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(Title of ·the Invention:) 
FLUORINE-CONTAINED RESIN MOI:iDED ARTICLES 

(Technical Field: ) 
5 The present invention relates to novel fluorine-

contained resin molded articles having antistatic 
property. More specificaily, the invention relates to 

fluorine-contained resin molded articles which exhibit 

good antistatic effect while mainta,.ining properties 

10 inherent in the fluorine""'.'contained resin and are fouled 

very little, owing to the provisiofi of an antistatic 
lay~r of a fluorine-contained resin of which the 
surface resistivity is adjusted to be not larger than 

1013: n by making present 't;he ion-exchange groups on the 
15 surface layer of a base_ material composed of a 

fluorine-contained resin which does not substantially 

contain ion-exchange group. 
(Baqkground Art:) 

A fluorine-contained resin exhibits excellent 
20 resistance against chemicals and heat, e~cellent 

eleqtrically insulating property and excellent 
resistance against beinq fouled, and has been used in a 

wide field of industries~ However, the·fluorine­
contained resin has such a high surf ace electric 

25 resistance that it is easily electrified with static 
electricity, which is a serious def~ct. 

For example, a wafer carrier made of a. fluorine­
cont.ained resin used in·. the steps of producing 
semiconductors tends to adsorb fine, par~icles suspended 

30 in ~he atmosphere due to electrifying property of the 

fluorine-contained resin. As a rer:;ult, fine particles 

ads¢rbed by the wafer carrier contaminates the wafers 
held by the wafer carrier accountinq for a high percent· 
defective of the products obtained·.· by using the wafers. 

35 In a pipe for transporting in~lammable fluids, 
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stat!ic electricity is ge~erated by the friction as the 
infl;anlll!.able fluid passes through tile pipe, creating a 
probability of catching fire. 

There have heretofore been known a resin 
5 composition obtained by blending a fluorine-contained 

resin with an electrica~ly conduct.illg powder and· a 
molded article. composed.of this composition in order to 
impart antistatic property to the molded article of the 
fluorine-contained resin. For instance, Japane$e Laid-

10 Open Patent Publication Nos. 378·42/1986, 223255/1987 
and :255751/1990 disclose methods of producing molded 
art:i;cles of a resin composition which is obtained by 
mixing a fluorine-contained resin such as 
tetrafluoroethylene or the like with carbon powder and 

15 carbon fiber powder, or electrically conducting powder 
such, as of fibrous elect~ically conducting titanium 
oxide and zinc oxide. 

Furthermore, Japanese Laid-Open Patent Publication 
No. '59864/1996 discloses a fluorine,.;;.contained resin 

20 molded article having an . electrically conducting 
sur~ace by treating the surf ace 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 
25 composition in which th~ electricci+:ly conducting powder 

is ntixed must be blended . with. larq~ ·.::amounts of the 
electrically conducting powder to ~~art antistatic 
property arousing, however, a problem in that the 
electrically conducting powder or ;]Jnpurities contained 

30 therein elute out from the fluorine~eontained resin . . ··.:: ·. . 

molded article. Such a problem iI1.V'.ites a phenomenon in 
that a substance that comes" into J:dD:tact with the 
molqed article is fouled~· When th.E:!: .. ·fluorine-contained 
resin molded article is used as a ··"7~:Eer carrier, in 

35 particular, the wafers held by the' wafer carrier are 

·· .. ·. I 
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fouled by particles due :to the elec~rically conducting 
powder that has eluted out. When u.sed for a pipe for 
transporting fluid, furthermore, pa~ticles due to the 
electrically conducting·. powder that eluted out from the 

5 fluorine-contained resin, may contaminate the fluid. 
When the molded article as a whole is constituted 

by the fluorine-contained resin con~aining the 
electrically conducting powder, the.' electrically 
insulating property and resis~ance .against fouling 

10 inherent in the fluorin~-contained ;esin are impaired 
imposing limitation upon.its use inthe applications 
where such properties are required. 

In order to impart hydrophilic property to the 
fluorine-contained resin· molded articles, on the other 

15 · hand, Japanese Laid-Open Patent Pub:Lication No. 
98641/1989 discloses a ~ethod of graft-polymerizing a 
hydrophilic monomer containing an .·ion-exchange group on 
the surf ace of a porous tube of a fluorine-contained 
resin based upon the irradiation wi·th radioactive rays. 

20 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 belon9s to a resin of the decomposition 

25 type in this· reaction. Therefore, the ion-exchange 
groups are imparted to a. depth of . as thin as about 
several hundreds angstroms from the surf ace at the 
greatest. With the surfaces of the fluorine-contained 
resin molded article being irradiated with radioactive 

30 rays, furthermore, the decomposed J:'~sin may turn into a 
cause of producing particles. 

As a result, the fluorine-con~ained resin molded 
article fails to exhibit sufficiei:l~ly decreased surf ace 
electric resistance, and leaves much room for 

35 improvement with respec~ to anti~t:atic effect and foul-
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prev.enting property. 
(Disclosure of the Inven~ion:) 

Therefore, it is a first object of the present 
invention to provide a fluorine-contained resin molded 

5 article which_ exhibits good antist~~ic effect in a 
sustained manner over extended perio,ds of time and 
permits very little fouling sub.st~ri,des such as 
particles from the molded article a:p;d the like from 
eluting out. , 

10 A second· object of the present invention is to 
provide wafer carriers, tubes a·nd f$lms by utilizing 
the properties of the fluorine-contained resin molded 
art;i.cle. 

Further o:bjects ana advantages of the present 
15 invention will become obvious from the following 

description. 
According to the pr~sent invention, the above­

mentioned objects and advantages can be accomplished by 
forming, on the surface of a base m~terial composed of 

20. 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 resis.tance. 

25 That is, the present invention is concerned with a 
fluorine-contained resi~ molded art~cle having, on the 
surface of a base materi~l composed of ·a fluorine­
contained resin without substantially containing ion­
exchange· group, an antis·tatic layer 'composed of a 

30 fluorine-contained resin· of which the surface 
resistivity is adjusted to be not l~rger than 1013 g by 
making present the ion-exchange groµps. 

The invention further provide$/wafer carriers, 
tubes and films of the above-mentic)ned fluorine-

35 contained resin molded a:rticles. 
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(Brief Description of the· Drawing: ); 
Fig. 1 is a perspective view il:lustrating a 

typical structure of a wafer carr_i·E!r constituted by a 
; fluqrine-contained resin molded article of the present 

5 invention, wherein reference nume~al 1 denotes a main 
body of the wafer carrier, and 2 4en9tes grooves for 
holding wafers. 
(Detailed Description of_ the Inven~;ton:) 

In the present invention, the·• base material 
10 · composed of a fluorine-contained r~s:in does not 

substantially contain ion-exchange_-~roup. That is, 
when a base material composed of a•z;esin having ion­
exchange groups is immersed in a solvent or in a 
chemical solution, the molded article that is obtained 

15 the~efrom swells causing· a change in the size thereof 
and besides adsorbs and permits the permeation of ions, 
inorganic matters or or~anic matte~s. When the molded 
article is used as a waf~r carrier, therefore, a 
problem arises in regard to fouling the wafers that 

20 come into contact therewith. For instance, there have 
been known a fluorinated· ion-exchange membrane and an 
ion-exchange resin as fluorine-cont~ined resin 
materials having ion-exchange groups. These resins, 
however, are to permeate or adsorb. ions, and usually 

25 have ion-exchange groups· in amount~: _of about ten and 
several mol %. In a field where r~E$istance against 
fouling which is a feature of the :fluorine-contained 
resin is ~equired as represented .b:Y. _the wafer. carrier, 
therefore, it is desired to supp~es·s properties for 

30 adsorbing organic matters and ions··· which are possessed 
by the fluorine-type ion-exchange· -~mbrane or the ion­
exchange resin. Even in the applic:~tions of molded 
articles such as films a~d tu~e:s: ~qln:posed of the 
fluorine-conta.ined resin requirinq' 'antistatic property, 

35 it is desired to suppress p~operti~-~ 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 

5 without limitation provided it does not contain ion­
exchange groups or conta;i.ns ion-exchange groups in 
amounts that do not arouse the aboye-mentioned problem. 
The .amount of the ion-exchange groups in the fluorine­
contained resin that serves as a base material cannot 

10 be exclusively specified. since the required dimensional 
stability, adsorbing property and permeating property 
vary depending upon the applications. In general, 
howe:ver, the amount of ion-exchange groups is smaller 
than 0.20 mol% and, particularly, not larger than 0.1 

15 mol% reckoned as a mono~er that contains ion-exchange 
groups •. 

In this specification, the amoµnt of the ion­
exc~ange groups contained in the fluorine-contained 
resin is expressed as a i::omposition of the ion-exchange 

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

· From the standpoint of not causing fouling when 
the molded article is in.use, it is desired that the 
fluorine-contained resin constituting the base ~t~rial 

25 of the present invention. does not ~~bstantially contain 
. even fillers· from which additives znay 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 

30 resin base material. 
According to the present inven~ion, concrete 

examples of the fluorine-contained··, resin that can be 
preferably used as the base materia.i may include a 
polytetraf luoroethylene·, a copolymer of a 

35 tetrafluoroethylene and an alkyl v.:i.J:lyl ether and/or a 
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monomer (hereinafter referred to as a precursor 
monomer) having a functional group.that can be 
converted into an ion-exchange grO\;IJ? that will be 
described .later, a copolymer of a t~trafluoroethylene 

5 and a hexafluoropropylene and/or a precursor monomer, a 
polymonochlorotrifluoroethylene, a .. c,opolymer of a 
tetrafluoroethylene and .. a perfluorbdimethyl dioxole, 
and :a polyperfluoroalkenyl vinyl e.th~r. 

The above-mentioned alkyl vi~yl ether is a 
10 perfluoroalkyl vinyl eth~r or a polryfluoroalkyl vinyl 

ether having hydrogen atoms. Concietely speaking, the 
alkyl vinyl ether is represented by the general 
formula, 

Rf(CH2).tOCF=CF2· 
15 wherein Rf is a perf luoroalkyl group, and R, 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 
th.e ,obtained copolymer ,i.s not larg·~r than 0. 2% by 

20 weight and, preferably, ~ot larger· than 0. 15% by 
weight. 

Among the above-mentioned flu()rine-contained 
resins, perfluorocarbon-type resi.ns such as a 
polytetrafluoroethylene, a copolymer of a 

25 tetrafluoroethylene and a perfluoroalkyl vinyl ether, 
and a copolymer of a tetraftuoroetbylene and a 
hexafluoropropylene, are.preferabl.'y:used from the 
standpoint of resistance against h(!i;Lt, resistance 
against chemicals and resistance _a~ainst fouling. 

30 In the present invention, the antistatic layer 
formed on the surf ace of th.e base material comprises a 
fluorine-contained resii'l o~ which .the surf ace 
resistivity is adjusted to .be not 'l~rger than 1013 g 

and, preferably, not larger than 1'(>1o g by making 
35 present the ion-exchange_ g~oups. 
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In the present invention, the surface resistivity 
was measured in compliance with the method specified 
under JIS K-6911. 

The antistatic lay~r is formed on the surf ace of 
5 the base material composed of a fl·uorine-contained 

resin without substantially containing ion-exchange 
group in order to lower the surface ·resistivity. 
Compared with conventional means for imparting 
antistatic property by adding an electrically 

10 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-con-tained resin which 

15 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 containing ion-

20 exchange groups, furthe~re, the impurity ions do not 
infiltrate into the interior thereof. Therefore, the 
fluorine-contained resin adsorbs impurity ions in small 
amounts and the articles that come in contact with the 
fluorine-contained res~n.molded article are very little 

25 fouled with im~uri ty ions. 
The fluorine-contained resin ~lded article of the 

present invention was measured for its amount of 
adsorbing chemical liquid in compli~Jlce with a method 
that will be described later to be !lot larger than 50 

30 · ppb/cmJ and, particularly., not larcjf!r than 10 ppb/cmJ. 
From this fact, it will be und~rstood that the 

fluorine-contained resin molded c:i.i;ti9le of the present 
invention is best suited·.for the appiications such as 
wafer carriers where fouling is a problem. 

35 When the antistatic layer of ~he fluorine-
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contained resin in which are made p:resent ion-exchange 
groups exhibits a surface resistivity which is larger 
than 1013 c, the obtained fluorine-contained resin 
molded article exhibits insufficient antistatic effect. 

5 When the fluorine-contained resin m<)lded article is, 
for example, a wafer carrier, static electricity builds 
up on the surf ace to collect partic:Les which are 
suspended in very small..amounts in a clean room, and 
the wafer held by the caJ;"rier is fouled witll, the 

10 particles. 
As the ion-exchange groups made present in the 

anti·static layer, known ion-exchange groups bonded to 
the fluorine-contained resin can be used without any 
limitation. 

·15 For instance, there can be exe,~plified a widely 
.known perf luoro cation-exchange group and a polyf luoro 
anion-exchange group. Concrete ex~ples of the 
perf'luoro cation-exchange group incfude 
perfluorosulfonic acid group and PE!~f luorocarboxylic 

20 acid group (these _perfluorosulfonic acid group and 
perfluorocarboxylic acii:i group-will be hereinafter 
simply referred to as cation-exchange groups) • A 

polyfluoro quaternary ammonium group (hereinafter 
simply referred to as anion-exchang'49: group) can be 

25 raised as the poly£ luoro anion-exqhange group. These 
ion-exchange groups are chemically':~onded to the 
fluorine-contained resin via a pe~f~uorocarbon chain or 
a perfluoroether chain. .· ... 

If these ion-exchange groups aJ::e described in 
30 further detail, the perfluor9sulf_c)~~c acid group is 

represented by the following· qene:t:~~ formula, 
-CFRFS03M 

wherein RF is F or .. CF3,. qnd z.t)is a hydrogen atom, 
an alkali metal or a.. . g:r9up rep;esented by -N ( R' ) 4 

35 (wherein R' is a hydrogen atom+For a lower alkyl 



-~ 

10 

group), 
the perf luorocarboxylic acid group is represented by 
the £ollowing general fo;rmula, 

-CFRFC02M 
5 wherein RF and M are as defined above, 

and the anion-exchange group is represented by, 
-CFRFCH2N+R" 3Q-

wherein RF is as defined above, and R" is a 
hydrogen atom or an alkyl group having 1 to 5 

10 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 tbe cation-exchange groups. It 
is therefore preferred to use the cation-exchange 

15 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 perf~uorosulfonic acid group 
exhibits higher antistatic property than the 

20 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, 

25 preferably, not s:maller .. than 90% a~ter 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 re~istivity of the antistatic 
layer to lie within the above-menti9ned range provided 

30 the ion-exchange groups are contained in the fluorine­
contained resin. In general, the qqncentration of ion­
exchange groups in the fluorine-con~ained resin in the 
antistatic layer should be not smai~er than 0.25 mol%, 

·preferably, from 0.25 to 20 mol% and, more preferably, 
35 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 
degr~e even when the thickness is increased and it 
becomes difficult to stably impart ~ntistatic property. 

5 When the amount of the ion-exchange groups is larger 
than 20 mol%, on the.other hand, th~ 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. 

10 Therefore, the fluorine .... contained re,sin 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 chemica~ly bonded to the 

15 side chain of the fluorine-contained resin. Therefore, 
the antistatic effect is sustained for very extended 
periods of time, and is ~either lost nor decreased even 
when the antistatic layer is contacted to a liquid for 
extended periods of time. 

20 In the antistatic layer, furthermor~, the ion-
exchange groups may be made present eithe-r uniformly in 
the antistatic layer in the direct~on of depth thereof 
or in a manner that the-concentration of the ion­
exchange groups decreas_es continuously or stepwisely in 

25 the direction of depth of the antis-t:;.ati<? layer from the 
surface thereof. In the. latter casE!, the antistatic 
layer has such a gradient of conceri_tration as to 
include a layer of the flu:orine-co!i'-tained resin in 
which the amount of ion:.-exchange groups is not smaller 

30 than O. 25 mol%. 
In the above-mentioned aspect, it is desired that 

the antistatic layer whi~h contain~the ion-exchange 
groups at a concentration'-~~ not sm.~ller than 0.25 mol% 
has a thickness of not sm~iier than· : .. 1 µm and, 

35 preferably, not smaller· than 10 µm _f;rom the standpoint 
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of accomplishing the ab~ve-mentioned surf ace 
resistivity. That is, when the thic:ikness of the above­
mentioned layer is smaller than 1 µm, the antistatic 
layer fails to exhibit antistatic p;r:op.erty to a 

5 sufficient degree, and it becomes d~fficult to stably 
impart the antistatic property to the fluorine­
contained resin molded article. ThQugh there is no 
upper limit on the ·thickness of the antistatic layer, 
any problem does not occur from the _standpoint of 

10 . antistatic property' even when the antistatic layer is 
very thick. 

When the antistatic layer containing ion-exchange 
groups at a concentration of not smaller than 0.25 mol% 
has too large thickness·; however, tlie fluorine-

15 · contained resin molded article loses strength or 
adsorbs the water and impurity ions since ion-exchange 
groups exist deep insi_de therein. 

When the fluorine-contained resin molded article 
of the present invention is used for the applications 

20 of wafer carriers and the like as will .be described 
later, therefore, it is 4esired that part of the 
antistatic layer containing the ion-exchange groups at 
a concentration of not smaller than o·. 25 mol% has an 
upper-limit thickness of· not larger than 50%, 

25 preferably, not larger than 40% and, more preferably, 
not larger than 30% wit~ respect to the thickness of 
the base material. In particular, ~he upper-limit 
thickness of the antistatic layer is: an absolute 
thickness.which may, desirably, be .n,ot larger than 500 

30 µm, more desirably, not larger thart · 200 µm and, 
· particularly desirably, not larger than 100 µm. 

When the fluorine-contained resin molded article 
is used for thin articles such as fflms and sheets that . . ..... . 

will be described later, ·or for such.: applications as 
35 tubes and pipes, it is desireei that· ;the upper-limit 
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thickness of the layer is so controlled that the.base 
material has a thickness of not snia'i1er than 10 µm, so 
that the fluorine-contained resin ·;~:i:hibi ts insulating 
property, property for inhibiting p~rnteation of ions 

5 and resistance against ~hemicals t(f: a sufficient 
degree. 

In the present invention, the. ;,~ntistatic layer is 
usually formed on the whole surf ace·. of the molded 
article. Depending upon. the applid~tions, however, the 

10 antistatic layer may be formed only on part of the 
surfaces of the·molded articles. 

For instance, the antistatic layer may be formed 
on one surf ace of thin articles such as films and 
sheets, or on the inner surface or on the outer surface 

15 of the tubes and pipes, ~he other sµrface without being 
provided with the antistatic layer. This can be 
f avorabiy applied to such applicati~ns where the static 
electricity becomes a problem on one surface of the 
fluorine-contained resin.molded article but does not 

20 become a problem on the other surfa~e. 
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 ~sorption spectrum (hereinafter 

25 referred to as IR spectrtµn). That is, the film is 
perpendicularly cut from the surf a9:e of the fluorine­
contained re.sin molded article of the invention into a 
depth of several tens to several h~ndreds of microns, 
and the IR transmission or ref lect~on spectrum is 

3 O measured every after a ~tep of sevE!ral microns. Or, 
the surf ace of the fluorine~contai~ed resin molded 
article of the invention.is groundfinto a depth of 
several to several tens of micron$:":.and the ground 
surf ace is measured for its refled~ion spectrum. When 

35 there exist ion-exchange groups, c~aracteristic 
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absorptions due to the groups will be observed; i.e., 
perfluorosulfonate group (-S03Na), perfluorocarboxylate 
group (-C02Na) and perfiuorocarboxyl:ic acid group (­
C02H) will be observed near 1060 cm-1, near 1680 cm-1 

5 and near 1780 cm-1. The thickness 0£ the antistatic 
layer can be determined from these absorbing portions, 
and the amount of the ion-exchange groups can be 
determined from the intensity of absorption. 

When the~e exists ~o ion-exchange group, on the 
10 other hand, these characteristic absorptions are not 

observed. Instead, absorptions due ·to 
polytetrafluoroethylene, a copolymer of 
tetrafluoroethylene and alkyl vinyl _ether, a copolymer 
of tetrafluoroethylene and hexafluoropropylene, and 

15 polytnonochlorotrifluoroethylene are ·observed over 1200 
to 1300 cm-1, absorptions due to perfluorosulfonic acid 
fluoride group (-S02F), perfluorocarboxylic acid 
chloride ·group (-C02Cl), perfluoroqarboxylic acid ester 
group (-C02CH3) and perf:I:uorocyano g;roup (-CN) are 

20 observed near 1420 cm-1, near 1710 cm-1, near 1780 cm-1 
and near 2100 cm-1 as absorptions due to groups that 
can be converted into ion-exchange ~·;-cups. These 
absorbing portions can be regarded to be thicknesses of 
the layers. · 

25 There is no particular limitation on the concrete 
shape of the fluorine-contained rea:sin molded article of 
the present invention. For instance, the fluorine­
contained resin of the invention can be molded into a 
structure like a wafer c~rrier as shown in Fig. 1, into 

30 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 fluorine~conta·j_~~d resin molded 
articles, described bel~w ~re pref,~·rred methods of 

35 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 surf ace th~reof by molding a fluorine-

s 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 

10 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 pr~ducing a fluorine-contained 
resin molded article of which the base material 

15 comprises a mixture of a precursor and a fluorine­
contained res.in 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 ~he surface t~ereof, by mold'ing the mixture 

20 of the precursor and the fluorine-contained resin 
without substantially having a group that can be 
converted into an.ion-exchange group and an ion­
exchange group into an article, and converting, into an 
ion-exchange group, the group that can be converted 

25 into an ion-exchange group that is present in the 
precursor within a predetermined range of thickness 
from the surf ace of the molded article (production 
method 2). 

3. A method of pro~ucing a fluorine-contained 
30 resin molded article in which an antistatic layer is 

formed on the surf ace 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-e~c~anqe group, by 

35 molding the fluorine-contained· resin without 
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substantially having a group that c~n be converted into 
an ion-exchange group· an~ an ion-exchange group into an 
article, melt-adhering the above-mentioned precursor 
maintaining a predetermined thickness onto the surf ace 

5 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-
10 contained resin molded article having an antistatic 

layer formed maintaining a predetermined thickness on 
the surf ace of a base ma~erial which comprises a 
fluorine-contained resin without substantially having a 
group that can be converted into an ion-exchange group 

15 and an ion-exchange group, by extruding the fluorine­
contained resin 
without substantially having a group that· can be 
converted into an ion-exchange group and an ion­
exchange group and the precursor to form multiple 

20 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 
25 article of the.present invention can be produced by 

selecting any desired production m~thod depending upon 
the object of use, kind ?f resin t~be used, etc. In 
this case, in order to form the ant-is ta tic layer 
maintaining good precision in the t:tiickness, the 

30 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 formi~g the fluqr~ne~contained resin 
35 having ion-exchange gro~ps for constltuting the 
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antistatic layer comprises copol~i;izing a 
fluoroolef in and a monomer having a group that can be 
converted into an ion-exchange grou~, and converting 
the group that can be converted intq the ion-exchange 

5 group into the ion-exchange group •. ;The _fluorine­
contained resin having t~e ion-exch~nge group obtained 
by this method is represented by the following general 
formula, 

10 

15 

20 

or 

{CF2CF2)x(CFCF2)y(CFCF2)z 

I I 
ORCFZ A 

I 
RF 

wherein R is a perf+uorocarbon chain or a 
perfluoroether chain and is concretely, 

wherein m is an integer of from 2 to 10, 

-{CF2CFO)nCF2-

I 
25 CF3 

wherein n is an integer of from 1 to 3, RF is as 
· described above, Z"- is S03M or C02M (where M is as 
described above) , and A is -CF3, -0 (CF 2) dCF 3, 

30 -OCH2 (CF2) eCF3 {where d is 0 or an integer of from 
1 to 7, e is an integer of- frq~ 1 to 7), or a 
chlorine atom. 
The fluorine-contained_ resin h:~ving a group that 

can be converted into an ion-excha_*19e group concretely 
35 and preferably used in the product,itjn method 1, can be 
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produced by the copolyme~ization of a 
tetrafluoroethylene and a monomer having_a group that 
can be converted into an ion-exchange group. In order 
to improve moldability and physical prop$rties of the 

5 copolymer, in this case, the tetrafluoroethylene may be 
blended with not more than 30 mol% of a 
hexafluoropropylene, alkyl vinyl ethers represented by 
the following general formula, 

10 

wherein a is 0 or 1, and b is an integer of from 1 
to 10, 

or a monochlorotrifluoroethylene. 
15 As the monomer having a group that can be 

20 

converted into an ion-ex~hange group,. there can be 
preferably used 8: monomer of the fol.lowing general 
formula having a group that can be converted into a 
perfluorosulfonic acid ion-exchange group, 

wherein X is F or cl, RF is F or CF3, and o is an 
integer of from 1 to 3. 

25 As the monomer hav~ng a group that can be 
converted into a perfluorocarboxylic acid ion-exchange 
group, there can be used a monomer ;r:epresented by the 
following general formula, 

wherein Y is C02R ("wherein R is a lower alkyl 
group) , CN, COF, COCl, p is an.· ;integer of from 1 
to 3, and q is an inter of from 2 to B, 

35 or by the following general formula., 
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wherein Y is C02R (_wherein R is a lower alkyl 
5 group) , CN, COF, COCl, "'nd r is an integer of from 

2 to a. 

10 

15 

Described below are concrete E!Xi:µnples of the 
monomers having a group that can be ·'converted into an 
ion-exchange group: 

CF2 = CFOCF 2CF 2S02F·; 
CF2 = CFOCF2CF(CF3)0CF2CF2S02F, 
CF2 = CFOCF2CF(CF3)0CF2CF(CF3)0CF2CF2S02F, 
CF2 = CFOCF2CF(CF3)~02F, 
CF2 = CFOCF2CF (C.F3 )OCF2CF (CF3 )S02F, 
CF2 = CFO (CF 2) 3_9C02CH3, 
CF2 = CFOCF2CF20CF2CF(CF3)C02CH3. 

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

Copolymerization of· the tetrafluoroethylene with 
the lilOnomer having a group that can be converted into 
an ion-exchange group c"'n be accomplished by a known 
method without limitatio~. That is, the best 

25 polymerization may be selected out of the solution 
polymerization method, suspension polymerization method 
and emulsion polymerization by taking conditions s~ch 
as copolymerizing properties into consideration. · 

In any case, the c~polymerization is carried out 
30 by dissolving the tetraf luoroethylene in a dispersion 

or solution of the monomer having a group that can be 
converted into an ion-exchange groU.p>'under the 
application of pressure.. When anot,her monomer is used 
in addition to the monomer }laving ~· ·;,:roup that can be 

35 converted into an ion-exchange grqup : and the 

- -·---.... 
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tetrafluoroethylene,.the polym~rization may be carried 
out by mixing the another monomer into.the 
tetrafluoroethylene when.it is a gaseous 
hexafluoropropylene or the like or by mixing the 

5 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 polymerizatio~ without using organic 

10· 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 w<lrks as a c~ain 
trans.fer agent, whereby the polymer loses its molecular 

15 weight and the resulting copolymer exhibits 
deteriorated properties.· It is therefore desired to 
use a solvent which is a fluorine-tY:Pe liquid. 
Concrete examples include perfluoroalkanes such as 
perfluorobutane, perfluoropentane, perfluorohexane, 

20 perfluoroheptane, perfluorooctane and the like; 
perfluorocycloalkanes such as perfluorocyclobutane, 
perfluorocyclohexane and·the like; perfluoroethers; 
perf luoro tertiary amines such as 
p~rfluorotributylamine a~d the like; 

25 perfluoromorpholines; and chloroflup;toethanes such as 
trifuloromonochloroethane and the like. 

In the case of the .. emulsion po~ymerization, a 
persulf ate such as ammonium persulfiit.e is favorably 
used as a polymerization initiator. ·in the case of the 

30 solution polymerization and the susp~nsion 
polymerization, a known organic rad~cal generator is 
used. By taking the heat resistance:·O.f the obtained 
copolymer into considerc:'-tion, however, diacyl peroxides 
of the fluorine type are favorably '1s~d. Concrete 

35 examples include (CF3CF2c°02)2, (HCF2CF~C02)2, 



______ _, ____ ...,.._ """"·--=-· =-·'"""-__ ....... ~ .. ~--·· -~·-··=···-=---=·-··=····=---~-~-~·-·-'---:.~ 

21 

(ClCF2CF2C02)2, (CF3CF2CF2C02)2, and 
(CF3CF2CF20CF(CF3)C02)2• 

· The pressure of the. fluoroolef_in during the 
polymerization may vary depending u_pon the monomer 

5 composition and the polymerization ~emperature and 
cannot be exclusively determined bu~ is desirably from 
1 to 30 kg/cm2-G. The polymerizatipn temperature 
varies depending upon the decomposition temperature of 
the,polymerization initiator and cannot be exclusively 

10 determined but is usually from 0 to l00°C, and is 
preferably from O to 50°C when a diacyl peroxide of the 
fluorine type is used a~ the polyme~ization initiator. 

The thus obtained c~polymer of the 
tetrafluoroethylene and the monomer having a group that 

15 can be converted into an ion-exchang~ group, can be 
molded into.shaped articles, tubes, pipes, sheets and 
films through injection molding, extrusion molding, 
transfer molding or com~ression molding. The copolymer 
of the fluoroolefin and.the ion-exchanging monomer 

20 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 producing the 
25 fluorine-contained resin molded article of the present 

invention, the fluorine-contained resin having a group 
that can be converted into an ion-e;chanqe group 
conc.retely described in connection .;,.ith the production 
method 1 and the fluorine-contained resin without 

30 having ion-exchange group or the fluorine-contained 
resin described with reference to the base material 
resin are mixed together, and are mq~ded to obtain a 
molded article. 

When a polytetrafluoroethylene·is used as the base 
35 material resin, however,· the molded article is not 
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obtained by the ordinary_ injection moiding or the 
extrusion molding, but is obtained by a method based 
upon the compression molding. 

According to the metnod 3 of producing the 
5 fluo;rine-contained resin -inolded article of the present 

invention, a powder or a dispersion of the precursor is 
applied onto the surf ace of the base material by the 
electrostatic application method, ill1,mersion application 
method or spray application method, followed by heating 

10 and melt-adhesion to ob~ain a molded article. 
It is also allowabl~ to obtairi the molded article 

by applying, by the above-mentioned electrostatic 
application method or the_ like method, a powder or a 
dispersion of the precursor into a metal mold having an 

15 inner surface formed to match with the .shape of the 
base' material to form t~e 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 1,l\aterial. 

20 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 art ion-exchange group may be set 
to be lower than the melting point.of the base material 

25 resin by about l0°C and, preferably, by about 20°C, so 
that the precursor is me~t-adhered. by heating onto the 
base material resin without causing:: :its shape to be 
changed. In order to obtain such a.' copolymer, it is 
desired that the content of the monomer having a group 

30 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 te~rafluoroethylene and 
the monomer having a group that cap: ·be converted into 
an ion-exchange group. It is furthE,!r allowable to add 

35 such components as alky:t. vinyl ether or 
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hexaf luoropropylene to the 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 

5 according to the production method 1, followed by melt­
adhesion by heating. 

According to the method 4 of producing the 
fluorine-contained resih molded article of the present 
invention, a powder or a·dispersion of the fluorine-

10 contained resin having a group that can be converted 
into an ion-exchange gro~p 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 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 

20 concretely described wi~h ·reference to the production 
method 1 onto the polyte~raluoroethylene 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 

25 method which laminates two kinds of resins one upon the 
other while melt-extruding them in addition to 
employing the above-mentioned extr1li;ion-laminating 
method. As required, f"Q.rthermore, the laminate 
consisting of three or more layers. can be obtained by 

30 this production ·method •. 
· Under an alkaline condition ~hat is usually used, 

it is desired to employ a ~ydrolys:i_s reaction to 
convert into _cation-exchange grou:ps-,. the groups that 
can be converted into ion-exchange. groups in the 

35 fluorine-contained. resin molded article produced by the 
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above-mentioned production methods. The hydrolysis 
reaction is carried out by immersi~'g the molded article 
in an aqueous solution which contaiµe several to . 
several tens of percent of an alkali such as NaOH, KOH, 

5 tetraalkylammonium hydr~xide or the like, and heating 
it at room temperature to l00°C for several hours to a· 

· hundred and several tens of hours. Addition of an 
organic solvent such as methanol, ethanol or dimethyl 
sulfoxide is effective in promoting_the hydrolysis. 

10 Acco~ding to the present inven~ion, the thickness 
of the antistatic layer plays an· important role from 
the standpoint of developing the ef :fect of the 
invention. In the case of the production method 1 and 
the production method 2, the group~"that can be 

15 converted into ion-exchaµge groups are uniformly 
distributed in the direction of thicknes.s, and the 
thickness of the antistatic layer i·s adjusted depending 

·:, 

upon the.conditions-of the hydrolyzing reaction. 
However, the conditions of the hyd~plyzing reaction 

20· vary depending upon the concentratipn of an alkali, 
temperature, kind of organic solvent, amount of organic 
solvent, amount of groups that can·. :be converted into 
ion-exchange groups and composition of the resin, and 
cannot be exclusively determined. ·Therefore, the 

25 thickness of the antistatic layer can be controlled to 
lie within a range of the present d .. ri.vention upon 
measuring in advance the condition~):#or the hydrolyzing 
reaction and the concentration in the direction of 
thickness of the antistatic layer :fo'rmed by the 

30 hydrolysis. 
In the above-mentioned produc#ion methods 1 and 2, 

a concentration gradient is so form~? that the 
concentration of ion-exchange groups is high on the 
surface and decreases in· the direction of thickness. 

35 It is, however, desired that the l~~~r in which the 

•. 
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concentration of ion-exchange groups is not smaller 
than 0.25 mol%, is not smaller than·l µm. Under this 
anti~tatic layer, there .. may exist the base material in 
which the concentration C?f ion-exchange groups is 

5 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 therebet~een 
may exist between the antistatic layer and the base 
material, as a matter of course. 

10. According to the production method 3 of the 
present invention, furthermore, the fluorine-contained 
resin having a group that can be co~verted into an ion­
exchange group may be applied and melt-adhered and, 
then, the thickness of the antistatic layer may be 

15 adjusted depending upon the conditions of the 
hydrolyzing reaction, so as to accolilplish a thickness 
which is desired for developing the effects of the 
pres:ent invention. 

In the cases of the. production methods 3 and 4, 
20 the ,precursor layer may be so treated that the 

concentration of the ion-exchange ·groups becomes 
unif'orm over the whole thickness, o:i: may be so treated 
as to form a gradient of . _ion-exchan9e group 
concentration in the same manner as described with 

25 reference to the production methods. 1 and 2. 
It is desired that the hydrolysis is carried out 

over the whole surfaces of the fluorine-contained resin 
molded article. Depend~ng upon the applications, the 
hydrolysis may be carrie4 out on one surf ace only or on 

30 a portion of the surfaces. 
Pair ions of the cation-exchange groups after the 

hydrolysis are Na ions, K ions or ~ydrogen ions. Here, 
however, a conventional method for conversion into 
other metal ions, hydro~en ions or' :ammonium ions can be 

35 employed without any problem. 
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As will be compreh~nded from the foregoing 
description, the ordinary fluorine-cpntained resin has 
a surface resistivity of not smaller than 1016 g and a 
voltage attenuation factor after o~e hour of several 

5 percent, whereas the fluorine-conta$ned resin molded 
article of the present invention has a surf ace 
resistivity of not larger than 1013 g and a voltage 
attenuation factor of nearly 100% after several 
seconds. Thus, the fluorine-conta~ned res.in o,f the 

10 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, 

15 and diffuses the static electricity when it is 
generated. The fluorine-contained resin molded article 
of the present invention. does.not substc:mtially have 
ion-exchange groups in the base material. When 
immersed in a chemical solution therefore, the 

20 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 Qhemical solution. Besides, the' fl\lorine-contained 
resin molded article that is introduced into another 

25 chemical solution or water, does not cause such 
chemical solution or wai;:.er to be fou:led. Moreover, the 
fluorine-contained resin molded artiqle does not 
undergo a dimensional change, thus e~hibiting excellent 
properties inherent in the. fluoririe;..;(:ontained resin. 

30 Accordingly, the molded article. of the present 
invention can be desirably_qsed in t~e fields where 
generation of static el~ctricity mus:t be avoided such 
as production of semicon~uctors, foo(i industries, 
chemical industries and in general ':f'ields of science 

35 and chemistry. 



-~. 

27 

Concretely speaking, since no ciirt and dust adhere 
electrostatically, the fluorine-contained molded 
article of the present invention can be favorably used 
as a tube for trans~orting chemical solutions, joint, 

5 valve, st_rainer, contaii?-er for che~ical solutions, tips 
of vacuum tweezers, peripheral part~ for the production 
of semiconductors, jig for a wafer carrier, etc. In 
particular, the wafer carrier made.of the fluorine­
contained resin molded article of the present invention 

10 exhibits excellent antistatic property and not only 
supp;tesses fine particles suspended in the atmosphere 
from electrostatically adhering to the wafers to a 
suff:icient degree but also suppresses percent defective 
of the wafers, since there occur no such problems as 

15 generation of particles,. fouling witl:l impurity ions, 
etc. 

When inflammable solutions are transported by 
using the tube (or pipe) of the pre·sent invention, no 
static electricity generates or builds up owing to the 

20 antistatic property. Accordingly, probability of 
catching fire is elimina~ed, 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_. 

2s· Furthermore, in the.field of the food 
manufacturing, ·using the molded art~cle of the present 
invention prevents the problem of dust adhering for 
sanitary reasons. 
(Examples) 

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

The fluorine-contained resin molded article was 
measured for its surface· resistivi~~' voltage 

35 attenuation factor and amount of aC::lsorbing chemical 
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solution in a manner as described below. 
(1) Surface resist~vity. 

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

5· measurement in compliance with JIS K-6911, 
7l"(D + d). 

Ps = x Rs 
D - d 

where Ps: surface ··resistivity ('2), 
10 d: out.er 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 ( '2). 

15 voltage, 500 V: me~suring 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 
20 kV was applied for one minute, and the voltage was 

measured after the application of voltage was 
discontinued. 

Resin size: 40 x 4o·x 0.25 mm, 
Attenuation factor = (Initial voltage - Voltage 

25 . 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-liter quartz 
30 container that has been washed, and: 500 ml of sulfuric 

acid for electronic industries was added th~reto, 
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 
35 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 

. . 

sampled, analyzed by ion chromatography, the amount of 
sulfuric acid contained ~n the ultra-pure water was 

5 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-trichlorotrifuloroethane that has been 
10 ref iried in advance by distillation was introduced in an 

amount of 320 9 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 

15 reactor was introduced O. 039 9 of methanol and 33. 5 g 
of CF2=CFOCF2CF(CF3)0CF2CF2S02F, the stirrer motor was 
driven at a speed of soo· rpm, and a tetrafluoroethylene 
was introduced maintai~ing a pressure of 4 kg/cm2-G. 

Then, 1.77 9 of the 1,1,2-trichlorotrifluoroethane 
20 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 

25 from the ~tart of the reaction, the pressure in the 
reactor was released, the re.actor was connected to a 
vacuum pump via a cooling trap, the pressure was 
decreas·ed with stirring, and low-boiling components 
such as solvent and unre~cted monomer were recovered 

30 into the trap. After distillation, the reactor was 
disassembled, the copolymer was taken out and was dried 
in vacuum at 150°C for 12 nours. There was obtained 24 
9 of the copolymer. 

From the measurem~nt of nuclear magnetic resonance 
35 spectrum and infrared:..ray ab,sorption 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 
tetrafluoroethylene anq 4.3 mol% of a monomer unit 
based upon CF2=CFOCF2CF(CF3)0CF2CF2S02F. The specific 

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

The copolymer obtai~ed in Reference Example 1 was 
melt-molded into a film of a thickness of 0.25 mm, 

10 immersed in a solution of NaOH/DMSO/H20 = 15/25/60 % by 
weiqht, 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 

15 .10 µm deep from the surface, 0.08 mol% in a portion 20 
µm deep from the surface, and 0.02 mol% near the 
central portion. Therefore, the antistatic layer in 
which the concentration qf ion-exchange groups was not 
smaller than 0.25 mol% possessed a thickness of 10 Jlm· 

20 Next, the film was measured for its surface 
resistivity to be 5~4 x 108 n and was further measured 
for its voltage attenuation factor to be 100% after a 
second. Moreover, the ~ilm was measured for its amount­

of adsorbing chemical so~ution to be 1.0 ppb/cm2. The 
25 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 

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

35 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-e~change groups in the film was 
examined to be the same as the amount before these 
boiling. The film was measured for its surface 

5 electric resistivity to be 9. 2 x 10·8 n 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 

10 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 

15 isop~opyl 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 i~dustries wa~ replaced by a new 
one which was then shook for s·minutes and was left to 

20 stand. The same replacement was repeated, and the 
number of particles ranging from 0.3 to 2 µm 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.). 

25 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 ele~tronic industries 
used in the experiment contained particles in a number 

30 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 and 5% by weight of a 
powder of carbon fiber was mixed using a kneader-

35 · brabender heated at 350°C for 20 minutes, and obtained 
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the ·o.25 mm thick film by the ·above mentioned method. 
The mixture was melted at 350°C and was -cooled under 
the 'application of pressure to form a sheet having a 
thickness of 0.25 nun. The obtained film was tested for 

5 its ,generation of particles. 
Five pieces of sam~les 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 
method. As a result, particles were measured in a 

10 number of 1250/ml one day after, in a number of 1140/ml 
7 da:ys 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 

15 copolymers were obtained by changing the content of the 
gro~ps that can be conve~ted 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 = 

20 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 surf ace of the antistatic 

25 layers, thicknesses of :t;.he layers in which the 
concentrations of ion--exqhange 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 

30 swelling in the pure water. The results were as shown 
in Table 1. 
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Table 1 

*l Cmol% \ *2JumL_ Surf ace voltage Amount of Elongation 
resistivity attenuation adsorbing due to 

(Q) factor chemical swelling 
(after 1 sec) solution (%) 

(%) _toob I cm2.J_ 

Example 2 o.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 

*l: 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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(Ex~ples 5 to 7) 
Copolymers were obtained in th·e same manner as in 

Reference Example 1 but using monomers having groups 
that can be converted into ion-exchange 'groups shown in 

5 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.~5 mm in the· same manner as in 
Example 1, immersed in a solution of NaOH/DMSO/H2o = 

10 15/2S/60 % by weight, aµd were hydrolyze·d at 100°C for 
24 hours. 

Measurements were taken concerning the contents of 
ion-exchange groups in the surf ace of the antistatic 
laye:rs, thicknesses of the layers in which the 

15 conc~ntrations 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 

20 in Table 2. 

25 
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Precursor monomer *l(mol%l 

Ex.5 CF2=CFOCF2CF2S02F 4.9 

Ex.6 CF2=CFOCF2CF2CF2COOCH3 4.2 

Ex. 7 CF2=CFOCF2CF20CF ( CF3) COOCH3 4.0 

Table 2 

*2 cum> 

10 

10 

12 

Surf ace 
resis­
tivity 

(Q) 

1.4xl08 

7.SxlOB 

2.7xl0B 

Voltage 
attenu­
ation 
factor 
(after 
1 sec) 

(%) 

100 
... 

100 

100 

Amount of 
adsorbing 
chemical 

solution 
l ppb I cm2.._)_ 

1.1 
. .. 

2.9 

1.1 

Elonga­
tion 
due to 

swelling 
LI l 

0.1 

0.2 

0 

*l: 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 

.. 
.. 

yo) 
\J'1 

··I 



36 

(Example 8) 
The copolymer obta:ined in Refe·rence Example 1 was 

melt-molded into a film having a thickness of 0.25 mm, 
immersed in a solution of NaOH/DMSO/H 20 = 15/25/60 % by 

5 weight, and were hydrolyzed at 100°C.for 120 hours. In 
the antistatic layer of the obtained film, the·layer in 
which the concentration of ion-exchange groups was not 
smaller than 0.25 mol% possessed a thickness of 40 µm. 

The film was measur~d for its s~rface resistivity 
10 to be 1. 6 x 10 s n and was further m~asured for its 

voltage attenuation factor to be 100% after a second. 
Moreover, the film was measured for its amount of 
adsorbing chemical solutio~ to be 1.1 ppb/cm2. The 
film was immersed in the ion-exchanged water overnight, 

15 and elongation due to swelling was 0. 1%. 
(Comparative Example 2) 

The copolymer obtained in Reference Example 1 was 
melt-molded into a film havin_g a thickness of O. 25 mm, 
immersed in a solution of NaOH/DMSO/H20 = 15/25/60 % by 

20 weight, and were hydrolyzed at 100°C for 1 hour. The 
antistatic layer of the·· obtained film possessed a 
thickness of 0.5 µm. The film was measured for its 
surface resistivity to be larger than 1 x 1014 n and 
was further measured for_ its voltage attenuation factor 

· 25 to be 4% after 5 minutes. Moreover~ the film was 
measured for its amount of adsorbing chemical solution 
to be 0.8 ppb/cm2. The·.film was i•ersed in the ion­
exchanged water overnight, and elongation due to 
swelling was 0%. 

30 (Example 9) 
The copolymer obtained in Refetence Example 1 was 

melt-molded into a film having a t$$.ckness of 0.25 mm, 
immersed in a solution pf KOH/DMSo/.ij."20 = 15/25/60 % by 
weight, and were hydroly;ed at lO<>'~·c· for 24 hours. In 

35 the antistatic layer o·f the obtain~(i film, 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 µm. 
The surface resistivity was measured to be 4.4 x 10s a. 
The voltage attenuation factor was measured to be 100% 

5 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/H20 = 15/25/60 % by 

10 weight, and was hydrolyzed at 100°C for 24 hours. The 
film was immersed in a lN 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 

·15 smaller than 0.25 mol% possessed a thickness of 10. JJill· 

The film was measured for its surface resistivity to be 
1.1 x 109 g and was further measured for its voltage 
attenuation factor to be 100% after a second. 
(Example 11) 

20 · The film obtained iri 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 g and was further measured for its 
voltage attenuation factor to be 100% after a second. 

25 (Examples 12 to 14) 
A polytetrafluoroethylene (hereinafter referred to 

as PTFE), or a copolymer of a tetrafluoroethylene and 
an alkyl vinyl ether (he~einafter referred to as PFA) 
or a copolymer of the tetraf luoroethylene and a 

30 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 NaOB/DMSO/H20 = 15/25/60 % by 

35 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 

5 the surf ace of the antistatic layer of the obtained 
films, thicknesses of the layers in which the 
concentrations of ion-exchange groups are not smaller 
than Q.25 mol%, surface resistivities, voltage 
attenuation factors after a second, amounts of 

10 adso:rbing chemical solution, and el_ongation due to 
swelling in the pure water. The results were as shown 
in T:able 3. 

15. 
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Table 3 

Mixina ratio _ _qf resin.a_ *l(mol%) *2 (µm) Surf ace Voltage Amount of Elonga-
res is- attenu- adsorbing ion 

Base resin Antistatic tivity a ti on chemical due to 
(wt%) resin_lwt%l U2 l factor solution swelling 

(after ( 12J2b L cma. .l. ti) 
1 sec) 

(%) 

Ex.12 PTFE 4.8 10 1.3xlOB 100 1.2 0 
59.7 40.3 VJ 

'° 
Ex.13 PFA . 4.1 10 s.sx1oa 100 2.0 0 

68.8 31.2 

Ex.14 FEP 4.5 12 3.9xlOB 100 1.2 0 
62.1 37.9 

*l: 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 15 to 17) 
The powder of the copolymer obtained in Reference 

Example 1 was uniformly adhered onto the surfaces of 
the .films of PTFE, PFA and of the C()polymer of the 

5 tetrafluoroethylene and CF2=CFOCH2GF2CF3 (containing 94 
mol% of the tetrafluoroethylene). - T.he 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.fiims were immersed in 

10 a solution of NaOH/DMSO/H 20 = 15/25/60 % by weight, and 
was hydrolyzed at 100°C for 24 hours to form antistatic 
layers. 

Measurements were taken concerning the thicknesses 
of the layers in which the concentrations of ion-

15 exchange groups were not smaller them O. 25 mol% in the 
antistatic layers of th~ 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 

2 0 results were as shown in. Table 4 • 

25 
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Table 4 

surf ace Voltage Amount of Elongation 

•2 
resistivity attenuation adsorbing due to 

('2} factor chemical swelling 
tuml (after 1 sec) solution (%) 

t%L. t ppb I cmz. .l. 

Example 15 10 4.9 x 108 100· 0.9 0 

Example 16 10 5.1 x 108 100 1.2 0 

E:x:ilJllple 17 10 2.2 x 108 100 1. o. 0 

•2: Thickness of the layer in which the concentration of ion-exchange 

groups werenot smaller than 0.25 mol%, in the antistatic layer 

_, .. ;;,· ... =.,~·.~·;·.:;;: .. ·, ............ ,_ •. ;-. 
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(Example 18) 
The film obtained in Example 6 was immersed in a 

lN hydrochloric acid solution and was ·stirred at 30 °c 
for 24 hours, so that the ion-exchange groups were of 

5 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) 

10 A copolymer of 4.8 mol% of 
CF2=CFOCF2CF(CF3)0CF2CF2S~2F and 95.2 mol% of a 

tetrafluoroethylene was prepared in compliance with the 
production method of Reference Example 1. 
(Example 19) 

15 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 

20 % by weight, and was hy~rolyzed at l00°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 

25 to be 15 µm. 
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 µm 
adhered to the whole surface of 'the wafer held at the 

30 end of the wafer carrier.was five. 
Next, the wafer carrier was measured for its 

surface resistivity to be 1 .• 8 x 108 '2. Furthermore, 
the wafer carrier was partl:y cut out and was measured 
for its voltage attenuation factor to be 100% after one 

35 second. 
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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 

5 for 24.hours in a clean room of a class 1000. The 
number of particles not .. smaller than 0.3 µm adhered to 
the wafer held at the end of the wafer carrier was 
about 300. 

Next, the wafer carrier was measured for its 
10 surface resistivity to. be larger than 1 x 1014 n. 

Furthermore, the wafer carrier was partly cut out and 
was measured for its voltage attenuation factor to be 
0. 8% a:Cter 5 minutes and· 6% after 30 minutes. 
(Example 20) 

15 By using the cormner~ially available PFA, the wafer 
carrier same as that of Example 19 was obtained through 
the injection molding. The copolymer obtained in 
Reference Example 2 was·. electrostatically applied to 
the inside of an SUS metal mold that was in match with 

20 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 ~ersed in a solution of 

25 (CH3) 4N+OH-/DMSO/H20 = 15/2.S/60 % by weight, and was 
hydrolyzed at 100°c for 24: hours. :The wafer carrier 
was cut at several portions and th~ ooncentration of 
the ion-exchange groups· i:P. i;he por~ions was measured. 
As results, the concentrat~on near'.the surface was 

30 averag.es 4.8 mol%, and the concentration in a portion 
80 µm deep from the surface·was averages 3.8 mol%, and 
the concentration in a portion 100 •· µm deep from the 
surf ace was averages O. os. ino~%. Tllerefore, the 
antistatic layer in whic~'-,t~e conc_entration of ion-

35 exchange groups was not ·s~aiier than O. 25 mol% 
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possessed a thickness of· about 95 µm. 
The surface resistivity was 2.1 x 108 g and the 

voltage attenuation fac~or was 100% after one second. 
Next!~ the wafer carrier was partly cut out and was· 

5 tested for its amount of adsorbing· chemical solution to 
be 1. 8 ppb/cm2. 
(Exall1ple 21) 

A wafer carrier was obtained in the same manner as 
in Example 20. The wafer carrier was cut at several 

10 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 µin deep from t~e 
surface was averages 4.1 mol%, and the concentration in 

15 a po~tion 340 µm 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 µm. 
The surface resistivity of the wafer carrier was 2.1 x 

20 108 a, the voltage attenuation 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 
25 copQlylner obtained in Reference Example 2, a tube 

having an outer diameter· of 8 mm. and. an inner diameter 
of 6 nun was formed by the two-layer ~xtr-usion molding 
method. The tube was ~er'sed in a solution of 
NaOH/DMSO/H20 = 15/25/60 % by·weight, and was 

30 hydrolyzed at 100 ° c for 24 hours. The tube was cut 
open. 

The surface resistivity was m~asured to be 4.1 x 
10s g and the voltage attenuation fa9tor was measured 
to be 100% after one second. 

35 In this tube, the conqentration of the ion-
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exchange groups near the surface was averages 4. 7 mol%, 
and ~he concentration in.a portion 50 µm deep from the 
surface was averages 3.8 mol%, and the concentration in 
a portion 70 µm deep from the surface was averages 0.1 

5 mo1%. Therefore, the antistatic layer in which the 
concentration of ion-exchange groups was not smaller 
than 0.25 mol% possesse~ a thickness of about 65 µm. 

The tube was immersed in the pure water overnight, 
but no elongation due to swelling was observed in the 

10 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 wa113 maintained at room 

15 temp;erature for 24 hours~ The ultra-pure water was 
then analyzed by the ion chromatography, and the amount 
of permeating the chemic~! solution was calculated to 
be 5 x 10-12 g·cm/cm2 ·s. 
(Comparative Example 4) 

20 By using the copolymer obtained in Reference 
Example 2, a tube having.an outer diameter of 8 mm and 
an £nner diameter of 6 mm was obtained through the 
extrusion molding method. The tube was immersed in a 
solu,tion of NaOH/DMSO/H20 = 15/25/60 % by weight, and 

25 was hydrolyzed at 100°C for seven days. The tube was 
cut open. The surface resistivity· was measured to be 
4.0 x 108 g and the voltage attenuation factor was 
measured to be 100% after one second. 

The content of ion-exchange groups nearly at the 
30 center was 3. 2 mo1%. The tube was · immersed in the pure 

wat~r overnight, and was elongated due to swelling in 
the lengthwise directio~ and in the direction of 
diameter by 4.8% and 5.3%, respect~vely. The amount of 
permeating the chemical solution was 7 x 10-9 

35 g·cm/cm2 · s. 
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(Example 23) 
A copolymer of CF2=CFOCF2CF2CF2C02CH3 and a 

tetr:afluoroethylene was obtained in the. same manner as 
in Comparative Example 1. The copolymer contained a 

5 monoJller unit due to CF 2=::=CFOCF2CF 2CF 2C02CH 3 in an amount 
of 4.2 mol%. The copol~er was melt-molded into a film 
of a thic.kness 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, 

10 and was reacted with a dimethylamine in ether. Then, 
the film was reacted wi~h sodium boron hydride in dry 
digl:yme at 100°C for 18 ·hours and was reduced, and was 
then reacted with methyl.iodide in a methanol solution 
at 6:0 °c for 16 hours, so that the 9'±'oups were converted 

15 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 µm deep··from the surface and at a 
portion 120 µm deep from·the surf~ce. The layer in 

20 which the concentration of ion-excllange groups was not 
smaller than O. 25 mol% i? the antistatic layer 
possessed a thickness of 75 µm. 

The obtained film was measured for its surface 

resistivity to be 4.5 x· 108 n and was measured for its 
25 voltage attenuation fact(>r to be 100% after one second. 

(Ex~ple 24) 
The copolymer obtained in Reference Example 1 was 

melt-molded into a film of a thick~ess of 0.25 mm, 
immersed in a solution of NaOH/DMSc)fH20 = 15/25/60 % by 

30 weiqht, and was hydrolyzed at 100.~'C:: for 72 hours. As a 
result of IR spectrum me~surement i .. >the amounts of ion­
exchange groups were 3.8 mol%, 3.l:)nol%, 0.25 mol% and 
O. O 1 mol% on the surf ace:. of the £ii~, . at a portion 50 
}Jiil deep from the surface" at a portiqn 60 }Jiil deep from 

35 the surface and at a por~ion 70 µiq )ieep 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-exahange group~ was not smaller 
than 0.25 mol% in the antistatic layer of the film 

5 possessed a thickness of 60 µm. .· 
The film was measured for its', s:Urface resistivity 

to be 5 .2 x 108 n and was further .~as-ured for its 
voltage attenuation factor to be rqo% after one second. 
The amount of adsorbing._ chemical s.plution was O. 9 

10 ppb/cm2. When immersed in the ion ... 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, 

15 imme):sed in a solution ?f NaOH)DMSO/H20 = 15/25/60 % by 
weight, and was hydrolyzed 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 surf ace of t~e film, at a portion 50 µm 

20 deep from the surf ace and near the central portion. 
The film was measured for its· surface resistivity 

to be 3 • 8 x 10 8 n and was further measured for its 
voltage attenuation factor to be 10~% after one second. 
The amount of adsorbing chemical solution was 65 

25 ppblcm2. When immersed in the iontexchanged water 
overnight, the .film elongated due ',to swelling by about 
4.5%. 
(Comparative Example 6) · 

A PTEE film having a thicknes's of 250 µm was 
30 imnlersed in a solution of methyle~e chloride comprising 

20 % by weight of CF2 = CFOC]!'2CF(C#3)0CF2CF2S02F, and 
then was irradiated with' 2,5:Mrad.r~dioactive ray to 
graft CF2 = CFOCF2CF(CF3)0CF;;2qF2S02F ~n the surface of 
the film. The obtained. fiflti:was :f.:mmersed in a solution 

35 of MaOH/DMSO/H2o = 15/25/6Q ~!{by ~e£ght, and was 
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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 ab~ut 0 • 2 mol% at the surf ace and 

5 to be 0 mol% at a portion 10 µm deep from the surface. 
Next, the film was measured for its surface 

resistivity to be 1 x 1014 c, and was further measured 
for its voltage attenuation factor to be 1.8 % after 5 

minutes. 
10. 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 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 

15 of 760/ml 14 days after. 
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(Claims:) 

1. A fluorine-contained resin.molded article 
having, on the surface of a ba!se m~t:,erial composed of a 

5 fluorine-contained resin witha;ut sub1:1tantially 
containing ion-exchange group,'. an a.n:t:..istatic layer 
composed of a fluorine-contain~d r~.s-~n of which the 
Sl,lrface resistivity is adjusted· to b,e not larger than 
1013 · Q by making present. the io.n-exchange groups. 

10 2. A fluorine-contained 'resin ::molded article 
according to claim 1, wherein .in the' antistatic layer, 
the ion-exchange groups which may be perf luoro cation­
exchange groups or polyf luoro anion-exchange groups are 
chemically bonded to the fluorine-contained resin via a 

15 per£luorocarbon 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 ~luorine-contained resin which 
contains ion-exchange groups at a concentration of not 

·20 smaller than 0.25 mol%. 
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%. 

25 s. A fluorine-contained resin molded article 
according to claim 1, wherein said i~n-exchange groups 
are perfluorosulfonic acid groups o;.·groups of an 
alkali metal salt thereof or an ammo!lium salt thereof. 

6. A fluorine-contained resin· :fu~lded article 
30 according to claim 3, wherein the layer of the 

fluorine-contained resin·which cont~.ins the ion­
exchange groups at a concentration :Of not smaller than 
0.25 mol% has a thickness of from 1 :to 500 µm. 

7 •. A fluorine-cont~ined resin' !molded article 
35 according to any one of claims: 1 to< i6, wherein the 

·1·· 
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fluorine-contained resin' molded article is a wafer 
carrier. 

8. A fluorine-con~ained resin molded article 
acco+ding to any one of claims 1 to 6, wherein the 

5 fluorine-contained resin_ molded article is a tube or a 
pipe. 

9. A fluorine-contained resin _molded article 
- ; 

according to claim a, wherein the base material has a 
thickness of not smaller tha~ 10 µm. 

10 10. A fl:uorine-contained resin- molded article 
according to any one of claims 1 to 6, wherein the 
fluo~ine-contained resin molded arti9le is a film or a 
sheet. 

11. A fluorine-contained resin molded article 
15 acco*ding to claim 10, wherein the base material has a 

thickness of not smaller than 10 µm. 
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