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(Title of ‘the Inventlon )
FLUORINE—CONTAINED RESIN MOLDED ARTICLES

- (Technical Field:)

The present invention relates to novel fluorlne-
contained resin molded articles having antistatic
property. More specifically, the invention relates to
fluorine-contained resin molded articles which exhibit
good antistatic effect while maintaining properties
inherent in the fluorine-contained resin and are fouled
very little, owing to the provision of an antistatic
layer of a fluorine-contained resin of which the
surﬁace tesistivity is adjusted to be not larger than
101359 by making present the ion-exchange groups on the
surface layer of a base material composed of a
fluorine-contained resin which does not substantially

" contain ion-exc¢hange group.

(Background Art:) ,

A fluorlne-contalned resin exhibits excellent
resistance against chemicals and heat, excellent
electrically insulating property and excellent
resistance against being fouled, and has been used in a
wide field of industries. However, the fluorine-
contained resin has such a high surface electric
resistance that it is easily electrified with static
electricity, which is a serious defect.

For example, a wafer carrier made of a fluorine-
contained resin used in-the steps of producing

. semlconductors tends to adsorb fine partlcles suspended

in the atmosphere due to electrifying property of the

fluorine-contained resin. As a result, fine particles

adsorbed by the wafer carrier contaminates the wafers

held by the wafer carrier accounting for a high percent:

defective of the products obtainedfpy using the wafers.
In a pipe for transporting inflammable fluids,
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static electricity is generated by the friction as the
lnflammable fluid passes through the pipe, creatlng a
probablllty of catchlng fire.

- There have heretofore been known a resin
composition obtained by blending a fluorine-contained
resin with an electrically conducting powder and a
molded article.composednof this composition in order to
impart antistatic property to the molded article of the

. fluorine-contained resin. For instance, Japanese Laid-

Open Patent Publication Nos. 37842/1986, 223255/1987

_ and?255751/1990 disclose methods of producing molded

articles of a resin composition which is obtained by
mixing a fluorine-contained resin such as
tetrafluoroethylene or the like with carbon powder and
carbon fiber powder, or electrically conducting powder
sucﬁ as of fibrous electrically conducting titanium
oxide and zinc oxide. ,

Furthermore, Japanese Laid-Open Patent Publication
No. 59864/1996 discloses a fluorine-contained resin
molded article having an electrically conducting
surface by treating the surface layer of the fluorine-

- contained resin molded article with plasma to form C=C

bonding by cutting C-F bonding.

However, the molded article of the resin
composition in which the electrically conducting powder
is mixed must be blended with. larg;gamounts of the
electrically conducting powder to impart antistatic
property arousing, however, a problem in that the
electrically conducting powder or impurities contained
therein elute out from the fluorlne-contalned resin
molded article. Such a problem i ':tes a phenomenon in
that a substance that comes into ¢ itact with the
molded article is fouled.  When theffluorlne-contalned
resin molded article is used as a’ wafer carrier, in
particular, the wafers held by the" Wafer carrier are
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fouled by particles due to the electrically conducting

. powder that has eluted out. When used for a pipe for

transporting fluid, furthermore, pa?ticles due to the
electrically conducting powder that eluted out from the
fluorine-contained resin, may contaminate the fluid.

When the molded article as a whole is constituted
by the fluorine-contained resin containing the
electrically conducting powder, the electrically
insulating property and resistance against fouling
inherent in the fluorine-contained'?esin are impaired
imposing limitation upon its use in the applications
where such properties are required..

In order to impart hydrophilic'property to the
fluorine-contained resin molded articles, on the other
hand, Japanese Laid-Open Patent Publication No.
98641/1989 discloses a method of graft—polymer;z;ng a
hydrophilic monomer contalnlng an ion-exchange group on
the surface of a porous tube of a fluorine-contained
resin based upon the irradiation with radioactive rays.

When the hydrophilic monomer is introduced by the
graft-reaction in order to impart hydrophilic property,
however, it is difficult to introduce the monomer
quantitatively and in large amounts since the fluorine-
contained resin belongs to a resin of the decomposition
type in this reaction. Therefore, the ion-exchange -
groups are imparted to a depth of as thin as about

several hundreds angstroms from the surface at the

greatest. With the surfaces of thé;fluorine-contained

resin molded article being irradiafed with radioactive

rays, furthermore, the decomposed reSLn may turn into a
cause of producing particles.

As a result, the fluorine-contained resin molded
article fails to exhibit'sufficieﬁﬁly decreased surface
electric resistance, and leaves m@ﬁ@ room for
improvement with respect to antisﬁhtic effect and foul-
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(Disclosure of the Invention:)

Therefore, it is a first object of the present
invention to provide a fluorlne-contalned resin molded
article which exhibits good antlstatlc effect in a
sustained manner over extended perleds of time and

. permits very little fouling substances such as

particles from the molded article and the like from
eluting out. .

A second object of the present 1nventlon is to
provide wafer carriers, tubes and fnlms by utilizing
the properties of the fluorine-contained resin molded
article.

Further objects and advantages of the present
invention will become obvious from the following
description.

' According to the present invention, the above-
mentioned objects and advantages can be accomplished by
forming, on the surface of a base material composed of
a fluorine-contained resin without substantially
containing ion-exchange group, an antistatic layer
composed of a fluorine-contained resin in which are
made present ion-exchange groups so as to exhibit a
predetermined surface electric resistance.

That is, the present invention is concerned with a
fluorine-contained resin molded article having, on the
surface of a base material composed of a fluorine-
contained resin without substantially containing ion-
exchange group, an antistatic laye?;composed of a
fluorine-contained resin of which ﬁﬁe surface
resistivity is adjusted to be not lérger than 1013 Q@ by
making present the ion-exchange graﬁps.

The invention further provideé}wafer carriers,
tubes and films of the above—mentiéﬁed fluorine-
contained resin molded articles.
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 (Brief Description of the Drawing:)

Fig. 1 is a perspective view lllustratlng a

typical structure of a wafer carrier constituted by a
. fluorine-contained resin molded article of the present
invention, wherein reference numeral 1 denotes a main

body of the wafer carrier, and 2 denotes grooves for
holding wafers.
(Detailed Descrlptlon of the Invention:)

In the present lnventlon, the base material
composed of a fluorine-contained resin does not
substantially contain ion-exchangeféroup. That is,
when a base material composed of a7iesin having ion-

" exchange groups is immersed in a solvent or in a

chemical solution, the molded article that is obtained
therefrom swells causing a change in the size thereof

and besides adsorbs and permits the permeation of ions, .

inorganic matters or organic matters. When the molded
article is used as a wafer carrier, therefore, a
problem arises in regard to fouling the wafers that
come into contact therewith. For instance, there have
been known a fluorinated ion-exchange membrane and an
ion-exchange resin as fluorine-contained resin
materials having ion-exchange groups. These resins,
however, are to permeate or adsorbiions, and usually
have ion-exchange groups in amounts of about ten and
several mol %. In a field where resxstance against
fouling which is a feature of the fluorlne-contalned
resin is required as represented by the wafer carrier,
therefore, it is desired to suppress properties for
adsorbing organic matters and ions: ‘which are possessed
by the fluorine-type lon—exchange membrane or the ion-
exchange resin. Even in the applications of molded
articles such as films and tubes composed of the
fluorine-contained resin'reguining éntistatic property,
it is desired to suppress propertigs for permeating and
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adsorbing ions, inorganic matters such as water and
organic matters such as alcohols.

Therefore, the fluorine-contained resin can be
used as the base material of the present invention
without limitation provided it does not contain ion-

- exchange groups or contains ion-exchange groups in

amounts that do not arouse the above-mentioned problem.
The amount of the ion-exchange groups in the fluorine-
contained resin that serves as a base material cannot
be exclusively specified since the required dimensional
stability, adsorbing property and permeating property
vary depending upon the applications. In general,
however, the amount of ion-exchange groups is smaller
than 0.20 mol% and, particularly, not larger than 0.1
mol% reckoned as a monomer that contains ion-exchange

groups. .

In this specification, the amount of the ion-
exchange groups contained in the fluorine-contained

" resin is expressed as a tomposition of the ion-exchange

groups relative to the monomer units of the whole
monomers . )

- From the standpoiné of not causing fouling when
the molded article is in use, it is desired that the
fluorine-contained resin cohstituting the base material
of the present invention does not substantially contain

"even fillers from which additivesi@éy elute out. Or,

it is desired that the_filler that ‘does not elute out
is added in an amount that does not seriously
deteriorate the properties of the fluorine-contained
resin base material. ;

According to the present inven#ion, concrete
examples of the fluorine—containediresin that can be
preferably used as the b§Se material may include a
polytetrafluorcethylene, a copolymer of a
tetrafluorocethylene and an alkyl vinyl ether and/or a
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monomer (herelnafter referred to as a precursor
monomer) having a functional group that can be
converted into an 1on—exchange group that will be
described later, a copolymer of a tetrafluorocethylene
and a hexafluoropropylene and/or a. brecursor monomer, a
polymonochlorotrifluorcethylene, a copolymer of a
tetrafluoroethylene and a perfluorodlmethyl dioxole,
and ‘a polyperfluoroalkenyl vinyl ether.

The above-mentioned alkyl v1nyl ether is a
perfluorocalkyl vinyl ether or a polyfluoroalkyl vinyl
ether having hydrogen atoms. COncretely speaking, the

" alkyl vinyl ether is represented by ‘the general

formula, :
Rg(CH2) g OCF=CF3

wherein R¢ is a perflﬁoroalkyl group, and £ is 0

or 1. '

It is desired that the alkyl vinyl ether is used
in such an amount that the amount of hydrogen atoms in
the ‘cbtained copolymer is not larger than 0.2% by
weight and, preferably, not larger than 0.15% by
weight.

- Among the above-mentioned fluorlne-contalned
resins, perfluorocarbon-type resins such as a

_ polytetrafluoroethylene, a copolymer of a

tetrafluorcethylene and a perfluorbalkyl vinyl ether,
and a copolymer of a tetrafluoroethylene and a
hexafluoropropylene, are preferably used from the
standpoint of resistance against heat, resistance
against chemicals and resistance against fouling.

In the present invention, the antistatic layer
formed on the surface of the base_materlal comprises a
fluorine-contained resin of whlchuthe surface
resistivity is adjusted to be not’ larger than 1013 Q
and, preferably, not larger than 1010 Q by making
present the ion-exchange groups. B
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~In the present invention, the surface resistivity
was measured in compliance with thgfmethod specified
under JIS K-6911.

The antistatic layer is formed on the surface of
the base material composed of a fluorine-contained
resin without substantially contaihing ion-exchange
group in order to lower the surfaceiresistivity.
Compared with conventional means for imparting
antistatic property by adding an electrically
conducting substance, therefore, very little particles
are produced from the surfaces, which is very useful
for the applications such as wafer carriers where
fouling of articles upon contact therewith becomes a
problem. Moreover, the fluorine-contained resin which
is a base material exhibits sufficiently large strength
since it does not contain large amounts of additives,

. and is best suited for the applications such as the

wafer carriers on which are exerted physical load. As
compared with an ion-exchange resin ébntaining ion-
exchange groups, furthermore, the impurity ions do not
infiltrate into the intérior thereof. Therefore, the
fluorine-contained resin adsorbs impurity ions in small
amounts and the articles that come in contact with the
fluorine~contained resin.molded article are very little
fouled with impurity ioms.

The fluorine-contained resin molded article of the
present invention was measured for its amount of
adsorbing chemical liquid in compllance with a method
that will be described later to be not larger than 50
ppb/cm3 and, particularly, not 1arger than 10 ppb/cm3.

From this fact, it will be understood that the
fluorine-contained resin molded artlcle of the present
invention is best suited - for the appllcatlons such as
wafer carriers where fouling is a problem.

When the antistatic layer of the fluorine-
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contained resin in which are made present ion-exchange
groups exhibits a surface re51st1v1ty which is larger
than 1013 @, the obtained fluorlne—cpntalned resin
molded article exhibits insufficient antistatic effect.
When the fluorine-contained resin molded article is,
for example, a wafer carrier, static electricity builds
up on the surface to collect particles which are
suspended in very small. amounts in a clean room, and
the wafer held by the carrier is fouled with the
particles. _

As the ion-exchange groups made present in the
antistatic layer, known ion-exchange groups bonded to
the fluorine-contained resin can be used without any
limitation. )

For instance, there can be exemplified a widely

known perfluoro cation-exchange grQup and a polyfluoro

anion-exchange group. Concrete exeﬁples of the
perfluoro cation-exchange group ineiude
perfluorosulfonic acid group and perfluorocarboxylic
acid group (these_perfluorosulfonic acid group and
perfluorocarboxylic acid group will be hereinafter
simply referred to as cation—exchange groups). A

- polyfluoro gquaternary ammonium group (hereinafter

simply referred to as anion-exchange group) can be
raised as the polyfluoro anlon—exchange group. These
ion-exchange groups are chemically" bonded to the
fluorine-contained resin via a perfluorocarbon chain or
a perfluoroether chain. )

If these ion-exchange groupszare descrlbed in
further detail, the perfluorosulfe ic acid group is
represented by the following: gener 1 formula,

~CFRFSO3M ;
wherein RF is F or. CF3, .and M 'is a hydrogen atom,

an alkali metal or a group represented by -N(R')4

(wherein R' is a hydrogen atomﬁor a lower alkyl
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group),
the perfluorocarboxylic acid group is represented by

. the following general formula,

~CFRFCOM

wherein RF and M are as defined above,

and the anion-exchange group is represented by,
' -CFRFCHN+R" 30~

wherein RF is as defined above, and R" is a

hydrogen atom or an alkyl group having 1 to 5 -

carbon atoms, and Q is a halogen atom. '

Among'these ion-exchange groups, the anion-
exchange groups generally have lower resistance against
chemicals than that of the cation-exchange groups. It
is therefore preferred to use the cation-exchange
groups. The perfluorosulfonic acid group exhibits good

- heat resistance compared with the perfluorocarboxylic

acid group. When the counter ions to be bonded are
hydrogen ions, the perfluorosulfonic acid group
exhibits higher antistatic property than the
perfluorocarboxylic acid'group, and is desired.

In the present invention, the antistatic effect
based upon the ion-exchange group can be confirmed by
way of voltage attenuation factor. Desirably, the
voltage attenuation. factor is not smaller than 70% and,
preferably, not smaller than 90% after one second from
the application of a voltage of 10 kV for one minute.

There is no particular limitation on the means for
adjusting the surface resistivity of the antistatic

" layer to lie within the above-mentipned range provided

the ion-exchange groups are contained in the fluorine-
contained resin. In general, the concentration of ion-
exchange groups in the fluorine—coﬁ?ained resin in the
antistatic layer should be not smalier than 0.25 mols,

‘preferably, from 0.25 to 20 mol$ aﬁé, more preferably,

from 0.25 to 18 mol%. When the amount of the ion-
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exchange groups is smaller than 0.25 mol%, the
antistatic property is not exhibited to a sufficient
degree even when the thickness is increased and it
becomes difficult to stably impart antistatic property.
When the amount of the ion-exchangefgroups is larger
than 20 mol%, on the other hand, the fluorine-contained
resin adsorbs water and impurity ions to an excessive
degree, or swells upon contact with the water or

. alcohols, though good antistatic property is exhibited.

Therefore, the fluorine-contained resin molded article
is deformed and the antistatic layer is partly peeled,
which are not desirable. _

In the antistatic layer of the present invention,
the ion-exchange groups are chemically bonded to the
side chain of the fluorine—contained resin. Therefore,
the antistatic effect is sustained for very extended
periods of time, and is neither lost nor decreased even
when the antistatic layer is contacted to a liquid for
extended periods of time.

In the antistatic layer, furthermore, the ion-
exchange groups may be made present'eithér uniformly in

" the antistatic layer in the direction of depth thereof

or in a manner that the concentration of the ion-
exchange groups decreases continuously or stepwisely in
the direction of depth of the antistatic layer from the
surface thereof. 1In the. latter case, the antistatic
layer has such a gradient of concentratlon as to
include a layer of the fluorine-coﬂﬁained resin in
which the amount of lon-exchange groups is not smaller
than 0.25 mol%. -

In the above-mentioned aspect,'it is desired that
the antistatic layer which contalns the ion-exchange
groups at a concentration of not smaller than 0.25 mol%
has a thickness of not smaller than 1 um and,
preferably, not smaller: than 10 ymgﬁrom the standpoint
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of accomplishing the above-mentioned surface

. resistivity. That is, when the thlckness of the above-

mentioned layer is smaller than 1 um, the antistatic
layer fails to exhibit antistatic p#operty to a
sufficient degree, and it becomes difficult to stably
impart the antistatic property to the fluorine-
contained resin molded article. Though there is no

- upper limit on the thickness of the antistatic layer,

any problem does not occur from the standpoint of
antistatic property even when the antistatic layer is
very thick. '

- When the antlstatlc layer contalnlng ion-exchange
groups at a concentration of not smaller than 0.25 mol%
has too large thickness; liowever, the fluorine-
contained resin molded article loses strength or
adsorbs the water and impurity ions since ion-exchange
groups exist deep inside therein.

When the fluorine-contained resin molded article
of the present invention is used for the appllcatlons
of wafer carriers and the like as will be described
later, therefore, it is desired that part of the
antistatic layer containing the ion-exchange groups at
a concentration of not smaller than 0.25 mol% has an
upper-limit thickness of not larger than 50%,
preferably, not larger than 40% and, more preferably,
not larger than 30% with respect to the thickness of

~ the base material. 1In partlcular, the upper-limit

thickness of the antistatic layer ;;,an absolute
thickness which may, desirably,_be;gbt larger than 500
pm, more desirably, not larger than 200 um and,

- particularly desirably, not larger than 100 um.

When the fluorine-contained re51n molded article
is used for thin articles such as fllms and sheets that
will be described later, or for such appllcatlons as
tubes and pipes, it is desired that the upper-limit
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thickness of the layer is so contrQ;led that the base
material has a thickness of not smaller than 10 um, so
that the fluorine-contained resin hibits insulating
property, property for inhibiting permeation of ions
and resistance against chemicals to a sufficient
degree.

In the present invention, the antlstatlc layer is

- usually formed on the whole surface of the molded

article. Depending upon. the applications, however, the
antistatic layer may be formed only on part of the
surfaces of the molded articles.

.~ PFor instance, the antistatic layer may be formed
on one surface of thin articles such as films and
sheets, or on the inner surface or bn the outer surface
of the tubes and pipes, the other surface without being
provided with the antistatic layer. This can be
favorably applied to such applications where the static
electricity becomes a problem on one surface of the
fluorine-contained resin molded article but does not
become a problem on the other surface.

According to the present invention, the thickness
of the antistatic layer, amount of ion-exchange groups
and thickness of the base material can be learned by
measuring the infrared absorption spectrum (hereinafter
referred to as IR spectrum). That.is, the film is
perpendicularly cut from the surfééé of the fluorine-
contained resin molded article of ‘the invention into a
depth of several tens to several hundreds of micronms,
and the IR transmission or reflection spectrum is
measured every after a step of sevéral microns. Or,
the surface of the fluofine—contaiged resin molded
article of the invention is ground into a depth of
nd the ground
surface is measured for its reflection spectrum. When
there exist ion-exchange groups, characterlstlc
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- absorptions due to the gfoups will be observed; i.e.,

perfluorosulfonate group (-SO3Na), perfluorocarboxylate
group (-COzNa) and perfluorocarboxylic acid group (-
CO2H) will be observed near 1060 cm-1, near 1680 cm-1
and near 1780 cm-1. The thickness of the antistatic
layer can be determined from theselébsorbing portions,
and the amount of the ion-exchange groups can be
determined from the intensity of abéorption.

When there exists no lon-exchange group, on the
other hand, these characteristic absorptlons are not
observed. Instead, absorptlons due to
polytetrafluorocethylene, a copolymer of
tetrafluoroethylene and alkyl vinyl ether, a copolymer

- of tetrafluoroethylene and hexafluoropropylené, and

polymonochlorotrifluoroethylene are observed over 1200
to 1300 cm-1, absorptions due to perfluorosulfonic acid
fluoride group (-SOF), perfluorocarboxylic acid
chloride group (-CO2Cl), perfluorocarboxylic acid ester
group (-CO2CH3) and perfluorocyano group (-CN) are
observed near 1420 cm-l, near 1710 cm-l, near 1780 cm-1
and near 2100 cm-1 as absorptions due to groups that
can be converted into ion-exchange'éroups. These
absorbing portions can be regarded to be thicknesses of
the layers.

There is no particular limitation on the concrete

. shape of the fluorine-contained resin molded article of

the present invention. For instancé, the fluorine-

contained resin of the invention can be molded into a

structure like a wafer carrier as shown in Fig. 1, into
tubular shapes such as tubes and pipes, and into thin
articles such as sheets and films.

Though there is no particular limitation on the
method of producing fluorlne-contajféd resin molded
articles, described below are preferred methods of
production. :
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1. A method of producing a fluorine-contained
resin molded article of which the base material is
composed of a precursor and having an antistatic layer
formed on the surface thereof by molding a fluorine-
contained resin having a group that can be converted
into an ion-exchange group (such a resin is simply

- referred to as precursor) into an article, and

converting, into an ion-exchange group, the group that
can be converted into an ion-exchange group that is
present in the precursor within a predetermined range
of thickness from the surface of the molded article to
thereby form an antistatic layer (production method 1).
2. A method of producing a fluorine-contained
resin molded article of which the base material
comprises a mixture of a precursor and a fluorine-

~contained resin without substantially having a group

that can be converted into an ion-exchange group and an
ion-exchange group, and having an antistatic layer

. formed on the surface thereof, by moldlng the mixture

of the precursor and the fluorine-contained resin
without substantially having a group that can be
converted into an'ion-exchangé group and an ion-
exchange group into an article, and converting, into an
ion-exchange group, the group that can be converted
into an ion-exchange group that is present in the
precursor within a predetermined range of thickness
from the surface of the molded article (production
methed 2).

3. A method of producing a fluorine-contained
resin molded article in which an antistatic layer is
formed on the surface of a base material which

- comprises a fluorine-contained res1n ‘without

substantially having a group that ¢an be converted into
an ion-exchange group and an lon—exchange group, by
molding the fluorlne-contalned resin without
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substantially having a gfoup that can be converted into
an ion-exchange group and an ion-exchange group into an
article, melt-adhering the above-mentioned precursor
maintaining a predetermined thickness onto the surface
of the molded article, and converting, into an ion-
exchange groups, the group that can be converted into.
an ion-exchange group that is present in the precursor
{(production method 3).

4. A method of producing a multi-layer fluorine-
contained resin molded article having an antistatic
layer formed maintaining a predetermined thickness on
the surface of a base material which comprises a

" fluorine-contained resin without substantially having a

group'that can be converted into an'ion-exchange group
and an ion-exchange group, by extruding the fluorine-
contained resin :
without substantially having a group that can be
converted into an ion—eichange group and an ion-
exchange group and the precursor to form multiple
layers and, then, converting into an ion-exchange
groups, the group that can be converted into an ion-
exchange group that is present in the precursor to
thereby form an antistatic layer (production method 4).

Therefore, the fluorine-contained resin molded
article of the present invention can be produced by
selecting any desired production'méthod depending upon
the object of use, kind of resin to be used, etc. 1In
this case, in order to form the antlstatlc layer
maintaining good preclslon in the thlckness, the
production methods 3 and 4 can be selected out of the
above-mentioned production methods.

The production methods will now be described in
detail.

The method of formlng the fluorlne-contalned resin
having ion-exchange groups for constltutlng the
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antistatic layer comprises copolymerizing a
fluorocolefin and a monomer having a group that can be
converted into an ion-exXchange group, and converting
the group that can be converted into the ion-exchange -
group into the ion-exchange group. 'The fluorine-

' contained resin having the ion—exchénge group obtained

by this method is represented by thé following general
formula, -

Qr

(CF2CF2)x(CFCF2)y(CECF3),

ORCFZ A

Ry

wherein R is a perfluorocarbon chain or a
perfluoroether chain and is concretely,

-(CF2)m~
wherein m is an'inpeger of from 2 to 10,
~(CF2CFO)nCFa-
|

CF3

wherein n is an integer of from 1 to 3, RF is as

- described above, Zis SO3M or_szM (where M is as

described above), and A is -CF3, ~O(CF3)4CF3z,
—~OCH2 (CF2)<CF3 (where d is 0 oﬁfan integer of from
1 to 7, e is an integer of from 1 to 7), or a
chlorine atom. T

The fluorine-contained resin Having a group that

can be converted into an ion—exchaﬁge group concretely
35 and preferably used in the production method 1, can be
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produced by the copolymerization of a
tetrafluorocethylene and a monomer having a group that
can be converted into an ion-exchange group. In order
to improve moldability and physicalwproperties of the
copolymer, in this case, the tetrafluoroethylene may be
blended with not more than 30 mol$ of a
hexafluoropropylene, alkyl vinyl etﬁers represented by
the following general formula, |

CF2=CFO(CH2) aCpF2p+1

wherein a is 0 or 1, and b is an integer of from 1

to 10,
or a monochlorotrifluorocethylene.

As the monomer having a group that can be
converted into an ion-exchange group, there can be
preferably used a monomer of the followxng general
formula having a group that can be converted into a
perfluorosulfonic acid ion-exchange group,

CF,=CFO [ CF;CF (CF3)0] .CF,CFRFSO,X

wherein X is F or Cl, RF is F or CFi3, and o is an

integer of from 1 to 3.

As the monomer having a group that can be
converted into a perfluorocarboxylic acid ion-exchange
group, there can be used a monomer represented by the
following general formula,

CF2=CFO[CF 2CF (CF3)0]p(CF2) ¥

wherein ¥ is CO3R (wherein R is a lower alkyl
group), CN, COF, COCl, p is anjinteger of from 1
to 3, and q is an inter of'frdﬁ 2 to 8,

or by the following general formula,
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CF; = CFO(CF3):OCF (CF3)Y

. wherein Y is COR (wherein R is a lower alkyl
5 group), CN, COF, cocl, and r is an integer of from
2 to 8. | |
Described below are concrete éxamples of the
monomers having a group that can be converted into an
ion~exchange group:

10 .
CF; = CFOCF;CF3S0,F,
CF, = CFOCF »CF (CF3)O0CF,CF2S0,F,
CF; = CFOCF 2CF (CF3)OCF,CF (CF3)O0CF2CF,S05F,
CF; = CFOCFCF (CF3)SOyF,
15 CF; = CFOCFCF (CF3)O0CF,CF (CF3)SO0,F,

CF; = CFO(CF3)3.8CO2CH3,
CF, CFOCF 2CF20CF,CF (CF3)CO2CH3.

These monomers may be used in a single kind or
20 being mixed together.

Copolymerization of the tetrafluorocethylene with
the monomer having a group that can be converted into
an ion-exchange group can be accomplished by a known
method without limitation. That is, the best

25 polymerization may be selected out of the solution
polymerization method, suspension polymerization method
and emulsion polymerization by taking conditions such
as copolymerizing properties into consideration. -

In any case, the copolymerization is carried out

30 by dissolving the tetrafluoroethylene in a dispersion
or solution of the monomer having a group that can be
converted into an ion-exchange group_under the

- application of pressure.. When anqﬁher monomer is used
in addition to the monomer having é;group that can be

35 converted into an ion-exchange group and the
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tetrafluorcethylene, the pelymerization may be carried
out by mixing the another monomer into the
tetrafluoroethyiene when . it is a gaseous
hexafluoropropylene or the like or by mixing the
another monomer into the monomer having a group that

- can be converted into an ion-exchange group when it is

a liquid alkyl vinyl ether or the like.

In the case of the emulsion polymerization or the
suspension polymerization without using organic
solvent, water is favorably used as a dispersing
medium. In the case of the solution-polymerization and
the suspension polymerization using an organic solvent,
on the other hand, the organic solvent works as a chain

transfer agent, whereby the polymer loses its molecular

weight and the resulting copolymer exhibits
deteriorated properties. It is therefore desired to
use a solvent which is a fluorine-type liquid.
Concrete examples include perfluordalkanes such as
perfluorobutane, perfluoropentane,'perfluorohexane,
perfluoroheptane, perfluorooctane and the like;
perfluorocycloalkanes such as perfluorocyclobutane,
perfluorocyclochexane and  the like; perfluoroethers;

" perfluoro tertiary amines such as

perfluorotributylamine and the like;
perfluoromorpholines; and chlorofluoroethanes such as
trifuloromonochloroethane and the like.

In the case of the.emulsion polymerization, a
persulfate such as ammonium persulfate is favorably
used as a polymerization initiator. 'In the case of the
solution polymerization and the suspens;on
polymerization, a known organic radlcal generator is
used. By taking the heat res;stancegof the obtained
copolymer into con51deratlon, however, diacyl peroxides
of the fluorine type are favorably used. Concrete
examples include (CF3CF2C02)2, (HCFZCcmoz)z,
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(C1CF3;CF2C02) 2, (CF3CF2CF2C02)2, and
(CF3CF 2CF20CF (CF3)C02) 2.

The pressure of the fluoroolefln during the
polymerization may vary dependlng upgn the monomer
composition and the polymerization'temperature and
cannot be exclusively determined but is desirably from
1 to 30 kg/cm2-G. The polymerlzatlon temperature
varies depending upon the decomp051tlon temperature of
the .polymerization initiator and cannot be exclusively
detérmined but is usually from 0 to 100°C, and is
preferably from 0 to 50°C when a diacyl peroxide of the
fluorine type is used as the polymerization initiator.

The thus obtained copolymer of the
tetrafluoroethylene and the monomer having a group that
can be converted into an ion-exchange group, can be

" molded into shaped articles, tubes, pipes, sheets and

films through injection molding, extrusion molding,
transfer molding or compression molding. The copolymer
of the fluoroolefin and the ion-exchanging monomer
exhibits different rigidity when it is molded into an
article depending upon its composition. Therefore, the
composition that meets the application may be selected
depending upon the rigidity.

According to the method 2 of produc;ng the
fluorine-contained resin molded article of the present
invention, the fluorine-contained résin having a group
that can be converted into an lon—exchange group

. concretely described in connection w;th the production

method 1 and the fluorine-contained resin without
having ion-exchange group or the fluorine-contained
resin described with reference to thg-base material
resin are mixed together, and,are mélded to obtain a
molded article. :

When a polytetrafluoroethylene 1s used as the base
material resin, however, the molded,artlcle is not
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obtained by the ordinary injection mplding or the
extrusion molding, but is obtainedfby a method based
upon the compression molding.

According to the method 3 of producing the
fluorine-contained resin -molded article of the present
invention, a powder or a dispersion of the precursor is
applied onto the surface of the base material by the
electrostatic application method, immersion application

" method or spray application method, followed by heating

and melt-adhesion to obtain a molded article.

- It is also allowable to obtain the molded article
by applying, by the above-mentioned electrostatic
applﬁcation method or the like method, a powder or a
dispersion of the precursor into a-metal mold having an
inner surface formed to match with the shape of the
base material to form the layer of the precursor, and
introducing the base material into the metal mold
followed by heating in order to melt-adhere the layer
of the precursor to the base material.

~ Depending upon the applications in this case, the

' melting point of the copolymer of the

tetrafluoroethylene and the monomer having a group that
can be converted into an ion-exchange group may be set
to be lower than the melting point of the base material
resin by about 10°C and, preferably, by about 20°C, so
that the precursor is melt-adhered by heating onto the
base material resin without causing: its shape to be
changed. In order to obtain such_gfcopolymer, it is
desired that the content of the monbmer having a group
that can be converted into an ion-exchange group is not
smaller than 4 mol% and, preferably} is 6 to 20 mol%
when it is a bicopolymer of the teﬁiafluoroethylene and
the monomer having a group that caﬁibe converted into

. an ion-exchange group. It is'furﬁhér allowable to add

such components as alkyl vinyl ether or
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hexafluoropropylene to phe system in order to lower the

" melting point to a desired level. A sheet-like molded

article can be obtained by lining the base material
resin with the copolymer that is molded into a sheet
according to the production method 1, followed by melt-
adhesion by heating.

According to the method 4 of producing the
fluorine-contained resin molded article of the present
invention, a powder or a dispersion of the fluorine-
contained resin having a group that can be converted
into an ion-exchange group concretely described with
reference to the production method 1 is extruded
together with the base material resin to obtain a

~ laminate. In this case, when a resin that cannot be

15

20

25

30

35

melt extrusion-molded by .an ordinary method such as

polytetrafluoroethylene is used as a base material

resin, there can be selected a method of extrusion-
laminating a fluorine-contained resin having a group
that can be converted into an ion-exchange group as
concretely described with reference to the production
method 1 onto the polytetraluoroethylene that has been
molded in advance. When a resin that can be melt-
molded in an ordinary manner is used as a base material
resin, there can be further employed a coextrusion
method which laminates two kinds of resins one upon the
other while melt-extruding them in addition to

. employing the above-mentioned extrusion-laminating

method. As required, furthermore, the laminate
consisting of three or more layers can be obtained by
this production method.

" Under an alkaline condition that is usually used,
it is desired to employ a hydrolysis reaction to
convert into_cation—exchange grOup$, the groups that
can be converted into ion-eXchangéléroups in the
fluorine-contained resin molded article produced by the
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.above—mentioned production methods. The hydrolysis

reaction is carried out by immersing the molded article
in an aqueous solution which contaiﬁs several to
several tens of percent of an alkaIi such as NaOH; KOH,
tetraalkylammonium hydroxide or the like, and heating
it at room temperature to 100°C for several hours to a’

" hundred and several tens of hours. ‘Addition of an

organic solvent such as methanol, éﬁhanol or dimethyl
sulfoxide is effective in promotingjthe hydrolysis.

According to the present inveﬁtion, the thickness
of the antistatic layer plays an lmportant role from
the standpoint of developing the effect of the
invention. In the case of the prodqctlon method 1 and
the production method 2, the groups- that can be
converted into ion-exchange groups are uniformly
distributed in the direction of thickness, and the
thickness of the antistatic layer is'adjusted depending
upon the conditions  of the hydrolyzing reaction.
However, the conditions of the hydrolyzing reaction
vary depending upon the concentration of an alkali,
temperature, kind of organic solveﬁf, amount of organic
solvent, amount of groupé that canfbe converted into
ion-exchange groups and composition of the resin, and
cannot be exclusively determined. Therefore, the
thickness of the antistatic layer can be controlled to.
lie within a range of the present iﬁvention upon
measuring in advance the condition
reaction and the concentration in ihé direction of
thickness of the antistatic layer formed by the
hydrolysis. h

In the above-mentloned productlon methods 1 and 2,
a concentration gradient is so formed that the

" concentration of ion-exchange groups is high on the

surface and decreases in. the dlrectlon of thlckness.
It is, however, desired that the 1§yer in which the
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concentration of ion-exchange groups is not smaller
than 0.25 mol%, is not smaller than 'l ym. Under this
antistatic layer, there may exist the base material in
which the concentration of ion-exchange groups is
smaller than 0.20 mol$% and, particularly, not larger
than 0.10 mol%. A transition layer in which the
concentration of ion-exchange groups lie therebetween
may exist between the antistatic layer and the base
material, as a matter of course. '

According to the production method 3 of the
present invention, furthermore, the fluorine-contained
resin having a group that can be converted into an ion-

. exchange group may be applied and melt-adhered and,

then, the thickness of the antistatic layer may be
adjusted depending upon the conditions of the
hydrolyzing reaction, so as to accomplish a thickness
which is desired for developing the effects of the
present invention.

In the cases of the production methods 3 and 4,
the precursor layer may be so treated that the
concentration of the ion-exchange groups becomes
uniform over the whole thickness, or may be so treated
as to form a gradient of .ion-exchange group
concentration in the same manner as described with
reference to the production methods 1 and 2.

It is desired that the hydroleis is carried out
over the whole surfaces of the fluorine-contained resin
molded article. Depending upon the applications, the
hydrolysis may be carried out on one surface only or on
a portion of the surfaces.

Pair ions of the cation-exchange groups after the
hydrolysis are Na ions, K ions or hydrogen ions. Here,
however, a conventional method for conversion into
other metal ions, hydrogen ions or ‘ammonium ions can be
employed without any problem. |
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As will be comprehended from the foregoing
description, the ordinary fluorine-contained resin has
a surface resistivity of not smaller than 1016 @ and a
voltage attenuation factor after oqe hour of several
percent, whereas the fluorine-contained resin molded

~article of the present invention has a surface

resistivity of not larger than 1013 @ and a voltage
attenuation factor of nearly 100% after: several
seconds. Thus, the fluorlne-conta;ned resin of the
present invention is not substantially electrified.
Unlike the existing. fluorine-contained resins, the
fluorine-contained resin molded article having an
antistatic layer obtained according to the present
invention does not almost generate static electricity,
and diffuses the static electricity when it is
generated. The fluorine-contained resin molded article
of the present invention does not substantlally have
ion-exchange groups in the base material. When

- immersed in a chemical solution therefore, the
fluorine-contained resin molded article does not adsorb

ions, inorganic matters or organic matters or does not
permit the permeation thereof, and is not fouled with
the chemical solution. Besides, the?flporine-contained
resin molded article that is introduced into another
chemical solution or water, does not cause such
chemical solution or water to be fopied. Moreover, the
fluorine-contained resin molded artible does not
undergo a dimensional change, thus exhlbltlng excellent
properties inherent in the fluorlne—contalned resin.
Accordingly, the molded artlcle of the present
invention can be desirably used in the fields where

" generation of static electr1c1ty must be avoided such

as production of semlconductors, food industries,
chemical industries and in ~general flelds of science
and chemistry.
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Concretely speaking, since no dirt and dust adhere
electrostatically, the fluorine-contained molded
article of the present invention can be favorably used
as a tube for transporting chemical solutions, joint,
valve, strainer, container for chemlcal solutions, tips
of vacuum tweezers, peripheral parts for the production
of semlconductors, jig for a wafer carrier, etc. 1In
particular, the wafer carrier made of the fluorine-~
contained resin molded article of the present invention
exhibits excellent antistatic property and not only
suppresses fine particles suspended in the atmosphere

. from electrostatically adhering to the wafers to a

sufficient degree but also suppresses percent defective
of the wafers, since there occur no such problems as
generation of particles,. fouling with impurity ioms,
etc. ' |

When inflammable solutions are transported by
using the tube (or pipe) of the present invention, no
static electricity génerates or bui;ds up owing to the
antistatic property. Accordingly, probability of
catching fire is eliminated, particles do not generate,
the resin is not swollen by the liquid that is
transferred and does not permit the liquid being
transferred to permeate- therethrough.

Furthermore, in the field of the food
manufacturing, using the molded article of the present
invention prevents the problem of dust adhering for
sanitary reasons.

(Examples)

The present invention will now be described in
detail by way of Examples to which ‘only, however, the
invention is in no way limited. i

The fluorine-contained resin molded article was
measured for its surface: res1st1v1ty, voltage
attenuation factor and amount of adsorblng chemical

o st e S e
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solution in a manner as described below.
(1) Surface resistivity.

The surface resistivity was calculated in
accordance with the following formula by taking

- measurement in compliance with JIS K-6911,

T(D + d)
Ps = X Rg
D -d

where pgs: surface ‘resistivity (2),

d: outer diameter of an inner circle of

the surface electrode (cm),

D: inner diameter of an annular electrode

on the surface (cm),

Rs: surface electric resistance (Q).
voltage, 500 V: measuring time, 30 sec., average
of three times.

(2) Voltage attenuation factor.

- By using a Static Honestometer S-5109
(manufactured by Shishido Shokai Co.), a voltage of 10
kV was applied for one minute, and the voltage was
measured after the appllcatlon of voltage was
discontinued.

Resin size: 40 x 40 'x 0.25 mm,

'Attenuation factor = (Initial voltage - Voltage
after a time t)/Initial
voltage (unit in %).

(3) Amount of adsorbing chemical solution.

A test piece rinsed with ultra-pure water for 20
minutes was introduced into a one—llter quartz
container that has been washed, and 500 ml of sulfuric
acid for electronic industries was added thereto,
followed by keeping at room temperature, so that the
sulfuric acid was adsorbed~by the test piece.

Then, the test piece was taken out, rinsed with
ultra-pure water for 20 minutes, and 500 ml of ultra-
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pure water was added thereto and was heated at 80°C.
After two hours have passed, the ultra-pure water was
sampied, analyzed by ion chromatography, the amount of
sulfuric acid contained in the ultra-pure water was
calculated per a square centimeter of the test piece,
and was regarded to be the amount of adsorbing chemical
solution. '
(Reference Example 1)

:A 1,1,2-trichlorotrifulorocethane that has been
refined in advance by distillation was introduced in an

" amount of 320 g into a 500-ml stainless steel reactor

equipped with a stirrer, and the interior -of the
reactor was deaerated and was then filled with a
nitrogen gas of an atmospheric pressure. Into the
reactor was introduced 0.039 g of methanol and 33.5 g
of CF,;=CFOCF,CF (CF3)OCF;CF,S0,F, the stirrer motor was
driven at a speed of 800  rpm, and a tetrafluorocethylene
was introduced maintaining a pressure of 4 kg/cm2-G.
Then, 1.77 g of the 1,1,2-trichlorotrifluoroethane
solution (5% by weight)'of a bis(heptafluorobutyryl)
peroxide was introduced while maintaining the interior
of the reactor at 25°C to initiate the polymerization.

- The polymerization was carried out maintaining a

temperature of 25°C. After 120 minutes have passed
from the start of the reaction, the pressure in the
reactor was released, the reactor was connected to a
vacuum pump via a cooling trap, the pressure was
decreased with stirring, and low-boiling components
such as solvent and unreacted monomer were recovered
into the trap. After distillation, the reactor was
disassembled, the copolymer was taken out and was dried
in vacuum at 150°C for 12 hours. There was obtained 24
g of the copolymer. '

From the measurement of nuclear magnetic resonance
spectrum and infrared-ray absorption spectrum, it was
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confirmed that the copolymer had been composed of 95.7
mol% of a monomer unit based upon the
tetrafluorcethylene and 4.3 mol% of a monomer unit

" based upon CF,=CFOCF,CF (CF3;)OCF,CF2802F. The specific

melt viscosity of the copolymer at 372°C was 4.6 x 106
poises. ' ' '
(Example 1)

The copolymer obtained in Reference Example 1 was
melt-molded into a film of a thickness of 0.25 mm,
immersed in a solution of NaOH/DMSO/H,0 = 15/25/60 % by
weight, and was hydrolyzed at 100°C for 24 hours to
form an antistatic layer. The amount of the ion-
exchange groups in the film was examined to be about
4.3 mol% in the surface, about 0.28 mol% in a portion

.10 ym deep from the surface, 0.08 mol% in a portion 20
_Hm deep from the surface, and 0.02 mol% near the

central portion. Therefore, the antistatic layer in
which the concentration of ion-exchange groups was not
smaller than 0.25 mol% possessed a thickness of 10 um.
Next, the film was measured for its surface
resistivity to be 5.4 x 108 @ and was further measured
for its voltage attenuation factor to be 100% after a
second. Moreover, the ﬁilm was measured for its amount-
of adsorbing chemical solution to be 1.0 ppb/cm2. The
film was immersed in the ion-exchanged water overnight

but elongation due to swelling was not observed.

Next, the film was boiled in isopropylalcohol for
168 hours and then was boiled in water for an hour.

. The amount of the ion-exchange groups in the film was

examined to be the same as the amount before these
boiling. The film was measured for its surface
resisticity to be 9.2 x 108 Q@ and was further measured
for its voltage attenuation factor to be 100% after a
second.

Next, the film was boiled in isopropylalcohol for
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168 hours and then was boiled in water for an hour.
The amount of the ion-exchange groups in the film was
examined to be the same as the amount before these
boiling. The film was measured for its surface
electric resistivity to be 9.2 x 108 Q and was further
measured for its voltage attenuation factor to be 100%
after a second.

The 0.25 mm-thick films obtained by the above-

~mentioned method were tested for their generation of

particles. The testing was conducted in the following
manner. .
First, the films were cut into samples measuring 5
cm x 10 cm, and were rinsed with ultra-pure water for
10 minutes in a clean room of a class 1000. Then, an
isopropyl alcohol for electronic industries was
introduced into the container, shook for 5 minutes and
was left to stand. One day after, the isopropyl'
alcohol for electronic industries was replaced by a new
one which was then shook for 5 minutes and was left to
stand. The same replacement was repeated, and the
number of particles ranging from 0.3 to 2 um contained

- in the isopropyl alcohol was counted one day after, 7

days after and 14 days after by using a particle
counter (KL-22 manufactured by RION Co. Ltd.){
Particles were observed in a number of 750/ml one day
after, in a number of 90/ml 7 days after, and in a
number of 45/ml 14 days after.

The isopropyl alcohol for electronic industries
used in the experiment contained particles in a number
of from 20/ml to 40/ml.

For the purpose of comparison, a composition
comprising 90% by weight of PFA, 5% by weight of
electrically conducting carbon andzs% by weight of a
powder of carbon fiber was mixed using a kneader-
brabender heated at 350°C for 20 minutes, and obtained
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the 0.25 mm thick film by the above mentioned method.
The mixture was melted at 350°C and was -cooled under

" the hpplication of pressure to form a sheet having a

thickness of 0.25 mm. The obtained film was tested for
its generation of particles. '
 Five pieces of samples measuring 5 cm x 10 cm cut

- from the above film were tested for their generation of

particles in the same manner as the above-mentioned
metﬁod. As a result, particles were measured in a
number of 1250/ml one day after, in a number of 1140/ml
7 days after and in a number of 960/ml 14 days after.
(Examples 2 to 4, Comparative Example 1)

In compliance with the method of producing the
copolymer of Reference Example 1, four kinds of
coleymers-were obtained by changing the content of the
gro@ps that can be converted into ion-exchange groups
and were melt-molded into films having a thickness of
0.25 mm in the same manner as in Example 1. The films
were then immersed in a solution of NaOH/DMSO/H20 =
15/25/60 $ by weight, and were hydrolyzed at 100°C for
24 hours to form the antistatic layers.

After the hydrolysis of the films, measurements
were taken concerning the concentrations of ion-
exchange groups in the surface of the antistatic
layers, thicknesses of the layers in which the
concentrations of ion-exchange groups were not smaller
than 0.25 mol%, surface resistivities, voltage

- attenuation factors after a second, amounts of

adsorbing chemical solution, and elongation due to
swelling in the pure water. The results were as shown
in Table 1.



Table 1

*1 (mol%) *2 (pm) Surface Voltage Amount of Elongation

resistivity attenuation adsorbing due to
() factor chemical swelling
(after 1 sec) solution (%)
(%) (ppb/cm2)
Example 2 0.4 10 5.5 x 1010 ° 88 ’ 0.8 0
Example 3 10.3 12 3.4 x 106 100 3.3 0.2
Example 4 15.8 11 1.0 x 106 100 3.8 0.2
Comparative
Example 1. 0.1 12 >1 x 1014 3 0.7 0

*1: Concentration of the ion-exchange groups in the surface of the antistatic layer
*2: Thickness of the layer in which the concentration of ion-exchange groups were not
smaller than 0.25 mol%, in the antistatic layer

€€
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(Examples 5 to 7)

Copolymers were obtained in the same manner as in
Reference Example 1 but using monomers having groups
that can be converted into ion-exchange ‘groups shown in
Table 2 in the method of producing the copolymer of
Reference Example 1. '

Next, the copolymers were melt-molded into films

. having a thickness of 0.25 mm in the same manner as in

Example 1, immersed in a solution of NaOH/DMSO/H,0 =
15/25/60 % by weight, and were hydrolyzed at 100°C for
24 hours. ‘

Measurements were taken concerning the contents of
ion-exchange groups in the surface of the antistatic
layers, thicknesses of the layers in which the
concentrations of ion-exchange groups were not smaller
than 0.25 mol%, surface resistivities, voltage
attenuation factors after a second, amounts of
adsorbing chemical solution, and elongation due to
swelling in the pure water. The results were as shown
in Table 2.



Table 2

Precursor monomer *1(mol%) *2 (um) Surface Voltage Amount of Elonga-
resis- attenu- adsorbing tion
tivity ation chemical due to

(Q) factor solution swelling
(after (ppb/cm2) (%)
1 sec)
—(%)
Ex.5 CF,=CFOCF;CF3;SO,F 4.9 10 1.4x108 100 1.1 0.1
Ex.6 = CF,=CFOCF,CF,CF2COOCH3 4.2 10 7.5x108 100 2.9 0.2
Ex.7 CF,=CFOCF,CF,OCF(CF3)COOCH; 4.0 12 2.7x108 100 1.1 0

*1: Concentration of the ion-exchange groups in the surface of the antistatic layer
*2: Thickness of the layer in which the concentration of ion-exchange groups were not
. smaller than 0.25 mol%, in the antistatic layer

19
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~ (Example 8)

The copolymer obtained in Reference Example 1 was
melt-molded into a film having a thickness of 0.25 mm,
immersed in a solution of NaOH/DMSO/Hzo = 15/25/60 % by
weight, and were hydrolyzed at 100°C.for 120 hours. 1In
the antistatic layer of the obtained film, the layer in
which the concentration of ion—exch&nge groups was not
smaller than 0.25 mol% possessed a thickness of 40 pm.

The film was measured for its éprface resistivity
to be 1.6 x 108 @ and was further measured for its
voltage attenuation factor to be 100% after a second.
Moreover, the film was measured for its amount of
adsorbing chemical solution to be 1.1 ppb/cm2. The

. £film was immersed in the ion—exchanged water overnight,

and elongation due to swelling was 0.1%.
(Comparative Example 2)

The copolymer cbtained in Reference Example 1 was
melt-molded into a film having a thickness of 0.25 mm,
immersed in a solution of NaOH/DMSO/H,0 = 15/25/60 % by
weight, and were hydrolyzed at 100°C for 1 hour. The
antistatic layer of the-obtained film possessed a
thickness of 0.5 ym. The film was measured for its
surface resistivity to be larger than 1 x 1014 Q and
was further measured for its voltage attenuation factor
to be 4% after 5 minutes. Moreover, the film was
measured for its amount of adsorbiﬁg chemical solution

" to be 0.8 ppb/cm2. The-film was immersed in the ion-

exchanged water overnight, and elongation due to
swelling was 0%. :
(Example 9)

The copolymer obtained in Reference Example 1 was
melt-molded into a film having a thickness of 0.25 mm,
immersed in a solution of KOH/DMSO 0 = 15/25/60 % by
weight, and were hydrolyzed at lOOMC for 24 hours. 1In
the antistatic layer of the obtained f£ilm, the layer in
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which the concentration of ion-exchange groups was not

smaller than 0.25 mol% possessed a thickness of 10 um.

The surface resistivity was measured to be 4.4 x 108 Q.
The voltage attenuation factor was measured to be 100%

after a second.

(Example 10) :

The copolymer obtained in Reference Example 1 was
melt-molded into a film having a thickness of 0.25 mm,
immersed in a solution of NaOH/DMSO/H;0 = 15/25/60 % by
weight, and was hydrolyzed at 100°C for 24 hours. The
film was immersed in a 1N hydrochloric acid solution
and was stirred at 30°C for 24 hours. In the
antistatic layer of thus obtained film, the layer in
which the concentration of ion-exchange groups was not
smaller than 0.25 mol% possessed a thickness of 10 um.
The film was measured for its surface resistivity to be
1.1 x 102 @ and was further measured for its voltage
attenuation factor to be 100% after a second.

(Example 11) ;

The film obtained in Example 10 was immersed in
ammonia water and was stirred for 24 hours. The thus
obtained film was measured for its surface resistivity
to be 3.1 x 109 @ and was further measured for its
voltage attenuation factor to be 100% after a second.
(Examples 12 to 14)

A polytetrafluorocethylene (herelnafter referred to
as PTFE), or a copolymer of a tetrafluorcethylene and
an alkyl vinyl ether (hereinafter referred to as PFA)
or a copolymer of the tetrafluoroethylene and a
hexafluoropropylene (hereinafter referred to as FEP)
and the copolymer obtained in Example 4 were mixed

_ together in the form of powders. The mixture was melt-

molded into a film having a thickness of 0.25 mm,
immersed in a solution of NaOH/DMSO/H0 = 15/25/60 % by
weight, and was hydrolyzed at 100°C for 24 hours.
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Measurements were taken concerning the mixing

~ ratio of the base material to the fluorine-contained

resin having a group that can be converted into an ion-
exchange group, the content of ion-exchange groups in
the surface of the antistatic layer of the obtained
films, thicknesses of the layers in which the
concentrations of ion-exchange groups are not smaller
than 0.25 mol%, surface resistivities, voltage
attenuation factors after a second, amounts of
adsorbing chemical solution, and elongation due to
swelling in the pure water. The results were as shown
in Table 3. '



Table 3

Mixing'ratio of resins *1(mol%) *2 (um) Surface Voltage Amount of Elonga-

resis- attenu- adsorbing ion
Base resin Antistatic ' tivity ation chemical due to
(wt%) resin (wt%) (2) factor solution swelling
- (after (ppb/cm2) (%)
1 sec)
(%)
Ex.12  PTFE . 4.8 10 © 1.3x108 100 1.2 0
59.7 40.3 :
Ex.13 PFA - 4.1 10 5.5x108 100 2.0 0
68.8 31.2 :
Ex.14  FEP | 4.5 12 3.9%108 100 1.2 0
62.1 37.9 :

*1: Concentration of the ion-exchange groups in the surface of the antistatic layer
*2: Thickness of the layer in which the concentration of ion-exchange groups were not
. smaller than 0.25 mol%, in the antistatic layer

6¢
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(Examples 15 to 17) .
The powder of the copolymer obtalned in Reference
Example 1 was uniformly adhered onto the surfaces of

‘the films of PTFE, PFA and of the copolymer of the

tetrafluoroethylene and CF 2=CFOCH,CF,CF 3 (containing'94
mol% of the tetrafluorocethylene). The films were
introduced into the heating atmosphere in an electric

. furnace so that the powder only was melt-adhered onto

the surfaces of the films. The films were immersed in

a solution of NaOH/DMSO/H,0 = 15/25/60 % by weight, and
was hydrolyzed at 100°C for 24 houns to form antistatic
layers.

Measurements were taken concerning the thicknesses
of the layers in which the concentrations of ion-
exchange groups were not smaller than 0.25 mol$% in the
antistatic layers of the obtained films, surface
resistivities, voltage attenuation factors after a
second, amounts of adsorbing chemical solution, and
elongation due to swelling in the pure water. The
results were as shown in. Table 4.



Table 4

Surface Voltage
resistivity attenuation
(Q) factor

*2

(um)
Example 15 10
Example 16 - 10
Example 17 10

(after 1 sec)

(%)

4,9 x 108 100
5.1 x 108 100
2.2 x 108 100

Amount of
adsorbing
chemical

. solution

(ppb/cm2)

0.9
1.2

1.0.

Elongation

due to

swelling
(%)

#5. Thickness of the layer in which the concentration of ion-exchange
groups werenot smaller than 0.25 mol%, in the antistatic layer

h




10

15

20

' 25

30

35

42

. (BExample 18)

The film obtained in Example 6 was immersed in a
1N hydrochloric acid sclution and was stirred at 30 °C
for 24 hours, so that the ion-exchange groups were of
the acid type. The film was measured for its surface
resistivity to be 2.1 x 1012 Q@ and was further measured
for its voltage attenuation factor to be 76% after one
second. '

(Reference Example 2)

A copolymer of 4.8 mol% of
CF2=CFOCF CF (CF3)OCF2CF2S02F and 95.2 mol% of a
tetrafluoroethylene was prepared in compliance with the
production method of Reference Example 1.

' (Example 19)

The copolymer obtained in Reference Example 2 was
injection-molded into a wafer carrier for 6-inch use
(having a capacity for holding 25 pieces of wafers as:
schematically diagramed in Fig. 1). The wafer carrier

was immersed in a solution of NaOH/DMSO/H20 = 15/25/60

$ by weight, and was hydrolyzed at 100°C for 24 hours.
The thus obtained wafer carrier was partly cut
out, and was measured for this thickness of the layer
in which the concentration of the ion-exchange groups
was not smaller than 0.25 mol% in the antistatic layer
to be 15 um. | _
Wafers were set to the wafer carrier and were left

. to stand for 24 hours in a clean room of a class 1000.

The number of the particles not smaller than 0.3 um
adhered to the whole surface of the wafer held at the
end of the wafer carrier. was five.

Next, the wafer carrier was measured for its

surface resistivity to be 1.8 x 108 Q. Furthermore,
the wafer carrier was partly cut out and was measured

for its voltage attenuatidnffactor to be 100% after one
second. '

o, 4 S Mg i
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(Comparative Example 3)

A wafer carrier was molded in the same manner as
in Example 19 but using the commercially available PFA,
and the wafers were set thereto and were left to stand
for 24 hours in a clean room of a class 1000. The
number of particles not smaller than 0.3 ym adhered to

" the wafer held at the end of the wafer carrier was

about 300.

Next, the wafer carrier was measured for its
surface resistivity to be larger than 1 x 1014 Q.
Furthermore, the wafer carrier was partly cut out and
was measured for its voltage attenuation factor to be
0.8% after 5 minutes and 6% after 30 minutes.

(Example 20)

By using the commercially available PFA, the wafer
carrier same as that of Example 19 was obtained through
the injection molding.' The copolymer obtained in
Reference Example 2 wasnelectrostatically'applied to
the inside of an SUS metal mold that was in match with
the wafer carrier. Then, the wafer carrier was put '
into the metal mold which was then put into an electric
furnace heated at 350°C, so that the precursor was
melt-adhered onto the surfaces of the wafer carrier.
The wafer carrier was immersed in a solution of
(CH3) 4N+OH-/DMSO/H20 = 15/25/60 % by weight, and was
hydrolyzed at 100°C for 24 hours. :The wafer carrier
was cut at several portions and the concentration of
the ion-exchange groups’i@_ﬁhe por?ions was measured.
As results, the concentration near the surface was
averages 4.8 mol%, and the concent:ation in a portion
80 um deep from the surface was averages 3.8 mol%, and

. the concentration in a péﬁtion 100 ‘uym deep from the

surface was averages 0.055mo;%. Tberefore, the
antistatic layer in which'the concentration of ion-
exchange groups was not smaller than 0.25 mol%
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possessed a thickness of  about 95 um.

‘The surface resistivity was 2.1 x 108 Q@ and the
voltage attenuation factor was 100% after one second.
Nexti, the wafer carrier was partly cut out and was
tested for its amount of adsorbing chemical solution to
be 1.8 ppb/cm2.

(Example 21)

- A wafer carrier was obtained in the same manner as
in Example 20. The wafer carrier was cut at several
portions and the concentration of the ion-exchange
groups in the portions was measured. As results, the
concentration near the surface was average 4.8 mol%,

" and the concentration in a portion 300 um deep from the

surface was averages 4.1 mol%, and the concentration in
a portion 340 um deep from the surface was averages 0.1
mol%. Therefore, the antistatic layer in which the
concentration of ion-exchange groups was not smaller
than 0.25 mol% possessed a thickness of about 330 pm.
The surface resistivity of the wafer carrier was 2.1 x
108 @, the voltage attenﬁation factor was 100% after
one second, and the amount of adsorbing chemical
solution was 35 ppb/cm2.

(Example 22) .

By using the commercially available PFA and the
copolymer obtained in Reference Example 2, a tube
having an outer diameter of 8 mm and an inner diameter
of 6 mm was formed by the two-layer extrusion molding
method. The tube was immersed in a solution of

NaOH/DMSO/H20 = 15/25/65 $ by weight, and was

hydrolyzed at 100°C for 24 hours. The tube was cut
open. ' '

The surface resistivity Was'meaSured to be 4.1 x
108 Q and the voltage attenuation factor was measured
to be 100% after one second. |

In this tube, the concentration of the ion-

et e i S 1
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exchange groups near the surface was averages 4.7 mol%,
and ihe concentration in a portion'so um deep from the

surface was averages 3.8 mol%, and the concentration in
a portion 70 um deep from the surface was averages 0.1

mol%. Therefore, the antistatic layer in which the

' concentration of ion-exchange groups was not smaller

than 0.25 mol% possessed a thickness of about 65 um.
The tube was immersed in the pure water overnight,
but no elongation due to swelling was observed in the
lengthwise direction or in the direction of diameter.
Moreover, sulfuric acid for electronic industries
was introduced into the tube to a length of 10 cm which
was then introduced into a 200-ml quartz container
containing ultra-pure water and was maintained at room
temphrature for 24 hours. The ultra-pure water was
then analyzed by the ion chromatography, and the amount
of permeating the chemical solution was calculated to

. be 5 x 10-12 g-cm/cm2 -s.

(Comparative Example 4)

By using the copolymer obtained in Reference
Example 2, a tube having .an outer diameter of 8 mm and
an inner diameter of 6 mm was obtained through the
extrusion molding method. The tube was immersed in a
solution of NaOH/DMSO/H0 = 15/25/60 % by weight, and
was hydrolyzed at 100°C for seven days. The tube was
cut open. The surface resistivity was measured to be
4.0 x 108 Q@ and the voltage attenuation factor was
measured to be 100% after one second.

The content of ion-exchange groups nearly at the
center was 3.2 mol%. The tube wasfimmersed in the pure

- water overnight, and was elongatedfdue to swelling in

the lengthwise direction and in the direction of
diameter by 4.8% and 5.3%, respectively. The amount of
permeating the chemical solution w%s 7 x 10-9
g-cm/cnﬂ-s. h '

5, it eamiacis



10

15

20

25

30

35

46

(Example 23)

A copolymer of CF;=CFOCF,CF2CF;CO2CH3 and a
tetrafluorcethylene was obtained in the same manner as
in Comparative Example 1. The copolymer contained a
monomer unit due to CF3;=CFOCF,CF3,CF2C02CH3 in an amount
of 4.2 mol%. The copolymer was melt-molded into a film
of a thickness of 0.35 mm. The film was heated in
phosphorous pentachloride/phosphorous oxychloride at
120°C for 24 hours. The film was then washed, dried,
and was reacted with a dimethylamine in ether. Then,

. the film was reacted with sodium boron hydride in dry

diglyme at 100°C for 18 hours and Wes reduced, and was
then reacted with methyl iodide in a methanol solution
at 60°C for 16 hours, so that the groups were converted
into anion-exchange groups. As a result of IR
analysis, the concentrations of ion-exchange groups
were 3.8 mol%, 0.26 mol% and 0 mol%¥ near the surface,
at a portion 75 um deep from the surface and at a
portion 120 um deep from the surface. The layer in
which the concentration of ion-exchange groups was not
smaller than 0.25 mol% in the antistatic layer
possessed a thickness of 75 um.

The obtained film was measured for its surface

- resistivity to be 4.5 x 108 Q and was measured for its

voltage attenuation factor to be 100% after one second.
(Example 24) : '

The copolymer obtained in Reference Example 1 was
melt-molded into a film of a thickness of 0.25 mm,
immersed in a solution of NaOH/DMSd7H20 15/25/60 % by
weight, and was hydrolyzed at 100° C for 72 hours. As a
result of IR spectrum measurement,_the amounts of ion-
exchange groups were 3.8 mol%, 3. 7°mol%, 0.25 mol% and
0.01 mol% on the surface of the fllm, at a portion 50
um deep from the surface, at a por_lon 60 um deep from
the surface and at a portion 70 ym deep from the
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surface. No ion-exchange group was detected near the
central portion. Therefore, the layer in which the
concentration of ion-exchange groups was not smaller

“than 0.25 mol% in the antistatic layer of the film

possessed a thickness of 60 um.

The film was measured for its. surface resistivity
to be 5.2 x 108 @ and was further measured for its
voltage attenuation factor to be 100% after one second.
The amount of adsorbing. chemical solutlon was 0.9
ppb/cm2. When immersed in the lon-exchanged water
overnight, the film elongated due to swelling by 0.1%.
(Comparative Example 5)

The copolymer obtained in Reference Example 1 was
melt-molded into a film of a thickness of 0.25 mm,
immersed in a solution of NaOH/DMSO/H20 = 15/25/60 % by
weight, and was hydrolyéed'at_100°c for 168 hours. As

- a result of IR spectrum measurement, the amounts of

ion-exchange groups were 4.3 mol%, 1.0 mol% and 0.8
mol% on the surface of the film, at a portion 50 um
deep from the surface and near the central portion.

The film was measured for its surface resistivity
to be 3.8 x 108 Q@ and was further measured for its
voltage attenuation factor to be 100% after one second.
The amount of adsorbing chemical solution was 65
ppb/cm2. When immersed in the lon—exchanged water
overnight, the film elongated due to swelling by about
4.5%.

(Comparative Example 6) -

A PTEE film having a thlckness of 250 um was
immersed in a solution of me;hyleqe_chlorlde comprising
20 $ by weight of CF; = cmcr-zcr(ciﬁg)ocr-zcrzsozr", and
then was irradiated with 2,5 Mrad: radioactlve ray to
graft CF; = CFOCF2CF(CF3)OCF”CF2802F on the surface of
the film. The obtained fil ‘was 1mmersed in a solution
of MaOH/DMSO/H20 = 15/25/604%iby welght, and was

N GRNIINAG \nhr
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hydrolyzed at 100°C for 24 hours to form the antistatic
layer. '

The film was measured for the amounts of ion-
exchange groups to be about 0.2 mol% at the surface and
to be 0 mol% at a portion 10 uym deep from the surface.

Next, the film was measured for its surface
resistivity to be 1 x 1014 @, and was further measured
for its voltage attenuation factor to be 1.8 % after 5
minutes. ;

Five pieces of samples measuring 5 cm x 10 ¢m cut

from the above film were tested for their generation of

particles in the same manner as Example 1. As results,
particles were measured in number of 3920/ml one day
after, in number of 1710/ml 7 days after and in number
of 760/ml 14 days after. '
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(Claims:)

1. A fluorine-contained resin molded article
having, on the surface of a base material composed of a
fluorine-contained resin without suﬁstantially
containing ion-exchange group,:an antlstatlc layer
composed of a fluorine-contained reSLn of which the
surface resistivity is adjusted to be not larger than
1013 Q@ by making present the lon-exchange groups.

2. A fluorine-contained resin:molded article
according to claim 1, wherein in the:antlstatlc layer,
the ion-exchange groups which may be perfluoro cation-
exchange groups or polyfluoroc anion-exchange groups are
chemically bonded to the fluorine-contained resin via a
perfluorocarbon chain or’ a perfluoroether chain.

'3. A fluorine-contained resin molded article
according to claim 1, wherein the antistatic layer
includes a layer of the fluorine-contained resin which
contains ion-exchange groups at a concentration of not
smaller than 0.25 mols. :

4. A fluorine-contained resin molded article
according to claim 1, wherein when :a voltage of 10 kv
is applied for one minute, the voltage attenuation
factor after one second is not smaller than 70%.

5. A fluorine-contained resin molded article
according to claim 1, wherein said ion-exchange groups
are perfluorosulfonic acid groups or‘groups of an

_ alkali metal salt thereof or an ammonlum salt thereof.

6. A fluorine-contained resin molded article
according to claim 3, wherein the lgyer of the
fluorine-contained resin-which:contiins the ion-
exchange groups at a concentraﬁionidﬁinot smaller than
0.25 mol% has a thickness of from 1. to 500 ym.

7. A fluorine-contained resin molded article
according to any one of claims 1 toﬁﬁi wherein the
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fluorine~contained resin molded article is a wafer
carrier.

8. A fluorine-contained resin molded article
according to any one of claims 1 to 6, wherein the
fluorine-contained resin:molded article is a tube or a
pipe. '

9. A fluorine-contained resin molded article
according to claim 8, wherein the base material has a
thickness of not smaller than 10 um.

10. A fluorine-contained resin molded article
according to any one of c¢laims 1 to 6, wherein the
fluorine-contained resin molded article is a film or a
sheet. o :
11. A fluorine-contained resin molded article
according to claim 10, wherein the base material has a
thickness of not smaller than 10 um.

ue 0 7 e B et



