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FLUORINE-CONTAINING RESIN MOLDED
ARTICLE AND PREPARATION OF SAME

- TECHNICAL ' FIELD _

The present invention relates to a fluorine—
containing resin = molded article having an  excellent
antistatic property and non—tackiness and to a process for

10 preparation of the same.

The present invention also relates to a fixing
roller for an electrostatic copying machine having a high
toner—offset-preventing ability, which comprises the
provision of a sheet or film of a fluorine-containing

15 resin composition on the outer surface of a metal roller.

BACKGROUND ART
Fluorine—containing resins such as homopolymer
or copolymers of tetraﬂuoroethylené have a very Ilow
20 surface energy in comparison with other resins, and
therefore have an extremely superior surface properties
such as water— and oil-repelling property, non—tackiness
and mold-releasing property. In addition, it has been
known that because of their chemical stability, they have
25 many excellent properties such as chemical resistance,
corrosion resistance and heat resistance,, and thus the
ﬂuorlne—contalmng resins have been apphed to w1de and
various fields.
The fluorine-containing resins, however, have
30 problems that they are easy to be electrostatically
charged, because they are electrically insulative.
. For example, in computer devices ‘and various
office automation (0.A.) machines, electronic parts such
_ as IC and LSI and magnetic storages must be protected
35 from electrostatic charge and sparks due to the charge.
Therefore, for the parts to be used for their peripheral
equipments or business machines (e.g. bearing parts for
various rollers and transferring machines) are required a
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. urther, V¥or a reservior of cﬁenucals and an
equipment used in preparation process - of semiconductors,
but for a sufficient antistatic property, not only the

5 elements are broken due to the electrostatic charge, but
also the maintenance of clean environment is obstructed.

Moreover, a fluorine—containing resin film is
used as an offset-preventing layer for the surface of a
fixing roller in a heat roller fixing equipment of

10 electrostatic copying machines. In this case, when
using the fluorine—containing resin alone, though
non—tackiness and mold-releasing property to a toner
melted by heating (hereinafter referred to as “hot—offset—
preventing  effect”) are sufficient, there arises the

15 problem of 'a phenomenon so—called electrostatic offset,
that is, due to the abrasion between the fixing roller
and paper sheets the offset—preventing layer of the
fluorine—containing Tresin is charged gradually, and then
the toner before fixing 1is electrostatically adsorbed or

20 repelled, which results in  blotting and missing in
electrostatic images. '

Further, in view of saving energy and shortening
a warm—up time of machines it is desired to carry out the
fixing at a temperature as low as possible For this

25 purpose, a fixing roller having an excellent heat
conductivity is desired. Accordingly, it is required that
the offset—-preventing layer is made as thinner as possible
and also has abrasion resistance together with the above
various properties.

30 In order to solve the above problems, there has
been proposed a composition of a fluorine-containing resin
with which various electrically conductive fillers are
blended. . .

For example, JP-B-38302/1991 discloses a

35 fluorine~containing resin composition to which a carbon
black is added as the electrically conductive filler.
.When adding the electrically conductive carbon black to
the fluorine-containing resin, the composition is endowed



]

The  fluorine-containing resins, however, have H%OQLe at they
e Iaced

are easy to be electrostatlcally char ged, because

électrically insulative. For exanple, in conput er mlﬂ arious

office automation (O A) machines, electronic part and

LSI and magnetic storages nust be protected fromelectrostatic charge and

sparks due to the charge. Therefore, for “the parts to be used for their

peri pheral equi pnents or business machines (e.g. bearing parts for

various rol |l ergi@d HANSERIGEY "RefUNeENiEye TR T@Hu8 an  excellent
antistatic ability can be achieved. However, since the
electrically conductive carbon .black has a larger surface
energy than the fluorine—containing resin, the carbon

5 black is- im‘erior'_ to the  fluorine—containing resin in
such properties as water— and oil-repelling property,
non—tackiness and mold-releasing property. Accordingly,
the composition of the fluorine—containing resin and the
electrically conductiver carbon black has the problem that

10 the composition 1is inferior to the fluorine—containing
resin used alone in such properties as water— and
oil-repelling, non-tackiness and mold-releasing property,
and therefore such a composition has been practically used
within the limited use.

15 To the offset-preventing layer of the fixing
roller, it has been also tried to add various electrically
conductive fillers. . _

For example, JP-B-23626/1983 proposes the use of
- a resin layer containing a carbon black and the like as

20 the offset—preventing - layer. When an addition amount
of carbon black is made larger, ‘a volume specific
resistivity can be lowered, which results in improvement
of electrostatic offset—preventing effect. However, the
hot offset-preventing effect becomes bad. In order to

25 solve this dilemma, in the practical application there is
obliged to use a wet process in which a silicone oil is
applied to the surface of the fixing roller.
| - JP-B-59468/1990 . proposes the addition of a
carbon fluoride to a fluorine-containing resin together

30 with a carbon fiber as the electrically conductive filler
in order to compensate the hot offset-preventing effect.
In this case, though the both offsets, i.e. hot—offset and
electrostatic-offset can be prevented, it is difficult to
form uniformly an offset-preventing layer 'containing the

35 two fillers. When the surface of the offset-preventing
layer is uneven, it is . impossible to maintain the
offset—preventing effect for a long time.

' As explained above, in the practical situation,
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molded article which 'has a uniform surface and is
simultaneously sufficient in both of antistatic ability
and non—tackiness.
5 _ The present invention has been made on the basis
of those problems, and has an object to provide a
fluorine—containing resin molded article with an excellent
antistatic ability and non—tackiness due to its proper
electric conductivity and sufficiently low surface energy.
10 Another object of the present invention is to
provide a novel ©process for preparing a fluorine-
containing resin molded article with an antistatic ability
and non—tackiness.
Further object of the present invention is to
15 provide a fixing roller for electrostatic copying machine
having a high offset-preventing ability, and to provide a
preparation process of the same.

DISCLOSURE OF THE INVENTION
20 The present invention relates to a
fluorine—containing resin molded article, comprising a
molded article of a fluorine-containing resin composition
containing 0.1 to 30 % by weight of a carbon material, a
surface of said molded article being fluorinated.
25 ' - L
BEST MODE FOR CARRYING OUT THE INVENTION
In the present invention, the
fluorine~containing resin is  used as a matrix.
Examples of the fluorine~containing resin  are, for

30 instance, po_lytetraﬂuoroethylene, a copolymer of
tetrafluoroethylene with at least one of other
copolymerizable ethylenically - unsaturated monomers

(for example, olefins such as ethylene and propylene,
halogenated olefins such as hexafluoropropylene,

35 vinylidene fluoride, 'chlorotriﬂuoroethylene and vinyl
fluoride, perfluoro(alkyl vinyl ethers)) and the like),
polychlorotrifluoroethylene, poly(vinylidene fluoride),

and the like. The particularly preferable fluorine-
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-of hexafluoropropylene, perfluoro(methyl vinyl ether)
and perfluoro(propyl vinyl ether) (which is contained
5 in an amount of not more than 40 % by mole to
tetrafluoroethylene), and the like. Also, the
fluorine—containing resin may be used in a mixture of two
or more as well as used alone. Particularly preferable
mixture is a mixture of polytetrafluoroethylene and a
10 copolymer of = tetrafluoroethylene with perfluoro(alkyl
vinyl ether), and the like. | '

In the present invention, the carbon material is
added as an electrically conductive filler. Examples of
the <carbon material are, for instance, carbon - black,

15 graphite powder, = carbon fiber, spherical glass~like
carbon, meso—carbon microbeads, and the like. If
necessary, these may be heat-treated at 1,000C to
3,000C. Particularly preferable carbon material is a
carbon black which is classified as the electrically

- 20 conductive carbon black. For example, there may be used
Ketjen Black EC (tradename) and Ketjen Black EC-600 JD
(tradename) from LION-AKZO, VULCAN XC-72 (tradename) and
Black Pearls 2000 (tradename) from Cabot Corporation,
HS-500 (tradename) from Asahi Carbon, Denka Black

25 (tradename) from Denki Kagaku Kogyo, and the like.

- An amount of the carbon material to be added to
the fluorine—containing resin is properly 0.1 to 30 % by
weight. When less than 0.1 % by weight, a sufficient
electric conductivity cannot be obtained, and when more

30 than 30 % by weight, the abrasion resistance undesirably
becomes worse and the mechanical strength becomes lowered.
' In the present invention, the
fluorine-containing resin molded article can be produced
by preparing a molded article of a fluorine—containing

35 resin composition containing 0.1 to 30 % by weight of
the carbon material, and then fluorination-treating the
surface of the article with a reaction gas of a compound
containing fluorine atom. The molded article is prepared
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A process for preparing a molded article having
a desired shape by mixing the fluorine~containing resin

5 and the carbon material is not particularly limited, and
an adequate process can be optionally employed depending
on the materials. -

For instance, as a process for - preparing a
cup—like or cylindrical molded article there may be

10 employed a process in .which after mixing with agitation
the fluorine—containing resin powder and the carbon
material powder, the mixed powder is press—molded and
heat-treated; a process in which the mixed powder is
melted and 1is subjected to injection molding, and the

15 like. As a process for preparing a sheet or film, there
may be employed a process in which the fluorine-containing
resin and the carbon material are dispersed into an
aqueous solution to which a surfactant and the like is
optionally added, .and the dispersion is applied in wet

20 system on a proper substrate, then dried and heat—treated;
a process in which a composite fine particle mateial is
prepared from the florine~containing resin and the carbon
material and is subjected to powder coating, then
heat-treated" to form a film, and the likee In any molding

25 process, after the molding, a certain process step such as
washing or polishing may be added, if necessary.

In the present invention, the reaction gas
comprising a compound containing fluorine atom
(hereinafter referred - to as “fluorine—~containing reaction

30 gas”) which is used in the fluorination treatment Iis,
for  instance, fluorine - gas, nitrogen trifluoride gas,
chlorine trifluoride gas or sulfur tetrafluoride gas, and
these gases may be optionally diluted with an inert gas
such as nitrogen gas. In addition, those gases may be

35 used in an admixture, and if necessary, oxygen gas, steam
or hydrogen fluoride gas may be added thereto.

The temperature of the fluorination treatment
varies with kinds of the reaction gases, kinds of the
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the —carbon fluorine-containing resins, kinds of the carbon materials,
and form, thickness or composition of the molded articles
or films, and is in the proper range from 50° to 350C,
particularly from 100° to 250°C. A proper treating time

5 is from 1 minute to 5 hours, particularly from 30 minutes
to 2 |Thours. When the treating temperature is lower
than 50°C, the reaction which produces C-F bond cannot
substantially proceed by the fluorination treatment
with the fluorine—containing reaction gas, and thus an

10 effective treatment is impossible. When  higher than
350C, the fluorine—containing resin is deformed and
thermally decomposed as well as a degree of fluorination
tends to become excess and an electric resistance tends to
be larger, which results in inconvenience.

15 The degree of fluorination treatment is
determined by a degree of fluorination at the surface. In
the present invention, the degree of surface fluorination
is defined by the value measured by the following manner. |

Fis spectrum (880 to 700 eV) and C,s spectrum

20 (280 to 300 eV) of a fluorine-containing resin molded
article are measured with X ray photoelectron spectrometer
(ESCA-750 of Shimadzu Corporation), 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

25 atoms at the surface of the carbon fluoride particle
is calculated. ™ This value is the degree of surface
fluorination. A value of the degree of surface
fluorination varies with kinds of the fluorine~containing
resins used, and is properly from around 1.0 to 3.0,

30 particularly around 2.0 to 3.0.

_ Since the surface of the fluorine-containing
resin molded article is subjected to the fluorination
treatment, the molded article has an enriched surface
lubricity and is excellent in abrasion resistance. '

35 Prior to the above—mentioned fluorination
treatment by wusing the fluorine—containing reaction gas,
according to the present invention, at least the surface
of the molded article can be subjected to pre—oxidation
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there may be employed gas—phase oxidation method, liquid-
phase oxidation method or electrolytic oxidation method.

5 According to the gas—phase oxidation method, for
example, a gas such as oxygen gas, ozone, nitrogen oxide
or steam 1is contacted with the surface of the molded
article or film at a temperature within the preferred
range of 100° to 350°C. A reaction temperature varies

10 with kinds of the gases, concentrations of the gases,
kinds of the fluorine—containing resins, kinds of the
carbon materials, or form, thickness or composition of the
molded articles or films, and properly is 100° to 350¢C.
When lower than 100°C, the pre—-oxidation gives an

15 insufficient effect, and when higher than 350C the
fluorine—containing resin is inconveniently deformed or
thermally decomposed. '

' According to the liquid—phase oxidation method,
for example, the molded article or film is dipped in a

20 chemical solution of  nitric acid, permanganate/sulfuric
acid, a chromate, a hypochlorite, or the like.

In the liquid—phase oxidation method, when
~using, for example, a concentrated sulfuric acid, the
method is feasible by boiling for 0.5 to 6 hours.

25 - According to the electrolytic oxidation method,
the molded article or film to be treated is set as a
cathode in 1IN sulfuric acid solution, and a direct voltage
of 1 to 50 V is applied thereto.

Among them, the gas—phase oxidation method is

30 particularly preferable, because the method can be carried
out in the same reactor as for the fluorination treatment
to be conducted afterwards, which can simplify the process
steps, and further remarkable effects can be obtained.

. When the conditions of the fluorination

35 treatment are optimized, the molded article comprising the
fluorine~containing resin and the carbon material can be
fluorinated only at the surface layer, and the inner part
can be maintained in non—fluorinated state.
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excellent low surface energy can be exhi 1ted because the
carbon material is converted into the carbon fluoride
at its surface. Therefore, improvement of water— and
oil-repelling property, mold-releasing property and
non—tackiness can be accomplished in comparison with the
sole use of the fluorine—containing resin. In addition,
lubricity and abrasion resistance are improved. In
general, it is known that a fluorine~containing resin
contains terminal structures derived from an initiator
or a chain transfer agent which are used in
polymerization. For example, in many cases the resin has
the end groups such as —-COOH end goup and —-CONH. end
group, and those groups are polar group which is a factor
to make a surface energy of the fluorine-containing resin
larger. .

JP-A-25008/1991  discloses that those polar
end groups can - be converted into —CFsz by treating with
fluorine gas.

According to the present invention, since only
in the surface layer those polar end groups are converted
into —-CFs end group by the fluorination treatment, the
surface energy can be synergistically lowered together
with the production of the carbon fluoride, and thus a
molded article having an extremely superior water— and
oil-repelling property, mold-releasing property and
non—tackiness. . ' '

On the other hand, since the electrically
conductive carbon  material is converted into the
insulative carbon fluoride by the fluorination treatment,

there is anxiety that the electric conductivity of the

molded article becomes lower. However, since only the
very limited area of the surface layer is subjected to the
fluorination treatment, the increase in volume specific
resistivity is very little. As a result, the molded
article which - can satisfy both the electric conductivity
and non—tackiness can be obtained.

Further, when the oxidation treatment is carried

In
is
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conpensate the hot offset-preventing effect. In th| s Hlum

the both offsets, i.e. hot-offset and el ectrostatic-off

prevented, it is difficult to form _uniformy an offset preventlng
| ayer containing the two fillers. = Wn ~the surface of the .

of fset-preventing layer is uneven, it is inpossible to mai nt ai n

the offset-preygntingd eff¢5t /L 2¢ 30¢nd¢ilE: treatment, .the fluorination

‘treatment can be carried out under gentle conditions and
uniformly, which can prevent the molded article from
deforming and being rough. .

5 With respect to this effect, though details are
not known, the reasons are assumed as follows. Namely, it
is said that an oxidized graphite prepared by oxidizing a
carbon material is fluorinated at a temperature lower
than that of fluorination treatment of the original carbon

10 material to produce a fluorinated graphite (carbon
~ fluoride) (e.g. Summary of Symposium in 15th Fluorine
Chemistry, pp. 16-17, 1990). Accordingly, in the present
invention, the surface or whole of the carbon material has
an oxidized graphite-like structure by the oxidation

15 treatment, and the fluorination can be carried out under
more gentle conditions. :

In another aspect, it is known that an anode
effect which is obtained by coating a surface of carbon
electrode with a carbon fluoride film in fluorine

20 generating electrolysis, can scarcely be obtained in the
absence of water, but can easily be obtained in the
presence of a trace amount of water (e.g. Journal of
Fluorine Chemistry, Vol. 57, pp. 83-91(1992)). It is
assumed that this phenomenon shows the fact that the trace

25 amount of water or the atomic oxygen produced by the
electrolytic oxidation can assist the production of the
carbon fluoride film. Therefore, in the fluorination
treatment of the present invention, it is assumed that
the production of carbon fluoride is accelerated by the

30 oxidation treatment such as steam -treatment prior to the
fluorination treatment.

With respect to the ﬂuorine—coritaining resin,
when the oxidation treatment such as steam treatment is
carried out prior to the fluorination treatment, the polar

35 end groups can be more easily converted into —-CFs end
group. Namely, as mentioned above, it is known that the
polymer end of the fluorine~containing resin has various
structures, and in some cases the end group is -COF. This
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4 - US-A-4 935 785 discloses a process for fusing an electro hotographlc

I mge to a substrate by devel oping an electrostatic Iat

troner of one polarity and contacting the deveed i mage w 17

having on its surface an insulating fluorocarbon elasto rein
stabl e el ectrical charges of the sane polarity as that of the toner are
embedded. As explained above, in Thellpractical situation,

-COF end group is -difficult to be converted into -CHa
end group by simply being subJected to the fluorination
treatment with fluorine gas, and severe reaction
conditions and a longer reaction time are required.

5 According to the steam treatment, however, the -COF end

- group can easily be converted into -COOH end group, and
the —-COOH end group can easily be converted into —CFs end
group by the treatmerit with fluorine gas. |

Therefore, the oxidation treatment 1s effective

- 10 to the . fluorination of the end groups of the fluorine-
containing resin. -

As mentioned above, by carrying out the
oxidation treatment with steam or proper oxidizing agents
prior to the fluorination treatment, the fluorination

15 treatment can be carried out effectively under more gentle
conditions. This is relating to modification of both the
fluorine-containing resin and the carbon material By
such mutual effects, the fluorine—-containing resin molded
article having an excellent electric conductivity and

20 non-—tackiness can be effectively obtained.

The  fluorine—containing resin molded article
of the present invention is wused for rollers of an
electrostatic copying machine such as a fixing roller,
a ' transferring roller, a paper feeding roller and a

25 conveying roller; bearings thereof. Further, the molded
article can be applied for various wuses, eg a reservior
or tray for chemicals used in semiconductor preparation
process, a casing for conveying or keeping wafers and
- electronic parts such as IC, a heating element, an

30 electromagnetic wave shielding material, and the like.

For example, when the above-mentioned fluorine—
containing resin film is formed on an outer surface of a
metal roller, the obtained roller is a fixing roller for
an - electrostatic copying machine having a very excellent

.35 offset—-preventing effect. |

That is, the present invention relates to a
fixing roller for an electrostatic copying  machine,
comprising a metal roller on which outer surface is
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an object to provide a fluorine-caont ing resin nolded article with an
excellent antistatic ability and non- t kiness due to its proper
el ectric conductivity and sufficiently | ow surface energy. Another object
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preparing Iufgluormatmg a surface. of a molded article of a
ﬂuorme-contmmng resin - composition comprising 0.1 to 30
% by weight of carbon material.

5 ' The metal roller of the fixing roller according
to the present invention may be made of materials having _
an excellent heat conductivity and dimension stability as
well as being light, e,g, aluminium or stainless steel.

The fluorine-containing resin in the fixing

10 roller according to the present invention is the same
as mentioned above, and is particularly preferably a
copolymer of tetrafluoroethylene and perfluoro(alkyl vinyl
ether), or a mixture of polytetrafluoroethylene and a
copolymer of tetrafluoroethylene and perfluoro(alkyl vinyl

15 ether).

The offset-preventing layer in the fixing roller
according to the present invention may be formed by usual
known methods in which a fluorine-containing resin layer
containing a carbon material is wused as the offset-

20 preventing layer. Among them, in view of easiness, there
is properly employed a method in which a mixed dispersion
of the fluorine—containing resin and the carbon material
is applied to the surface of the metal roller, dried and
then sintered.  After the film formation, it is possible

25 to increase a surface roughness by sanding.

The fixing .roller of the present invention is
produced by, after the formation of the offset—preventing
layer, carrying out the fluorination - treatment according

, to the above-mentioned method. Prior to the  fluorination

30 treatment, when the above—mentioned steam treatment or
oxidation treatment is carried out, the fixing roller can
exhibit more excellent offset-preventing abilty.

The present invention is explained below on the
basis of Examples, and the present invention is not

35 limited to the Examples.

EXAMPLE 1
‘Molding pellets were prepared by mixing
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fixing roller for electrostatic copyi ng machi ne having a

of fset-preventing ability, and to provide a preparation pr w:ﬂlm
sanme. DI SCLOSURE OF THE | NVENTI ON The resent I nventh

Furt her object of the present invention i thgghegr}gyBgLﬁRapmed

Li.

to a fluorine-containing resin 1_ | ded article, conpri si ng

nol ded article
to 30 % by weik
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of a fluorine-containing resin conmposition containing 0.1

gbrﬂiya P BAPtd™HG | Rhigh? SF" P Hitth-350d Rirted Fhis' e
107 T from Kureha Chemical Co., Ltd, fiber length:

7 00 4 m, aspect ratio: 39) and 80 parts by weight of
tetrafluoroethylene/perfluoro(alkyl vinyl ether) copolymer
9 (PFA) powder (Neoflon PFA AP210 from Daikin Industries,
 Ltd.) with Henshel mixer, and then melting and kneading at
350° to 370°C by a Dbiaxial extruder with two screws
rotating in a different direction.

The obtained pellets were fed to an injection

10 molding machine (cylinder temperature: 350° to 380C, die
temperature: 180°C) to oprepare a disc-like test piece
(diameter: 12 cm, thickness 0.5 cm) by 1nJect10n molding.

A reactor of monel (capacity: 1.5 liters) was

charged with the obtained test piece and sealed, and then

15 a pressure was reduced to 1 Pa or lower by a vacuum
pump. After heating the reactor to 200°C, a high purity
nitrogen gas was passed though at 1 £ /min for one hour to
sufficiently dry the test piece, and then the fluorination
treatment was carried out by passing a 20 % fluorine gas

20 diluted with nitrogen gas at 1 £ /min at 200C for 2
hours. Immediately after the completion of the
fluorination  treatment, while passing a high purity
nitrogen gas at 1 £ /min, the test piece was cooled to
room temperature and then taken out.

25

With respect to the test piece, a contact angle

to water and a volume specific res1st1v1ty (measured by

using = R8340A Digital Superhigh Remst1v1ty Meter and

R12702A  Resistivity Chamber available from Kabushiki

Kaisha Advantest) were measured. The results are shown in
30 Table 1. '

EXAMPLE 2
A disc-like test piece of the PFA resin

containing the pitch-type carbon fiber as a filler was |
35 prepared in the same manner as in Example 1.

This test piece was sealed in a reactor of monel

(capacity: 1.5 liters), and a temperature was raised
to 200C with passing a high purity nitrogen gas at

a
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BEST MODE FOR CARRYI NG OQUT THE I NVENTI ON I n t he : pres

i nventi on,

t he fluorine-containing resin S mu%&thB@é]ﬂﬂ

natri x. Exanpl es of t he fl uori ne-cont ai ni ng resi
I nstance, pol yt et raf | uor oet hyl ene, a copolyner

tetrafl uoroet hyl ene with  at | eas ane
~copol yneri zabl e ethylenically unsaturat ed nononers (for

exanpl e,
ol ef ins

ol ef

ins such as ethylene and propylene, hal ogenated

such ¢ /m#s hexaf | uor opropyl ene, vinylidene fluoride,

chlorotrifluoroethyl ene and .vinyl fluorigde, and perfluoro(al kyl

vinyl ethers) polychl orSubsequenti: nyyhile maintaimingi ay| td@ﬁérature of

fl-uori de),

10

15
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35

the reactor at 200C, a nitrogen gas containing steam was
passed through the reactor at 1 £ /min to previously
oxidize the test piece, an amount of said steam in the
nitrogen gas being equal to the saturated amount at 30C.

After that, the fluorination treatment was
carried out by passing a 20 % fluorine gas diluted with
nitrogen gas at 1 £ /min at 200C for one hour.
Immediately after the completion of the fluorination
treatment, while passing a high purity nitrogen gas at
1 £ /min, the test piece was cooled to room temperature
and taken out.

The obtained test piece was evaluated in the
same manner as in Example 1. The results are also shown
in Table 1.

COMPARATIVE EXAMPLE 1
Evaluation of the contact angle to water and the
volume specific resistivity was carried out in the ‘same
manner as in Example 1 with respect to the test piece of
the PFA resin containing 'the pitch-type carbon fiber as
a filler, which was prepared in Example 1 but was not

'subjected to the subsequent treatments such as the

fluorination treatment. The results are shown in Table 1.

COMPARATIVE EXAMPLE 2
A test piece was prepared in the same manner

'as in Example 1 except that 15 parts by weight of the

pitch-type carbon fiber and 5 parts by weight of a carbon
fluoride (CFGL from Daikin Industries, Ltd.) were used
instead of 20 parts by weight of the pitch-type carbon
fiber and that the fluorination treatment was not carried
out. The evaluation was conducted in the same manner as
in Example 1. The results are shown in Table 1.
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The particularly preferable fluorine- 6 cont al r-Ag—FeStHr—afphg—

them is polytetrafluoroethylene and a copol yner et [ af oe hy| l.ene
with at |east one of - hexafluoropropyl ene, perfl
vi nyl et her) and perfluoro(propyl vinyl ether) " ned
in an amount of not nore than 40 % hy nmole h

t he

tetrafl uoroethyl ene). Al so
fluorine-containing resin my be used in a mxture of two
Table 1
Contact angle' to ~ Volume specific
water (degree) resistivity (Q -cm)
5 .
Ex. 1 . 136 4 x 10°
Ex. 2 141 ' 5 x 108
Com. Ex. 1 123 2 x 107
10 Com. Ex. 2 125 _ 3 x 10°
EXAMPLE 3

To a PFA resin solution (Polyfulon Dispersion
15 AD-1CR from Daikin  Industries, Ltd.) was added an
electrically conductive carbon (Ketjen Black EC from LION
AKZ0) in an amount of 20 % by weight to the solid content
of the PFA resin solution, and sufficiently mixed and
dispersed by means of an ultrasonic homogenizer.
20 A surface of an aluminium roller (outer
~ diameter: 50 mm, inner diameter: 44 mm, length: 350 mm)
was roughened by means of sandblast treatment, and thereto
the above mixed dispersion was applied uniformly by
 air-spraying, and then the roller was subjected to heat
25 treatment in a hot-air circulation type thermostatic oven
of 380°C.- for one hour. .
Subsequently, the aluminium roller was put in a
reactor of monel (capacity: 10 liters) and then sealed,
and a high purity nitrogen gas was passed therethrough at
30 5 £ /min for one hour, then the reactor temperature was
raised to 200°C.  After the temperature reached the
equilibrium state, the fluorination treatment was carried
out by passing a 20 % fluorine gas diluted with nitrogen
gas at 2 £ /min at 200C for 2 hours. Immediately after
35 the  completion of the fluorination treatment, while
passing a high purity nitrogen gas at 5 £ /min, the
aluminium roller was cooled to room temperature and taken
out. -
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or nmore as well as wused alone. Particularly mis

a mxture of polytetrafluoroethylene and a copoly ;sBeenRe laced

tetrafl uoroet hyl ene W th perfluoro(al kyl vinyl et sent
~invention, the carbon material is added as an electri

filler. Examples of the carbon material are, fo

carbon bl ack, graphite powder , TarBBn — fi ber, spherl cal

gl ass-1i ke carbon and nmeso- car bon m grobeads. | g , | f

necessary, these at-treate rr o [err]. .

Parti cul )altrl y prefer abI g ;ﬁﬁﬂg nEP’éPlogi ‘éf §lgg§r&§%atu;0| acdoPYIRgi ch

is classifiedmachsne t Iwas edqmppedal wyth this roller, and properties of
the roller were evaluated with respect to non—offset
region property, charging property at paper passing and

5 abrasion resistance. '

The non—offset region property was measured by
actually passing four sheets of paper of A4 size while
changing a temperature of the heated fixing roller in 10T
steps. The results were evaluated by observing with naked

10 eyes as to whether missing or bleeding of letters occurred
or not, and are shown by a temperature region where no
offset occurred.

The charging property at paper passing was
evaluated by measuring a surface potential of the fixing

15 roller upon the above-mentioned paper—passing test by
means of a vibration reed—type surface potentlometer (340
- HV from Treck Japan).

The  abrasion resistance was evaluated by

measuring an abrasion amount (reduced amount: x m) after
20 passing fifty thousand sheets of paper of A4 size. '

EXAMPLE 4

An aluminium roller coated with the PFA film
containing the electrically conductive carbon was prepared

25 in the same manner as in Example 3.

The aluminium roller was put in a reactor of
monel (capacity: 10 liters) and then sealed, and a high
purity nitrogen gas was passed therethrough at 5 £ /min,
then the reactor temperature was raised to 200C.

30 Subsequently, while ' maintaining a temperature of the
reactor at 200C, a nitrogen gas containing steam was
passed through the reactor at 2 £ /min to previously
oxidize, an amount of said steam in the nitrogen gas being
equal to the saturated amount at 30C.

35 After that, the fluorination treatment was
carried out by passing a 20 % fluorine gas diluted with
nitrogen gas at 1 £ /min at 200C for one hour.
~ Immediately after the completion of the fluorination
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conductive carbon black For exanple, there may be sem
EC (tradenane) and Ketjen Black EC-600 JD (tradenane) fr BEh®eplaced

VULCAN XC-72 (tradenane) and Bl ack Pearls 2000 (trad

Cabot Corporation, HS-5 00 - (tradenane) from Asahi ka

Bl ack (tradenane) from Denki Kagaku Kggy& An anmount of the carbon naleri al
to be added to the fluorine-containing resinis properly 0.1 to 30 % by

wei ght . When |ess than 0 1 % by weight, a suffici ent eI ect ric
conductivity 4@Q 'F% n ht
t he abrasion Sl gﬂange undesj rably eg‘lorr\\g{ggﬁ'l rrsTg d%gg 9 2
strength becon-és/mm,er ¢he roller was cooled to room temperature and

taken out. |
| The obtained roller was evalulated in the same
5 manner as in Example 3. The results are shown in Table 2.

COMPARATIVE EXAMPLE 3

" The same evaluation as in Example 3 was

~conducted with respect to the aluminium roller coated with

10 the PFA film containing the electrically conductive carbon

prepared in Example 3 which was not subjected to the

subsquent treatments such as the fluorination treatment.

The results are shown in Table 2. This roller has a

smallest charging potential because the electrically

15 conductive carbon is contained. However, since the

surface energy is larger than that of the PFA alone, the

hot-offset easily occurs and the non—offset region becomes
narrower.

20 COMPARATIVE EXAMPLE 4
A roller was prepared in the same manner as in
Example 3 except that, instead of the electrically
conductive <carbon, the pitch-type carbon fiber (the same
as used in Example 1) and the carbon fluoride (the same as
25 wused in Comparative Example 3) were added in amounts of 15
% by weight and 5 % by weight to the solid. content of the
PFA resin solution, respectively, and that the
fluorination treatment was not carried out. The
evaluation was conducted in the same manner as in Example
30 3. The results are shown in Table 2.



In t he pr esent I nventi on, t he m

resin nolded article can be produced by prepar|n§hs$&afmph laced
article of a fluorine-containing resin conposition c 0 30
% by wei ght of the car bon material, and then flI u ml ng
the surface of the article with a reagtlfg gas of a conpound

fluorine atom The nolded article prepared 7 1in the shape of
rod, block, board, cup, cylinder, sheet :

Table 2
Non—offset Charging Abrasion
region ' potential amount
5

Ex. 3 150° to 230C 0 to -130V 1to2 um
Ex. 4 150° to 240C 0 to =50V l1to2 um

_ Com. Ex. 3 160° to 210C 0 to 50V 12 ym
10 Com. Ex. 4 150° to 200C 0 to =50V 2 to3um

The fluorine—containing resin molded article of

the present invention is excellent in antistatic property,
15 mold-releasing property and non-tackiness because of _its
. very low surface energy and its electric conductivity.

The process of the present invention is widely
applicable, since the gas—phase treatment is carried out
after molding to a desired shape, which does not restrict

20 shape of molded articles.

According to the fixing roller of the present
invention, the hot-offset and the electrostatic—offset
scarcely occur. Further, since there is no process step
where a composition containing a carbon fluorine is

25 molded, it is possible to make the offset—preventing layer
thinner and more uniform, and also the cold-offset may not
occur. In addition, since the surface lubrication is
~good, the abrasion resistance becomes excellent, which
makes its life longer.

30

INDUSTRIAL APPLICABILITY

The fluorine—containing resin molded article
of the present invention is wusable for rollers of an
electrostatic copying machine such as a fixing roller,

35 a transferring roller, a paper feeding roller and a
conveying roller; bearings thereof. Further the molded
article can be applied for various uses, e.g a reservior
or tray for chemicals used in semiconductor preparation




or film A process for preparing a nolded article "having a desired
shape by m xing the fluorine-containing resin and the cthpgﬁbetrmgggdmh l4ced

not particularly limted, and an adequate process can be
enpl oyed dependi ng on the materials. For instance,
preparing a cup-like or cylindrical nolded art| cl
be enpl oyed a process in which after ™ xl%hg With agitation the
fl uori ne-cont ai ni ng resin powder and t he carbon material powder,
e o PilRless: ® P EiGnE! 96 BDAVERRlE 'GP Thepiflg PWAEERS A

' electronic parts such as IC, a heating element, an

electromagnetic wave shielding material, and the like.




melted and is subjected to injection. nolding. As a—ptocess for

preparing a sheet or film there nmay be enployed a proceSﬁiéﬁieMe | REslaced
f uori ne-containing resin and the carbon nmaterial are I/ O

an aqueous solution to which a surfactant J I [mmﬂ .
optionally added, and the dispersion is g@pli_ed in wet syst ;
substrate, then dried and heat-treated; process in which a conposite
fine "particle material is prepared from the florine-containing resin

and the carbon materi al and is sy smed to powder coati ng,

then heat-treated to form a film I n any nol di ng process,
after the nolding, a certain process step such as

1. A fluorine~containing resin molded article,
comprising a molded article of a fluorine—containing resin
5 composition containing 0.1 to 30 % by weight of a carbon
material, a surface of said molded article being
fluorinated. '

2. The ﬂuorine-containing resin molded

10 article of Claim 1, wherein the fluorine-containing
resin is at least one selected . from the group
consisting of  polytetrafluoroethylene, a copolymer of
tetrafluoroethylene = with at least . one of  other

copolymerizable ethylenically unsaturated compound
15 monomers, polychlorotrifluoroethylene and poly(vinylidene
fluoride).

3. The fluorine~containing resin molded article
of Claim 1 or 2, wherein the article is in the form of
20 rod, block, plate, cup, cylinder, sheet or film.

4. A process for preparing a fluorine—containing

resin molded article, which comprises after preparing a

molded - article of ‘a fluorine—containing resin composition

25 containing 0.1 to 30 % by weight of a carbon material, a

step for fluorinating the surface of the article with a

reaction gas which comprises a compound containing
fluorine atom.

30 ' 5. The process for preparing the fluorine—
containing resin molded article of Claim 4, wherein the
fluorine-containing resin is at least one selected from
the group consisting of polytetrafluoroethylene, a
copolymer of tetrafluoroethylene with at least one of

35 other copolymerizable ethylenically unsaturated compound
monomers, polychlorotrifluoroethylene and poly(vinylidene

fluoride). -

T
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i nventi on,
fil uori ne

i NSt ance,

washi ng or polishing may be added, if necessary In reﬁent
the reaction gas conprising . conp cet L2 g
atom (hereinafter referred to as ' quorln
reaction gas") which is wused in the fluorination or
fluorine gas, ni trogen grlfluorlde gas chlorlne
gas or sulfur tetrafluor? gas and these gases y

trifluoride
be optional

addition, those gases gnmaypebe gf@%esl

oxygen gas,
t enperature

10

15

20

ly diluted with ‘an inert gas such as nltrogen gas.

SN ag, tad Yo
e gyt gt IS o R e iﬁﬁ‘;whier§‘e‘ln

the article is in the form of rod, block plate, cup,
cylinder, sheet or film.

7. The process for preparing the fluorine-
containing resin molded article of Claim 4, 5 or &,
wherein the fluorination treatment comprises a step for
bringing a reaction gas which comprises a compound
containing fluorine atom into contact with the molded

~ article, a surface of said article is previously oxidized.

8. A fixing roller for an electrostatic copying
machine, comprising a metal roller, an outer surface of
which is provided with a sheet-like or film-like fluorine—
containing resin molded article of Claim 3.

9. A process for preparing a fixing roller for
an electrostatic copying machine, which comprises, forming
a fluorine-containing resin composition containing 0.1 to
30 % by weight of a carbon material in the form of sheet
or film on an outer surface of a metal roller, and
fluorinating the surface with a reaction gas which
comprises a compound containing fluorine atom.

/.

N O R
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varies wth kinds of the reaction gases, kinds of the 8

fluorine-containing resins, kinds of the ‘carbon materials, and form
t*hi ckness or conposition of the nolded articles or films TharSHeetHaﬁBbeﬂl
proper range from 50 to [err], particularly from 100

proper treating tineis froml m'nute#QShours partlc mwuﬂ
mnutes to 2 hours. Wen the treatffn tenperature IS

[err], the reaction which produces CF bond .cannot
ABSTRACT
Fluorine—containing resin =  molded article

comprising a molded article of a fluorine-containing resin

5 composition containing 0.1 to 30 % by weight of a carbon
material, a  surface of ~said molded article being
fluorinated. The fluorine~containing resin molded article
can - be obtained by, after preparing molded article of a
- fluorine—containing resin composition containing 0.1 to 30

10 % by weight of a carbon material, fluorinating the surface
- of the article with a reaction gas which comprises a
compound containing fluorine atom. This fluorine-
containing resin molded article has ‘an antistatic property
and non-tackiness.
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This Sheet

FLUORINE-CONTAINING RESIN MOLDED

I I" ,” Im m, m Iiaced ARTICLE AND PREPARATION OF SAME

TECHNICAL FIELD

The present invention relates to a fluorine-
containing resin molded article having an  excellent
antistatic property and non-tackiness and to a process for
preparation of the same.

The present invention also relates to a fixing
roller for an electrostatic copying machine having a high
toner—offset—preventing ability, which -comprises the
provision of a sheet or film of a fluorine—containing
resin composition on the outer surface of a metal roller.

BACKGROUND ART

Fluorine—containing resins .such as homopolymer
or copolymers of tetrafluoroethylene have a very Ilow
surface energy in comparison with other resins, and
therefore have an extremely superior surface properties
such as water— and oil-repelling property, non—tackiness
and mold-releasing property. In addition, it has been
known that because of their chemical stability, they have
many excellent properties such as chemical resistance,
corrosion resistance and heat resistance, and thus the
fluorine—containing resins have been applied to wide and
various fields. - cr
The ﬂuorine-cbntaining resins, however, have
problems = that they are easy "to be electrostatically
charged, because they are electrically insulative.
. For example, .. in  computer devices and various
office automation (OtA) machmes,_ electronic parts such
as IC and LSI and: magnetlc ~storages must be protected
from electrostatic charge and sparks dué.’ to the charge.
Therefore, for the parts to be used for their peripheral
equipments or business machines (e.g. bearing parts for
various rollers and transferring machines) are required a
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(286 to 300 eV) of a fluorine-containing resin nol ded—art+ele-are neasured
with X ray photoel ectron spectroneter (ESCA-750 of Shipadzu Corporation).
cﬁiﬂ

From a ratio of areas in the charts corresponding to e laged
rati o F/ C of the nunber of fluorine atons to the nunber m {”Lns at
the surface of the carbon fluo+de particle is: S
value is the degree of surface fluorination. A val ue of t he
degree  of surface fluorination varies with kinds of the

f1 uori ne- consuificieyt r antistatigspuorestdd is properly from around 1.0
to 3.0, particularly papt, 2. @of O 8- Oresirii6r tBf chemicls affl hhe

fluorine- Conéc?ﬁirﬂlﬁ]&t used in preparation process of semiconductors,
but for a sufficient antistatic property, not only the
elements are broken due to the electrostatic charge, but
also the maintenance of clean environment is obstructed.

Moreover, a fluorine—containing resin film is
used as an offset—preventing layer for the surface of a
fixing roller in a heat roller fixing equipment of
electrostatic  copying  machines. In this case, when
using the fluorine-containing  resin alone, though
non—tackiness and mold-releasing property to a toner
melted by heating (hereinafter referred to as “hot—offset—
preventing  effect”) are  sufficiernt, there arises the
problem of 'a phenomenon so—called electrostatic offset,
that is, due to the abrasion between the fixing roller
and paper sheets the offset—preventing layer of the
fluorine—containing resin is charged graduallyy, and then
the toner before fixing is electrostatically adsorbed or
repelled, which results in  blotting and missing in
electrostatic images.

Further, in view of saving energy and shortening
a warm—up time of machines it is desired to carry out the
fixing at a temperature as low as possiblee For this
purpose, a fixing roller having an excellent heat
conductivity is desired. Accordingly, it is required that
the offset—preventing layer is made as thinner as possible
and also has abrasion resistance together with the above
various properties. ,

In order to solve the above problems, there has
been proposed a composition of a fluorine—containing resin
with which various electrically conductive fillers are
blended. _ ‘

For example, JP-B-38302/1991 discloses a
fluorine—-containing resin '-compgsit'fc‘)n"' te; which a carbon
black is added as the electrically conductive filler.
When adding the electrically conductive carbon black to
the fluorine—containing resin, the composition is endowed

This is the replacement sheet
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resin
4 he

gas,

nol ded article is subjected to the quorlnatlo t r eat ment,

article has an enriched surfaceln excel | ent
i n abrasi on resi stance. Prior to t he above
fluorination treatment by wusing the -fluorlne- action

according to the present |nver?rt|on at | east the surface of the

nol ded

nol ded article can be subjected to pre-oxi datio‘n 9 treatnent.

with an electric conductivity and thus an excellent
antistatic ability can be achieved. However, since the
electrically conductive carbon black has a larger surface
energy than the fluorine—containing resin, the carbon
black is inferior to the fluorine-containing resin in
such properties as water— and oil-repelling property,
non—tackiness and mold-releasing property. Accordingly,
the composition of the fluorine—containing resin and the
electrically conductive carbon black has the problem that
the composition 1is inferior to the fluorine—-containing
resin used alone in such properties as water- and
oil-repelling, non—tackiness and mold-releasing property,
and therefore such a composition has been practically used
within the limited use.

To the offset-preventing layer of the fixing
roller, it has been also tried to add various electrically
conductive fillers.

For example, JP-B-23626/1983 proposes the use of
a resin layer containing a carbon black and the like as
the offset—preventing layer. When an addition amount
of <carbon Dblack is made larger, a volume specific
resistivity can be lowered, which results in improvement
of electrostatic offset—preventing effect. However, the
hot offset—preventing effect becomes bad. In order to
solve this dilemma, in the practical application there is
obliged to use a wet process in which a silicone oil is
applied to the surface of the fixing roller.

JP-B-59468/1990 proposes the addition of a
carbon fluoride to a fluorine-containing resin together
with a carbon fiber as the electrically conductive filler
in order to compensate the hot offset—preventing effect.
In this case, though the both offsets, i.e. hot—offset and
electrostatic-offset can be prevented, it is difficult to
form uniformly an . offset—preventing layer containing the
two fillers. When the surface of the offset~preventing
layer is uneven, it is impossible to maintain the
offset—-preventing effect for a long time.

As explained above, in the practical situation,
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As "the pre-oxidation in the present invention be, enpl oyed
gas- phase oxi dation nethod, |iquid- phase oxi dati"%\

t her
S e RY ctrolytic
oxi dation nethod. According to the gas-phase oxid or exanpl e,
acted with

a gas such as oxygen gas, ozone, nitrogen oxide or
the surface of the nolded article or—=fi4m-at a tenperature within the

preferred range of 100 to [err] . A reaction tenperature varies
with kinds of the gases, concentrations of the gases, kinds of
the fluorini cois ai dlgfgcultesih@, miepase ofa t BRIGTARGTEORABIIG| s regin

form thicknggsded CoRRIk!! GRhfdh t NadDl dgd (AHiFbkhes siffabé| Mandandis
properly 1s A antSusty® " Kufficient in both of antistatic ability
and non-—tackiness.
The present invention has been made on the basis
of those ©problems, and has an object to ©provide a
fluorine—containing resin molded article with an excellent
antistatic ability and non—tackiness due to its proper °
electric conductivity and sufficiently low surface energy.
Another object of the present invention is to
provide a novel ©process for preparing a fluorine-
containing resin molded article with an antistatic ability
and non—tackiness.
Further object of the present invention is to
provide a fixing roller for electrostatic copying machine
having a high offset—preventing ability, and to provide a
preparation process of the same.

DISCLOSURE OF THE INVENTION
The present invention relates to a
fluorine—containing resin molded article, comprising a
molded article of a fluorine—containing resin composition
containing 0.1 to 30 % by weight of a carbon material, a
surface of said molded article being fluorinated.

BEST MODE FOR CARRYING OUT THE INVENTION

In the present invention, the
fluorine—containing resin is used as a matrix.
Examples of the  fluorine—containing resin  are, for
instance, polytetrafluoroethylene, a copolymer of
tetrafluoroethylene with ‘at least one of other
copolymerizable ethylenically -unsaturated monomers
(for example, olefins such as ethylene and propylene,
halogenated olefins such as hexafluoropropylene,
vinylidene fluoride, chlorotrifluoroethylene and vinyl
fluoride, perfluoro(alkyl vinyl ethers), -and the like),
polychlorotrifluoroethylene, poly(vinylidene fluoride),
and the like. The particularly preferable fluorine—
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Wen lower than [err], the pr e- oxi dation g| YfSsh I nsufficient
effect, and when higher than [err] the fl uor| laced’ esin
is inconveniently deforned or thermally deconpos m o the
| i qui d- phase oxidation nethod, for exanple, the or film
is dipped in a chemcal solutiomr Bf — nitric aci d,

per nenganat e/ sul furic acid, a chromat e or a hypochlorite. In the

| i qui d- phase oxi dation  nethod, usi ng, for, exanple
concent r at edCORBEAIPIAG ¢ LASIR,  FMENKet ﬁ'beqls f¥asi BP r%@PPfﬂ‘aﬁ’fYJF“%. 5 to
6 hours. Accar digopolgmielre edfct tetnafivormethyléman nwtibbd, at least one

of hexafluoropropylene, perfluoro(methyl vinyl ether)
and perfluoro(propyl vinyl ether) (which is contained
in an amount of not more than 40 % by mole to
tetrafluoroethylene), and the like. Also, the
fluorine-containing resin may be used in a mixture of two
or more as well as used alone. Particularly preferable
mixture is a mixture of polytetrafluoroethylene and a
copolymer of tetrafluoroethylene - with perfluoro(alkyl
vinyl ether), and the like.

In the present invention, the carbon material is
added as an electrically .conductive filler. Examples of
the carbon material are, for instance, carbon - black,
graphite - powder, carbon fiber, spherical - glass—like
carbon, meso—carbon  microbeads, and the like. If
necessary, these may be heat-treated at 1,000C to
3,000C. Particularly preferable carbon material is a
carbon black which is . classified as the electrically
conductive carbon black. For example, there may be used
Ketjen Black EC (tradename) and Ketjen Black EC-600 JD
(tradename) from LION-AKZO, VULCAN XC-72 (tradename) and
Black Pearls 2000 (tradename) from Cabot Corporation,
HS-500 (tradename) from Asahi Carbon, Denka Black
(tradename) from Denki Kagaku Kogyo, and the like. .

"~ An amount of the carbon material to be added to
the fluorine—containing resin is properly 0.1 to 30 % by
weight. When less than 0.1 % by weight, a sufficient
electric conductivity cannot be obtained, and when more
than 30 % by weight, the abrasion resistance. undesirably
becomes worse and the mechanical strength becomes lowered.

In the present invention, the
fluorine—containing resin molded article can be produced
by opreparing a molded article of a fluorine-containing
resin composition containing 0.1 to 30 % by weight of
the carbon material, and then fluorination—treating the
surface of the article with a reaction gas of a compound
containing fluorine atom. The molded article is prepared
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the' nol ded article or filmto be treated is set as a cathode in 1IN sulfurlc

acid solution, and a direct voltage of 1 to 50 V |$h1 . Anong
them the gas-phase oxidation nethod is particul arI ﬁm ecause
the nethod can be carried out in the sane reactor a I nation
treatment to be conducted afterwards, bch can si rrpll the process steps,
and further remarkable effects can be “obPai ned. Wen" the condi tions

of t he quorlnatlontreatm_ent are optimzed, the m)lded article
be T uor | nat g of rl&%ﬁgtﬁs%pacerﬁﬁayer Beard: "oup? EHlinddh, Bldiiter, 41
f11m and the like.

A process for preparing a molded article having
a desired shape by mixing the fluorine~containing resin
and the carbon material is not particularly limited, and
an adequate process can be optionally employed depending
on the materials. '

. For - instance, as a ©process for preparing a
cup-like or cylindrical molded article there may be
employed a process in which after mixing with agitation
the fluorine—containing resin powder and the carbon
material powder, the mixed powder is press-molded and
heat—treated; a process in which the mixed powder is
melted and is subjected to injection molding, and the
likee As a process for preparing a sheet or film, there
may be employed a process in which the fluorine—-containing
resin and the carbon material are . dispersed into an
aqueous solution to which a surfactant and the like is
optionally added, and the dispersion 1is applied in wet
system on a proper substrate, then dried and heat-treated;
a process in which a composite fine particle mateial is
prepared from the florine—containing resin and the carbon
material and . is subjected to powder coating, then
heat—treated to form a film, and the like. In any molding
process, after the molding, a certain process step such as
washing or polishing may be added, if necessary.

In the present invention, the reaction gas
comprising a compound containing fluorine atom
(hereinafter referred to as “fluorine-containing reaction
gas”) which is wused in the fluorination treatment is,
for instance, fluorine  gas, nitrogen  trifluoride gas,
chlorine trifluoride gas or sulfur tetrafluoride gas, and
these gases may be optionally diluted with an inert gas
such as nitrogen gas. In addition, those gases may be
used in an admixture, and if necessary, oxygen gas, steam
or hydrogen fluoride gas may be added thereto. ,

The temperature of the fluorination treatment
varies with kinds of the reaction gases, kinds of the
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can be maintained in non-fluorinated state. - 10 - In the fluorinated
surface layer, an extrenely excellent |ow surfac@hiehieet B&nRT
car bon

exhi bited, because the carbon material is convert mml

fluoride at its surface. Therefore, inprovenent
oil-repelling property, mol d- ~el gasing property

non-t acki ness-can be acconplished in conparison with the sol e u
fluorine-containing resin. In addition,

fluorine—containing resins, kinds of the carbon materials,
and form, thickness or composition of the molded articles
or films, and is in the proper range from 50° to 350C,
particularly from 100° to 250C. A proper treating time
is from 1 minute to 5 hours, particularly from 30 minutes

to 2  hours. When the treating temperature is lower

than 50°C, the reaction which produces C-F bond cannot
substantially proceed by the fluorination treatment
with the fluorine—containing reaction gas, and thus an
effective treatment 1is  impossible. When  higher than
350°C, the fluorine—containing resin is deformed and
thermally decomposed as well as a degree of fluorination
tends to become excess and an electric resistance tends to
be larger, which results in inconvenience.

The degree of fluorination treatment is
determined by a degree of fluorination at the surface. In
the present invention, the degree of surface fluorination
is defined by the value measured by the following manner.

F,s spectrum (880 to 700 eV) and Cis spectrum
(280 to 300 eV) of a fluorine-containing resin molded
article are measured with X ray photoelectron spectrometer
(ESCA-750 of Shimadzu Corporation). 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. This value 1is the degree of surface
fluorination. A value of the degree of surface
fluorination varies with kinds of the fluorine—~containing
resins wused, and is properly from around 1.0 to 3.0,
particularly around 2.0 to 3.0.

Since the surface of the fluorine—containing

‘resin molded article is subjected to the fluorination

treatment, the molded article has an enriched surface
lubricity and is excellent in abrasion resistance.

- Prior to the  above-mentioned  fluorination
treatment by wusing the fluorine—containing reaction gas,
according to the present invention, at least the surface
of the molded article can be subjected to pre—oxidation

t he
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| ubficity
is known
structures

and abr asi on resi st ance are inproved ln general,
that a fluorine-containing resin contains term nal

it

~ derived from an initiator or aThlS B
agent whi ch are used in polynerizati on rrany
cases the resin has the end groups su as - CO\IHZ end

group, and

t hose groups are polar grou Wmch Is a factor to

surface energy of the fluorine-containing resin |larger. JP- A— 25008/ 1991

di scl oses

by treating

{}@att{rher%tthose pol ar end groups can be converted into

fuori ne, gas. . . .
As thé pre—oxidation in the present invention,

there may be employed gas—phase oxidation method, liquid-
phase oxidation method or electrolytic oxidation method.

According to the gas—phase oxidation method, for
example, a gas such as oxygen gas, ozone, nitrogen oxide
or steam is contacted with the surface of the molded
article or film at a temperature within -the preferred
range of 100° to 350C. A reaction temperature varies
with kinds of the gases, concentrations of the gases,
kinds of the fluorine~containing resins, kinds of the
carbon materials, or form, thickness or composition of the
molded articles or films, and properly is 100° to 350C.
When lower than 100°C, the pre-oxidation gives an
insufficient effect, and when higher than 350C the
fluorine—containing resin is inconveniently deformed or
thermally decomposed.

According to the liquid—phase oxidation method,

for example, the molded article or. film is dipped in a

chemical solution of  nitric acid, permanganate/sulfuric
acid, a chromate, a hypochlorite, or the like.

In the liquid-phase oxidation method, when
using, for example, a concentrated sulfuric acid, the
method is feasible by boiling for 0.5 to 6 hours.

According to the electrolytic oxidation method,
the molded article or film to be treated is set as a
cathode in 1IN -sulfuric acid solution, and a direct voltage
of 1 to 50 V is applied thereto.

Among them, the gas—phase oxidation method is
particularly preferable, because the method can be carried
out in the same reactor as for the fluorination treatment
to be conducted afterwards, which can simplify the process
steps, and further remarkable effects can be obtained.

When the conditions of the fluorination
treatment are optimized, the molded article comprising the
fluorine—~containing resin and the carbon material can be
fluorinated only at the surface layer, and the inner part
can be maintained in non—fluorinated state.

- CF3
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According to the present invention, since only in the sur acq{e 19&49

those pol ar end groups are converted into -CF3 end groJEi

fluorination treatnment, the surface energy can H n

| ownered together with the production of the carbon fI uo a

nmol ded article having an extrenely supedior water- and oil -repel I [ ng

property, nol d-r el easi ng property - and non-tackiness. On t he

ot her hand, since the el ectrically conductive car bon mat eri al

is converted into Intnhthens@luprinateéd:argisitace| ulavere ayp extremely

fluorinati Onexéélfb’ﬁtrmlﬁw t§@FfRicel Sendipy etdn that exhibitedl]l edechfise the

conductivi He Qnon Material is converted into the carbon fluoride
at its surface. Therefore, improvement of water— and
oil-repelling property, mold—releasing property and
non—tackiness can be accomplished in comparison with the
sole use of the fluorine—containing resin. In addition,
“lubricity and  abrasion resistance are  improved. In
general, it is known that a fluorine~containing resin
contains terminal structures derived from an initiator
or a chain transfer agent which are ‘used in
polymerization. For example, in many cases the resin has
the end groups such as —-COOH end goup and -CONH:, end
group, and those groups are polar group which is a factor
to make a surface energy of the fluorine—containing resin
larger.

JP-A-25008/1991 discloses that those polar
end groups can be converted into —CFs by treating with
fluorine gas.

According to the present invention, since only
in the surface layer those polar end groups are converted
into —-CFs end group by the fluorination treatment, the
surface energy can be synergistically lowered together
with. the production of the carbon fluoride, and thus a
molded article having an extremely superior water- and
oil-repelling property, mold-releasing property and
non—tackiness.

On the other hand, since the electrically
conductive carbon material is converted into the
insulative carbon fluoride by the fluorination treatment,
there 1is anxiety that the electric conductivity of the
molded article becomes Ilower. However, since only the
very limited area of the surface layer is subjected to the
fluorination treatment, the increase in volume specific
resistivity is very little. As a result, the molded
article which can satisfy both the electric conductivity
and non-tackiness can be obtained.

Further, when the oxidation treatment is carried
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nol ded article beconmes | ower. However, since onl the very limted

area of the surface layer is subjected to the fl uori ndfis8keet Has Bech Repliced
the increase in volune specific resistivity is ve1 [ a
result, the nolded article which can satisfy both

the

conductivity and non-tacki ness can e ?Bt ained. Further, when
oxidation treatnment is carried out ““prior to the fluorination
treatment, the fluorination treatnment can be carried out under gentle

conditions & prior to the fluorination treatment, the fluorination
treatment can be carried out under gentle conditions and
uniformly, which can prevent the molded article from
deforming and being rough.

With respect to this effect, though details are
not known, the reasons are assumed as follows. Namely, it
is said that an oxidized graphite prepared by oxidizing a
carbon material 1is fluorinated at a temperature lower
than that of fluorination treatment of the original carbon
material to produce a  fluorinated  graphite (carbon
fluoride) (e.g. Summary of Symposium in 15th Fluorine
Chemistry, pp. 16-17, 1990). Accordingly, in the present
invention, the surface or whole of the carbon material has
an oxidized graphite-like structure by the oxidation
treatment, and the fluorination can be carried out under
more gentle conditions.

In another aspect, it is known that an anode
effect which is obtained by coating a surface of carbon
electrode with a carbon fluoride film in  fluorine
generating electrolysis, can scarcely be obtained in the
absence of water, but can easily be obtained in the
presence of a trace amount of water (e.g. Journal of
Fluorine Chemistry, Vol. 57, pp. 83-91(1992)). It is
assumed that this phenomenon shows the fact that the trace
amount of water or the atomic oxygen produced by the
electrolytic oxidation can assist the production of the
carbon fluoride film. Therefore, in the fluorination
treatment of the present invention, it is assumed that
the production of carbon fluoride is accelerated by the
oxidation treatment such as steam treatment prior to the
fluorination treatment. '

With respect to the fluorine—containing resin,
when the oxidation treatment such as steam treatment is
carried out prior to the fluorination treatment, the polar
end groups can be more easily converted into -CFs end
group. Namely, as mentioned above, it is known that the
polymer end of the fluorine—containing resin has various
structures, and in some cases the end group is —COF. This
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uniformy, which can prevent the nolded article fromdeformng and

being rough. Wth respect to this effect, though de t he
reasons are assuned as follows. Nanely, it is said t ﬁlmﬁi
graphite prepared by oxidizing a carbon nmaterial a

tenperature lower than that of fluarinatiaon treatrrent of t orlglnal
carbon material to pr oduce a fl uori nat ed graphite (car bon
fluoride) (e.g. Summary of Synposium in 15th Fluorine Chem stry,

whol & fli’ﬁo)"c"é‘c??#ﬁ‘LQ?ﬂ"“ﬂ”‘Sth&lffg‘i‘?§?2£°'“”@r”?p et o suc’hre

byo te hg Oil ca{ilg By smpﬁr bemg su Jectcg_J to the fluormatmn
treatment with fluorine gas, and severe reaction
conditions and a longer reaction time are required.
According to the steam treatment, however, the -COF end
group can easily be converted into ~COOH end group, and
the -COOH end group can easily be converted into ~CFs end
group by the treatment with fluorine gas.

Therefore, the oxidation treatment is effective
to the fluorination of the end groups of the fluorine-
containing resin.

As mentioned above, by carrying out the
oxidation treatment with steam or proper oxidizing agents
prior to the fluorination treatment, the fluorination
treatment can be carried out effectively under more gentle
conditions. This is relating to modification of both the
fluorine—containing resin and the carbon material By
such mutual effects, the fluorine—containing resin molded
article having an excellent electric conductivity and
non—tackiness can be effectively obtained.

The  fluorine—containing resin molded article
of the ©present invention is wused for rollers of an
electrostatic copying machine such as a fixing roller,
a transferring roller, a paper feeding roller and a
conveying roller; bearings thereof. Further, the molded
article can be applied for various uses, eg a reservior
or tray for chemicals used in semiconductor preparation
process, a casing for conveying or keeping wafers and
electronic parts such as IC, a 'heating ‘element, an
electromagnetic wave shielding material, and the like.

For example, when the above-mentioned fluorine-
containing resin film is formed on an outer surface of a
metal roller, the obtained roller is a fixing roller for
an electrostatic copying machine havmg a very excellent
offset—preventmg effect.

That is, the present invention relates to  a
fixing roller for an  electrostatic copying  machine,
comprising a metal roller on which outer surface is
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ect
which is obtained by coating a surface of carbon ele a

car bon fluoride film in fluorine generating can
scarcely be obtained in the absencgg oL water, but can easily be
obtained in the presence of a traCe anopunt of water (e.g. Journal
of Fluorine Chem' st ry, Vol. 57, pp. 83-91(1992)). It is assuned that

this phenowsg;% Fhfa% t heeekhe & aceriBAOUNVhh wWatisr Oprégaedt oni
B’ﬁggﬁgt F[.,ﬁd ced? r?relaemegcugl vt urfagé(lda%'on C&Bldefs'grtlcihe of a
fluorine—containing resin composition comprising 0.1 to 30
% by weight of carbon material.

The metal roller of the fixing roller according
to the present invention may be made of materials having
an excellent heat conductivity and dimension stability as
well as being light, e,g, aluminium or stainless steel.

The fluorine—containing resin in the fixing
roller according to the present invention is the same
as mentioned above, and is particularly preferably a
copolymer of tetrafluoroethylene and perfluoro(alkyl vinyl
ether), or a mixture of pblytetraﬂuoroethylene and a
copolymer of tetrafluoroethylene and perfluoro(alkyl vinyl
ether). '

treatnent, and the fluorination can carri r
gentle conditions. In another aspect, it |s known t Efﬁﬁltl{asgm 1‘“‘?

The offset—preventing layer in the fixing roller
according to the present inventionn may be formed by usual
known methods in which a fluorine-containing resin layer
containing a carbon material " is used as the offset—
preventing layer. Among them, in view of easiness, there
is properly employed a method in which a mixed dispersion
of the fluorine-containing resin and the carbon material
is applied to the surface of the metal roller, dried and
- then sintered. After the film formation, it is possible
to increase a surface roughness by sanding.

The fixing roller of the present invention is-
produced by, after the formation of the offset—preventing
layer, carrying out the fluorination treatment according
to the above—mentioned method. Prior to the fluorination
treatment, when the above-mentioned steam treatment or
oxidation treatment is carried out, the fixing roller can
exhibit more excellent offset—preventing abilty.

The present invention is explained below on the
basis of Examples, and the present invention is not
limited to the Examples.

EXAMPLE 1
Molding pellets were prepared by mixing
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car bon fluoride film Therefore, in the H—&er—Hfra%—i—eﬂ—t—r—ea{—#ent
of the present invention, it 1is assuned t-hat ﬁroductlon of

carbon fluoride is accelerated by the oxidation tre ﬁm"mﬁ@ am
l eam

treatment prior to the fluorination treatnent. Wth H
fluorine-containing resin, when the oxigation treat
treatnent is carried out prior to the fluorination treatnent, the polar end
groups can be 'nore easily converted into [err] end group. hbnely, as

ment i oned abowmifétmly ROovpartshaby theei@iwrref endpitch-bgpe carbon fiber
;lr gﬁlrol Ing [cgm] NP lgbﬁl'f Sk s RALhUS LM €¥o. 2N0LEd, So'f?oé\ras'el%nEEﬁ: end
¢ m, aspect ratio: 39) and 80 parts by weight of
tetraﬂuoroethylene/perfluoro(alkyl vinyl ether) copolymer
(PFA) powder (Neoflon PFA AP210 from Daikin Industries,
Ltd.) with Henshel mixer, and then melting and kneading at
350° to 370C by a biaxial extruder with two screws
~ rotating in a different direction.

The obtained pellets were fed to an injection
molding machine (cylinder temperature: 350° to 380C, die
temperature: 180C) to ©prepare a disc-like test piece
(diameter: 12 cm, thickness 0.5 cm) by injection molding.
| A reactor of monel (capacity: 1.5 Iliters) was
charged with the obtained test piece and sealed, and then
a pressure was reduced to 1 Pa or lower by a vacuum
pump. After heating the reactor to 200C, a high purity
nitrogen gas was passed though at 1 £ /min for one hour to
sufficiently dry the test piece, and then the fluorination
treatment was carried "out by passing a 20 % fluorine gas
diluted with nitrogen gas at 1 £ /min at 200C for 2
hours. Immediately after the completion of the
fluorination  treatment, while passing a high purity
nitrogen gas at 1 £ /min, the test piece was cooled to
room temperature and then taken out.

With respect to the test piece, a contact angle
 to water and a volume specific resistivity (measured by
~ using . R8340A Digital Superhigh Resistivity Meter and

R12702A  Resistivity = Chamber available from  Kabushiki
Kaisha Advantest) were measured. The results are shown in
Table 1.

EXAMPLE 2

A disc-like test piece of the PFA resin
containing the pitch-type <carbon fiber as a filler was
prepared in the same manner as in Example 1.

This test piece was sealed in a reactor of monel
(capacity: 1.5 liters), and a temperature was raised
to 200C with passing a high purity nitrogen gas at
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- 12 - -COF end group is difficult to be converted into [err] end
group by sinply being subjected to the fluorination tfmhmmsgeenmdphced

fluorine gas, and severe reaction conditions

reaction tinme are required. According to the stea mever
the -COF end group can easily be conyerigd Lnto - COOH t he
-COCH end group can easily be converted'into [err] end group by the

treatment with fluorine gas.
1 £ /min,

Subsequently, while maintaining a temperature of
the reactor at 200C, a nitrogen gas containing steam was
passed through the reactor at 1 £ /min to previously
oxidize the test piece, an amount of said steam in the
nitrogen gas being equal to the saturated amount at 30C.

After  that, the  fluorination  treatment was
- carried out by passing a 20 % fluorine gas diluted with
nitrogen gas at 1 £ /min at 200C for one hour.
Immediately after the completion of the fluorination
treatment, while passing a high purity nitrogen gas at
1 £ /min, the test piece was cooled to room temperature
and taken out.

The obtained test piece was evaluated in the
same manner as in Example 1. The results are also shown
in Table 1.

COMPARATIVE EXAMPLE 1

Evaluation of the contact angle to water and the
volume specific resistivity ‘was carried out in the same
manner as in Example 1 with respect to the test piece of
the PFA resin containing the pitch—type carbon fiber as
a filler, which was prepared in Example 1 but was not
subjected to the subsequent treatments such as the
fluorination treatment. The results are shown in Table 1.

COMPARATIVE EXAMPLE 2

A test piece was prepared in the same manner
as in Example 1 except that 15 parts by weight of the
pitch-type carbon fiber and 5 parts by weight of a carbon
fluoride (CFGL from Daikin Industries, Ltd.) were used
instead of 20 parts by weight of the pitch—type carbon
fiber and that the fluorination treatment was not carried
out. The evaluation was conducted in the same manner as
in Example 1. The results are shown in Table 1.
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Therefore, the oxidation treatment is effective tmm
of the end groups of the fluorine- containing resi WhlSSiEetHaBEéLLk S
above, by carrying out the oxidation treatnent WI

proper oxidizing agents prior to the fluorination ﬁ}[
fluorination treatnent can be carried ol effectively un er

condi tions. This is relating to nodification of both the -

fl uori ne-contai ni ng resin and the car bon mat eri al . By such mut ual
effects, the fluorine-containing resin msbledl article havi ng an
excellent electric caonductivity and non-tackiness can he effectivel y

obt ai ned.

Contact angle to Volume specific
water (degree) resistivity (Q -cm)
Ex. 1 136 4 x 10°
Ex. 2 141 5 x 108
Com. Ex. 1 123 . 2 x 107
Com. Ex. 2 125 3 x 10°
EXAMPLE 3

To a PFA resin solution (Polyfulon Dispersion
AD-1CR from Daikin - Industries, Ltd.) was added an
- electrically conductive carbon (Ketjen Black EC from LION
AKZ0) in an amount of 20 % by weight to the solid content
of the PFA resin solution, and ~sufficiently mixed and
dispersed by means of an ultrasonic homogenizer.
. A surface of an  aluminium - roller (outer
diameter: 50 mm, inner diameter: 44 mm, length: 350 mm)
was roughened by means of sandblast treatment, and thereto
the above mixed dispersion was applied wuniformly by
air-spraying, and then the roller was subjected to heat
treatment in a hot—air circulation type thermostatic oven
of 380°C: for one hour. ,

Subsequently, the aluminium roller was put in a
reactor of monel (capacity: 10 liters) and then sealed,
and a high purity nitrogen gas was passed therethrough at
5 £ /min for one hour, then the reactor temperature was
raised to 200C. After the temperature reached the
equilibrium state, the fluorination treatment was carried
out by passing a 20 % fluorine gas diluted with nitrogen
gas at 2 £ /min at 200C for 2 hours. Immediately after
the completion of the fluorination treatment, while
passing a high purity mnitrogen gas at 5 £ /min, the
aluminium roller was cooled to room temperature and taken
out.
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The  fluori ne-cont ai ni ng resin nmol ded article of the present

invention is used for rollers of an electrostatlelsSbe&

such as a fixing roller, a transferring roller, dlng

roller and a conveying roller; bearings thereof.

nol ded article can be applied for varJ_ouPsus_es e.g. a reserw or or tray

for chem cals used in sem conductor preparation process, casing for

‘conveying or Kkeeping wafers and electronic parts such as IC a

heat i ng el enent and arp el eﬁmﬁgagnqsdﬂlmve ahi el élétgra*gtaaﬁcal cbp¥ing

exanpl e, when _t he .above-nenti one Iuo.ri_lne cont ai I.ng dSI nfil IT}IS fOfITEd

on an outer sHaciiBe was equippe th “this- roller, properties o
‘the roller were evaluated with respect to non—offset
region property, charging property at paper passing and
abrasion resistance. .

The non—offset region property was measured by
actually passing four sheets of paper of A4 size while
changing a temperature of the heated fixing roller in 10¢C
steps. The results were evaluated by observing with naked
eyes as to whether missing or bleeding of letters occurred
or not, and are shown by a temperature region where no
offset occurred. ,

The charging property at paper passing was
evaluated by measuring a surface potential of the fixing
roller wupon the above—mentioned paper-passing test by
means of a vibration reed-type surface potentiometer (340
HV from Treck Japan).

The abrasion = resistance was evaluated by
measuring an abrasion amount (reduced amount: x m) after

passing fifty thousand sheets of paper of A4 size.

EXAMPLE 4

An aluminium roller coated with the PFA film
containing the electrically conductive carbon was prepared
in the same manner as in Example 3.

The aluminium roller was put in a reactor of
monel (capacity: 10 liters) and then sealed, and a high -
purity nitrogen gas was passed therethrough at 5 £ /min,
then the reactor temperature was raised to 200C.

" Subsequently, +svhile maintaining a temperature of the
reactor at 200C, a nitrogen gas containing steam was
passed through the reactor at 2 £ /min to previously
oxidize, an amount of said steam in the nitrogen gas being
equal to the saturated amount at 30C.

After that, the fluorination treatment was
carried out by passing a 20 % fluorine gas diluted with
nitrogen gas at 1 £ /min at 200C for one hour.
Immediately after the completion of the  fluorination
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metal - roller, the obtained roller is a fixing roIIer for an
el ectrostatic copying machine having a very excell ent Breal
effect. That 1is, the present invention relates I ’ MT ol l er

for an electrostatic copyi ng machi ne, conpr|3|n oIIer
on which outer surface is 13 provided W th a sheet or

whi ch Is prepared by fluorinating 172 surface a nolded art | cI e
of a

treatment, while passing a highly pure nitrogen gas at 2
£ /min, the roller was cooled to room temperature and
taken out.

The obtained roller was evalulated in the same
manner as in Example 3. The results are shown in Table 2.

COMPARATIVE EXAMPLE 3

The same evaluation as in Example 3 was
conducted with respect to the aluminium roller coated with
the PFA film containing the electrically conductive carbon
prepared in Example 3 which was not subjected to the
subsquent treatments such as the fluorination treatment.
The results are shown in Table 2. . This roller has a
smallest charging potential because the electrically
conductive carbon is contained. However, since the
surface energy is larger than that of the PFA alone, the
hot—-offset easily occurs and the non—offset region becomes
narrower. :

COMPARATIVE EXAMPLE 4

. A roller was prepared in the same manner as in
Example 3 except that, instead of the electrically
conductive carbon, the pitch-type carbon fiber (the same
as used in Example 1) and the carbon fluoride (the same as
used in Comparative Example 3) were added in amounts of 15°
% by weight and 5 % by weight to the solid. content of the
PFA resin solution, respectively, and that the
fluorination treatment was not carried out. The
evaluation was conducted in the same manner as in Example
- 3. The results are shown in Table 2.
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fluorine-containing resin conposition conprising 0.1 to 30 % by weight—of
carbon material. The netal roller of the fixing roller MgepA NN L Hggd
present invention nay be nade of materials having an exc

conductivity and di mension stability as well as being I |mmm, r J"t ni um
or stainless steel. The fluorine-cantgigning resin i g
roller according to the present invention is the sanme as nentioned
above, and is particularly pref erably a copol ynmer of

tetrafl uoroet hyl ene and perfluoro(al kyl Tableyl2 ether), or a mxture of
pol ytetrafluoroethyl ene and a copol yner of tetrafluoroethyl ene and

perfl uoro(al kyl vinyl

Non—offset Charging Abrasion

region potential amount
Ex. 3 150° to 230°C 0 to -130V_ l1to2 um
Ex. 4 150° to 240°C 0 to-50YV l1to2 um
Com. Ex. 3 160° to 210C 0 to =50 V 12 um
Com. Ex. 4 150° to 200%C 0 to 50V 2to3um

The fluorine—containing resin molded article of
the present invention is excellent in antistatic property,
mold-releasing property and non—tackiness because of its
very low surface energy and its electric conductivity.

The process of the present invention is widely
applicable, since the gas—phase treatment 1is carried out
after molding to a desired shape, which does not restrict
shape of molded articles.

According to the fixing roller of the present
invention, the hot—offset and the electrostatic—offset
scarcely occur. Further, since there is no process step
where a composition containing a carbon fluorine 1is
molded, it is possible to make the offset—preventing layer
thinner and more uniform, and also the cold—offset may not
~occur. In addition, since the surface lubrication is
good, the abrasion resistance becomes excellent, which
‘makes its life longer.

_ INDUSTRIAL APPLICABILITY
The  fluorine-containing resin molded article
of the present invention 1is wusable for rollers of an
electrostatic copying machine such as a fixing roller,
a transferring roller, a paper feeding 1roller and a
conveying roller; bearings thereof. Further the molded
article can be applied for various uses, e.g. a reservior

or tray for chemicals used in semiconductor preparation
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ether). The offset-preventing layer in the fixing roller according to the
present invention may be forned by usual known net hods mmsmhuﬂnsnwnk laced
fluorine-containing resin |ayer containing a carbon sed
as the offset- preventing layer. Anmobng them in VI

there is properly enployed a nmethod in which a mxed dlsper5|on o
fluorine-containing resin and the carbo ihqu;erlal is applied to the surface
of the metal roller, dried and then ered. After the film
formation, it is possible to increase a surface roughness by sandi ng.

The Tixing reirogesg e RISARNt foPVORsAPEying or keeping wafers and
electronic parts such as IC, a heating element, an
electromagnetic wave shielding material, and the like.
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produced by, after the formation of the offset-preventi ng | ayer, arryi ng
out the fluorination treatnent according to the ~above-mnentioned
method. Prior to the fluorination treatnent, vvhenth t e%o
steam treatnent or oxidation treatnent is carried out,

can exhibit nore excellent offset-prevenjgng-abilty. Th
I s expl ai ned bel ow on the basis of Exanples, and the
invention is not limted to the Exanples. EXAMPLE 1 Mol di ng peIIets

wer e pr epar ed by m Xi ng CLAIMS

IOﬂ

1. A fluorine—containing resin molded article,
comprising a molded article of a fluorine—containing resin
composition containing 0.1 to 30 % by weight of a carbon
material, a surface of said molded article being
fluorinated.

2. The fluorine—containing resin molded
article of Claim 1, wherein the fluorine—containing
resin is at least one selected from the group
consisting of  polytetrafluoroethylene, a copolymer of
tetrafluoroethylene with at least one of other

copolymerizable ethylenically unsaturated compound
monomers, polychlorotrifluoroethylene and poly(vinylidene
fluoride).

3. The fluorine—containing resin molded article
of Claim 1 or 2, wherein the article is in the form of
rod, block, plate, cup, cylinder, sheet or film.

4. A process for preparing a fluorine—containing
resin molded article, which comprises after preparing a
molded article  of -a fluorine—containing resin composition
containing 0.1 to 30 % by weight of a carbon material, a
- step for fluorinating the surface of the article with a
~ reaction gas which comprises a compound containing
fluorine atom.

5. The process for preparing the fluorine-
containing resin molded article of Claim 4, wherein the
fluorine—containing resin is at least one selected from
the group consisting of polytetrafluoroethylene, a
copolymer of tetrafluoroethylene with at least one of
- other  copolymerizable ethylenically unsaturated compound
mMONOmeErs, polychlorotrifluoroethylene and poly(vinylidene
fluoride).
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14 u.niformy 20 parts by weight of a pitch-type carbon Tiber—M-107T_

from Kureha Chemcal Co., Ltd., fiber |ength: 7Gmiss{.§e{1qgsBeenz§spect
' €

"ratio: 39) and 80 parts by weight of laced
tetrafl uoroet hyl ene/ perfluoro(al kyl vi nyl et her) Wm Mﬁ
powder (Neofl on PFA AP210 from Dai kin Industries, Ltd.) II§m xer,

and then nelting and kneading at 350 to [err] by a biaxial extruder
with two screws rotating in a di fferedl dfrection. The obtained pellets
were fed to an injection

6. The process for preparing the fluorine-
containing resin molded article of Claim 4 or 5, wherein
the article is in the form of rod, block plate, cup,
cylinder, sheet or film.

7. The process for  ©preparing the fluorine~
containing resin molded article of Claim 4, 5 or 6,
wherein the fluorination treatment comprises a step for
bringing a reaction gas which comprises a compound
containing fluorine atom into contact with the molded
article, a surface of said article is previously oxidized.

8. A fixing roller for an electrostatic copying
machine, comprising a metal roller, an outer surface of
which is provided with a sheet~like or film-like fluorine—
containing resin molded article of Claim 3.

9. A process for preparing a fixing roller for
an electrostatic copying machine, which comprises, forming
a fluorine—containing resin composition containing 0.1 to
30 % by weight of a carbon material in the form of sheet
or film on an outer surface of a metal roller, and
fluorinating the surface with a reaction gas which
comprises a compound containing fluorine atom.

A

This is the replacement sheet

Date: 2 § OCT 8%



mol di ng machine (cylinder tenperature: 350 to [err], die tenperature:
180C) to prepare a disc-like test piece (di aneTldsShed N n Réplacédness
0.5 cn) by injection nolding. A reactor of nonel (c

liters) was charged with the obtained test piece and n a
pressure was reduced to 1 Pa or |owegzby a vacuum punp. fter heating
the reactor to 200C, a high purity nitrogen gas was passed though at 1

[err] /m n for one hour to sufficiently dry the test piece, and then the
fluorination treatnment VPSUQRINEeCONTAININGRESTN) MOLNED, f | uori ne gas

diluted wth nitrogen é&@ﬁcn%t Aﬂme)t ibg{%%?f:@m ?EeSW] for 2 hours.

| mredi atel y after th conp

ABSTRACT

Fluorine—containing resin molded article
comprising a molded article of a fluorine-containing resin
composition containing 0.1 to 30 % by weight of a carbon
material, a surface of said molded article being
fluorinated. = The fluorine—containing resin molded article -
can- be obtained by, after preparing molded article of a
fluorine-containing resin composition containing 0.1 to 30
% by weight of a carbon material, fluorinating the surface
of the article with a reaction gas which comprises a
compound containing fluorine atom. This fluorine—
containing resin molded article has an antistatic property
and non—tackiness.
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f'l uori nation treat ment, whi-le" passing a hi gh pur i ty nit rogen

das ,at 1 [err] /mn,-the..test piece was cpol eREpPIHACENENT tSHHERAt URG
*and then taken out. Wth respect to the test pi 3%,}3@(;@;&%&%0@9| 8o tged .22,
wat er and a vol une specific resistpvi ?y Lmeasur Bozlay.auging : n;REB840A pagad .an
Digital Superhigh Resi stivity Meter and Rla-?qg .';ReSI st Vi ty : Mm(:
Chanber avai Lable from Kabushi ki Kai sha Adv?n}%gﬁt),‘mere meazsure,r
results are shown in Table 1.. EXAMPLE 2 A di st test’™ ™ i 8cé !

;tNgg PFA resin containing the pitch-type cabR,?,n OLIIQnCEB%s ..... 9 ‘.’.‘.‘!T.!..l..l.er

D

FLUORINE-CONTAINING RESIN MOLDED
ARTICLE AND PREPARATION OF SAME

TECHNICAL FIELD

The present invention relates to a fluorine-
containing resin molded article having an  excellent
antistatic property and non-tackiness and to a process for
preparation of the same.

- The present invention also relates to a fiking
roller for an electrostatic copying machine having a high
toner—offset—preventing ability, which comprises the
provision of a sheet or film of a fluorine~containing
resin composition on the outer surface of a metal roller.

BACKGROUND ART .

Fluorine—containing resins such as homopolymer
or copolymers of tetrafluoroethylene have a very Ilow
surface energy 1in comparison with other resins, and
therefore have an extremely superior surface properties
such as water- -"and oil-repelling property, non—tackiness
and mold-releasing property. In addition, it has been
known that because of their chemical stability, they have
many excellent properties $Such as chemical resistance,
corrosion resistance and heat resistance, and thus - the
fluorine—containing resins have been applied to wide and
various fields. _

The fluorine—containing resins, however, have
-problems that .they are &easy to be electrostatically
charged, because they are electrically insulative.

For example, in computer devices and various
office automation (0.A.) machines, electronic parts such
as IC and LSI and magnetic storages must be protected
from electrostatic charge and sparks due to the charge.
Therefore, for the parts to be used for their peripheral
equipments or business machines (e.g. bearing parts for
various rollers and transferring machines) are required a
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repared in the same manner as in Exanple 1. This test pi ece was sealed in
of nonel (capacity: 1.5 liters), and a t enperat ure was

.a reactor
:rai sed to -
1. Jerr]”
at [err],
1

at

/mn.

[err] with passing a high. purity nitrogen gas at 15

Subsequently, while naintaining a tenperature of the reactor

a nitrogen gas containing seam was passed through the reactor

[err] /mn to previously

sufficient antistatic property.

Further, for a reservior of chemicals and an

equipment used in preparation process of semiconductors,

but

for a sufficient antistatic property, not only the

elements are broken due to the electrostatic charge, but
also the maintenance of clean environment is obstructed.

Moreover, a fluorine—containing resin film is

used as an offset-preventing layer for the surface of a
fixing roller in a heat roller fixing equipment of
electrostatic  copying  machines. In this case, when

using

the fluorine—containing resin alone, though

non—tackinesss and mold-releasing property to a toner
melted by heating (hereinafter referred to as “hot—offset—
preventing  effect”) are sufficient, there arises the
problem - of a phenomenon. so-called electrostatic offset,

that

and

is, due to ‘the abrasion between the fixing roller
paper sheets the offset-preventing layer of the

fluorine—containing resin is charged gradually, and then

the

toner before fixing 1is . electrostatically adsorbed or

repelled, which results in  blotting and missing in
electrostatic images.

Further, in view of saving energy and shortening

a warm—up time of machines it is desired to carry out the
fixing at a temperature as low as possible. For this
purpose, a fixing roller having an excellent heat
conductivity is desired. Accorfiingly, it is .required -that
the offset—preventing layer is made as thinner as possible
and also  has abrasion resistance together with the above
various properties. ’

In order to solve the above problems, there has

been proposed a composition of a fluorine-containing resin

with
blended_.

which  various electrically conductive fillers are

For example, JP-B-38302/1991 discloses a

fluorine-containing resin composition . to which a carbon
black is added as the -electrically conductive filler.

When

the

adding the electrically conductive carbon black to

fluorine-containing resin, the composition is endowed
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€ .

oxidize the test piece, an anmount of said steam in the nitrogen gas
bei ng equal to the saturated anount at [err]. After that, the

=f l uori nation t r eat ment was carried out by passing a 20 % fluorine
. gas diluted with nitrogen gas at & [err] /min at [err] for one
hour. I mredi ately after the conpPet "on of the fluorination
treatment, while passing a high purity nitrogen gas at 1

The obta Wt o€ PHBEEr e EORERNTn ORRd | natle Alnner adtal Ut

Exanpl e 1.anfis¢atizsul akilitne ataw sbewn achidedd.e 1.However, since the
electrically conductive "carbon black has a larger surface
energy than the fluorine—containirig resin, the carbon
‘black is inferior to the fluorine—containing resin in
such properties as water- and oil-repelling property,
non—tackiness and mold-releasing property.  Accordingly,
the composition of the fluorine-containing resin - and the
electrically conductive carbon black has the problem that
the composition is inferior to the fluorine—containing
resin used alone in such properties as water— and
" oil-repelling, non-tackiness and mold-releasing property,
and therefore such a composition has been practically used
within the limited use. .

To the offset—preventing layer of the fixing
roller, it has been also tried to add various electrically
conductive fillers. - _

For example, JP-B-23626/1983 proposes the use of
a resin layer containing a carbon black and the like as
the offset-preventing layer. When an addition amount
of carbon black is made larger, a volume specific
‘resistivity can be lowered, which results in improvement
of electrostatic offset-preventing effect. However, the -
hot offset-prevénting effect becomes bad. In order to
solve this dilemma, in the practical application there is
obliged to use a wet process in which a silicone oil is
applied to the surface of the fixing roller. ' _

JP-B-59468/1990 proposes the addition of a.-
carbon fluoride to a fluorine-containing  resin together
with a carbon fiber as the electrically conductive filler
in order to «compensate the hot offset—preventing effect.
In this case, though the both offsets, i.e. hot—offset and.
electrostatic-offset can be prevented, it is difficult to
form uniformly an offset-preventing layer containing the
- two fillers. When the surface of the offset—preventing

layer is uneven, it is impossible to maintain the
offset—-preventing effect for a long time.
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COMPARATI VE EXAMPLE 1 Eval uation of the contact angle to water and the

vl ume specific resistivity was carried out in the sanme nmanner as
in Exanple 1 with respect to the test piece of the PFA resin containing
the pitch-type carbon fiber as a filler, which. was prepared in
Exanple 1 but was not subjected to the subsequent treatnents such

as the fluorination treatnment. The results are showmm in Table 1:
COVPARATI VE EXAMPLE 2 A test piece was prepared in the sane nanner as in
Exanpl e 1 except that 15 parts by weight of ‘the pitch-type carbon fiber
and 5 parts by weight of a carbon

~4-

US-A-4 935 785 disclosas a prcocess for fu

'J

sing
elactrcrhotographic image to a substrate by davelcping an

s 1

du -

electrostatic latsnt imacge with a tcne arity and

4

t r
contacting the develcped image with a fuser roll having cn
]

its surface an insulating fluorocarbon elastcmer matarial

whersin stable electrical charges of the same polazity as
that of the toner are embedded.. '

As explained above, in the practical situation,
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/| uoride (CFGL from Dai kin Industries, Ltd.) were wused instead of
. 20 parts by wei ght of the pitch-type car bon fiber and that the fluorination
_mtreatnment was not carried out. The evaluation was ‘conducted in the sane
manner as -in Exanplel. The-'results are shown in Table 1. - 16 Table 1
Contact angle to Vol une speciTi e wat er (degree) resistivity

[err]

it is difficult to prepare a fluorine-containing resin
molded article which has a uniform surface and is
simultaneously  sufficient in both of antistatic ability
and non—tackiness. '

The present invention has been made on the basis
of those problems, and has an object to provide a
fluorine—containing resin molded article with an excellent
antistatic ability and non—tackiness due to its proper
electric conductivity and sufficiently low surface energy.

~ Another object of the present invention is to

providée a novel process  for preparing a fluorine-
containing resin  molded article with an antistatic ability
and non—tackiness. .

Further object of the present invention is to
provide a fixing roller for electrostatic copying machine
having a high offset-preventing ability, and to provide a
preparation process of the same.

DISCLOSURE OF THE INVENTION
: The present invention relates to a
fluorine—containing resin molded article, comprising a
molded article of a fluorine-containing resin composition
containing 0.1 to 30 % by weight of a carbon material, a .
surface of said molded article being fluorinated.

BEST MODE FOR CARRYING OUT THE INVENTION

In’ the present invention, the
fluorine—containing resin is  used as a matrix.
Examples of the fluorine~containing resin are, for
" instance, polytetrafluoroethylene, a copolymer of
tetrafluoroethylene with at least one of other
copolymerizable ethylenically unsaturated monomers
(for example, olefins such as ethylene and propylene,
halogenated olefins such = as hexafluoropropylene,
vinylidene fluoride, chlorotrifluoroethylene and vinyl
fluoride, and perfluoro(@alkyl vinyl ethers)
polychlorotrifluorcethylene, and poly(vinylidene fluoride),

The particularly preferable  fluorine—
This is the replacement meet
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Ex. 1 136 4 x 109 Ex. 2

141 5 x [err] Com Ex. 1 123

c2 X [err] Com Ex. 2 125 3 x [err] EXAWPLE 3
To. a PFA resin solution (Pol yfulg Di spersion AD-1CR from Daikin
| ndustri es, Ltd.) was added | eCtrically conductive carbon (Ketjen
Bl ack EC from LION AKZO) in an amount of 20 % by weight to the solid

i sper sed SATREIRE of EETH  A80HE: “hEhelon b1, BOIYERlRAtluGh ey IRRE
‘al umi ni ugnd & addpelymerout ef  tetrafluoroethylene with at least one
| of - hexafluoropropylene, perfluord(methyl vinyl ether)
and perfluoro(propyl vinyl ether) (which is contained

in an amount of not more than 40 % by mole to
tetrafluoroethylene), : . Also, the

- fluorine—containing resin may be used in a mixture of two

or more as well as used alone. Particularly preferable

mixture is a mixture of polytetrafluoroethylene and a
copolymer of tetrafluoroethylene with perfluoro(alkyl

vinyl ether), ' _

In the present invention, the carbon material is
added as an electrically conductive filler. Examples of
‘the carbon material are, for instance, carbon black,
graphite powder, carbon fiber, spherical glass-like
carbon and meso-carbon  microheads, - - If
necessary, these may be heat—treated at 1,000C to
3,000¢C. Particularly preferable carbon material is a
carbon black which is classified as the electrically
conductive carbon black. ‘For example, there may be used
Ketjen Black EC (tradename) and Ketjen Black EC-600 JD
(tradename) from LION-AKZO, VULCAN XC-72 (tradename) and
Black Pearls 2000 (tradename) from Cabot Corporation,
HS-500 (tradename) from Asahi Carbon and Denka Black
(tradename) from Denki Kagaku Kogyo.

.An amount of the carbon material to be added to
the fluorine—containing resin is properly 0.1 to 30 % by
weight. When less than 0.1 % by weight, a sufficient
electric conductivity cannot. be obtained, and when more
than 30 % by weight, the abrasion resistance undesirably
becomes worse and the mechanical strength becomes lowered.

In the present invention, the
fluorine—containing resin molded article can be produced
by preparing a molded article of a fluorine—containing
resin = composition containing 0.1 to 30 % by weight of
the carbon material, and then fluorination-treating the
surface of the article with a reaction gas of a compound
containing fluorine atom. The molded article 1s prepared
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“dianmeter: 50 nm inner dianeter: 44 nmm |ength: 350 mm was roughened by
means of sandbl ast treatnent, and thereto the above m xed dispersion
<was applied. wuniformly by air-spraying, and then the roller was
subjected to-heat treatnent in a hot-a7r circulation type thernostatic.oven
of [err] for one hour. Subsequently, theTalumniumroller was put in a
reactor of nonel (capacity 10 liters) and then sealed, and a high

PUrL Y 1100155 BB PaRRCC LT RULLOUSRocll, Dl Ly O 508 MouT
,terrperatureormqhed_ t he- eqwllbrlum state, the fluorination
treatment Was. carri@d process for preparing a molded article having
a desired shape by mixing the fluorine—containing resin
and the carbon material is not particularly limited, and
an adequate process can be optionally employed depending
on the materials. - - .

' For instance, as a process for preparing a
_cup—like .or .cylindrical molded article there may be
employed a process in which after mixing with agitation
the fluorine—containing resin powder and the carbon
matérial powder, ‘the mixed powder is press—molded and
heat—-treated; a process in which the mixed powder is
melted and is subjected to injection molding,

As a process for preparing a sheet or film, there
may be employed a process in which the fluorine—containing
resin and the carbon material are dispersed into an

" .aqueous solution to which a surfactant is
optionally added, and the dispersion is applied in wet
system on a proper substrate, then dried and heat—treated;
a process in which a composite fine particle mateial is
‘prepared from the florine-containing resin and the carbon
material and is subjected to powder coating, then .
heat—treated to form a film, _ ~ In any molding
process, after the molding, a certain -process step such as
washing or polishing may be added, if necessary. _

In the ©present invention, the reaction gas
comprising a compound containing fluorine atom
(hereinafter referred to as  “fluorine-containing reaction
gas”) which is wused in the fluorination treatment Iis,
for  instance, fluorine  gas, nitrogen  trifluoride gas,
chlorine trifluoride gas or sulfur tetrafluoride gas, and
these gases may be optionally diluted with an inert gas
such as nitrogen gas. In addition, those gases may be
used in an admixture, and if necessary, oxygen gas, steam
or hydrogen fluoride gas may be added thereto.

The temperature of the fluorination treatment
varies with kinds of the reaction gases, kinds of the
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out by passing a 20 % fluorine gas diluted with nitrogen gas at 2

[err] /mn at [err] for 2 hours. Imediately after the conpl eti on of
the .- fluorination t reat ment, whil e passing: a high purity nitrogen
-gas at 5 [err] /min, the alumﬁig.lm roller was cooléd to room
tenperature and taken out. 17 A f rxi ng portion.  of

el ectrostatic copyi ng machine was equipped with this roller, and
properties of CoL _ . - .
fluorine-containing resins, kinds of the carbon materials,

and form, thickness or composition of the molded articles
or films, and is in the proper range from 50° to 3507C,

particularly from 100° to 250C. A proper treating time
is from 1 minute to 5 hours, particularly from 30 minutes
to 2 ‘hours. When the treating temperature is lower

than 50C, the reaction which produces C-F bond cannot
substantially = proceed by the fluorination treatment -
with the fluorine—containing reaction gas, and thus d&n
effective  treatment is impossible. When  higher than
350C, the fluorine—containing resin is deformed and
thermally decomposed as well as a degree of fluorination
tends to become excess and an electric resistance tends to
be larger, which results in inconvenience. o
_ The degree  of  fluorination  treatment  is
determined by a degree of fluorination at the surface. In
the present invention, the degree of surface fluorination
is defined by the value measured by the following manner.
Fis spectrum (880 to 700 eV) and C;s spectrum
(280 to 300 eV) of a fluorine-containing resin molded
article are measured with X ray photoelectron spectrometer
(ESCA-750 of Shimadzu Corporation). 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. This value is the degree of surface
fluorination. A value of the degree of surface
fluorination varies with kinds of the fluorine—containing
resins used, and is properly from around 1.0 to 3.0,
particularly around 2.0 to 3.0. .
Since the surface of the fluorine—containing
resin molded article is subjected to the fluorination
treatment, the molded article has an enriched surface
lubricity and is excellent in abrasion resistance. }
Prior  to the above-mentioned fluorination
treatment by wusing the -fluorine~containing reaction gas,
according to the present invention, at least the surface
of the molded article can be subjected to pre—oxidation
This ig the replacement sheet
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t he roller were evaluated wth respect to non- of f set regi on

property, <charging property at paper passing and abrasion resi st ance.
. The non-offset region property was neasured by actually passing four
sheets of paper of A4 size while chgngrng_ a tenperature of the heated
fixing roller in [err] steps. The résults were evaluated by observing
w th naked eyes as to whether m ssing or bleeding of letters occurred or

not, and are 5{1 by a tenperature region where no offset occurred. The
charg| ng p|t5 §m5 paper passing was evaluated by neasuring a _ surface
potential of the fixAsg the pre-oxidaticn in the present invention,

there may be employed gas—phase oxidation method, liquid—
phase oxidation method or electrolytic oxidation method.

According to the gas—phase oxidation method, for
example, a gas such as oxygen gas, ozone, nitrogen oxide
or steam is contacted with the surface of the molded
article or film at a temperature within the preferred
range of 100° to 350C. A reaction temperature varies
with - kinds of the gases, concentrations of the gases,
kinds of the fluorine-containing resins, kinds of the
carbon materials, or form, thickness or composition of the
molded articles or films, and properly is 100" to 350C.
When lower than 100C, the pre-oxidation . gives an
insufficient effect, and when higher than 350°C  the
fluorine—containing resin is inconveniently deformed or
thermally decomposed. ' .

According to the liquid-phase oxidation method,
for . example, the molded article or film is dipped in a
chemical solution of nitric acid, permanganate/sulfuric
acid, a chromate or a hypochlorite: B

In the liquid-phase oxidation method, when
using, for example, a concentrated sulfuric acid, the
method is feasible by boiling for 0.5 to 6 hours.

According to the electrolytic oxidation method,
the molded article or film to be treated is set as a
cathode in 1IN sulfuric acid solution, and a direct voltage
of 1 to 50 V is applied thereto. :

| Among them, the gas-phase oxidation method 1is

particularly preferable, because the method can be carried
out in the same reactor as for the fluorination treatment
to be conducted afterwards, which can simplify the process
steps, and further remarkable effects can be obtained.

When the conditions of the fluorination
treatment are optimized, the molded article comprising the
fluorine—containing resin and the carbon material can be

fluorinated only at the surface layer, and the inner part

can be maintained in non-fluorinated state. t
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“roller wupon the above-nenti oned paper - passing test by neans of a
vi bration reed-type surface potentioneter (340 HV from Treck Japan). The
abr asi on resi stance . was eval uat ed by measuring an abrasi on amount
(reduced amount: [err]) after passin i fty thousand sheets of paper of A4
size. EXAVPLE 4 An alumniumroller coatéd with the PFA filmcontaining the
electrically conductive carbon was prepared in the sane nmanner as in

[itorsy and then seatfd. g dinygpated ' SuPEGRCURbef] TERC! extARREY Y 10
. excellent low surface energy can be exhibited, because the
carbon material is converted into the <carbon fluoride

at its surface. Therefore, 1improvement of water— and

oil-repelling property, mold-releasing property and

non—tackiness can be accomplished in comparison with the

sole wuse of the fluorine—containing resin. In addition,

lubricity and  abrasion resistance are improved. In

general, it is known that a fluorine-containing resin
contains terminal structures derived from an initiator

or a chain transfer agent which are used in

polymerization. For example, in many cases the resin has

the end groups such as —-COOH end goup and —CONH: end

group, and those groups are polar group which is a factor

to make a surface energy of the fluorine—contaihing resin

larger.

JP-A~25008/1991 discloses that those polar

end groups can be converted into —CFs; by treating with

fluorine gas. ~ '
' According to the present invention, since only
in the surface layer those polar end groups are converted
into -CF; end group by the fluorination treatment, the
surface energy «can be synergistically lowered together
with the production of the carbon fluoride, and thus a
molded article having an extremely superior water- and
oil-repelling property, mold-releasing .property - and
non—tackiness.

On the other hand, since the electrically
conductive Carbon material is converted into the
insulative carbon fluoride by the fluorination treatment,
there 1is anxiety that the electric conductivity of the
molded article becomes lower. However, since only the
very limited area of the surface layer is ~ subjected to the
fluorination treatment, the increase in: volume specific
resistivity is very little. As a result, the molded
article which can satisfy both the electric conductivity
and non—tackiness can be obtained.

Further, when the oxidation treatment is carried

This s the replacement sheet

| Date:'. 01 JUN 1999



i purity nitrogen gas was passed therethrough at 5 [err] /mn, then t he

reactor tenperature was rai sed to [err]. Subsequently, whi | e
= mai nt ai ni ng a tenperature V\;te reactor - at 200 [err], a
nitrogen . gas containing steam passed through the reactor at- 2.

[err] /min to previously oxidize, .an amount of said steam in the

the' CoF1 udtanr B, o el TIRGLHEARRT, 2585‘%1‘5?%[ el o fhibtifhsion 5

fluorine tgestmeéntutean wbeh cametberout gusdent gent e[e¢ot}d1/ttms and [err]

';Iolrjorloggt Idgﬁ%mﬂmdbﬂ{l@hy cd L Cprevédte tHEL™PhRAUSE  LkiclkNe from
deforming and being rough.

With respect to this effect, though details are
not known, the reasons are assumed as follows. Namely, it
is said that an oxidized graphite prepared by oxidizing a
carbon material is fluorinated at a temperature lower
than that of fluorination treatment of the original carbon
material to produce a  fluorinated graphite (carbon
fluoride) (e.g. Summary - of Symposium in 15th Fluorine
Chemistry, pp. 16-17, 1990). Accordingly, in the present
invention, the surface or whole of the carbon material has
an oxidized graphite-like structure by the oxicating
treatment, and the fluorination can be carried out under
more gentle conditions. :

In another aspect, it is known that an anode
effect which is obtained by coating a surface of carbon
electrode with a carbon fluoride film in  fluorine
generating electrolysis, can scarcely be obtained in the
absence of water, but can easily be obtained in the
presence of - a trace amount of water (e.g. Journal of
Fluorine Chemistry, Vol 57, opp. 83-91(1992)). It is
assumed that this phenomenon shows the fact that the trace
" amount of water or the atomic oxygen produced by the
electrolytic oxidation can assist the production of the
carbon fluoride film. Therefore, in - the fluorination
treatment of the present invention, it 1s assumed that
the production of carbon fluoride is accelerated by the
oxidation treatment such as steam treatment prior to the
fluorination . treatment. _

With respect to the fluorine—containing resin,
when the oxidation treatment such as steam treatment is
carried out prior to the fluorination treatment, the polar
end groups can be more easily converted into —-CFs; end
group. Namely, as mentioned above, it is known that the
polymer end of the fluorine—containing resin has various
structures, and in some cases the end group is —-COF. This
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treatnment, while passing a highly pure nitrogen gas at 2 [err] /mn, the
roller was cooled to roomtenperature and taken out. The obtained roller
.was evalulated in the sanme manner as in Exanple 3. The results are shown
in Table 2. COWARATI VE EXAMPLE 3 Thej,sane evaluation as in Exanple 3
was conducted wth respect to the alufnfnium roller coated with the PFA
film containing the electrically conductive carbon prepared in

Exanpl e 3@l Clend®@Sgragh SHPI &fFAduld © to' "Pe converted into —CHa
end group by simply being subjected to the fluorination
treatment with fluorine  gas, and severe reaction
conditions and a longer reaction time are required.
According to the steam treatment, however, the -COF end
group can easily be converted into —-COOH end group, and
the ~COOH end group can easily be converted into —CFs end
group by the treatment with fluorine gas.

Therefore, the oxidation treatment is effective
to the fluorination of the end groups of the. fluorine-
containing resin.

As mentioned above, by <carrying out the
oxidation treatment with steam or proper oxidizing agents
" prior to the fluorination treatment, the fluorination
treatment can be carried out effectively under more gentle
conditions. = This is relating to modification of both the
fluorine—containing resin and the carbon material By
such mutual effects, the fluorine-containing resin molded
_article having an  excellent electric conductivity and
non—tackiness can be effectively obtained. ' _ '

, The  fluorine~containing resin molded  article
of the opresent invention is wused for rollers of an
electrostatic copying machine such as a fixing roller,
- a transferring roller, a paper feeding roller and a
conveying roller; bearings thereof. Further, the molded
article can be applied for various uses, eg. a reservior
or tray for chemicals wused in semiconductor preparation
process, a casing for conveying or keeping wafers and
electronic parts such as IC, a heating element andan
electromagnetic wave shielding material,

- For example, when the above-mentioned fluorine—"
containing resin film is formed on an outer surface of a
metal roller, the obtained roller is a fixing roller for
an electrostatic copying machine having a very excellent
offset-preventing effect. '

That is, the present invention relates to a
fixing roller for an electrostatic copying machine,
comprising a metal roller on which outer surface is:
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subsquen!t treatnents such as the fluorination treatment. The results are

shown in Table 2. This roller has a smallest charging potenti al
because t he el ectrically conductive car bon i.s contained. :
However, since the surface ener s larger than that of the PFA al one,

the hot-offset easily occurs and t elfon-of f set regi on becones narrower.
COVPARATI VE EXAI\/PLE 4 A roller was prepared in the sarre manner as in

f ica Iy conductlve |
oA thi’mv% it a lngfggggi(th sa?ﬁ hs u aREH 1 PAfedng t he

bon, type carbén fi
gg;bon f|u(§w defl (-lpﬁ)éj?agaﬁg a®s surface of a molded artlcle or a

fluorine—containing resin composition comprising 0.1 to 30
% by weight of carbon material.

The metal roller of the fixing roller according
to the present invention may be made of materials having
an excellent heat conductivity and dimension stability as
well as being light, e,g, aluminium or stainless steel.

The fluorine-containing resin in the fixing
roller according to the present invention is the same
as mentioned above, and is particularly preferably a
copolymer of tetrafluoroethylene and perfluoro(alkyl vinyl
ether), or a mixture of polytetrafluoroethylene and a
copolymer of tetrafluoroethylene and perfluoro(alkyl vinyl
ether). | ' ~

The offset-preventing layer in the fixing roller
according to the present invention may be formed by usual
known methods in which a fluorine-containing resin layer
containing a carbon material is wused as the offset—-
preventing layer. Among them, in view of easiness, there
is properly employed a method in which a mixed dispersion
of the fluorine-containing resin and the carbon material
is applied to the surface of the metal roller, dried and
then sintered. After the film formation, it 1is possible
to increase a surface roughness by sanding.

The fixing roller of the present invention is
produced by, after the formation of the offset—preventing
layer, carrying out the fluorination treatment according
to the above-mentioned method. Prior to the fluorination
treatment, when the above-mentioned steam treatment or
oxidation treatment is carried out, the fixing roller can
exhibit more excellent offset-preventing abilty.

The present invention is explained below on the
basis of Examples, and the opresent invention is not
limited to the Examples. '

EXAMPLE 1
Molding pellets were prepared ° by mixing
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“used in Conparati ve Exanple 3) were added in anounts of 15 % by wei ght and

5 % by weight to the solid content of the PFA resin sol ution,
srespectively, and t hat the fluorination® treatnent was not
.carri ed out . The eval uati on wasigonducted in the same manner as in
Exanple 3. The results are shown in Table 2. 19 Tabl e 2 Non-of f set
Char gi ng Abr asi on

uniformly 20 parts by weight of a pitch-type carbon fiber
(M=107T from Kureha Chemical Co., Ltd, fiber length:
700 pm, aspect ratio: 39) and 80 parts by weight of
tetrafluoroethylene/perfluoro(alkyl vinyl ether) copolymer
(PFA) powder (Neoflon PFA AP210 from Daikin Industries,
Ltd.) with Henshel mixer, and then melting and kneading at
350° to 370C by a- biaxial extruder with two screws
rotating in a different direction.

The obtained pellets were fed to an injection
molding machine (cylinder temperature: 350° to 3807C, die
temperature: 180°C) to prepare a disc-like test piece
(diameter: 12 cm, thickness 0.5 cm) by injection molding.

A reactor of monel (capacity: 1.5 liters) was
charged with the obtained test piece and sealed, and then
a pressure was reduced to 1 Pa or lower by "a wvacuum
pump. After heating the reactor to 200°C, a high purity
nitrogen gas was passed though at 1 £ /min for one hour to
sufficiently dry the test piece, and then the fluorination
treatment was carried out by passing a 20 % fluorine gas
- diluted with nitrogen gas at 1 £ /min at 200C for 2
hours. Immediately after the completion of the
fluorination  treatment, while passing a high purity
_nitrogen gas at 1 £ /min, the test piece was cooled to
room temperature and then.taken out. '

With respect to the test piece, a contact angle
to water and a volume specific resistivity (measured by
using R8340A Digital Superhigh Resistivity Meter and
R12702A  Resistivity = Chamber  available from  Kabushiki
Kaisha Advantest) were measured. The results are shown in
Table 1.

EXAMPLE 2 _

A disc-like test piece of the PFA resin
containing the pitch—type carbon fiber as a filler was
prepared in the same manner as in Example 1.

This test piece was sealed in a reactor of monel
(capacity: 1.5 liters)) and a temperature was  raised
to 200C with passing a high purity nitrogen gas at

t
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regi on potenti al anmount [err] The fluorine-containing
resin nolded article of the present invention is excellent in antistatic -
-property, nold-rel.easing property and non-tacki ness because of its very | ow
surface energy and its electric condygtivity. The process of the present
invention is wdely applicable, since the gas-phase treatnment is carried

out «after nolding to a desired shape, which does not restrict shape of

nol ded art ichQe'g iAccording to the fixing roller of the present invention,

t he hot-offsefm'and t he el ectrostatic-of fset .
Subsequently, while maintaining a temperature of

the reactor at 200C, a nitrogen gas containing steam was
passed through the reactor at 1 £ /min to previously
oxidize the test piece, an amount of said steam in the
nitrogen gas being equal to the saturated amount at 30°C.

After  that, the fluorination treatment  was
carried out by passing a 20 % fluorine gas diluted with
nitrogen gas at 1 £ /min at 200C for one hour.
Immediately after the completion of the _ fluorination
treatment, while passing a high purity nitrogen gas at
1 & /min, the test piece was cooled to room temperature
and taken out.

The obtained test piece was evaluated in the
same manner as in Example 1. The results are also shown
in Table 1.

COMPARATIVE EXAMPLE 1 _

Evaluation of the contact angle to water and the

volume specific resistivity was carried out in the same
manner as in Example 1 with respect to the test piece of
the PFA resin containing the pitch-type carbon fiber as
a filler, which was prepared in Example 1 but was not
subjected to the subsequent treatments such as the
fluorination treatment. The results are shown in Table 1.

COMPARATIVE EXAMPLE 2

A test piece was prepared in the same manner
as in Example 1 except that 15 parts by weight of the
pitch—type carbon fiber and 5 parts by weight of a carbon
fluoride (CFGL from Daikin Industries; Ltd.) were used
instead of 20 parts by weight of the pitch—-type carbon
fiber and that the fluorination treatment was not carried
out. The evaluation was conducted in the same manner as
in Example 1. The results are shown in Table 1.
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'scarcely occur . Further, since there is no process step where a
conposition cont ai ni ng a carbon fluorine is nolded, it is possible
.to make the offset-preventing layer thinner and nore uniform and al so

the cold-of fset may- not occur. -Inmg addition,- since the surface
lubrication I's good, the abr asi on resi stance beconmes excellent,
which nmakes its life |onger. I NDUSTRI AL APPLI CABI LI TY The

fl uori ne-cont ai ni ng resin nol de@fablearticle of the present invention

is wusable for rollers of an electrostatic copying nachi ne such
as a fixing roller, a_ transferring roller, a paper feeding

roller and a. Contact angle to Volume specific
water (degree) resistivity (Q -cm)
Ex. 1 136 4 x 10°
Ex. 2 . 141 : , 5 x 108
Com. Ex. 1 123 2 x 107
Com. Ex. 2 125 3 x 10°
EXAMPLE 3

To a PFA resin solution (Polyfulon: Dispersion

AD-1CR from Daikin Industries, Ltd) was -added an
electrically conductive carbon (Ketjen Black EC from LION
AKZ0) in an amount of 20 % by weight to the solid content
of the PFA resin solution, and sufficiently mixed and
dispersed by means of an ultrasonic homogenizer.
i A surface of an aluminium  roller (outer
diameter: 50 mm, inner diameter: 44 mm, length: 350 mm)
was roughened by means of sandblast treatment, and thereto
the above mixed dispersion was applied uniformly -by
air-spraying, and then the roller was subjected to heat
treatment in d hot-air ecirculation type thermostatic oven
of 380°C for one hour.

Subsequently, the aluminium roller was put in a
reactor ‘of monel (capacity: 10 liters) and then sealed,
and a high purity nitrogen gas was passed therethrough at
5 £ /min for one hour, then the reactor temperature was
raised to 200C. After the temperature reached the
equilibrium state, the fluorination treatment was carried
out by passing a 20 % fluorine gas diluted with nitrogen
gas at 2 £ /min at 200C for 2 hours. Immediately after
the completion of the fluorination treatment, while
passing a high purity nitrogen gas at 5 £ /min, the
aluminium roller was cooled to room temperature and taken
out.
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' ticle can
bearings thereof. Further the nol ded art
] a reservior or tray for chemcals

] [ ' ' [ S a casing for
“used in semconductor preparation 20 process,
conveying ‘or keeping wafeis and. eltl ctronic parts such I as IC a
heat i ng el ement and an el ectromagnetli c wave shielding material,

conveying roller;
be applied for various uses, e.qg.

A fixing portion of electrostatic  copying
machine was equipped with this roller, and properties of
the roller were evaluated with respect to non—offset
region property, charging property at paper passing and
abrasion resistance. L

The non-offset region property was measured by
actually passing four sheets of paper of A4 size while
changing a temperature of the heated fixing roller in 10°C
steps. The. results were evaluated by observing with naked
eyes as to whether missing or bleeding of letters occurred
or not, and are shown by a temperature region where no
offset occurred.

The charging property at paper passing was
evaluated by measuring a surface potential of -the. fixing
roller wupon the above~mentioned paper-passing- test by
means of a vibration reed—type surface potentiometer (340
HV from Treck Japan). |

The  abrasion resistance was  evaluated by
measuring an abrasion amount (reduced amount: u m) after
passing fifty thousand sheets of paper of A4 size.

EXAMPLE 4

An aluminium roller coated with the PFA film
containing the electrically conductive carbon was prepared
in the same manner as in Example 3.

The aluminium roller was put in a reactor of
~monel (capacity: 10 liters) and then sealed, and a high
purity nitrogen gas was passed therethrough at 5 ¢ /min,
then the reactor temperature was raised to 200¢C.
Subsequently, while maintaining a temperature of the
reactor at 200C, a nitrogen ‘gas containing steam was
passed through the reactor at 2 £ /min to previously
oxidize, an amount of said steam in the nitrogen gas being
equal to the saturated amount at 30¢C.

After that, the fluorination treatment was
carried out by passing a 20 % fluorine gas diluted with
nitrogen gas at 1 £ /min at 200C for one hour.
Immediately after the completion of . the fluorination
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CLAIMS 1. A fluorine-containing resin - nol ded article, conmprising a
npl ded article of a fluorine-containing resin conposition containing

0.1 to 30 %by weight of a carbon material, a surface of sai d
nmol ded article being fluorinated. 2. The fl uori ne-contai ni ng
resin nmol ded article of G a1, wherein the
fluorine-containing resin IS at | east one sel ected from t he
group consi sting of, pol ytetrafl uoroethylene, - a copol yner of

tetrafl uor oe¢dtyhemis while h passitg al ehighly puee nitfogenotgasr at 2
£ /min, the roller was cooled to room temperature and
taken_ out.

The obtained roller was evalulated in the same
manner as in Example 3. The results are shown in Table 2.

COMPARATIVE EXAMPLE 3 |

The same evaluation as in Example 3 was
conducted with respect to the aluminium roller coated with
the PFA film containing the electrically conductive carbon
prepared in Example 3 which was not subjected to the
subsquent treatments such as the fluorination treatment.
“The results are shown in Table 2. This roller has a
smallest charging  potential  because  the  electrically
conductive carbon is contained. However, since the
surface energy is larger than that of the PFA alone, the
hot—offset easily occurs and the non-offset region becomes
narrower. -

COMPARATIVE EXAMPLE 4 _

A roller was prepared in the same manner as in
Example 3 except that, instead of the electrically
conductive carbon, the pitch-type carbon fiber (the same
as used in Example 1) and the carbon fluoride (the same as
used in Comparative Example 3) were added in amounts of 15
% by weight and 5 % by weight to the solid content of the
PFA resin solution, respectively, and that the
fluorination treatment was not carried out. The
‘evaluation was conducted in the same manner as in Example
3. The results are shown in Table 2.
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copol yneri zabl e ethylenically unsat ur at ed conpound nonomers,

pol ychl orotrifl uoroethyl ene and pol y(vinylidene fluoride). 3. The

fl uori ne-containing resin nolded article of Claiml1 or 2, wherein the .
article is in the formof rod, blqckjgplate, cup, cylinder, sheet or film
4. A process for preparing a fluorine-containing resin nolded article,
which conprises after preparing a nolded article of a
fluorine-containing resin conpositiopgntaining 0.1 to 30 % by weight of a
carbon material, a step for. fluorinatrmg—the surface of the article at a
tenperatur& ranging ffromJ[err] to [err] Wt a  reactrtron gas

Non-offset Charging Abrasion

region potential amount
Ex. 3 150° to-2307C 0 to —-130V 1to2 um
Ex. 4 - 150° to 2407C- 0 to =50 V l1to2 um
Com. Ex. 3  160° to 210C 0 to -50 V 12 um

Com. Ex. 4 150° to 200°C 0 to-50YV 2to3um

The fluorine—containing resin molded article of
the present invention is excellent in .antistatic property,
mold-releasing property and non—tackiness because of its
very low surface energy and its electric conductivity.

_ The process of the present invention is widely
applicable, since the gas—phase treatment is carried out
after molding to a desired shape, which does not restrict
shape of molded articles. .

According to the fixing roller of the present
invention, the  hot—offset and the electrostatic—offset
scarcely occur. Further, since there is no process step
where. a composition containing a carbon fluorine is
molded, it is possible to make the offset—preventing layer
thinner and more uniform, and also the cold—offset may- not
occur. In addition, since the surface lubrication is
good, the abrasion resistance becomes excellent, which
makes its life longer.

INDUSTRIAL APPLICABILITY

The fluorine—containing resin  molded article
of the present invention is usable for rollers of an
electrostatic copying machine such as a fixing roller,
a transferring roller, a paper feeding roller and a
conveying roller; bearings thereof.  Further the molded
article can be applied for various uses, ‘e.g. a reservior
or tray for chemicals used in semiconductor preparation
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whi ch conprises a compound containing fluorine atom 5. The process for
preparing “the fluorine- containing resin nolded article of Caim
4, wherein the fluorine-containing resin is -at |east one selected
fromthe group consi sting of 2gpokytetrafluoroethyl ene, a
copolynmer of tetrafluoroethylene wth at |east one of other

copol yneri zabl e -ethyl enically unsat ur at ed conpound nononers,

pol ychl or ot PFPFE8%.0etdhy| @aRing 4ot copvkying nybidekeepingr i §fers and

electronic parts such as IC, a heating - element andan
electromagnetic wave shielding material, '
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22 6. The process for preparing the fluorine- eentaiming resin
nmol ded article .of daim 4 or 5 wherein the article m
zof rod, block plate, cup, cylinder,: sheet or fil m 7 m “ﬁl;“ WM“[
- for preparing the  fluorine- __con2h| nLng resin rii che sof*
Claim 4, 5 or 6, wherein the fluorination treat rrent conprises a step

for bringing a reaction gas which conprises a conpound containing

fluorine atom into contact wth %ER§\4§HDI ded article, a surface of
said article is previously oxidized. ixing roller for an
electrostatic copying

1. A fluorine—containing resin molded article,
comprising a molded article of a fluorine—containing resin
composition containing 0.1 to 30 % by weight of a carbon

material, a surface of said molded article Dbeing
fluorinated.

2. The  fluorine—containing resin molded
article of Claim 1, wherein the  fluorine—containing

resin  is at  least one selected from the group
consisting of _poly‘cetraﬂuoroethylepe, a copolymer of

tetrafluoroethylene with at  least one of ot_her
copolymerizable ethylenically unsaturated compound
monomers, polychlorotrifluoroethylene and poly(vinylidene
fluoride).

3. The fluorine—containing resin molded article
of Claim 1 or 2, wherein the article is in the form of
rod, block, plate, cup, cylinder, sheet or film.

4. A process for preparing a fluorine-containing
resin molded article, which comprises after preparing a
molded article of a fluorine-containing resin composition
containing 0.1 to 30 % by weight of a carbon material, a
step for fluorinating the surface of the article at a
temperature ranging from 50° to 350°C with a reaction gas
which comprises a compound containing fluorine atom.

5. The process for preparing the fluorine-
containing resin molded article of Claim 4, wherein the
fluorine-containing resin is at least one selected from
the group consisting of polytetrafluoroethylene, a
copolymer of tetrafluoroethylene with at least one of
other copolymerizable ethylenically unsaturated compound

monomers, polychlorotrifiuoroethylene and poly(vinylidene
fluoride).
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“machine, conprising a nmetal roller, an outer supf ich is
~provided with a sheet-like or filmlike fluorine- con‘@i’i@”’ﬂ"ﬁﬁmmmded
.article of Cdaim3. 9. A process for preparing a fixin Cry o lphas
el ectrostatic copying machine, whichy conprises; formng a
fluorine-containing resin conposition containing 0.1 to 30 % by weight
of a carbon nmaterial in the form of sheet or film on an outer surface

of a metal roller,g a@g]éf \IMU@Ebe@gg ng god hegs,-e?\%liifc,ﬂge tRé 2 flagpRigs ure

ranging from[err] to[ef a reaction ] conpr i ges a, conpound
cont ai ni ng ddntainmg atr@sin’ molded article of Claim 4 or 9 wherein
the warticle is in the form of rod, block plate, cup,

cylinder, sheet or film.

7. The process for preparing the fluorine-
containing resin molded article of Claim 4, 5 or 6,
wherein the fluorination treatment comprises a step for
bringing a reaction gas which comprises a compound
containing fluorine atom into contact with the molded
article, a surface of said article is previously oxidized.

8. A fixing roller for an electrosta_tic copying
machine, comprising a metal roller, an outer _surface of
which is provided with a sheet-like or film-like fluorine—
containing resin molded article of Claim 3.

9. A process for preparing a fixing roller for
an electrostatic copying machine, which comprises, forming
"a fluorine—containing resin composition containing 0.1 to
30 % by weight of a carbon material in the form of sheet
or film .on an outer surface of a metal roller, and
fluorinating the surface at a temperature ranging -
from 50° to 350°C with a reaction gas which comprises a
compound containing fluorine atom.
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FLUORiﬁ'E-éONTAINING RESIN MOLDED
ARTICLE AND PREPARATION OF SAME

ABSTRACT

- Fluorine—containing  resin molded article
comprising a molded article of a fluorine-containing resin
composition containing 0.1 to 30 % by weight of a carbon
material, a surface of said molded article being
fluorinated. The fluorine—containing resin molded article
can - be obtained by, after preparing molded article of a
fluorine—containing resin composition containing 0.1 to 30
% by weight of a carbon material, fluorinating the surface
of the article with a reaction gas which comprises a
compound containing fluorine atom. This fluorine-
containing resin molded article has an antistatic property
and non—tackiness. |
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