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{T(Tec m‘cal Field:) 5 The present |nvent|oT reL@@ﬁﬁA@ppnqyetIgluorg@e-

“cdhtaihed resin nol ded articles having antlstatrpnggqi nWbre.O aged

.specifically, the invention relates to fluorine~ E£shn ﬁﬁ ety
g T eper

R
110

‘articles which exhibit good antistatic effect whyl- ng, ro e?kles
10 inherent in the fluorine-contained resin ang; ;y' |tt'€ """""
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of which the surface resistivity is adjusted tQDbe-ﬂéﬁyraﬁger‘than 1913

- [err] by makin Rresent t he ion-exchange groups on the 15 surface |ayer of
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fl uori ne-contai ned resin exhlblts excel.l ent 20 resistance agai nst chem cal s
and heat, excellent electrically insulating property and excellent

resi. stance agdiTee lbéPﬁé- Fd@ldt ) and has been used in a wide field of
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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
15 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
20 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
25 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
. semiconductors tends to adsorb fine particles suspended
30 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.
35 In a pipe for transporting inflammable fluids,




defgctive of the products obtained by u5|ng the wafers. 35 In a pipe
-fqr-transporting inflamrable fluids, 2 static electricity is generated
"by-the friction as the inflammable f1 uid passes through the pipe, creating
a probability of catching fire. There have heretofidare been known a resin 5
i conposition obtained by blending a fluorine-contained resin with an
“electrically conducting powder and a nolded article conposed of this
conposition in-order to inpart antistatic pgoperty.to the nolded article of
t he fluori ne-contai ned reS|n For instance, Japanese Laid- 10 Open Patent

Publ t No 3./842 3255/ 1987 d 2 51/,1990_di | t
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blended W Eh A ger PHRBURMGHHidd8 resin. For instance, Japanese Laid-
.~ 10 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
15 carbon fiber powder, or electrically conducting powder
sucﬁ as of fibrous electrically conducting titanium
oxide and zinc oxide. ,
. Furthermore, Japanese Laid-Open Patent Publication
BT I No. '59864/1996 discloses a fluorine-contained resin
" 20 molded article having an electrically conducting
surface by treating the surface layer of the fluorine-
- contained resin molded article withjplasma to form C=C
bonding by cutting C-F bonding.
However, the molded article of the resin
25 composition in which the electrlcally conducting powder
is mixed must be blended with large amounts of the
electrically conducting powder to ;mpart antistatic
property arousing, however, a problem in that the
electrically conducting powder or impurities contained
30 therein elute out from the fluorine-contained resin
molded article. Such a problem invites a phenomenon in
that a substance that comes into contact with the
molded article is fouled. When the_31uor1ne-conta1ned
resin molded article is used as a’ wafer carrier, in
35 particular, the wafers held by the" Wafer carrier are




el ecttically conducting powder to inpart antistatic property arousing,
however, a problemin that the electrically conducting powder or inpurities
contained 30 therein elute out fromthe fluorine-contained resin nol ded
article. Such a probleminvites a phenonmenon in that a substance that
cones into contact with the nolded article is fouled. Wen the
fluorine-contained resin nolded article is used as a wafer carrier, in 35
particular, the wafers held by the wafer cagrier are 3 foul ed by
particles due to the electrically conducting powler that has el uted out.
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inheren uoriné-contained resin are 1impai
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

15" hand, Japanese Laid-Open Patent delication No.
98641/1989 discloses a method of giaft—polymerizing.a
hydrophilic monomer cdntaining an:ipn-exchange group on
the surface of a porous tube of a fluorine-contained
resin based upon the irradiation with 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 belongs 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 surface at the
greatest. With the surfaces of thé;fluorine-contained
resin molded article being irradiated with radioactive

30 rays, furthermore, the decompdsed_ﬁésin 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@§§ room for

35 improvement with respect to antisﬁﬁﬁic effect and foul-



20 == .~ «+When. t he hydrophilic mononmer is introduced by the graft-reaction in
order to inpart hydrophilic property, however, it is difficult to introduce
t he mononer quantitatively and in |large anounts since the fluorine-
contained resin belongs to a resin of the deconposition 25 type in this
reaction. Therefore, the ion-exchange groups are inparted to a depth of as
thin as about several hundreds angstrons fromthe surface at the greatest.
Wth the surfaces of the fluorine-containedgresin nolded article bei ng
irradiated with radi oactive 30 rays, furthernore, the deconposed resin nay

turn.into a ¢ d ticles. As a result, the

_fluorine- contgﬂﬁgﬁgﬁggh% #ﬁ#ggﬁpgﬁflcle fails to exh|b|t sufficiently
decreased sur f¥ksSelesnuriec afostheadoventdd®dn thves nuch room for 35
'”Drove”ent\Mtflre@ﬁé&bﬂd&éﬁﬂiﬁtihlaffiﬁﬁ% ébgebﬁﬂof thé @E@éﬁﬁtng

f f
Phe prevent | AYeRERoR, t RAAELEE: ALy e Ino et 1Ay Drparit gRildéd ©
article whi Eh dﬂhi‘bleswbd@ch exhibitsc gsigd cant istatis gffeckadmera over
extended peri qfigs@hihbeE ndttheLr 8ves @{ﬁéﬂdédl eE@.@dé‘goﬁlJEihé”%ﬁiSUCh as

particles fromthe,pol ded Jqé a on1e|ut|ng out A
second objectﬁﬁrmﬁgnpygﬁﬁu % gﬁt%&#%%?? ?P PRSI EaFﬁlers t ubes
and films bylpattzcthtm;qmopbetmeidﬂdtamt Ler iansl cthe al ke rEasm

- nol ded eluting out. ,

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

Further objects and advantages of the present

15 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

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 resistance.

25 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

30 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-

35 contained resin molded articles.



articfe. Further objects and advantages of the present .15 invention wll
becone obvious fromthe follow ng description. According to the present

i Afvention, the above- nentioned objects and advant ages can be acconplished
by fornlng, on the surface of a base material conposed of 20 a

fl uorine-contained resin wthout substantially containing ion- exchange
group, an antistatic layer conposed of a fluorine-contained resin in which
are ‘nade present ion-exchange groups S0 as o exhibit a predet er m ned

surface el ectric resistance. 25 That is, the present invention is
concerned with a fluorine-contai ned reigg nDIded article having, on the
surface. of a bEBELGEt PESATiRkdeRe85H fPEBVARE: kont ai ned resin without

substantial ly contaFiigng 1 ais epramaﬁm viewntlbaatratliagera conposed
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view illustrat] Tactare o er carrier nstit
f1 uoti ne- cont R® lﬁ@sMﬁﬁﬁ#%ed article of the present 5 invention, mhereln

reference nurrewét&lde@tws@rﬂptﬂon of the Invention:)
' , In the present lnventlon, the base material

10 composed of a fluorine-contained resin does not
substantially contain ion-exchangefgroup. That is,
when a base material composed of aV?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 organic matters. When the molded
article is used as a wafer 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-contained resin
materials having lon—exchange groups. These resins,
however, are to permeate or adsorb ions, and usually

25 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

30 adsorbing organic matters and ibﬁs which are possessed
by the fluorine-type ion-exchange membrane or the ion-
exchange resin. Even in the applications of molded
articles such as films and tubesi omposed of the
fluorine-contained resin requirin éntlstatlc property,

35 it is desired to suppress propertles for permeating and




- body of ithe wafer carrier, and 2 denotes grooves for hol di ng wafers.

. (Detailed Description of the Invention:) In the present invention, the base
material 10 conposed of a fluorine-contained resin does not substantially
contai n i on-exchange group. That is, when a base naterial conposed of a
resin having ion- exchange groups is imersed in a solvent or in a chem cal
solution, the nolded article that is obtained 15 therefromswells causing a
change in the size thereof and besides adsogbs and permits the perneation
of ions, inorganic matters or organic matters. Wien the nolded article is

used as a waf ca ef m aLLs ' ar fouling
the wafers th%d%kg'bﬁé Ilﬁ?’? oﬁiﬁggpﬁ' %E&Egnglél}ﬂs#%g%s%eﬁe &lhave
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resins, however re t neat e adsqrb. 4o and us 25 _ have
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stability, adsorbing property and permeating property
vary depending upon the applications. In general,
however, the amount of 1on-exchange groups is smaller
than 0.20 mol% and, particularly, not larger than 0.1

15 mol% reckoned as a monomer that contains ion-exchange
groups. .
' In this speclflcatlon, the amount of the ion-
exchange groups contained in the fluorlne-contalned
" resin is expressed as a tomposition of the ion-exchange
20 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

25 of the present invention does not substantially contain
"even fillers from which addltlves may elute out. Or,
it is desired that the_flller 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—containediresin that can be
preferably used as the beSe material may include a
polytetrafluorcethylene, a copolymer of a

35 tetrafluoroethylene and an alkyl vinyl ether and/or a




6 adsorbing ions, inorganic matters such as water and organic matters such
as al cohols. Therefore, the fluorine-contained resin can be used as the
base material of the present invention 5 without limtation provided it
does not contain ion- exchange groups or contains ion-exchange groups in
anounts that do not arouse the above-nentioned problen1 The anmount of the
I on-exchange groups in the fluorine- contained resin that serves as a base
nmat eri al cannot 10 be exclusively specified7since the required di nensional
stability, adsorbing property and perneating property vary dependi ng upon
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properties of the fhhHar shovehehtedndl r&rklbeiayhiethek. is a
10 perfluoroalkyl vinyl ether or a peﬁ&fluoroalkyl vinyl
ether having hydrogen atoms. COncretely speaking, the
" alkyl vinyl ether is represented by ‘the general

formula,
Rg(CH2) g OCF=CF3
15 wherein R¢ is a perfluoroalkyl 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 obtained copolymer is not larger than 0.2% by

20 weight and, preferably, not larger"ﬁhan 0.15% by
weight.

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

25 tetrafluorocethylene 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.

30 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

35 present the ion-exchange groups. e



Aceording to the present invention, concrete exanples of the
fluorine-contained resin that can be preferably used as the base nateri al
may i nclude a pol ytetrafluoroethyl ene, a copolynmer of a 35

tetrafl uoroethyl ene and an al kyl vinyl ether and/or a 7 nmonomner
(hereinafter referred to as a precursor nononer) having a functional group
that can be converted into an ion-exchange group that will be described

| ater, a copolyner of a tetrafluoroethyleng 5 and a hexaf!| uoropropyl ene
and/ or - a precursor nononmer, a polynDnochIorotrifIuoroethylene a copol ynmer

of a tetrafl uoroet byl and_a rfl uorodi.net h
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Compared with conventlonal 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-contained 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 ébntaining ion-

20 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

25 fouled with impurity ioms.

The fluorine-contained resin molded article of the
present invention was measured foriits amount of
adsorbing chemical liquid in compliance with a method
that will be described later to be“hot larger than 50

30- 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.

35 When the antistatic ‘layer of the fluorine-



. polwytetrafl uoroethyl ene, a copolyner of a 25 tetrafluoroethylene and a
perfluoroal kyl vinyl ether, and a copol yner of a tetrafluoroethylene and a
. hexaf | uor opropyl ene, are preferably useéd fromthe standpoint of resistance
agai nst heat, resistance agai nst chem cals and resi stance agai nst fouling.
30 I'n the present invention, the antistatic |layer fornmed on the
surface of the base material conprises a fluorine-contained resin of which
the surface resistivity is adjusted to be t larger .than 1013 [err] and,
preferably, not larger than 10[err] [err] by making 35 present the

I on- exchange rou S, t he pr I nventi.on, the surface registivity
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amount s of adghg\ﬁﬁfer held by the carrier is fouled with the

10 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. )

15 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

20 acid group (these_perfluorosulfoniceacid 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

25 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

30 further detail, the perfluorgsulfé ;c acid group is
represented by the following?geneﬁ 1 formula,

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

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

35 (wherein R' is a hydrogen atomﬁor a lower alkyl




and is best suited for the applications - -such as the wafer carriers on which
are exerted physical |oad. As conpared with an ion-exchange resin

contai ning ion- 20 exchange groups, furthernmore, the inpurity ions do not
infiltrate into the interior thereof. Therefore, the fluorine-contained
resin adsorbs inpurity ions in small amounts and the articles that conme in
contact with the fluorine-contained resin nolded article are very little 25
fouled with inpurity ions. The quorine-coTbained resin nol ded article of
the present invention was measured for-its™amunt of adsorbing cheni cal
~liquid in conpliance with a nethod that will be described later to be not

| arger than 50 30 ﬁBﬁWﬁB{err] and, particularly, not |arger than 10
ppb/cnferr]. €thenperfldarocarbosylibeavidergtoag ibairdgiesented b

fl uori ne-cont ghae¢J18%ws Igﬁgﬁﬁégiagﬁrﬁhlkpe present invention is Dest

suited for the application er carriers where fouling is-a
problem 35 When the ant $SEREFCOpMyer of the fluorine- 9 cont ai ned

resinirywﬁich_arewhﬂkeﬂneasnhﬂdﬂueaféamwfiﬁﬁ&ﬁ@de?EEQéﬁ;a-SurfaCe
1[Ieﬁlo?|t In\él Egnﬁ?ﬁgﬁh%egﬁggnérég‘?}‘ﬁ’?@l égé&h ﬁ%]gr%ﬁ%%FFPgﬁe&tb}ém i static
effect. 5 Wien the fluorine- coiERBEH2NR 3010l ded article is, for exanple,
a wafer carrier, stidredheReri@ las haefdacd diovdy suef 30° i gOllect
AL S5 L CP o RISk Y Ve Ry TR D' RabiSi Y L9

| 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 the 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 perfluorosulfonic 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 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
30 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,
35 from 0.25 to 18 mol%. When the amount of the ion-




10 parti.cl es. As the ion-exchange groups nmade present in the antistatic

| ayer, known ion-exchange groups bonded to the fluorine-contained resin can
be used wit hout any limtation. 15 For instance, there can be
exenplified a widely known perfluoro cation-exchange group and a pol yfl uoro
ani on- exchange group. Concrete exanples of the perfluoro cation-exchange
group include perfluorosul fonic acid group and perfl uorocarboxylic 20 acid
group (these perfluorosulfonic acid group ffd perfluorocarboxylic acid
group will be hereinafter sinply referred to as cation-exchange groups). A

ol yfl uor o quat et nar annnnium ereinafte ref rred to as
gnlgn exchaﬂgg xg e %ﬁ°3852 @%&E ﬁﬁ?&x>y?$E§P§ 2ni OM exchange
group. These annustatmgepgopqmtxunschekleﬂh;bitedeﬁotat5u£f1c1ent
fluorine- Contaéaﬁ@é“E¥§PVWﬁe%l%Hé'HHl& ﬁ§aiﬁcgé§?é&”éﬁ&ol€ether

chain. If these”i on-ex oups are, gescrib her detail, the
por 11 uor osul | BRFOTRS (LLFEIFTE 1 SEBRLY] IMPATh ROIASHAGLGOREPRETLY -
formul a, - GFRRBEnertliéM ahennitn df- the Fion-@xXchange agrolrpiss s hlargeen

atom an al kathaPls 518, JLARHERSERRE A, -EhE khﬁwﬂfé—%ontamed

(wherein R is a dtomor a Iqwer a rou
perfluorocarbB??HQ:§§§%£bFoM@ fer r3p e&@ﬂﬁﬁf ions fo an ‘excessive
degree, or swells upon contact w1th the water or’
. alcohols, though good antistatic property is exhibited.
10 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
15 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.
20 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
25 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
30 than 0.25 mol%. '

In the above-mentioned aspect,ait is desired that
the antistatic layer which containéathe ion-exchange
groups at a concentration of not smaller than 0.25 mol%
has a thickness of not smaller than 1 um and,

35 preferably, not smaller: than 10 ym:ﬁrom the standpoint



the fol l'owi ng general formula, -CFRFCJerr]M5 wherein RF and M are as

" defined above, and the ani on-exchange group is represented by,

-CFRFCH err] N\+R' 3Q wherein RF is as defined above, and R' is a hydr ogen
atomor an al kyl group having 1 to 5 10 carbon atons, and Qis a

- hal ogen atom Anong these ion-exchange groups, the anion- exchange groups
general ly have | ower resistance against chem cals than that of the
cation-exchange groups. It is therefore'pr?%erred to use the o

cation- exchange'lS groups. The perfluorosulTonic acid group exhibits good
heat re5|stanc anreg i th th erfl uorocarboxylic acid group. Wen the

counter ions S&189 FhoysnRentionad t SUSESSE f oni ¢ aci d

group exhibitrebmﬁtﬂvrwyLstEhatFxmpewhgnchetﬁhnéﬁnéesﬂdﬂntherabﬁﬂQJ:

acid group, apdnieS Xe!:“:.tshesﬂ?éfgéi?t ?enlt'ﬁﬁ {:ﬂg a#féis%?é{ﬁ ef f ect
groyp. can be. con
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attenuaﬁlon fg ?aBPy b 88§ és§ﬁﬁ%ﬁuﬁ¥%BeF &° i& not
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articular limtation e sur e5|st|V|ty of
ltohe anti st at i EOR&PINS ¥?§1%1 mlﬁietqqeaﬁﬁésiéﬁwentﬂtmwh dhexrerimined 30

t he ion- exchauppem%hﬂmnﬁfencamhmﬂhibkﬁehbedEltherﬁmtieﬁﬁﬁﬂﬁﬂtéyéko I'n

?Ietrjg;fllne thﬁt aﬁgc es;énIRlnn8 :aglararﬁ %@g%Fg’ﬁgﬁ% T’%Hggor'hﬁt s%l | er than

0.25 nol % pr%?“éﬂ&d:l -1¢ 'PRPPEFEVt YRR n¥ %laﬁdle mtlgtart@mmqyer is
very thlck.

- 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-

15" 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

20 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%,

25 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 is an absolute
thickness which may, desirably, be not larger than 500
30 um, 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

35 tubes and pipes, it is deSLred that the upper-limit



35 from0.25 to 18 nmol % Wen the amount of the ion- exchange groups is
smal ler than 0.25 nmol % the antistatic property is not exhibited to a
safficient degree even when the thickness is increased and it becones
difficult to stably inpart antistatic property. 5 Wien the anopunt of the

| on- exchange groups is larger than 20 nol % on the other hand, the
fluorine-contained resin adsorbs water and inpurity ions to an excessive
degree, or swells upon contact with the ma? r or al cohols, though good
antistatic property is exhibited. 10 There gre,-the'fluorine-contained
resin molded article is deforned and the antistatic.layer is partly peeled,
whi ch are not thdsthnese. ofnthe kayes: isi 69 gertiplded Hhatnthenkafie on,
the ion- exchap@e < PaPShake aC R eRhe¥sb@Tlafbt o5k 1bY stiianchoi pmpf sde

fl uori ne-cont aLned r.esi Therefore..th t Lgieffect i t.ql for
very extended 'cﬁﬂgo?lPﬂﬁ%n%ﬁﬁP?Egﬁgﬁﬁhﬁé%%éﬂﬁﬁa;éiéfe%gégaéégﬁ? en
the antistati proopartys propextyl ferainhdhiting pexraeptienr pdddansti ne.

20 I n § henatdes fhtankdy Ygainsthendizal fetooa suEhdogend oups nmay
be nmade prese egither uniformy in the antistatic layer in the direction
of depth ther %€t n a manner that the concentration of the ion- exchange

groups decreases coinitheupresentt épwendiionn thet antistationlayearpts of
ey oot L] S | SOPMEIE o Enecubiaiedfurtaothof Nhermened (-
oSttt o ) el eFe PUC b g ot S CABDINCUL 5l § bR LAL
10 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

15 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

20 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

25 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

30 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

_ several to several tens of microns .and the ground
surface is measured for its refleé;ion spectrum. When

- 35 there exist ion-exchange groups, cﬁaracteristic



whith the anount of ion-exchange groups’is not smaller 30 than 0.25 mol %
- I'n the above-nentioned aspect, it is desired that the antistatic |ayer
whi ch contains the ion-exchange groups at a concentration of not snaller
than 0.25 nol % has a thickness of not smaller than 1 [err]mand, 35
preferably, not smaller than 10 [err]mfromthe standpoint ~ 12 of
acconpl i shing the above-nentioned surface resistivity. That is, when the
thi ckness of the above- mentioned layer isjgmaller than 1 [err]m the
antistatic layer fails to exhibit antistatic property to a 5 sufficient

degree, and it,becones difficult to stab | mpag tlstatlc property
togt he fl uori %’E 1o dnssite ﬂegré’%tﬂstl‘@li*hg’@gﬁ srrEeds %pper
limit on the Pﬁmﬁ&unxosﬁlih@ahe|graup:ﬂﬁﬁ@ﬂNahnypemﬁﬂunmdoasbmﬁyknter
fromthe stang (O-fchNQEt hﬁ@tpérﬂﬁeeadéx%/ YREN ddiky a&fbﬁh tic

i ng | on=exchange
e e e e g oL e L T
t hi ckness Sowendr nede 1780r icme-1.15 Thet hheitness rofiotHed aardéistatlieses
S STohep s IR A M S S TS RIS AR RN
of the presenfi? |?WPF§ %ﬂ@ﬁ%ﬁﬂh%&ﬂ?oﬁ§QHPﬁﬁcﬂﬁfbﬁ carriers
and the |ike deternirneddfrom hik | sheensitey ebbr absiorptsisiesi red that part
of the When there exists no lon-exchange group, on the
10 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 hexafluoropropylene, and
15 polymonochlorotrifluorocethylene 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
20 observed near 1420 cm-1, 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.
25 There is no particular limitation on the concrete
. shape of the fluorine-contained resin molded article of
the present invention. For instance, the fluorine-
contained resin of the invention can be molded into a
structure like a wafer carrier 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 fluorlne-contajjed resin molded
articles, described below are preferred methods of

35 production. -




anti static l'ayer containing the ion-exchange groups at a concentration of
not smaller than 0.25 nol % has an upper-limt thickness of not |arger than
50% 25 preferably, not larger than 40%'and, nore preferably, not |arger
than 30% with respect to the thickness of the base material. In particular,
the upper-limt thickness of the antistatic layer is an absolute thickness
whi ch may, desirably, be not |arger than 500 30 [err]m nore desirably, not
| arger than 200 [err]mand, particularly desirably, not |arger than 100
[err]m Wen the fluorine-contained resin &Blded article is used for thin
articles such as filns and sheets that will be described later, or for such
appl i cations as 35 Lubes metlhpid)&:sf 'rodmciaﬁg'radflhairiﬁ'@-d!@ﬁthﬂﬂé&t
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or on the outer Surfa
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 producing a fluorine-contained
resin molded article of which the base material

15 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 molding the mixture
20 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

25 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

30 resin molded article in which an antistatic layer is

formed on the surface of a base material which

- comprises a fluorine-contained resin without
substantially having a group that éan be converted into
an ion-exchange group and an lon-exchange group, by

35 molding the fluorlne-contalned resin without



15 of "the tubes and pipes, the other surface w thout being provided with
the antistatic |ayer. This can be favorably applied to such applications
where the static electricity becones a problemon one surface of the
fluorine-contained resin nolded article but does not 20 become a probl emon
the other surface. According to the present invention, the thickness of the
antistatic layer, amount of ion-exchange groups and thlckness of the base
material can be |earned by neasuring the ingfrared absorption spect rum
(hereinafter. 25 referred to as IR spectrum. That is, the filmis

perpendrcularl 1t fro he,surface_of the f I ne-. gont ai ned_resi n,
nol ded arti cl § %t'}%]\l/iﬁt MAY IR o2 agd?éfﬂfh ﬁageﬁanacb G YT é‘&fie pto
hundreds of naor den-exchange Riroupsanssiam donrekichangs gpoup uinte a0

measured ever ¥ 3filfle 2 RbER 1§é‘i‘fﬁ 'tﬁecrﬁeveoﬁlentﬁl%&éaf precirdde
fl uori ne-cont al ne resrn nol ? % le of ,t gventron i S ound rgto a
t

depth of sevePELRTRLAIRFGAR RES (ﬁﬂﬁpsg ARG &R
measured f & ofs thef Imolded saxelniclrm, wmh cimveate.n@w sintonaaxdiemge

groups, char a@k@ﬂaﬁﬁ Osdlﬁfébstﬂwt 96%;5’%&9 EBR Y UPSnvehilf into.

observed; i. nat e Na), perfluo ocarbo | ate
group (- (IRNH?“aﬁ?Qﬂ?*? BP&%MQER98 gﬂﬁﬁ(ﬁ%r Eé ntcgn, §FupgEor
observed near(p@ﬂﬁun@fon]methudlsso cnferr] 5 and near 1780 cn{err] The
thi ckness of the angistgt %tq?ﬁ”ofa roget ”&”ﬁ%fﬁfﬂ%é§é§ef¥ﬁﬁEPhég
portlons,fgmc%m%alnggtr%SIn mofﬁegxg¥¥¥gi gaglng 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
15 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
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'méthod depending upon
the object of use, kind of resin to be used, etc. In
this case, in order to form the antlstatlc layer
maintaining good preclslon in the thlckness, 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 formlng the fluorlne-contalned resin
35 having ion-exchange groups for constltutlng the




deterimned fromthe intensity of absorption. Wen there exists no

I Qn- exchange group, on the 10 other hand, these characteristic absorptions
are not observed. Instead, absorptions due to polytetraf] uoroethyl ene, a
copol ymer of tetrafluoroethylene and al kyl vinyl ether, a copolymner of
tetrafl uoroet hyl ene and hexaf ! uor opropyl.ene, and 15

pol ynonochl orotri fl uoroet hyl ene are observed over 1200 to 1300 cnferr],
absorptions due to perfluorosul fonic acid uori de group (-SQ2F),

perfl uorocarboxylic acid chloride group (- err]d), perfluorocarboxylic

acid ester group [(-CRCH3) and perfl uqrocyano oup (-CN) are 20 observed
near 1420 cn %sﬁé§}°1593Q§ﬂ%ﬁmPFlﬁ§§,QQﬂgi¥W§£%%ig%e%r 2100 cnierr]
as absor pti onfladicrdolgfinpandiad menomer drareingda rRfrpupntRathazge be
groups. ThesgoaRskdigo; I ONns: San d » b [ : the
| ayers. 25 e Thergéﬁgslgg;%aér&?iléﬁ?a?%%iﬂm t@tiggogﬁ't ﬁaeﬂé(;pc?é{rlg%’e Shape of
the fluorine- & S%R%P E8at RARReaFonVerted: Apte dhe ipRvexchange For

i nstance, thegidomy i irttoctheai ien-ershanfe tdweoupventihen £haokdnes ded into

Cuct he . Al - > Lguec na e
Such as tubes CORFRIBEE’ 68IH Hadtng W2 Lfon dxchandd Lrlub B plgPes
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fl uori ne-cont foxmthXesi n nol ded articles, described below are preferred
nmet hods of 35 production. 15

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

l I

ORCFZ A
| .
Rp

15 )
| wherein R is a perfluorocarbon chain or a
perfluoroether chain and is concretely,

-(CF2)m~
20
wherein m is an integer of from 2 to 10,
or )
~(CF2CFO)nCFa-
.
25 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,

30 —~OCH2 (CF2)eCF3 (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 ﬁéving a group that

can be converted into an ion—exchaﬁge group concretely

35 and preferably used in the productién method 1, can be



1. A hretdhod of producing a fluorine-contained resin nolded article of which
the base material is conposed of a precursor and having an antistatic |ayer
formed on the surface thereof by nolding a fluorine- 5 contained resin
having a group that can be converted into an ion-exchange group (such a
resin is sinply referred to as precursor) into an article, and converting,
into an ion-exchange group, the group that can be converted into an

i on- exchange group that is 10 present in tgg precursor within a
predet erm ned range of thickness fromthe rface of the nolded article to
thereby forman antistatic |ayer (production method 1). 2. A nethod of
produci ng a fpuoduced dy athed copolymerdasation cv€ af which the base
material 15 Cﬁéﬁﬁaﬁ%@r&éﬁhzﬂ. Rri¥ 4nd' 8CHOHYME Chavihgon «éﬁn%ﬁh%ed
resin wthout substantiall Vi I oy t hat .can_be conve i nt

i on- exchange ﬁ?‘Bu% Ca PR ¥5 %eit"fﬁca‘?lg r]'gﬁ’p SXGRARGGi F5oRP ant Rt QF

| ayer fornmed ba impnnvéameldahmiﬁtybgndnphygpcmb prnpantiésoéfthhe

precursor gndabRe ?ﬂ@f' nf Cehiiad r@éﬂséesméwépyafiue%fgg}uxiéﬂehﬁ&

group that c erte into an i o % ange ré p I on- change

group into aﬁﬁéﬁflﬂadg With BBFvé‘H’F?\g,_ cRange group, the
group that cahekaﬁinummpadp&ienﬁp ahky&nmmnytugmhgrsumepn5sentedebgn

- in the precurggg q&iﬂléwfng. nge of thickness fromthe surface
of the nolded article (production nethoa 2). '3. A method .of produci ng a

fluorine-contained 30 resin nolded article in which an antistatic |ayer is
formed onlBhe surface of aCBas€FOHICH4 RICyBieh conprises a
fluorine-contained resin wthout _

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

to 10,

or a monochlorotrifluorocethylene.
15 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,
20 '

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.

25 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,

30 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,

35 or by the following general formula,



substantyi al |y having a group that can be converted into an ion-exchange -
group and an ion-exchange group, by 35 nolding the fluorine-contained resin
wi t hout 16 substantially having a group that can be converted into an

I on- exchange group and an ion-exchange group into an article, nelt-adhering
t he above-nenti oned precursor maintaining a predeterm ned thickness onto
the surface 5 of the nolded article, and converting, into an ion- exchange
groups, the group that can be converted.inig®. an ion-exchange group that is
present in the precursor (production nmethod 3). 4. A nethod of producing a
multi-layer fluorine- 10 contained resin nolded article having an
antistatic |layer forned maintaining a predeterm ned thickness on the
surface of a base natenQﬁb\MnﬁﬂoégﬁpdEgﬁfkﬂﬂdhﬁnine-contained resin

wi t hout substantially having a group that can be converted into an

i on- exchange group roup by exty udi ng fl uorine-
contained resin w W%%fenjs%agt é%t FQXZR/% riﬂ %Enah'g‘yéonverted
into an i oA- exchang&oRup ENd @@E.orCOfékehgnge rgrx_mpamnalnﬂ:leqqm axfir §pomt 0

formmultiple 20 | ayews gnd, then, convérting into an ion-exchange groups,

t he group that can.be co vert d |nto an ion- al oup that is present
in the precursor tBeﬁ?e‘?’gB PhoXh arg |§?§FF@ fé?m(‘giﬁﬁu&fl dheret hod 4).
Therefore, t monomsmSnéxmgu Acgnaup nthetdedn? bearg¢onverved Hmtps eamnt

i nvention canidg-exetErse byroup:
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,
CF2 = CFOCF ;CF,0CF,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 ié,: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 anothér monomer is used
in addition to the monomer having a group that can be

35 converted into an lon-exchange group .and the



selecting any desired production nethod dependi ng upon the object of use,
ki.nd of resin to be used, etc. In this case, in order to formthe
antistatic layer maintaining good precision in the thickness, the 30
production nmethods 3 and 4 can be sel ected out of the above-mentioned
production hethods. The production nethods will now be described in detail.
The nethod of form ng the fluorine-contained resin 35 having ion-exchange

groups for constituting the 17 antistaéic | ayer conprises copol ynerizing
a fluoroolefin and a nononer having a gro 8 that can be converted into an
| on- exchange group,_and converting the group that can be converted into the

ion-exchangeQ?EFQ@%“P#Q@QhEJ$@ﬁie%bﬁmgﬂizmeuézaﬁﬂﬂnfm@mrbaecanriedned
resi n havi ng ddte Epmnﬂxih?ng@gr@gatﬁg&almg,ﬁyrt hinkdT8ikwd is represented

] : 1 . err] 15 wherein Ris a
g)éHE Ihﬁo]; 81:;?\#cér?%%gﬁﬁaglpeﬁw+ﬁﬁowggphért cHai ?1] drgS 1% oncretel y,
(CF[err]) [ er Hexablupnsepnepylenancrntagerlike f oomby mixingothe
- (CFlerr] GOdmstiéF[ mbhbmeb into the monomefFRaving 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

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 works as a chain
transfer 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-type liquid.

Concrete examples include perfluordalkanes such as
perfluorobutane, perfluoropentane,'pérfluorohexane,

20 perfluorocheptane, perfluorococtane and the like;
perfluorocycloalkanes such as perfluorocyclobutane,
perfluorocyclochexane and  the like; perfluoroethers;

" perfluoro tertiary amines such as
perfluorotributylamine and the like;

25 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

30 solution polymerization and the suspension , '
polymerization, a known organic radibal generator is
used. By taking the heat resistance of the obtained
copolymer into considergtion, howevéﬁﬂ diacyl peroxides
of the fluorine type are favorably used. Concrete

35. examples include (CF3CF2C03)z, (HCF2CF2C03)2,




wherein n is an integer of from1l to 3, RF is as described above, Z is
SJerr]Mor CJerr]M (where Mis as described above), and Ais -CF[err],
-Q(CF[err])dCF[err], 30 -OCH err](CF[err])[err]CF[err] (where d is O
or an integer of fron11 to 7, eis an integer of froml to 7), or a
chlorine atom The fluorine-contained resin having a group that can be
converted into an ion-exchange group concretely 35 and preferably used in
t he production nethod 1, can be 18 progfced by the copol yneri zation of a
tetrafluoroethylene and a nononer havi ng group that can be converted into
an ion-exchan%e EP I n order t0|rE;cwe nDIdablllty and physical .
properties of 2XFo6Pal e r(CE 3CR 2GE2CQx)g taRAt et r af | uor oet hyl ene may be
bl ended MAth(U@%CFQCQZOU@qdﬁ% Hpf a hexafl uoropropyl ene, alkyl viny

et hers represente

CF[err] =CFO (CH[ eﬁtf%[éggféﬁgrr}% % ]giroextér)\éggk Oh%fmfg aﬁaeb IS an

i nteger of fPehymenizatien @lafibri‘bimYo ndirg ouPRR &he menomer As the
nonomer havi eempcl Dok hahdc Ahdepsliterticrht 168 dBmpRiravesanaadyr oup,

havi ﬁgci”gf’ﬁu%nﬁﬁ i e%%iglaﬁw”"?i&@eﬁ%ﬁaﬁee@i ?#a% 0 fEhELaba Y, b
i on- exchangelgrtou@0 J0g O5Mmér-G). = Cmmq(F@brmp@ﬁaa§¢QMrF?m@prature
[err] CFl err] ¢afied ddépending upon the decomposition temperature of
the .polymerization initiator and cannot be exclusively
10 determined 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
15 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
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 produc;ng the
25 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 with 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 mélded to obtain a
molded article. :
When a polytetrafluoroethylene 1s used as the base
35 material resin, however, the molded,artlcle is not



wherein.Xis For O, RFis For CHerr], and o is an integer of from1l to
3, 25 As the nononer having a group that can be converted into a
perfluorocarboxyllc acid i on-exchange group, there can be used a nononer
represented by the follow ng general fornula, 30

CFlerr]=CFO CF[err]CF(CF[err])O [err](CF[err])[err]Y wherein Yis CJerr]R
(wherein Ris a |ower alkyl group), CN, COF, COCl, p is an integer of from
1to 3, and g is an |nter of from2 to SCCgE or by the follow ng general

f ormul a, 19 CF[ err] G@(Cﬂew]) MT@ vamewlYlsCQeH]R
(wherein Ris a |ower aIk I group),, COF, and r is an

i nt eger of fr@ht?i‘tftﬁ@ bDe§bﬁi A HRABY. ér@%ﬁé?&t ;e eQTofthehe

nononer s’ haV|e&ﬁxu§£¢m inbAd iGN thuﬁoﬁeeﬁbxhiméd by immerhbdnpmspEdup:

10 CF[err] =
CFOCF% err% CF{( Wéﬁ%’é{?] ﬂq: err] ;:err] CF
(CFlerr] OCF[err] erfiag |t9 Cﬂr?emﬁ]t@ﬂ‘%r ]@%1 arﬂctucurge

CFCCFU”r]@F(@mﬂafiﬂéxbehEHind& resinChnicddéd=article of the present

gg(CFG[:[e;]r]C;: E gﬁ[\i%éﬂ%%': Cgr %fée({l:ffé L%?HﬁSéLEmﬁFL? 'dhé precursor is
CFOCF[ er r | CF[ applded eqm}:eF Suriaceef dherbpsermaterbadnmbys ¥R be
used in a singledérsseatle pphisaxednt egstiied, immersion application
" method or spray application method, followed by heating
10 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
15 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.
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 an ion-exchange group may be set
to be lower than the melting point of the base material
25 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. 1In order to obtain such aﬁcopolymer, it is
desired that the content of the monomer having a group
30 that can be converted into an lon—exchange group is not
smaller than 4 mol% and, preferably, is 6 to 20 mol%
when it is a bicopolymer of the tetrafluoroethylene and
the monomer having a group that can’ ‘be converted into
. an ion-exchange group. It is further allowable to add
35 such components as alkyl v1nyl ether or



Copol ymeri zati on of the tetrafl uoroethylene with the nonomer having a group
that can be converted into an ion-exchange group can be acconplished by a
known nmethod without limitation. That is, the best 25 polynerization nay be
sel ected out of the solution polynerization met hod, suspensi on
pol ymeri zati on met hod and enul si on pol ynerization by taking conditions such
as copol ynerizing properties into consideration. In any case, the
copol ynmeri zation is carried out 30 by dISSQbVIng the tetrafluoroethylene in
a dispersion or solution of the nononer ng a group that can be
converted into an ion-exchange group under the application of pressure.

When anot her hexafduoxoprepylensidtei she syskemoibmarderi kg doywesupthaat

can be 35 CO“Mé'.Ut@.Q; ©iat eN-£Xgan e dy e BN mh%heeeﬂllke molded
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when it is a ui é%) %Iné ether or the |ike. 'n the case of "the
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10 contained resin hav1ng 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 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 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

25 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

30 this production method.

" Under an alkaline condition that is usually used,
it is desired to employ a hydrolysis reaction to
convert into_cation—exchange groups, the groups that
can be converted into ion-eXchangélgroups in the

35 fluorine-contained resin molded article produced by the



transYer. agent, - whereby the polymer loses its nolecular 15 wei ght and the
resul ting copol ymer exhibits deteriorated properties. It is therefore
desired to use a solvent which is a fluorine-type liquid. Concrete exanples
i ncl ude perfluoroal kanes such as perfl uorobutane, perfl uoropentane,

per fl uorohexane, 20 perfl uoroheptane, perfluorooctane and the |ike;

per fl uorocycl oal kanes such as perfluorocycl obutane, perfluorocyclohexane
and the like; perfluoroethers; perfluoro tertiary am nes such as
perfluorotributyl anine and the |ike; 25 pel#l uoronorpholines; and .

chl or of | uor oet hanes. such as triful orononochl or oet hane and the Iike. In t he

case of the egbovielindRt)bRdd Product iR e thddssuciTiRs lﬁyﬂ;&bil
4
23

Phe 30 Sl ut i 5RO r?ﬁ%ﬁfi?‘%ﬁ!a%%pﬁhﬁ”?a’sp%ﬁ‘é?%ﬁﬂé H med el S REELE

nomn
organi ¢ radi ciR genaaqueeups sglatiopy whigh gcen§amg§ S@¥eEAANE® of the

19|bb ai ned fopobléwrd]ﬁt@eﬁgn%ﬂj déid:éﬁt iwilveevxgramaqqylsmoasdamon , {KGH,
e TR AR e R e R P o
(C CFlerr] CF[ e.rtr ]amqmmp) temperatarrer oCH par rqexg@al] hpurg tana’
i) T i B okealmitiaias, S
5 conposi ti on®%F¢ a%nafeﬂﬁ% 2 epgﬂgéﬁﬂ% 45&9{Ey3ely
det er m ned buswliqkmdeamsyaffﬂmtlve in promotlng the hydrolys1s. '
10 According to the present lnventlon, the thickness
of the antistatic layer plays an'iﬁportant role from
the standpoint of developing the effect of the
invention. In the case of the'pronCtion method 1 and
the production method 2, the groups- that can be
15 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
20- vary depending upon the concentration of an alkali,
temperature, kind of organic solveﬁﬁ, 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
25 thickness of the antistatic layer dan be controlled to
lie within a range of the present lnventlon upon
measuring in advance the condltlons for the hydrolyzing
reaction and the concentration in ;he direction of
thickness of the antistatic layer formed by the
30 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 thickness.
35 It is, however, desired that the 1gyer in which the



1 to 30 kg/cnferr]- The pol ynerizatipn tenperature varies dependi ng upon
t he deconposition tenperature of the polynerization initiator and cannot be
exclusively 10 determined but is usually fromO to 100[err]C, and is
preferably fromO to 50[err]C when a di acyl peroxide of the fluorine type
I's used as the polynerization initiator. The thus obtained copol ynmer of the
tetrafl uoroet hyl ene and the nononer havi.ng a group that 15 can be converted
into an ion-exchange group, can be nolded into shaped articles, tubes,

pi pes, sheets and films through injection &8l ding, extrusion molding,
transfer nol ding or conpression nolding. The copol ynmer of the fluoroolefin
and the ion- e&éh@éﬁﬁﬁhﬁﬂéﬁ”@ﬁiabﬁﬁékbhhmqbféfba =1 msmnbtysmh&aeﬁ i's

nol ded into a rti de o

conmposi tion t QFaneog'tgs ﬂéi% ;&Fﬁggnghés}ﬁbe sé é{@t gd pgt]e en {lzﬁérupon%h
rigidity. Accgnmwg:a‘@whbawe:t‘nodt BE. PlaYd R% hg tﬁbezbafﬁ%omﬁﬁeré@d{ athed
resin nol ded ghbicH &Hd ébﬁd@rﬁ&.@é\tlbﬁvw | ih-ékehbhye i eoapst disned resin’

having a grou rte an tely .
Goscr Tbed B BB chbaR: B MOLH. Aty bATRLESIAII, PhSEP188RELSt oY
f1 uori ne- cont thaad @ b0 nmwlt%houtA mrhaﬁllﬁngmnleYeﬂraﬁ-@e vhrich &shethe

fluori ne-cont abRREA1ES4 L1 88S TF bﬁﬁn%kbhl’aﬁ‘i ¥ eggeupl 1R belse@rabetivedin

oyt et af | uohBY: FTERE Petyast uheneapiet 4018 Dol #58, fht) Babn " e
mol ded articl matenial, as a matter of course. :

10. According to the productlon 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

15 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,

20 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

25 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

30 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

35 employed without any problem. |




22.0bt ai ned by the ordinary injection nolding or the extrusion nolding, but
I.s obtained by a method based upon the conpression nolding. According to
the method 3 of producing the 5 fluorine-contained resin nolded 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

nmet hod, i nmersion application nethod or spray application nethod, foll owed
by heating 10 and nelt-adhesion to obtain nol ded article. It is also

al l owabl e to obtain the nolded article by pl ying, by the above-nentioned
el ectrostatic application nethod or the |ike nethod, a_powder or a :
di spersion of the Psedikbrbencomprehendead fuamitheafioredaiing surface

fﬁrmed to mtdésertiptiltnh shehe orditfaPpsfludrdralcénththed hees diichasf
the precurso

d_introducing.the. b ial,{nto, th tal" nold
fol | owed by HhaSTAEaER Feeisbsvidy Shnory smatloe ehdf, 0% oliadd o g
the base nat e¥ebtageo attenwepdrdi achor afderppnehouns ofh severadse,
the nelting peépéett,! Whepeaky ¥ile of 1L ihelcdd tivedheryin aislldéa

e set o be TERAPIEnBF chhe BRI Dot AT BF it BAR oA nBEEHAR® 25 feai h by
about 10[ err]teandtiwridiyrabl pothyl asbyer 2bhasr rJ033 $ anhdt at velgragpear sor is
e’ Suchasmtptacthe be metkey dogeskovue seesas 9 | LS
That the cont BREOBRS e TBHBeF Mt HICALARCHS TR TREE ERpin 6, bBR: ca
into an i &f- crrasens gmxentionotissmet epubshantieliyasdeahwifiadly, is 6
to 20 nol % 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 sﬁbstantially 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 chemical solution. Besides, the?flporine-contained
resin molded article that is introduced into another
25 chemical solution or water, does not cause such
chemical solution or water to be fopied. Moreover, the
fluorine-contained resin molded article does not
undergo a dimensional change, thus_é?hibiting excellent
properties inherent in the fluorineééontained resin.
30 Accordingly, the molded articl§jof the present
invention can be desirably used in the fields where
" generation of static electti&ity muSi be avoided such
as production of semicoﬁducﬁors, fo§§ industries,
chemical industries and in general iields of science
35 and chemistry. | '




when 1t .is a bicopolynmer of the tetrafluoroethylene and the nonomer having
a.group that can be converted into an ion-exchange group. It is further

al'l owabl e to add 35 such conponents as al kyl vinyl ether or 23

hexaf | uor opropyl ene to the systemin order to lower the nelting point to a
desired level. A sheet-like nolded article can be obtained by |lining the
base material resin with the copolyner that is nolded into a sheet 5
according to the production nmethod 1, foll d by nelt- adhesi on by
heating. According to the nethod 4 of pro u0|ng the fluorine-contained

resin nol ded article of the_present |nvent|on owler o on of
the fluorine- 10 c&ﬁ@lﬁ@'ﬁeﬂ-&sﬁﬁmﬂgvas@n&% Q‘E afixkn a‘é’élaégﬁg elrr?c 0
an i on- exchanggegtidstapiealdly, (kh@rfmadnmﬂéhaaﬂEained1mm1dedproduct|on

method 10 extiydqd toperher d ‘%ééleﬁ@ 1RSRALRIE ¢2h BES MAJSABIY BsRd

| am nat e. res n at c

An
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used as a lasgalwiesl istratael, iduitatnerbcaelcneriical madiogt bénext kigison-
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10 exhlblts excellent antistatic property and not only
suppresses fine particles suspended in the atmosphere

. from electrostatically édhering to the wafers to a
sufficient degree but also suppresses percent defective
of the wafers, since there occur no such problems as

15 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

20 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.

25" 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)

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: res1st1v1ty, voltage

35 attenuation factor and amount of adgorblng chemical



25 met hod which |aninates two kinds of resins one upon the other while

mel t-extruding themin addition to enploying the above- ment i oned
extrusion-lam nating method. As required, furthernore, the |aninate
consisting of three or nore layers can-be obtained by 30 this production
met hod. Under an al kaline condition that is usually used, it is desired to
enpl oy a hydrolysis reaction to convert into cation-exchange groups, the
groups that can be converted into ion-excggage groups in the 35
fluorine-containedresin nolded article pr ced by the 24 _
above-mentioned production nethods. The hydrolysis reaction is carried out
by i mersing SRdvkdiQrediarei seaner as adescasibad dvébowwhi ch cont ai ns

several to sey_eoalsdﬁwc@fré%ﬁ%%%qviﬁyﬁn al kglih such a_St NatOH, KOH, 5

" tetraal kyl anmoni um roxi r e l1ke,. an eat | at, room
terrperatﬁre to 100[@%%&%?‘:&#&%51%%?‘%& yag rﬁﬁﬁagbjam sdveral tens of

hours. Addit feFogidancergikhc the vEol lowingafornmubaocby ¢akdmyg or

dimethyl sl fasedademdit ohi ordl PAREE! g DrdVgLebysl s 10
According to the present invention, the thickness of the dntistatic |ayer
plays an inportant role from théDsttastpoi nt of devel oping the effect of the
invention. |In the casepqf =the praductiaongmihod 1 and the production
method 2, the groups that can bg 15 gonverted into ion-exchange groups are
uniformy distributed in the direction of thickness, and the thickness of
the antistatic | ayMhere @ sistearfapendlegistivity (),

10 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).
15 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
20 kV was applied for one minute, and the voltage was
measured after the application of voltage was
discontinued. N
Resin size: 40 x 40 '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 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
35 ultra-pure water for 20 minutes, and 500 ml of ultra-




upon the conditions of the hydrolyzing-reaction. However, the conditions of
the hydrolyzing reaction 20 vary dependi ng upon the-concentration of an

al kali, tenperature, kind of organic solvent, anount of organic solvent,
amount of groups that can be converted into ion-exchange groups and
conposition of the resin, and cannot be exclusively determ ned. Therefore,
the 25 thickness of the antistatic |ayer can be controlled to lie within a
range of the present invention upon neasur%pg i n advance the conditions for
t he hydrolyzing reaction and the concentraftifon in the direction of

thi ckness of the antistatic layer formed by the 30 hydrolysis. In the .
above- nent i on@uRe cdaterowasetadded1thereto ;andnwast heated gatdi8hiCis so

fo&-ngd t hat th&@fﬁ@dg&%ﬁ% q{?waﬂpaf.%@awewé?unua@g&ﬁé %t?lewausface
and decreases _jn the.direction Lckness, | owever, desired.
That the | ayemdBTEenaPRlYERE by il SHroRgopabn, FHE, aciBt bt
not smaller ttsanlfanécnecdd iconbained i thrnultra-pure wader was
anti st ?t l tC'_ $ aw%]glc_ﬁm{:édg@éxexa Séqﬁa@_ebmS ETﬁlhlé{:é%{ ofh ﬁ&téz Cjeeis:&(?/ piedce,
concentration Qf,ion-exchan roups _i smal | e n Q. ol % and, .
partoul arly. ast Wap ghroRded €3 he Fne ARouRE: PEORdacER TRy WAl
concentrat i on sgflitbhonxchange groups |ie therebetween may exi st between the
antistatic |@@?éf§@eh36_E%%%g!ﬁei'al’-as a matter of course. 10

- According to the pffde&tIltr1g§foroggffgioroethane that has been

10 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
15 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
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 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
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 hours. There was obtained 24
g of the copolymer. '
From the measurement of nuclear magnetic resonance
35 spectrum and infrared-ray absorption spectrum, it was




present .i nvention, furthernore, the fluorine-contained resin having a group
that can be converted into an ion- exchange group nay be applied and

nmel t - adhered and, then, the thickness of the antistatic |ayer may be 15

adj ust ed dependi ng upon the conditions of the hydrolyzing reaction, so as
to acconplish a thickness which is desired for devel oping the effects of
the present invention. In the cases of the production nmethods 3 and 4, 20
the precursor |ayer may be so treated that ,the concentration of the

I on- exchange groups becomes uni form over t R whol e t hi ckness, or may be so

treated as to forma gradient of ion-exchange group concentration in the
same nmanner ascohdioriéeddthiath % reopediymexr chadebgesd rempases: 8fds93 - 4nd

2% lh ifldesiH%i%fE%_&hgomﬂﬁé&Y§?§tfbd§€d:&ﬁoﬁukhé“” t he whol e surfaces
of e uorine-coniai ned resin ol de rticle pend] n

appl i cati ons, k¥ VBF?&‘:S‘}H;?/“%eaB ra%e% %ﬂ}%o%o%eqé%‘ggg 5’%\@& or on
30 a portion blased wpohaCFe=CPACF jGN(CBE ) ORT26ES0nFox c IR espRSdfLGf t er
the hydrol yai s Dosb8RSK SPNEN8" RUIARE:| 8RS 3FETE whEVaNY .x 2106

conventiona or conversion Into-other netal i1ons, hydrogen ions or
amoni um i ons BeAF&R- 35 enpl oyed wi t hout any probl em 26 As will be
conpr ehended f(Bxamfbef &)egoi ng description, the ordinary

{'egg]” ne- cont ai ned fRST BoPR yineH! bBER TR SLh VRE¥edlertd BiBIple tDaRad016
: melt-molded into a film of a thickness of 0.25 mm,

10 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

15 . 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.

20 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

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 108 Q@ and was further measured
for its voltage attenuation factor to be 100% after a
second.

35 Next, the film was boiled in isopropylalcohol for



vol ¢ age :attenuation factor after one hour of several 5 percent, whereas the
fl,uori ne-contained resin nolded article of the present invention has a
surface resistivity of not larger than 1013 [err] and a vol tage attenuation
factor of nearly 100% after several seconds. Thus, the fluorine-contained
resin of the 10 present invention is not substantially electrified. Unlike
the existing fluorine-contained resins, the fluorine-contained resin nol ded
article having an antistatic |ayer obtaineg according to the present

i nventi on does not al nost generate static 1ectr|C|ty, 15 and diffuses the
static electricity when it is generated.. The fluorine-contained resin

nol ded articl 268f hotwrsprandnthien evas oboddesl i waj_-teirarﬁdxalazy haoue.

i on- exchange Uaﬁx E ngfb%ﬁ% Rpléebha ' '-ée ir'ﬂng}
solution theretoreg, 2 qu?G%ne contaln resin art| oes not
adsorb ions, ?ﬁ%&ﬁ %t ber the spma A8 eﬁ"?‘bﬂtd CH’Eﬁ BBRR& the
perneation t modmﬁ.nc_:p.nd Thendtilwwasl meabured chen dtls snixrfaoce. Besides,

t he quorl i gtr her
25 chen1ca ?g%%g#%;£€%§gFgBh%§g notbéa Epsuc ghgm ca % ?L%eﬂg¥
wat er to bef@ﬁﬁﬁHrQQNﬁﬁﬁeitstM?##%ﬁ?lﬁ&ﬁﬂﬂﬂ%ﬁh@ﬂ ﬁéﬁﬁ?#mﬁﬁebem%QQﬁe
does not undeagtex @ nswsondal change, thus exhibiting excellent properties

i nherent in the fl ‘i@f ng: fgn%ﬂoqﬁﬁéf%géméoralﬁalﬁ\g&ob? q,%]é/ Fbglggm)l ded

article of the prese I nven ncan b wher e
generation ofmehidoned ceethed; yenetestadoiire Eh@ﬁrag%%ﬁé‘étlp@n

sem condugorpartded egdusTheetesting Cos brducetedadn ithgefeldlowimgds
of science 35 gﬂgeghen1stry

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 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

20 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.){

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 electronic 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 andzs% by weight of a
powder of carbon fiber was mixed uSing a kneader-

35 brabender heated at 350°C for 20 minutes, and obtained




27 LConhcretely speaking, since no dirt and dust adhere electrostatically,
the fluorine-contained nolded article of the present invention can be
favorably used as a tube for transporting chem-cal solutions, joint, 5

val ve, strainer, container for chem cal solutions, tips of vacuum tweezers,
peri pheral parts for the production of sem conductors, jig for a wafer
carrier, etc. In particular, the wafer carrier nade of the fluorine-
contained resin nolded article of the presg t invention 10 exhibits
excellent” antistatic property and not only ?uppresses fine particles
suspended in the atnosphere fromel ectiostatically adhering tg the wafers

to a suffici etheddy2® mmt thiak sEbpme byethr rabpveysantioreds metdho@s er s,
since there ogpe pik€Epl Watbmebted bxr B5G!ot had efapacdboleds uddeting

Using the tubsitodppbisabith Ot BEERERECLY] 500 ¥ Shelt Ravsiy N |
generates or lshidlcknessonfnd <25 t1ws. 20 The ielbained djekn ywas:dqsted| for
probabi | i ty5t Oﬁt%l'ifféﬁ%ﬂa?ﬁgﬁ? :éf ebatgqﬁﬁ:[al@st particles do no'éI generate, the
he 11 qui d being t ThEFePREras b, ARl §PERRREIAT. Soom 237 Anrear.
in the field drametheoabomeffiinr wege weatedhforw thelisr generationeof
present invenigt B8NS tHife PSaRbeMaRindkishsadhey idlbbermeatiicHed
reasons. metﬁod. As a result, particles were measured in a

10 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

15_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 =

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 surface of the antistatic

25 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

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

35



(Bxanpl es) 30 The present invention will now be described in detail by
way of Exanples to which only, however, the inventionis in no way |imted.
The fluorine-contained resin nolded article was neasured for its surface
resistivity, voltage 35 attenuation factor and anmount of adsorbing chemi cal
28 solution in a manner as described below. (1) Surface resistivity. The
surface resistivity was cal cul ated in accordance with the follow ng fornula
by taking 5 neasurenent in conpliance with JIS K-6911, [err] where [err]s:

~surface resistivity ([err]), 10 33 d: outer dianeter of an inner
"circle of the surface electrode (cm, D. inner dianeter of annul ar
el ectrode on the surface (em, R ¢rr]: surface electric resigtance ([err]).
15 vol tage, 500 V: meﬁsurlcmg time, 30 sec. ~average d Three tines.
(2) Voltage attenuation fad} ¢ .5 u5| ng_a ati Honest orggit®r S-5109
(manuf actured by Shi shido ?? ~.a°vol Page®of 16’20'kqgmas applied
for one mnute, and the vol

g? s neasured after the apgbugatlon of
17

vol t age was di sconti nued. size: 40 x 40 x 0.25 mm s £
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At t:enuati on factor = (Initial voltage - Voltage 25

after atime t)/Initial voltage (unit in %. (3) Anount of adsorbing

chemi cal solution. A test piece rinsed with ultra-pure water for 20 m nutes
was introduced into a one-liter quartz 30 container that has been washed,
and 500 m of sulfuric acid for electronic industries was added thereto,
fol | oned by keeping at roomtenperature, so that the sulfuric acid was
adsorbed by the test piece. Then, the test Blece was taken out, rinsed with
35 ultra-pure water for 20 m nutes, and 508%*m of ultra- 29 pure water
was added thereto and was heated at 80C. After two hours have passed, the
ultra-pure wa(Bxamlesnpl d, 7gnal yzed by ion chromat ography, the amunt of

sul furic acid cont Q‘Tc{ﬁ {fels wiitd aoﬁﬂéin\éﬁ ®n V\@ﬁe5sﬁﬁ4ec%éﬁﬁ‘§rp8§ 3n

square centi net et est ST arded t e anmpunt of
9 N Qﬁ %aVLng groups

pi ece g
adsor bi ng cheRf ereékﬁ%t?'ﬁﬁm Itk rBiEe UL,
1,1, 2- tr|chIothamThdnwbetbamwaﬁtedhantheamnﬂbxehange igreupyansholyp in

distillatig it Ceflal t cﬁ?@ﬂ"ﬂ%%o&ﬁ% gt aignl ess
st eel react or_e u|‘='I|;|02regﬂ\'l/jvl\(2 eaq%%é‘glr)ae r?ngo J|'n?er|hor gﬁl?eact or was
deaer at ed andRﬁ%§Q§ﬂﬁPfEFPEPL&t% a nitrogen gas of an atnospheric

pressure. Into the Néxtgather ovpolpmeaduostd. m8Ptgmoildesd himbd £idmes.5 ¢

of CFlerr] =CrRgligld 1£7ERTeRdd OB oL b it " 1L Re' bamd ifadhét’ @ T OF
Example 1, immersed in a solution of NaOH/DMSO/H,0 =
10 15/25/60 § by weight, and were hydrolyzed at 100°C for
24 hours.

Measurements were t&ken concerning the contents of
ion-exchange groups in the surface of the antistatic
layers, thicknesses of the layers in which the

15 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

20 in Table 2.

25

30



driven at a speed of 800 rpm and a tetrafl uoroethyl ene was introduced

mai ntaining a pressure of 4 kg/cn2-G Then, 1.77 g of the

1,1, 2-trichlorotrifluoroethane 20 sol ution (5% by wei ght) of a

bi.s(hept af | uorobutyryl) peroxide was introduced while naintaining the
interior of the reactor at 25C to initiate the polynerization. The

pol yneri zati on was carried out naintaini ngwg tenperature of 25C. After 120
m nut es have passed 25 fromthe start of t reaction, the pressure in the
reactor was rel eased, the reactor was connected to a vacuum punp via a
cooling trap, the. pressu:i was Flegreased with stirring, and | ow boiling
conponent s. such as sol ve eacted npnongy were re@vered 30 into the
trap. After distillati on,ctﬁma, edtt or was EI sasser’rtél ed,g the copol ymer was
taken out and was dried i@ y&&Eimat 150[eFr]Cfor “12 tp@s. There was
obtai ned 24 g of the copol yner.® From the neasurenent of? ficl ear magnetic
resonance 35 spectrum and-llt:nf argd ray absorption spect% :g[n it was 30
confirmed that the copol y een conposed of 95.7 % of a nonomer
unit based upon the tetrat Iﬂjcﬁee yl ene ané 4. & nok% ofg @ mononer uni t
based upon CF[err] CFOCF[%rﬁ]iJ% [err]) OCH er & CFlerr]%&herr] F. The
specific 5 nelt viscosit opol yner at 372[err] & vyps 4.6 x 10[err]
poi ses. (Exanple 1) The cop

oI yrﬁér obtained in Reference?ERanpl e 1 was
rrelt-m)ldedintoafllmogatQLchAe of025mn 8
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- 10 i mernsed in a solution of NaOH/ DMSO H err] O = 15/ 25/ 60 % by wei ght, and
" was hydrolyzed at 100[err]C for 24 hours to forman antistatic |ayer. The
anount of the ion- exchange groups in the filmwas exam ned to be about 4.3
mol % in the surface, about 0.28 nol % in a portion 15 10 [err]m deep from
the surface, 0.08 nol%in a portion 20 [err]mdeep fromthe surface, and

0. 02 nol % near the central portion. Therefore, the antistatic |ayer in

whi ch the concentration of ion-exchange gr gps was not smaller than 0.25
nol % possessed a thickness of 10 [err]m 28 Next, the filmwas
measured for its surface resistivity to.be 5.4 x 10[err] [err] and was
further neasumﬁxﬁm@letg)voltage attenuation factor to be 100% after a

iﬁg%ngm Ntsaglea/er to ke f EbPoIRfm bé/@aébta(inw id SRaﬂauéhce)szeahplgl g was
c

I on- exchanged r gg?f]? @#Doou? n%iéfﬂ‘] &alut}%‘ o s%%éénmgfss 2|5n :ﬁ:ﬁ‘e

obser ved. Nexumnamsedlunw@ssniubuonnofs Mﬁ@ JHaO for 6%5H§9r R4

Itge?h\gafsl F(rins | Gl nga;ahdf Yexd tﬁol Yrednaxinioof ct o Omf@th%ﬁﬁi gromps
boi | ng. The. Fi6n SRELREASH 0300 E, BF &% aoi%*‘-?@%?*éﬁn’i’e £h8. 19, i,
[err] and was whic¢hethergomaentvation of tiop-exchangs cﬂmw%waﬁ) It
100% after a s&eDMer3Bhan 0 '\@(tmolbe iddBagedbai L&ﬁdmeéspbquoalmhol
for 31 168 hours_and t en _was Dboil J’fﬁleitfor‘“kééé” %éﬁg)t
the ion-exchange gro@gs® Wrﬂﬁﬁl?ﬁPﬁH§e S sur red] t
10 to be 1.6 x 108 Q@ 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 ibn—exchanged water overnight,
15 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
20 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
'25 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%. :
30 (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 lOOHC for 24 hours. 1In
35 the antistatic layer of the obtained f£ilm, the layer in




exaimned to -be the sane as the anount before these boiling. The fil i was
measured for its surface 5 electric resistivity to be 9.2 x 108 [err] and
was further measured for its voltage attenuation factor to be 100% after a
second. The 0.25 mmthick filns obtained by the above- nentioned nethod
were tested for their generation of 10 particles. The testing was conducted
in the follow ng manner. First, the filns were cut into sanples neasuring 5
cmx 10 cm and were rinsed with ultra-purgwater for 10 mnutes in a clean
room of a class 1000. Then, an 15 isopropys7alcohol for electronic

I ndustries was introduced into the container, shook for 5 mnutes and was
left to standwhdeh delyeatoncentiatiopr &f |ienrenshange JEeupgsnwas not

i ndustries wagpfplesedhln ® wvxﬁat%v\@débé@éeahan tHisknéos 5ﬂmrwt;m and
was |left to 20Q.stand. _The sane, re | acenent was refg_ a&gj and,t eI of
1€ = #og

particles randify ??36%?693%325*[ Y+Fih & Fakgy iRSp oh%l’
was count ed offthelaoktage, attﬁguatioarﬁﬁqtqn.waﬁsmﬁaaﬂr%9 @9

particle cantaqtélKLaZg g actured by RION Co. Ltd.). 25 Partlcles wer e
observed in a nber of L%O/n1 one day after, in a nunber of 90/m 7 days
after, and |n e as/m 14 days after The i sopropyl al cohol for

el ectronic indust rl'Eheuee@olrymaE ebpammtmoneiamq@rEKQMe nl awas

bS50, TS i theip sty Ealal yoligoee aiciamas o810 25 mn
conducting ca ’-&ﬁﬁ 5h P v%?mg'ﬁ 18p Qég /%P‘gé’ %3?5\%4? Q{ieé¥
usi ng a knk@deveight, 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
15 smaller than 0.25 mol% possessed a thickness of 10 uym.
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) ;
20° 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.
25 (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

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 NaOH/DMSO/H0 = 15/25/60 % by
35 weight, and was hydrolyzed at 100°C for 24 hours.



35 brabender heated at 350[err]C for 20 m nutes, and obtai ned 32 the
0.25 nmmthick filmby the above nentioned nethod. The mixture was nelted at
350C and was cool ed under the application of pressure to forma sheet

havi ng a thickness of 0.25 mm The obtained filmwas tested for 5 its
generation of particles. Five pieces of sanples neasuring 5 cmx 10 cm cut
fromthe above filmwere tested for their generation of particles in the
same nmanner as the above-nenti oned net hod. 3§5 a result, particles were
measured in a 10 nunber of 1250/ m one. day~afte in a nurrber of 1140/ m 7
days after and in a nunber of 960/ m 14 days after (Exanples 2 to 4,
Conpar at i ve Exanpl deigsunepemts a#%@ematlaﬂr!etmé:%?ﬁé'&lﬁg p"Flé%lu@iLPFd-%e

copol ymer of Rakarenrse Eianpasel madvetikilndso othd5 Floprnt yne+contadmdd ai ned

- by changi ng the content, of the at e
i on- exchange Ll}ﬂ}‘ﬁ]‘%rg r%g?‘gﬁmﬁaég rﬁ%gn?lgl ﬁé a\%‘%\%&aiﬂrﬁgcl?r?esjéo%f
*0.25 Mmin thewh&ngmngeoups mhexanpttenlt afeipnt-exohange hgrouRfrkRd in

~a sol ution gpf H@Gﬂd}ﬁé@[ BFEr e 2AtiBA Y Ya ér\/\@fghiheaaﬁt\aaﬁ'ﬁed
hydrol yzed at

the hydrol ysi gl e’Le tI“H’ zésﬁ@bﬁ()ﬂﬁr’gn%ﬁ?s%%gas %&Cﬁb ée[ ?le Ater

concentrati oneomlfcemlrnsaexonmgxf gtonpexchange sgroups ¢ire haoknsmallkexr 25
| ayers, | hi ckipga3rsy o35t ﬁaeﬂ%a,veg&facahlﬁei@elwl&gee,r apbDoagef
| on- exchange gt?:éanuaﬁ@lon %tac rgﬂrs egfgcer a s?écg?id? an%lour?ég r%s' stivities,

" vol t age

' 10 adsorbing chemical solution, and elongation due to
swelling in the pure water. The results were as shown
in Table 3.

15.

20

25

30

35



att.enuation factors after a second, anounts of adsorbing chem cal solution,
and el ongation due to 30 swelling in the pure water. The results were as
shown in Table 1. 35 33 [err] 34 (Exanples 5 to 7) Copol yners were
obtained in the same manner as in Reference Exanple 1 but using nononers
havi ng groups that can be converted into ion-exchange groups shown in 5
Table 2 in the nmethod of producing the copo39gner of Reference Exanple 1.
Next, the copolynmers were nelt-nolded into filns having a thickness of 0.25
mmin the sanme manner as in Exanple 1, imrersed in a solution of

NaOH DMSQ' H err] O = 10 15/ 25/?0 % by. wei.ght, and were hydrol yzed at 100C
for 24 hours. Measurenefts gwieltaken concerning the contentd of

i on- exchange groups in Fhe [ #ce of thg antigtaticgl ayer§, ©t hi cknesses of
the layers in which thqgg§é§d&c ntrations of ion-exchange grflups were not
smal l er than 0.25 nol %M sHird de resistivities, voltage atbéngation factors
after a second, annunt%dof adsor bi ng chem cal sol ution, aqg el ongati on due
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swelling in the pure water. The results were as shown 20 in Table 2. 25 30
35 [err] 36 (Exanple 8) The copol ynmer obtained in Reference Exanple 1
was nelt-nolded into a filmhaving a thickness of 0.25 nm imrersed in a
solution of NaOH/ DMSQ H err] O = 15/25/60 % by 5 weight, and were hydrol yzed
at 100C-for 120 hours. In the antistatic |layer of the obtained film the

| ayer in which the concentration of ion-exchange groups was not snaller
than 0. 25 nol % possessed a thickness of 40,herr]m The filmwas neasured
for its surface resistivity 10 to be 1.6 x I0[err] [err] and was further
measured for its voltage_attenuation factor to be 100% after a second.

Mor eover, the (BRaMRERS md8s®ed¥br its.anount of adsorbing cheni cal

solution to be 1.1 Tpd/powder] .offlhehéi copwbymereokdhined hini Refewencged
. , ; 0 ,
oL V5™ SBkapt e GRS UA AN LOURELA BRtPL s CoRBIH e
into a film hikendidlng efn@IF B BFAs and Qﬁﬂﬁgéeg%BP S uPitothe
NaOH DVBQ i exek@af Ivb2bethyhdiye and CF,=CFOCH2CF,CF; (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

10 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-

15 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

20 results were as shown in. Table 4.

25

30

35°



20 wei ght, and were hydrolyzed at 100[err]C for 1 hour. The antistatic

| ayer of the obtained fil mpossessed a thickness of 0.5 [err]m The film
was neasured for its surface resistivity to be-larger than 1 x 1014 [err]
and was further measured for its voltage attenuation factor 25 to be 4%
after 5 mnutes. Mreover, the filmwas neasured for its anmount of
adsor bi ng chem cal solution to be 0.8 ppb/cnferr]. The.filmwas inmmersed in
t he i on- exchanged water overnight, and el dnigati on due to swelling was 0%
30 (Exanmpl e 9) The copol yner obtained in Reference Exanple 1 was
melt-nmolded into a filmhaving a thickness of 0.25 nm imrersed in a
solution of KOH/ DVBO H err] O = 15/25/60 % by wei ght, and were hydrol yzed at
100[err]C for 24 hours. In 35 the antistatic |ayer of the obtained film

the layer in 37 which the goncengration of ion-exchange groups was not
smal ler than 0.25 nol % posseged @ thi ckness of 10 [err]m The surface
resistivity was neasured to 451 108 [err]. The voltage gttenuation

factor was neasured to be 10 &%:p er a sgcong. (&xanple 10p0 The copol yner
obtai ned in Reference Exanpl § Jg '@SInel t-nol ded into a filmlﬁavsi.,ng a
t hi ckness of 0.25 nm irmers@l.grﬁa sol ution of NaOH DVMSQ H & r$0 =
15/ 25/ 60 % by 10 wei ght, and was hydrol yzed at 100[err]C for 248 hours. The

filmwas imrersed in a 1N hydrochloric acid solution and mase§t5rred at
30[err]C for 24 hours. In thes =
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antjistatic |ayer of thus obtained film the layer in which the
concentration of ion-exchange groups was not 15 smaller than 0.25 nol %
possessed a thickness of 10 [err]m The filmwas neasured for its surface
resistivity to be 1.1 x 109 [err] and was further neasured for its voltage
attenuation factor to be 100% after a second. (Exanple 11) 20 . The film
obtained in Exanple 10 was i mmersed in ammonia water and was stirred for 24
hours. The thus obtained filmwas nmeasured, for its surface resistivity to
be 3.1 x 109 [err] and was further neasureﬁ for its voltage attenuation
factor to be 100% after a second. 25 (Exanples 12 to 14)

pol yt et r af | uo{ Bxaimplemel8herei nafter referred to as PTFE), or a copol yner

gfs gFtA)et g?f LUOfget @ﬂé‘nﬁi?ﬂ gﬁtteﬁ:@dliuihngxﬁﬁtﬂﬁ 6hpasi Nafnersedl e¢hred to
hexaf | uor opr 0E§ gﬁyé{m i?ﬁ'&ﬁ &< fﬁ?igg a%niEﬁgga%}%%Fee%o%%I ;;'r?er ¢

obt ai ned i n Efexpl2d éhmra,msmd:ha'gether iion+erchangeoiggiprreerehef
mXxture was Mehl d@id?eﬁyb@ 0 arﬁé | &5 hay s élnéé)sﬁkéasidﬁ ﬂ;£5sﬁmface

imersed in a solution, o rr = 15/ 25/ 60 ¢ 35 wei d

was hydr ol yze§efistoby£FY| & che 24 110% §°]19 ¥dPe %r’@egﬁﬁgﬁ%

concer ni ng t hfom xity veltage’ aticenustiont e&aqtorotphbef | 6% | ateanodiened

resin having g dﬁg)that can be converted into an ion- exchange group, the
an

content of |on e e groups |n t he surface of the antistatic |ayer of
the obtai ned (Reference Example E) d

10 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) :

15 The copolymer obtalned 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 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

25 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

30 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 attenuatidn?factor to be 100% after one

35 second.



fil.rs, thicknesses of the layers in which the concentrations of

| gn- exchange groups are not smaller than 0.25 nol % surface resistivities,
voltage attenuation factors after a second, anmounts of 10 adsorbing
chenical solution, and el ongation due to smelllng in the pure water. The
results were as shomn in Table 3. 15. 20 25 30 35 39 [err] 40
(Exanples 15 to 17) The powder of the copol yner obtained in Reference
Exanple 1 was uniformy adhered onto the s#%faces of the fil'ns of PTFE, PFA
and of the copolynmer of the 5 tetrafl uoroetfiyl ene and _
CFlerr]=CFOCH[ err] CF[err] CF[err] (contai.ning 94 nol % of the
tetrafluoroetmykxmparaﬁhvefEbmsthEe3)ntroduced Into the heating atnosphere

in an electric fur%qﬁaf Eﬁrfi@rpﬁ&gehdl@éﬁv‘fﬁ FRE! M RANABYO alshe
surfaces of the fjlns e i rsed in
NaGH DVBQY H{ et éxmm}%iaohs”vﬁwmghit < omRerfyaliR, AvatiaBie 2FAC
for 24 hours and dhe anaferst iwere set thereto and were left to stand
5 for 24 hours in a clean room of a c¢lass 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

10 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)

15 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

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 immersed in a solution of

25 (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 portlons and the concentration of
the ion-exchange groups in. the portlons was measured.
As results, the concentration near the surface was

30 averages 4.8 mol%, and the concent:etion in a portion
80 um deep from the surface'was averages 3.8 mol%, and

- the concentration in a portlon 100 ‘um deep from the
surface was averages 0. 05fmol%. Therefore, the
antistatic layer in whlch the concentratlon of ion-

35 exchange groups was not smaller than 0.25 mol%




| ayer's. .Measurenents were taken concerning the thicknesses of the layers in
which the concentrations of ion- 15 exchange groups were not smaller than
'0.25 mol %in the antistatic |layers of the obtained filns, surface
resistivities, voltage attenuation factors after a second anmount s of

adsor bi ng chenical solution, and el ongation due to smelling in the pure
water. The 20 results were as shown in Table 4. 25 30 35 41 [err] 42
(Exanpl e 18) The film obtained in Exanple fgwas imersed in a 1IN
hydrochloric acid solution and was stirred at 30 [err]C for 24 hours, so

that the ion- exchange rou re of 5 th type. The filmwas -
measur ed for PP§S Fmipﬁﬁﬁ/Q% 550921 %2 [err] and was further

m;gfsugeg for its vqmeawmfaeau&eszrsﬁmia washe2 5% aflodr Qonendethed.
E:F[ erGr]e—g:le: Bzer?‘?gé) er el Bégﬁer ¢ %r?tg‘lgtid‘?la(ﬂ:'ﬁ%r ST secoz/oog]gl a
e wafer carr ou an was
5 tested for its amount of adsorblng 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
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 um deep from the
surface was averages 4.1 mol%, and the concentration in
15 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
20 108 @, 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 commerclally available PFA and the
25. 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 lmmersed in a solution of
NaOH/DMSO/H,0 = 15/25/60 % by welght, and was
30 hydrolyzed at 100°C for 24 hours. The tube was cut
open. '
The surface resistivity was measured to be 4.1 x
108 @ and the voltage attenuation factor was measured
to be 100% after one second.
35 In this tube, the concentration of the ion-



tetsafl uoroet hyl ene was prepared in conpliance with the production nethod
of Reference Exanple 1. (Exanple 19) 15 The copol yner obtained in

Ref er ence Exanple 2 was injection-nolded 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 imersed in a solution of

NaOH DVSO H err] O = 15/ 25/ 60 20 % by wei ght, "and was hydrol yzed at
100[err] C for- 24 hours. The thus obtained fer carrier was partly cut out,
and was neasured for this thickness of the&?ayer in which the concentration

of the ion-exchange groups was not | 1er than 0.25 mol %in th ntistgtic
| ayer 25tc)b839§§R9¢]9¥°9EFeH§%%r CcSWF TR WAPcAVELRISE gng ’
| eft to standahdr the heoneentrattiemninoanpdrtichas? iaddedpe fmonberhef

the. particlesgqgltf%g vé%g ggr;_ﬁ%,[gr ]wefsﬂdt %h@f‘caﬁ@éﬁtiwéﬁﬁ? fﬁ

t he waf er hel five.

ifrrler was he m? er
carrier was nBaPerddianr’ ptémblﬂq%efF%‘l &he isyrfgcg. vasg §V?§§gﬁ§r 9.
Furthernore mddaf eThépefodle Washeaahkyl sttt bot layerain mehichedtHer its

(S i v Bt b SR ien il nar e,
Exanpl e 19 buthas rfd. 2hemedinmassesped & (Hpiekpess afd apeukaper #Mher e
set. thereto and werghé etibeo widsiiimmersed 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 was maintained at room
15 tempgrature 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)
20 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
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 Q@ 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 mol%. The tube wasfimmersed in the pure
- water overnight, and was elongated“due to swelling in
the lengthwise direction and in the direction of
diameter by 4.8% and 5. 3%, respectlvely The amount of
permeating the chemical solution was 7 = 10-9
35 g-cm/cm2-s. '



5 for* 24 hours in a clean roomof a class 1000. The nunmber of particles not
smaller than 0.3 [err]madhered to the wafer held at the end of the wafer
carrier was about 300. Next, the wafer carrier was nmeasured for its 10
surface resistivity to be larger than 1 x 10[err] [err]. Furthernore, the
wafer carrier was partly cut out and was nmeasured for its voltage
attenuation factor to be 0.8% after 5 minutes and 6% after 30 m nutes.
(Exanmpl e 20)" 15 By using the conner0|§lly avai |l abl e PFA, the wafer
carrier sanme as that of Exanple 19 was obt ®ned t hrough the injection
mol di ng. The copol ymer obtained in.Reference Exanple 2 was

el ectrostati c4Examplei 88)to the inside of an SUS metal nold that was in

Total ol d which V’?‘f‘?‘% %1 e o O S nd B P 0e oo
| n 0 an._e [i unna e
that the precfr gtfr %‘?%dwgﬁt (9%6%361§ﬁ?1f é‘@egﬁ}ﬁ s%!@gw%a&sn ’gr?g
The waf er carnneﬂqmgarahameuﬁxamnlgmhﬂ|cWhefcgsolymer contained a
(CH err]) [ & 1 jndhdmd HMRY %nfel Qs & &E‘E@bfédn’gmcﬁECHﬁ%V\aﬁ Rrdiaityzed

at 100[err]C t réf hou waf er _carrier _was ra ortlgni

and the concefifr &t rhe -G8R Euﬂﬁﬁsmﬁﬂﬁwﬂ?fﬁkﬁ 1im

measured. As pésuit'lshlckammﬁ]t@aBBOMLearThhef&lm ar@svsheaseda\ABIages

4.8 mol % andgmg%}msas rﬁf‘ad:ﬂlérﬁ.@fé hb%rdgn Ehflb?:'}]dé‘eat
2 G eE

surface was a on, 100

,% an atl 58 g
[err] mdeep f QE, £ ave @5 ﬁﬁl qméV@ r dted,
antistaticld apad |wasxhrehctt}&d ceithnar aimmatbylamneBamxehhage grohes ,was

not smaller thg CePPmMa¥ 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

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 um deep from the surface and at a
portion 120 um deep from the surface. The layer in

20 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
25 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

30 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

35 the surface and at a portion 70 ym deep from the



44 possessed a thickness of about 95 [err]m The surface resistivity was
2.1 x 10[err] [err] and the voltage attenuation factor was 100% after one
second. Next, the wafer carrier was partly cut out and was 5 tested for its
anmount of adsorbing chem cal solution to be 1.8 ppb/cnierr]. (Exanple 21) A
wafer carrier was obtained in the same manner as in Exanple 20. The wafer
carrier was cut at several 10 portions and the concentration of the

i on- exchange groups in the portions was negzured. As results, the
concentration near the surface was average 8 nol % and the concentration
in a portion 300 [err]mdeep fromthe surface was averages 4,1 nol % _and
the concent r aghwfaice.15 Bopdon-gxdhanger grauRcyas: detanted r pgax ke

averages 0.1 gBh¥ralingséEeien.t hereréfodd C theclaye zvmrs:hmheh the

concentration_of ion-exchange (gr.oups

possessed a tﬁ?PEﬁé#F?ﬁlaﬂoﬁFg %$€§ﬁﬁg#%é8§§#§5c&£&£§%% i 7 @)rthe
waf er carri erthaa 0.25% 1013041 el:hq: anrhe.s;lmit-hge layeshef i thef £dt

100% after 50 g@gyghdagdth@@kﬁgg@togfeyj R ping: chenlcal sol ution was 35

RN Gt R C R e R e
exC1ust on” ol Gongag ¢ "”“%Eﬁﬁzz:ffé’é‘;’?i?é“imsﬁiﬁﬁ"&“‘“’ iy
i ne’ second.
NaO#[mﬁx]F{erEE eheéif%égoéﬁégibln chemfkgf solution was 0.9
10 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,
15 immersed in a solution of NaOH/DMSO/H,0 = 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
20 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

25 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

30 immersed in a solution of methylene chloride comprising
20 3 by weight of CF3 = CFOCFzCF(CF3)OCF20F2502F, 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

35 of MaOH/DMSO/H20 = 15/25/604%iby welght, and was



30 hydrolyzed at 100[err]C for 24 hours. The tube was cut open. The
surface resistivity was nmeasured to be 4.1 x 108 [err] and the voltage
attenuation factor was neasured to be 100% after one second. 35 In
this tube, the concentration of the ion- 45 exchange groups near the
surface was -averages 4.7 nol % and the concentration in a portion 50 [err]m
deep fromthe surface was averages 3.8 nol % and the concentration in a
portion 70 [err] mdeep fromthe surface waggaverages 0.1 5 nol % Therefore,
the antistatic Iayer in which the concentration of ion-exchange groups was
not smaller than 0.25 nnl@bposseﬁsed a_thickness of bout [err].m The
tube was i meb¥srqlyzed atrd0hiCrEo¥s24 ?r%uFon réhﬁlﬁﬁt$i¥q c

swel | i ng was dayenrve d |n the 10 Il engthwi'se direction or in the direction of

di anet er. Noreover C t i n t r oduced
into the tube to ar‘T %ﬁﬂ& %%é%u%leﬁc f@hg%é %ﬁ)&d{ gﬂa 200-

quartz(KNnalﬁgphﬁﬂﬂ%Jﬁrﬁgpﬂtﬁ%.bﬁréhﬂﬂ dmﬂ&§ ﬁ&rﬁhﬁnéﬂr§PQQXﬂﬁ45
tenperature feo He MPURG13TRE W tperpiba vm e;umvxdeegheﬁromatuéeduwatdte. ion

cal cul at ed To be 5 3eabe 1IRY lnaRE Hadbtedd EBTTIAY SEEERCE], V05

By using the resdstivibyt dionkeih K@ﬁ@ﬂén&e Waszfu;thﬁnemaasmgeﬁm
outer dianetefodf kdMveldaye idteendadivierfadtédrnmeordse ol & aeéftﬁarmugh
the minutes. :

10. Five pieces of samples measurlng 5 ecm x 10 ém 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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extrusi-on nol di ng nethod.. The tube was i mMmersed in a sol ution of
NaCH/DNBCYH[err]O = 15/ 25/ 60 % by wei ght, and 25 was hydrol yzed at
100[err] C for seven days. The tube was-cut open. The surface resistivity

was neasur [err] [err] and the voltage attenuation factor
was rreasurﬁﬂl“ﬁ“ﬂﬂlﬂHﬂMH er one second. The content of ion-exchange
groups nearty @t uhe 38 center was 3.2 nol % The tube was imersed in the
pure water overnight, and was el ongated d g to swelling in the | engthw se
direction and in the direction of dianeter by 4.8% and 5.3% respectively.
The anmount of(Perneatlng the chem cal solution was 7 x 10[err] 35 g
cmcmferr].s.(Clai@s¢édranpl e 23) A copol yner of
Crlerr]=CFCCF[err] CF[err] CF[err]C err].CH err] and a tetrafluoroethyl ene

was obtained in the sage ﬁi‘ﬂc}ﬁ?{?@cbﬂtg{ﬁ@da&éﬁm& Lar{3gieopol ymer

contai ned a 5 nonpoher uni

CF[ er r ] =CFOCHa¥13@F| opr [tiyg cenréacer 9fcy pase pageridlneosposed @f oo
fThle copol Ksre[fmmnét-cmiw:chedt ges ifil |vﬁi’0ﬁ?ﬁtt Elu(ﬁﬁmﬂélﬁ! 35 nm tThe

Il mwas hea S e a
120C for 24 ﬁﬁ%eé&ﬁ%@ﬁ”%‘@xgﬁﬁﬁﬁfé&% DRRSBARL Qe YU Jadid £ cd v th
a di et hyl aniqRmpesedhef: arhehuorpaeriqontainedagesdiniof whdchmths

hydride in drgurgégneeati s tey] Cisf @id fifisbedr goalse wast r bayges, amhwas
t hen reacted wjghéﬁaggyl qQdide 1n get anol. solutiton at 60C for 16 hours,
so that the gr tQﬁFignlnt Lt PATERES 3ﬁ§§égfﬁﬁgs' As a

result oflOR fluorlne-contalned resin molded article
accordlng to claim 1, wherein in the:antlstatic 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

15 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

‘20 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%.

25 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

30 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

35 according to any one of claims 1 togﬁi wherein the




anal ysts— s+—.the concentrations of ion-exchange groups were 3.8 nol % 0. 26
nol % nd 0 rml%near‘.-.‘_jt he surface, at a portion 75 [err]mdeep fromthe

surfa ortion 120 [err]m deep fromthe surface. The |layer in 20
whi ch w Wllf i on- exchange groups-was not snaller than 0.25 .
nol % i n tﬁe a | ayer. possessed a thickness of 75 [err]m The

obtained fil mwas medsured for its surface resistivity to be 4.5 x 10[err]
[err] and was nmeasured for its 25 voltageg@attenuation factor to be 100%
after one second. (Exanple 24) The copol yner obt al ned in Reference Exanpl e
1 was nelt- rmdedlntoafll,m a thickn imrersed in a

sol ution of WHP&W@ 1588306 3P 36r§éFd-ﬁ( ignd WaLa¥ drol yzed

at 100[err] Cdaarrii@rhours. As a result of IR spectrum measur enent, the

anmobunts of ion- exghange ,&ilqgn % h% and 0.01
nol % on the surfac ofﬁtﬁg' &’S%Snﬁng.;{%ﬁ i.%% é égep Fr omét) he
surface, at AGRA¥ADAI6HO; &A1Y rﬁ%%eﬁ f thet uﬁfraé’@%ﬁlat taeyortion

70 [err] m3ledfidopinéheontalinedr fesdin Moldedecachdede gisup wabeladeca ed
near the cen?? portion. Therefore, the Iayer in which the concentration
of 1on-excha groups was not, smaller than 0.25 nol %.in the antistatic

| ayer of the f| | m - pods&dnarinenceriadned resia mohdedeartiflfas
nmeasured for ddcosdingceo esisinve]ywhedein. €he balse materihlahhs\os

further mas‘!ﬁfﬂ:l@ﬂésbt %qu{é@ggmgig_gg.uaéﬂ&g iac%r to be 100% after one

second. 10 10. A fluorlne—contalned resin molded article
according to any one of ¢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
15 according to claim 10, wherein the base material has a
thickness of not smaller than 10 um.
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The, famwunt of adsor bi ng. . cheni cal solution was 0.9 10 ppb/cn{ err]. \Wen
m:mersed in the ion- exchanged wat er overnight, the filmelongated due to
swel ling by 0.1% (Conparative Exanple 5) The copol ynmer obtained in
Ref erence Exanple 1 was nmelt-nolded into a filmof a thickness of 0.25 mm
15 imersed in a solution of NaOH/ DMSQ H err] O = 15/25/60 % by wei ght, and
was hydrol yzed at 100[err]C'for 168 hours. As a result of IR spectrum
measurement, the amounts of ion-exchange goups were 4.3 nol % 1.0 nol % and
0.8 nol% on the surface of the film at a portion 50 [err]m 20 deep from
_the ‘surface-a gbnear the central portion. The filmwas neasured for its
su.ri ace resi st f’fﬁ#’& be 3.8 x 10[err] [err] and was further neasured for
: Vol tage attenuatl on factor to be 100% after one second. The am)unt of

‘bi.ng cheni'cal q H8S m@/faia'e - pheRoLBTEISEL
hanged wat er ov E% o due to SWEl'QﬁI -‘%5 y about :

m el
_ .(Corrpar‘é?iltrél %g-B‘? ;o Eé f“‘h"l-ﬁ ?’n aying cRREdS 0 [err]m
vvas 30 i mrér seroperaysoland osp et::.tfe.tda/]l.‘eyle theordimzeroipni selats %tby

h of h
gk g[%iﬁéw?%@%ﬂ% GBI B LR Sl anten
CFOCF[ err | CF(A9Pdr ARtdatatie ceféprtsorhi ermad ot rsmqaegoaaerf%es. I m
The obtai ned fnherent iimethedflaorins+dontained IEHHDNRA Hwesr FOuied

15/ 25/ 60 % b 48, 04l VW, YBRing 45 B b¥86daTor Wk °hh Grftfa2delaurs o

formthe antis
_ layer of a fluorine-contained resin of which the

surfacee resistivity is adjusted to be not larger than

1013 @ 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
'+ 15 contain ion-exchange group. |
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| ayet.. ¥The filmwas neasured for the anmounts of ion- exchange groups to be
about: 0.2 nmol % at the surface and 5 to be 0 nol % at a portion 10 [err]m
deep fron1the surface. Next, the filmwas neasured for its surface
resistivity to be 1 x 10[err] [err], and was further neasured for its

vol tage attenuation factor to be 1. 8 Wbakar 5 mnutes. 10 Fi ve pieces
of sanples neasuring 5 cmx 10 cmcut fr khe above filmwere tested for
their generation of particles in the same manner as Exanple 1. As results,
particles were neasured in nunber of 3920/ m one day after, in nunber of
1710/ 7 days after and in nunber 15 of 760/ m 14 days after. 20 25 30 35
49 (Cainms:) 1. A fluorine-contained resin nolded article having, on the
surface of a base material conposed of a 5 fluorine-contained resin wthout
substantially containing i on-exchange group, an antistatic | ayer conposed

of a“fluorine-contained resin of mhl h sur ace resistivity is adjusted
to be not larger than 1013 [err] by na pre ent the ion-exchange groups.
10 2. A fluorine-contained re5|n nDIded article according to claim

1, wherein in the antistatic |ayer,

VA
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eet-Has Been Replaced
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t"‘he i‘on- exchange groups which may be perfluoro-cation- exchange‘mgﬁds or
pol yfluoro anion- exchange groups are-chenmcally bonded to the

f1 uori ne-con oﬁj esth—w-a~a, 15 perfluorocarbon chain or a perfluoroether
chain. 3. A fl %I%EEMS&BEEW resin nmolded article according to claim1,
wherei n the dnti st BEPIAQEByer i hcl udes asiayer of the fluorine-contained
resin which contarns—ion-excttrahge groups at a concentration of not 20

smal ler than 0.25 nol % 4. A fluorine-contained resin nolded article
according to claim 1, whergiskihesniael asemoliorbRpkikirerappl i ed for one
mnute, the voltage at t enuarT o T actor—arter ome Second 15 not smal | er than
70% 25 PAbsAriddeey i ne- cont ai ned resin nol ded article according to
claim1l1, wherein said ion-exchange groups are perfluorosul fonic acid groups
or groups of an alkali netal salt thereof or an amoni um salt thereof. 6.
A fluorine-cont ai nefhePpresentednwention3redatesli hg novelaifd @orinerei n

the |ayer of tESnUdiQféd'erégﬂhakd&ﬁ.@éd?shﬂt%'l@s %’é‘&ﬂh? aints 44  8xchange
groups at a concentrattlon of, not .has a .thi ckngss of

th
Prom3 to 080 PEPPERLY: At BREGHELCAL Mnod S STAVEBELER Aaleress
according to aﬁ&uomrxé-cd:ntaa.ned crés:.n\merleiad taeticle8 which exhibit

fluorine-cont 8 rﬁ?&ﬂsﬂa %d ewhil% ?&ﬂt&fﬁih& r%(ﬁe“r?:.
f1 uori ne-conta resin, m)_L rt| e accor al_ns 1&0
6 wher ei n the:Ln erent in uor:.ne-conta;. res n and are foule

very little, owing to the prov1s;on of an antistatic
10 layer of a fluorine-contained resin of which the
surfacee resistivity is adjusted to be not larger than
1013 @ by making present the ion-exchange groups on the
. surface layer of a base material composed of a |
flu@rine—contained resin which does not substantially
15 contain ion-exchange group.
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5 fl Jdorine-contained resin holded article is a tube or a pipe. 9. A
f1uorine-contai ned resin nolded arti.clie:according to claim8, wherein the
base material has a thickness of not smaller than 10 [err]m 10 10. A
fluorine-contained resin nolded article according to any one of clains 1 to
6, wherein the fluorine-contained resin nolded article is a filmor a
sheet. 11. A fluorine-contained resin nolded article 15 according to claim
10, wherein the base naterial has a thickness of not snaller than 10

[err]m 20 25 30 35 '
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' (Abstract)

The present invention relates to novel fluorine-

" contained resin molded articles having antistatic
property, and 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
surfacee resistivity is adjusted to be not larger than
1013 @ by making present the ion-exchange groups on the

- surface layer of a base material composed of a
fluorine-contained resin which does not substantlally
contain ion-exchange group.

Fig 1
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