific resistance are
improved because the graphite crystals in the carbon black
particles "were grown more than those of COMPARATIVE
EXAMPLE 21. However, thewater repelling property is not
sufficient in  comparison with the carbon  fluoride
particles of the present invention, and therefore only a
limited improvement of the gas permeability . is obtained.
Furthermore, an additional problem is ' that, owing to
the growth of the graphite crystals, _the oxidation

resistance and the corrosion resistance to an electrolytic
solution become rather poor.

In COMPARATIVE EXAMPLE 23, a superior gas
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50 % of the whole, a true specific gravity of 1.7 to 2.5, a F/Cratio of
the particles as a whole of 0.001 to 0.3, and a F/Cratio of the particle
at- the surface always larger than the F/Cratio as a whole and from0.1 to
2.0. 11. The additives to toner for devel opi ng el ectrostatic inage
of Caim 10, wherein the nunmber- avergge particle size is 0.1 to 10
[err]m 12. The additives to toner for devel oping. electrostatic

i mage of Claim10 or 11, wherein the F/Cratio as-a whole is 0.001 to 0.2,
and the F/ C rgermeabilitye is observed because of _the excellent water—

repelling property of the carbon fluoride. However, the
carbon fluoride is an electrical insulator, and therefore
the electric specific resistance becomes large.

In COMPARATIVE -EXAMPLE 24, the excellent
water—repelling property of carbon fluoride is not
fully exhibited, and the_—-?as permeability is inferior to
that of COMPARATIVE EXAMPLE 23. . The electric specific
resistance is superior to "that of COMPARATIVE EXAMPLE 23
because of the electric conductivity, but is inferior to
those of COMPARATIVE EXAMPLES 21 and 22.

In EXAMPLE 37, the gas permeability is equal to
that of COMPARATIVE EXAMPLE 23 and the electric specific
resistance is equal to that of COMPARATIVE EXAMPLE 21.
The characteristics thereof are maintained for a long
time, and it can be said that the gas diffusion electrode
has superior performances in comparison with those of
COMPARATIVE EXAMPLES 21- to 24. - '

EXAMPLE 38

A water—repelling—treated carbon paper
(available from Kureha Kagaku Kogyo Kabushiki Kaisha) was
pressed and  adhered to the gas diffusion electrode of
EXAMPLE 37, and -the obtained electrode was used as a fuel
electrode” and an oxygen eléctrode to produce _a _ phosphoric
acid fuel cell having the constitution shown in Fig. L.
In Fig. 1, 1 designates a matrix of 95 % of SiC and 5 % of
PTFE with which 55 parts by weight of phosphoric acid was
immersed, 2 designates a pipe to pass a heating medium, 3
designates a  collecting plate, 4 designates a  fuel
electrode of the gas diffusion electrode of the present
invention, and 5 designatés an oxygen electrode as the
same. The unit cell was 6 mm thick and hydrogen was

used as a fuel gas, and then the characteristic of current
density—cell voltage was measured when discharge at a
constant current was done at - an operation temperature of
190C. The results are shown in Table 10.

COMPARATIVE EXAMPLES 25 to 28
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surface is 0.3 to 2.0. 13. The additives to toner for devel opi ng
electrostatic image of Cdaim 10, 11 or 12, wherein the degree of
sphericity is 0:8 to 1.0. 14. Additives to coating of carrier

for devel opi ng el ectrostatic inage, conpri sing t he carbon fluoride
particles of daim1l, 2, 3 or 4. This is tigg replacement sheet Date: 1 8
DEC 1997 '

-Phosphate~type fuel cells were prepared in the
same manner as in EXAMPLE 38 except that the gas diffusien
electrodes of COMPARATIVE EXAMPLES 21, 22, 23 and 24 were
used instead of the gas diffusion electrode of EXAMPLE 37,
and they were respectively represented as COMPARATIVE
EXAMPLE 25, 26, 27 and 28. ‘The results are also shown in

Table 10.
Table 10
Current density (mA/cm?)
50 100 200 400
Ex38  0.91 089 0.8 0.8l
Come: 085 078 074  0.55
_Sﬁﬁage Some- .87 084 079 0.65
¥ Comp-’ 0.8 0.8 081 071
Comp .

Ex.28 0.88  0.85 0.79 0.69

| The characteristic of current ‘density—cell voltage
of a fuel cell depends on both the electric specific
resistance and the gas permeability of a gas diffusion
electrode. Namely, when the electric Specific resistance is

as ELC “current density increases, an increase
_high, in"loss of voltage is noted according to the

Ohm's law. When shegas permeability is low, as _the current
density ° increases, supplement of gas consumed by the
electrode reaction delays. and there occurs a phenomenon
that, when a specific current dengity is exceeded at a
certain level, #iecell voltage suddenly ﬂ_s_

'~ From the above, it can be understood that a cell
voltage under a highly-loaded operation, namely a cell
voltage at. 400 mA/cm® in Table 10, is an indicator to
compare the performance of the fuel cell. Table 10 shows
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65 15. The additives to coating of carrier for devel oping
electrostatic image of Caim 14, wherein the nunber-average particle
size is 0.1 to 50 [err]m 16. Conposite materials in whi ch the '
carbon fluoride particles of daim 1, 2, 3 or 4 are. added and

di spersed into resins, rubbers, netals, 6ceram' cs, carbons, oils,
organi ¢ solvents, water or aqueous sol utiong..

that the fuel cell using the carbon fluoride particles of
the present invention exhibits the highest cell voltage
and has a superior performance. The reason is in that the
carbon fluoride particles of the present invention have a
high electric conductivity and a high water—repelling
property, and therefore a gas diffusion electrode having a
small  electric  specific resistance and a  high gas
permeability 1is  obtained. In addition, these excellent
properties can be maintained for a long time without
degradation, and therefore  labor and cost required for
maintenance such as electrode-exchange can be extremely
saved.

EXAMPLE 39

The gas diffusion electrode of EXAMPLE 37 was
pressed and adherred to a net of nickel, and the obtained
electrode was used as an air electrodee A 4N-aqueous
solution of sodium hydroxide  was used_ as an electrolytic
solution, and a zinc plate large enough not to be consumed
during the evaluation was used as -an anode Thus _a_
zinc/air battery was prepared.

The obtained battery was continuously discharged
with a load of 75 Q in an atmosphere of 60 % RH at _a_
temperature of 20C, and the time (life time) until the
terminal voltage fell down to 0.9 V was measured. The
results are shown in Table 11.

- COMPARATIVE EXAMPLES 29 to 32

Zinc/air batteries were prepared in the same
manner as in EXAMPLE 39 except that the gas diffusion
electrodes of COMPARATIVE EXAMPLES 21, 22, 23 and 24 were
used instead of the gas diffusion electrode of EXAMPLE 37,
and they were respectively represented as COMPARATIVE
EXAMPLE 29, 30, 31 and 32. The results are also shown in -
Table 11. -

This is the replacement sheet

Date: 18 DEC ,997



1

17. Conposite materials in which the carbon fluoride particles

of Claim 1, 2, 3 or 4 are added and dispersed into solid
materials of resins, rubbers, netals, ceramcs or carbons. 18.
Conposite materials in which the carbon fluoride particles of Claim
1, 2, 3 or 4 are added and dispersed into__liquid materials of oils,
organic solvents, water or aqueous sluti_oﬁg. 19. Conposite.. materials

in which the conposite naterials of-ra(gléli M{6, 17 or 18 are in the form
of film —_— _

Life time (hour)

Ex.39 | 18.9
g::“;‘; 10.1
Cone
some- 14.2
g;“;*; ' 13.2.

The role of a gas diffusion electrode in a
zinc/air battery is the same as that in a fuel cell, and
therefore the performance of the zinc/air  battery
‘corresponds to’ that of the phosphoric "acid fuel cell in
EXAMPLE 38. The value of the life time in the evaluation
results of EXAMPLE 39 and COMPARATIVE EXAMPLES 29 to 32
substantially represents the degree . of polarization
property at a large load, - because _a_ zinc
plate large enough was used as an anode.

aAs is clear from Table 11, the zinc/air battery
wherein the carbon fluoride particles of the present
invention were used shows a superior life time. It can
be said that since the carbon fluoride particles of the
present invention have a high electric conductivity and an
high water-repelling property, a gas diffusion electrode
having excellent properties at a large load can be
provided. '

EXAMPLE 40 :
30 Parts by weight of the same carbon fluoride
particles as used in EXAMPLE 37 were dispersed in 100
parts by weight of a surfactant (Toriton X-100, 10 %
aqueous solution) by means of an ultrasonic homogenizer.
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pai nt, grease, toner, carrier or plating solution. 20. Fi xi ng rollers
coat ed wth conposite materials I n which t he
car bon fluoride particles of Caim 1, 2, 3 and 4 are dispersed into
resins or rubbers, or in the form of film or coating nmade of the
conposite materials. 21. Fine conposite ticles in which particles

- of resins, rubbers, net al s, ceramc or car bons are coated

with the carbon fluoride particles of Claim1l1, 2, 3 or 4. )
Each of the metals lanthanum (La), aickel (Ni),

cobalt (Co) and manganese (Mn) of _a purity of not
less than 99.5 % and Mischmetal (Mm) which contains

not less than 98 % of rare earth etement was weighed so
that _a uniform alloy
Lao_szo.aNi:;.sCO;_olwno,.‘, alloy was

prepared by means of a high—frequency heating furnace.
The alloy in a fused state was dropped on a dish
rotated at a high-speed of 20000 rpm in an. inert gas
atmosphere to obtain a spherical hydrogen—absorbing alloy
powder having an average particle size of 60 um. The .
powder was further immersed in an aqueous solution of
poﬁassium hydroxide (specific gravit_'y: 1.30) at 80C for 5
hours, rinsed and dried.
100 g of the powder was admixed with 25 g of a 2 %
by weight of aqueous polyvinylalcohol solution, and
_ kneaded to be pasty. A foamed porous nickel body having a
" porosity of 95 to 96 % was uniformly *filled with the
paste,. and dried. Then, a pressure of 500 kg/cm® was
applied and a nickel lead was spot-welded. The obtained
article was immersed in the above-mentioned dispersion of
" carbon fluoride particles and dried to obtain an
anode. As a cathode there was used a known foamed metal
having an excess electrical capacity, which was filled
with nickel hydroxide. As an electrolytic solution, there
was used an aqueous potassium hydroxide solution having a
specific gravity of 1.20 in which lithium hydroxide was

dissolved at 30 g/¢. As a separator, there was used 2
sulfona ted nonwoven fabric of polypropylene. The

anode, the cathode and the separator were coiled  like a
swirl, and put into a container of a C size cell. The
electrolytic solution was poured, and the container was
sealed to prepare a nickel/metal hydride storage Dbattery
of 3000 mAh. . .

The storage battery was charged wunder the
constant temperature of 20C, with a charging current of
300 mA for 15 hours in the first cycle of charge, with a
charging current of 600 mA for 7.5 hours in the 2nd to
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22. The fine conposite particles according to claim21 obtainable by

| npact-m xing or adm xi ng by nmeans of an inpact surface inproving nachine
ot a high speed mxing tank (dry nethod). This is the replacenent sheet
66 23. A process for preparing fixing rollers which conprises/

el ectro-depositing t he fine conposi tggpart i cles

5th cycles of charge, and with a charging current of
1000 mA for 4.5 hours in and after the 6th cycle of
charge. Discharge was carried out at 600 mA until_the
terminal voltage fell down to 0.9 V, and fre cycle life time
of the battery was examined. In addition, thedbottom of the
battery was opened, and a pressure sensor was inserted
therein, and- _the internal pressure of the battery was
measured. The results are shown in Table 12.

COMPARATIVE EXAMPLE 23

A nickel/metal hydride storage battery was
prepared and evaluated in the same manner as in EXAMPLE 40
except that a polytetrafluoroethylene dispersion (Polyflon
Dispersion D-1, available from Daikin Industries, Ltd.,
commercial name) was used instead of the dispersion of '
carbon fluoride particles of the present invention. The
results are also shown in Table 12.

COMPARATIVE EXAMPLE 34
A nickel hydrogen storage battery was prepared
and evaluated in the same manner as in EXAMPLE 40 except
that the carbon fluoride particless of COMPARATIVE
EXAMPLE 2 were wused instead of the carbon fluoride
particles of the present invention. The results are also
shown in Table 12. '
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of Cdaim 21, and thereafter heat-treating to produce
coatings. 24. Gas diffusion el ectrodes which conprise, a |ayer containing
t he carbon fluoride particles of Claiml1, 2, 3 or 4 or the conposite.
materials of Claim16, 17 or 21 is fornmed on the surface of the el ectrode.
25. Phosphoric acid fuel <cells in which tgge gas diffusion el ectrode of
Claim24 is used. 26. Air batteries in which the gas diffusion el ectrode of
Claim24 is used.

Table 12

At the 10th cycle At the 100th cycle

Peak internal Discharge Peak internal Discharge

' pressure at capacity pressure at capacity
charging (mAh) charging (mAh)
(kg/cm2) , (kg/cm?)

Ex.40 3.1 3032 . 5.7 3001
g’;‘g‘; 5.5 3004 9.4 2650
Compe 3.3 3018 65 2880

-In COMPARATIVE EXAMPLE 33, the peak internal
. pressure -at the 10th cycle of  the .charge is highest

because the water-repelling = property of the fluorine-
containing resin is inferior to . that of a carbon fluoride,
and the degree of degradation at the 100th cycle of the
charge is also remarkable, because 'the fluorine-containing
resin is inferior in chemical stability.

In COMPARATIVE EXAMPLE 34, since the interface
of the three layers can stably exist for a long time due
to the excellent water—repelling and chemical stability of
the carbon fluoride, the increase _in_ internal pressure
is restrained for a long time, and thus the cycle life time
becomes longer than that of COMPARATIVE EXAMPLE 33.

In EXAMPLE 40, though, at the 10th cycle of

charge, there was no remarkable difference Wwith
COMPARATIVE EXAMPLE 34 wherein the completely fluorinated
carbon fluoride was used, the. drop in voltage in

discharging was = slow because of _the small internal
resistance of the battery. As a result, the cycle life
time becomes longer, which shows the utility of the present
invention. '
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INDUSTRIAL UTILITY
Since the carbon fluoride particles of <the
present invention have a low F/C as a whole, a high F/C at
the surface, a low specific gravity and a narrow particle

size  distribution, the  particles exhibit excellent

dispersibility and powder flowability, and also have a
controllable conductivity and charging characteristic.
For example, dispersibility in_composite materials such as
resins, rubbers and greases is excellent. In addition,

since the surface area is highly fluorinated in comparison
with the inner portion, the particles have the inherent
~ properties of the conventional carbon fluoride such as
water—repelling property, oil-repelling property, non—
adhesive  property ‘and lubricating  property.’ Further,
since the carbon fluoride particles of the present
invention contain a smaller amount of fluorine, the
particles can. be produced at a lower cost than the prior
" carbon fluoride particles. . Also, - various - composite.
materials can be provided. . .

Since the additive to -toner shows excellent
powder flowability and can be -well dispersed into the toner,

it is possible to _reduce the amount of toner which would .

adhere to the carrier surface and to improve the cleaning
of the toner which remains on the surface of the
photoreceptor. :

When using the additive _as. coating for carrier,
the abrasion resistance and the toner—spent are excellent
and the variation in charged amounts is narrow. Further,
since the  particle shape is spherical and uniform and the
particle size distribution is narrow, the adhesion to the
carrier is good and. thus the particles are not broken and
would not be peeled off from the carrier when abrading.

According, to the fixing roller, both the
electrostatic offset and hot offset do not appear, and
these effects can be maintained for a long use.

Since the gas diffusion electrode of the present
invention is excellent in gas permeability and has a low
internal resistance, the performance at a high current
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density is particularly excellent. Further, the electrode
has a long life time because of its excellent oxidation
resistance and corrosion resistance.

The phosphoric agid fuel cell of the present
invention allows a reduced decrease in cell voltage when

operating at a high load and has a long life time.

The gir battery of the present invention affords
an excellent performance when operating at a high load and
less degradation even when used for a long time.

The alkaline storage battery of the present
invention is excellent in rapid charging- and has a long
life of charge—discharge time. ‘
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CLAIMS

. Carbon fluoride particles _with a number—
average particle size from 0.01 to 50 um, a content of
particles having such a diameter that the particle size
distribution thereof falls within the range of the number—
average particle size #20 % g amounting %o at least 50 % of
the whole, a true specific gravity of L7 to 2.5
an atomic ratio of fluorine to carbon F/C of the particle as
a whole-from 0.001 to 0.5, and a F/C ratio of the particle at
the surface always larger than the F/C ratio as a whole and

from 0.1 to 2.0.

2. The pag‘ticles of Claim 1, wherein the F/C
ratio as whole is 0.001 to 0.3, and the F/C .ratio at the

surface is 0.3 to 2.0.

3.. The particles of Claim !,  wherein the F/C
ratio as whole is 0.001 to 0.2, and the F/C ratio at the

surface is 0.3 to 2.0.-

4. The carbon fluoride particles of claim 1, 2 or 3, wherein the
degree of sphericity defined by the quotient of the circumference of a circle, which has
the same area of a projected image of a p;aLﬁcle, over_the circumference of the
projected image of the particle, is within a range from 0.8 to 1.0.

5. A process for preparing the carbon fluoride
particles of Claim 1, 2, 3 or 4. which comprises; pre-
heating carbon  particles with a number—average
particle ‘size of 0.01 to 50 4m and a content of particles
having such a diameter that ‘the particle size distribution
falls within the range of the number—average particle size
%20 %, amunting to at least 50 % of the whole, to 350" to
600C; introducing a fluorine gas; and reacting the carbon
particles with the fluorine gas at a temperature within
said range.

6. Water- and oil-repellents comprising the
carbon fluoride particles of Claim 1, 2, 3 or 4.
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7. Non-tackifying agents comprising the carbon .
“fluoride particles of Claim 1, 2, 3 or 4.

8. Solid lubricants comprising the carbon
fluoride particles of Claim 1, 2, 3 or 4. '

9. Agents for imparting electric conductivity
comprising the carbon fluoride particles of Claim 1, 2, 3
or 4. '

10.  Additives to toner for developing
electrostatic image, comprising carbon fluoride particles
with a number-average particle size of 0.01 to 10 pm, a
content  of particles having such a diameter that the
particle size distribution falls within the range of the
number—average particle size 20 %, amounting 4o at least

50 % of the whole, a true specific ‘gravity of L7 to 2.5,
a F/C ratio of the particles as a whole of 0.001 to 0.3, and

a F/C ratio of tne particle at the surface always larger than
the F/C ratio as a whole and from 0.1 to 2.0.

1l. The additives to toner for .developing
electrostatic image of Claim 10, wherein the number—
average particle size is 0.1 to 10 uz m.

12. The additives to toner for developing
electrostatic image of Claim 10 or 11, wherein the F/C
ratio as-a whole is 0.001 to 0.2, and the F/C _ratio at the

surface is 0.3 to 2.0.

13. The additives to toner for developing
electrostatic image of Claim 10, 11 or 12, wherein the

degree of sphericity is 0.8 to 1.0,

4.  Additives to coating of carrier for
developing  electrostatic image, comprising the carbon
fluoride particles of Claim 1, 2, 3 or 4.
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15. The additives to ccating of carrier for
developing electrostatic image of Claim 14, wherein the
‘number—average particle size is 0.1 to 50 uzm.

' 16. Composite materials in which the carbon
fluoride particles of Claim 1, 2, 3 or 4 are added and
dispersed into resins, rubbers, metals, ceramics, carbons,
oils, organic solvents, water or aqueous solutions.

17. Composite. materials in which the carbon
fluoride particles of Claim 1, 2, 3 or 4 are added and
dispersed into solid materials:- of resins, rubbers, metals,
ceramics or carbons. '

18. Composite materials in which the carbon
fluoride particles of Claim 1, 2, 3 or 4 are added and’
dispersed into liquid materials of oils, organic solvents,
water or aqueous slutions. -

19. Composite. materials in which the composite.
- materials of Claim 16, 17 or 18 are in the form of film,
paint, grease, toner, carrier or plating solution.

20. Fixing rollers - coated with composite.
- materials in which the carbon fluoride
- particles of Claim 1, 2, 3 and 4 are dispersed into resins
or, rubbers, or in the form of film or coating made of the
compositematerials.

21. Fine composite particles in which particles
of resins, rubbers, metals, ceramics or carbons are
coated with the carbon fluoride particles of Claim 1, 2, 3
or 4.

22. The fine composite particles according to claim 21 obtainable by
impact-mixing or admixing by means of an impact surface improving machine or a
high speed mixing tank (dry method).
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23. A process for preparing fixing rollers which
comprises, electro~depositing the fine composite. particles
of Claim 21, and thereafter heat-treating to produce
coatings.

24. Gas diffusion electrodes which comprise, a
layer containing the carbon fluoride -particles of Claim 1,
2, 3 or 4 or the composite materials of Claim 16, 17 or 21
is formed on the surface of .the electrode.

25. Phosphoric acid fuel . cells. in which the gas
diffusion electrode of Claim 24 is used.

. 26. Air  batteries in which the gas diffusion
electrode of Claim 24 is used.

27. ‘Alkaline _storage batteries in which an anode
formed by using the carbon fluoride particles of Claim 1,
2, 3 or 4 or the compositematerials of Claim 16, 17 or 21
is used.
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CARBON FLUORIDE PARTICLES, PREPARATION PROCESS
' AND USES OF THE SAME

ABSTRACT

Carbon fluoride particles wherein number—average
particle size 'is 0.01 to 50 :m, content of particles
having such a  diameter that the  particles size
distribution falls in number—average particle size 20 %
amounts to at least 50- % of the whole, true specific
gravity is 1.7 to 2.5, F/C as a whole is 0.001 to 0.5, and
F/C at the surface is always larger than the F/C as a
whole and is 0.1 to 2.0, have excellent dispersibility and
powder flowability, and are usablé as water— and oil-
repellents, ron—tackifying agents, solid . lubricants,
agents for imparting electric¢ conductivity, additives to
toner for developing electrostatic image, additives to
coating of «carrier for developing electrostatic image,
composit materials for fixing roller, phosphoric acid .fuel
cells, ° zinc/air batteries and . nickel/hydride storage
batteries.

FIGURE 1.
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HYDROGEN GAS OXYGEN GAS

This is the replacement sheet

paie: 1 8 DEC 1997



