SF-2226 DESCRIPTION FLUORORESIN SHEET Technical Field [0001] The present invention relates
to a fluororési shéet. Background Art [0002] 10Sheets obtained by filling a fluororesin with a filler and
processing the resin into sheets have chemical resistance and heat resistance inherent in the
fluororesin, and in addition, they have been imparted with functions and properties inherent in the filler
or have been improved in creep resistance that 15is a defect of the fluororesin. Therefore, they have
been often used as sealing materials, etc. @003} 1 » 7 Ag;such a sealing material, the present inventor
has disclosed a process for producing a fluororesin sheet containing 20 a fluororesin, a filler and a
processing aid in Japanese Patent Laid=Qpen RublicatianNe. 2007-253519 (patent literature 1). As
this filler, clay or the like has been mentioned. By this production process, a fluororesin sheet, which
has high recovery properties and high gas tight properties compatible with each SF-22262

Technical Field
5 00013

The present invention relates to a fluororesin sheet.

Background Art
(0002}

10 Sheets obtained by filling a fluorcresin with a filler
and procegsing the resin into sheets have chemical resistance
and heat resistance inherent inthe fluorcoresin, and inaddition,
they have been imparted with functions and properties inherent
in the filler or have been improved in creep resistance that

15 is a defect of the fluororesin. Therefore, they have been cften
used as sealing materials, etc.

100031
As such a sealing material, the present inventor has
discleosed aprocess for producing a fluororesin sheet containing

20 a fluororesin, a filler and a processing aid in Japanese Patent
Laid-Open Publication No. 2007-25351S% (patent literature 1).
As this filler, clay or the like has been menticned. By this
production process, a fluororesin sheet, whichhas high recovery

properties and high gas tight properties compatible with each



other and which is suited to a gasket material, can be obtained. [0004] This fluororesin sheet,
however, 1Tiabtefd become a hard sheet havingza low compressibility, and therefore, when 5 this
sheet is used for a gasket or the like, a high clamp pressure is necessary in order to obtain given
sealing properties. Moreover, when the sheet is hard like this, its processability as in punching the
sheet into a gasket with a desired shape is poor. The processability needs to be further improved. 10
Citation List-Ratentldtenaturg [00Q3): t g + Patgntliteratiie d- Japanese Batent laidQpen
15Publication No. 2007-253519 Summary of Invention Technical Problem [0006] 20The present
invention has)peen made in the light of such problems as above, and it s an object of the present
invention to provide a fluororesin sheet which has a high compressibility at a low clamp pressure, is

inexpensive and hag gooeh processalilitys ok-222632alution ta:PIoklsm: +o become a

hard sheet having a low compressibility, and therefore, when

[ 93]

this sheet is used for a gasket or the like, a high clamp pressure
is necessary in order to cbtain given sealing properties.
Moreover, when the sheet is hard like this, its processability
as in punching the sheet into a gasket with a desired shape is
pocr. The processability needs to be further improved.
10
Citation List
Patent Literature
(00051

Patent literature 1: Japanese Patent Laid-Open

15 Publication No. 2007-253518%

Summary of Invention
Technical Problem
[0006]

20 The present invention has been made in the light of such
problems as above, and it is an cbiect of the present invention
to provide a fluororesin sheet which has a high compressibility
at a low clamp pressure, 1s inexpensive and has good

processability.



[0007] In order to solve the above problems, the present inventors 5 have earnestly studied, and as a
result, they’ have fund that a sheet produced from a composition containing a fluororesin, a filler
(except perlite), perlite and a processing aid is inexpensive, has a high compressibility, acquires
sealing properties equal to or higher than those of conventional onal products 10 at a low clamp
pressure and has good punching processability in punching the sheet into a gasket with a desired
shape or the like, and they have accomplished the present invention. Specific constitution of the
present invention is described below. 15The fluororesin sheet of the present invention is characte

zedbybeing produced framasheetzforming composition containing (A) a fluororesin, (B) a filler (except
perlite), (C) perlite and (D) a processing aid. [0008] 20The amount of the perlite (C) in the composition

is preferably,4 4o 20 parts by weight based on 100 parts by weight of the total amount of the fluororesin
(A), the filler (B) (except perlite) and the perlite (C). The "filler" referred to in the present application

means SF-22264 @ fillesother thanperite. o vENS2MouRt-of the-preeessing aid(Py) - the
composition is 5 to 50 parts by weight based on 100 parts by weight of the total amount of the

fluorogesiny(A) ethe: filler{E) (except tperlitey angdthe per te (C). Advantageous Effgcts af-invention

a sheet produced from a compesition containing a flucroresin,
a filler (except perlite), perlite and a processing aid is
inexpensive, has a high compressibility, acguires sealing
properties equal toorhigher than those of conventional products

10  at a low clamp pressure and has good punching processability
in punching the sheet into a gasket with a desired shape or the
like, and they have accomplished the present invention.

Specific constitution of the present invention is
described below.

15 The fluorcresin sheet of the present invention is
characterizedbybeingproduced froma sheet-formingcomposition
containing (A) a fluororesin, (B) a filler (except perlite),
{C) perlite and (D) a processing aid.

[0008]

20 The amount of the perlite (C) in the composition is
preferably 4 to 20 parts by weight based on 100 parts by weight
of the total amount of the fluocroresin (A), the filler (B) {except
perlite} and the perlite (C).

The “filler” referred to in the present application means



[0009] In the fluororesin sheet of the present invention, porous 10 perlite (C) and a filler (B) other than
the perlite,sgl]@l?% clay, are used in combination, and the fluororesin sheet can be produced
inexpensively. By the present invention, a fluororesin sheet which is excellent in secondary
processing such as punchability into a 15 shape of a gasket or the like, has a high compressibility at a
low clamp pressure and exhibits good sealing properties even when it is used at a low clamp pressure

can be obtained.1Resciiption ofifembediments 20[0010] The present invention is described in more
detail hereinafter. <Fluororesin sheet> The fluororesin sheet of the present invention is SF-22265

characterizedby being preduced-fromna speet-fosming; composition gontainvg: (A i fluararesin, (B) a
filler (except perlite), (C) perlite and (D) a processing aid. [0011] 5<(A) Fluororesin> = As the

fluororesin (A); any ebhithente known:fuororesins  stichaspplyietraiiyoreetyiene resinPTFE),
modified PTFE, polyvinylidene fluoride resin (PVDF), ethylene/tetrafluoroethylene copolymer resin

(ETFE), 10 pelychieretrifluosgethylene resindPLRRE)  tetraftugroethytene/nexafluerapropylene
ethylene copolymer resin (FEE) and tetrafluoroethylene/perfluoroalkyl copolymer resin (PEA), can be

preferably-ised: From:the viewpeiat-of processability in extrusion molding, rolling, etc.,

Advantagecus Effects of Invention
[OOO9}.
In the fluorcoresin sheet of the present invention, porous
10 perlite (C) and a filler (B) other than the perlite, such as
clay, are used in combination, and the fluororesin sheel can
be precduced inexpensively.
By the present inventilon, a fluorcresin sheet which is
excellent in secondary processing such as punchability into a
15  shape of a gasket or the like, has a high compressibility at

a low clamp pressure and exhibits good sealing properties even

when it is used at a low clamp pressure can be obtained.

Description of Embodiments
20 [0010]
The present invention is described in more detail
hereinafter.
<Fluororesin sheet>

The fluorcresin sheet of the present invention 1is



15 polytetrafluoroethylene resin (PTFE) is preferable among them, and PTFE fine powder obtained by
emulsion ﬁ(?iyl%%?iéation Is particularly preferable.5Since the PTFE fine powder has properties that it
becomes fibrous when a shear force is applied, a composition and/or a sheet wherein the resin has
been 20 intertwined with the filler (B) and the perlite (C) in the later-described process of stirring and
mixing the components of the composition or forming of a sheet can be obtained, and therefore, a

fluororesin-sheethaving more, excellent.sealing propeties audimechanical skigpgth ¢an he obtained.
SF-22266 [0012] When PTFE is used as the fluororesin (A), the aforesaid fluororesins other than

the PTFE may:he gontained inssmall arews », foriexample, not more:than40% by;weight (total
amount of 5fluororesins: 100% by weight). As the fluororesin (A), a fluororesin in the form of a

powder may bedised:asit is, or adispersion-inanhich fluororesin fine particles are dispersed in water
may be used. [0013] 10<(B) filler> As the filler (B) , a filler other than the below-described perlite,
for example; @igarbon-based filler, such as graphite, carbon black, expanded graphite, activated
carbon or carbon nanotube, an inorganic filler, such as talc, mica, clay, calcium 15

carbanate, magnesiymoxide; siiceacatbide, alumina or silica, a powde of a resin, such as PPS, or the
like is used according to the use purpose. A fiber material having a fiber length of not more than 10

mm, which is compeset-afieashon dber aramid-diber: racknweelok theslike, maybe sised as the filler
(B). 20[0014] According to the present invention, a fluororesin sheet which has a low filling ratio of

the fluororesirn(A)=and exhibits afhigh coatpiedsibidityrevanif ithasa highfilinggatioofthe filler (B)
can be obtained. The weight ratio between the

polyvinylidene fluoride resin (PVDE),

ethylene/tetrafluorcethylene copolymer resin (ETFE),

10 polychlorctrifluoroethylene resin (PCTFE},
tetrafluorcethylene/hexafluoropropylene ethylene copolymer
resin (FEP) and tetrafluorcethylene/perflucrcalkyl copolymer
resin (PFA), can be preferably used. From the viewpoint of
processability in extrusion molding, rolling, etc.,

15 polytetraflucroethylene resin (PTFE) is preferable among them,
and PTFE fine powder cobtained by emulsicn polymerization is
particularly preferable. Since the PTFE fine powder has
properties that it becomes fibrous when a shear force is applied,
a composition and/or a sheet wherein the resin has been

20 intertwined with the filler (B) and the perlite (C) in the
iater~described process of stirring and mixing the components
of the composition or forming of a sheet can be cobtained, and

therefore, a fluororesin sheelt having more excellent sealing

properties and mechanical strength can be cbtained.



SF-22267 fluororesin(A)andthefiller(B) (exceptperlite) is preferably 1:0.1 to 3, more preferably 1:0.1 to
2. wheh-thédifer (B) is contained in such an &mount, a fluororesin sheet exhibiting properties of
the filler 5 sufficiently can be obtained. [0015] <(C) Perlite> The perlite (C) is a foam of a
volcanic-based rock having a high silica content (5i02), and it is composed of silica (Si02, 1070 to
80%), alumina (Al203, 10 to 20%), and Na20 and K20 (total: 0 to 10%). Examples of the
volcanic-baggd facks include pearlstone, obsidian and pitchstone . In the present invention, any of
foam of these rocks can be used, but pearlstone that is porous and has an excellent oil absorption

ratio is particularly, 15 preferables QL8] -5 SHehperlite s extramely lightweight has excellent

heat insulation properties , is inexpensive and is incombustible. On that account, a fulororesin sheet

that is suitable for, uses 20 at hightemperatures-and isiaexpensiveLan be-obtaingdun s Moreover,
the perl te (C) is excellent also in liquid absorption properties, and therefore, it is considered that the

perl te cancabsqrh.aprocessing aid () innthe sheet-forming gempositiomindhe present invention. It is
considered that SF-22268 when the following process (1) is used for forming a sheet from the

sheetsforming conposition; ailarge pymber ghpores in the perlite are impregnated with the processing
aid (D) and keep it therein in the rolling step. It is also considered that by
As the fluororesin (&), a fluororesin in the form of a
powder may be used as it is, or a dispersion in which fluororesin
fine particles are dispersed in water may be used.
[0013]
10 <(B) filler>
As the filler (B), a filler other than the below-described
perlite, for example, a carbon-based filler, such as graphite,
carbon black, expanded graphite, activated carbon or carbon
nanotupe, an inorganic filler, suchas talc, mica, clay, calcium
i5 carbonate, magnesiumoxide, silicon carbide, alumina orsilica,
a powder of a resin, such as PPS, or the like is used according
to the use purpose. A fiber material having a fiber length of
not more than 10 mm, which is composed of carbon fiber, aramid
fiber, rock wool or the like, may be used as the filler (B).
20 [0014]
According to the present invention, a fluororesin sheet
which has a low filling ratio of the flucroresin (A) and exhibits
a high compressibility even if it has a high filling ratio of

the filler (B} can be cbtained. The weight ratio between the



5 virtue of this , theporestructureoftheperliteisrarelycrushed in the rolling step, and when the
processing & @3)As vaporized in the subsequent’drying step, voids (pores) are held in the perlite in
the resulting sheet. Accordingly, it is considered that a fluororesin sheet having a particularly high 10
compressibility and exhibiting proper sealing properties at a low clamp pressure can be obtained.
[0017] The amount of the perl te (C) in the sheet-forming composition is preferably 4 to 20 parts

byweight, more preferably 15 5,10 8;pads by wejght, hased.qn 100, parts by, weight of.the fotal amount
((A)+(B)+(C)) of the tluororesin (A), the filler (B) (except petlite) and the perl te (C). Also in the

resulting fluogoresin sheet of the present inyeption,the gmoynt of the perlite (C) based on 100 parts by

20weight of (A)+(B)+(C) is the same as above. The mean particle diameter of the perlite (C)

(measured by laseppatticle size distribution analyzer) is;preferablynatimare than 450, hmg, more
preferably about 75 to 125 pm. When the perlite (C) is contained in such an amount and SF-22269

the mean particle, diameter.ottbe parite(@) s in thehave;rangs <a fiugraresin.sheet having a high

compressibility while maintaining high gas tight properties can be obtained. When the amount of the

perlitg (C)dn the sheet-forming 5 compositionds 5 to 8 parts by weight based on 100 parts by weight of
the total amount of the fluororesin (A), the filler (B) (except per te) and the perlite (C), a fluororesin

sheet havinga particularly good balance of properties, such as low compressibility, high sealing
properties, high tensile strength 10 and low stress relaxation properties, can be obtained, so that such
an amount is preferable. jQ048]:<(P) Processing aid> As the processing aids (D), hitherto
publicly known 15 processing aids, such as petroleum-based hydrocarbon solvents,

The perlite (C) is a foam of a volcanic-based rock having
a high s#ilica content (S10;), and it is composed of silica {S10y,
10 7Q to 80%), alumina (Als05, 10 to 20%), and Nap0 and K;0 (total:
0 to 10%). Examples of the volcanic-based rocks include
pearlstone, cbsidian andpitchstone. Inthepresent invention,
any of foam of these rocks can be used, but pearlstone that is
porous and has an excellent oil absorption ratio isparticularly
15 preferable.
[001le]
Such perlite (C) is extremely lightweight, has excellent
heat insulationproperties, is inexpensive andis incombustible.
On that account, a fulororesin sheet that is suitable for uses
20 at high temperatures and is inexpensive can be obtained.
Moreover, the perlite (C} 1s excellent alsco in liguid
absorption properties, and therefore, it is considered that the
perlite can absorb a processing aid (D) in the sheet-forming

composition in the present invention. It is considered that



alcohols and water, can be used without any restriction. [00]9] Examples of commercial products
of the petrelewmn-hased hydrocarbon solvents incliude Isopar C (hydrocarbon-based 20 organic
solvent, fractional distillation temperature: 97 to 104C), Isopar G (hydrocarbon-based organic solvent,
fractional distillation temperature: 158 to 175C) and Isopar M (hydrocarbon-based organic solvent,
fractional distillation temperature: 218 to 253C) (all manufactured by Exxon Mobil SF-222610
Corporation), and Cactus Solvent RSN (manufactured by Japan Energy Corporation) as an industrial
solvent haViij a8VaniaesC e d8761T Rdrikl hekames fbw berizere and 3o &dmaticSolvent.
[0020] 5When the following process () is used for preparing a fluororesin sheet, the amount of the
processing aftl fOFRas SRR oM SGER aR-amednt tﬁaf%ﬁ%’pﬁfﬁﬁﬁ&ﬁé SMdiiE oF thé prbessing aid is
present after the rolling step, and specifically, the amount of the processing aid (D) in the
sheet-fornfiRg tbhfpditfon T8 iefraterbly 518 587 arts B Weightd niore préferably 16/%8°40 parts by
weight, based on 100 parts by weight of the total amount of the fluororesin (A), the filler (B) (except
perlite) andl thegerfte 1) Whén the btacesdifg aid (D) i°uséd th StRA drf&mount theraw materials
can be easily homogeneously 15 mixed and dispersed after blending, and besides, the resulting
compositidh s eXcalleht irP protes2abiify nts ashe et Wieh e toifowim protéss iy isised for
preparing a fluororesin sheet, the fluorores in can be sufficiently swollen in the initial stage of the
later-descriBed ¥olfifig Step? MorEaver Alf 1 20 roce¥sins aidcdes not vaporiR Betdfethe

later-described calcining step, and a sheet containing an ap?ropriate amount Ef the processing aid

after rolling’tan Be Sbtaited: {002 7 SE29236 EP fluiorésin (R 1ha filiRF TBY The petiite {&) and the

proceSSin%gjiqugq:)é [99'12%118 resulting sheet. Accordingly, it is consideread
that a fluorcoresin sheet having a particularly high
10 compressibility and exhibiting proper sealing properties at a
low clamp pressure can be cbtained.
[0017]
The amount of the perlite (C)} in the sheet-forming
compogitionispreferably4to20partsbyweight, morepreferably
15 5 to 8 parts by weight, based on 100 parts by weight of the total
amount ({(A)+{(B)Y+{C)) of the fluocorcoresin {A), the filler {(B)
(except perlite) and the perlite (C).
Also in the resulting fluocrcresin sheet of the present
invention, the amount of the perlite (L)} based on 100 parts by
20  weight of {(A)+(B)+{C) is the same as above.
The mean particle diameter of the perlite {C) (measured
by laser particle size distribution analyzer) is preferably not
more than 150 pm, more preferably about 75 to 125 pm.

When the perlite (C) is contained in such an amount and



For preparing the sheet-forming composition containing 5 these components, these components have
only to be a8ded3é the container at once or pluraPtimes by portions in an arbitrary order, then stirred
and mixed. [0023] Although the method to stir and mix the components is not 10 specifically restricted,
the fluororesin (A), the filler (B), the perlite (C) and the processing aid (D) are blended in such amounts
as correspond to the composition of the fluorores in sheet to be produced, and they are stirred and

mixed in an,arbjliary qrder. Yhen e sling eficieneyjs popt! irhossidla Lo Rat s processing aid

is added in a large amount and after completion of stirring an excess processing aid is removed by

fitration. [QQ24] As the femperaturein.the.stirfing: and mjxing.of the, 20 components, a temperature that

is lower than the roll temperature in the rolling step is preferable in order that the processing aid will

not vaporize, {00251 [Pracess for producing, fluproresin sheet] -35-322612: 4 ; »nThe process for

‘producing a fluororesin Sheet of the present invention is not specifically restricted as long as a
fluororesin sheet can.be formed from the-abguegmentioned shestsforming composition; and hitherto

known processes are 5 employable. A process comprising subjecting the sheet-forming composition to
preforning, solling the resyltingprefarm-ataoltemperauire. af 40 10 8QG.then,dryinghe preform and

calcining it (also referred to as a "process (I)" hereinafter) is preferable. 10This process (I) is described
deWind@@ﬂﬂQQ%@alamountofthefluororesin(A),thefilier(B)(except
perlite) and the perlite (C), a fluororesin sheet having a
particularly good balance of properties, such as low
compressibility, highsealingproperties, hightensile strength
10 and low stress relaxation properties, can be cbtained, so that
such an amount 1is preferable.
[0018]
<{(D) Processing zid>
As the processing aids (D), hithertoc publicly known
15 processing aids, such as petroleum-based hydrocarbon solvents,
alcohols and water, can be used without any restriction.
[0019]
Examples of commeicial products of the petroleum-based
hydrocarbon solvents include Isopar C (hydrocarbon-based
20 organic sclvent, fractional distillation temperature: 27 to
104°C), Isopar G (hydrocarbon-based organic solvent, fractional
distillation temperature: 158 to 175°C) and Isopar M

(hydrocarbon-based organic solvent, fractional distillatiocn

temperature: 218 to 253°C) (all manufactured by Exxon Mobil



<Process (I)> The process (I) includes a preforming step, a rolling step, a drying step and a .
calcining stép-irethis order. 15[0027] <Preformingd-Step> In the preforming step, the sheet-forming
composition is extruded to produce a preform (extrudate). The shape of the preform is not specifically
restricted, 20 but when efficiency of the subsequent sheet formation, homogeneity of sheet properties,
etc. are taken into consideration, the preform preferably has a shape of a rod or a ribbon. [0028]

SF-222613.. ., 0.he praduction pugeess otdne presentsvention, i preforming siepis,preferably
carried out at a tempeérature lower than the roll température i | the roFﬁng slfep so-that the processing

aid will notuyanarize: B1009) SRANNGSIEPZ oI e 10liNg slep subseuent Lo the preforming step.

allc .
the preform IS a O pass between rol INng mill rolls sucn as twin rolls to I’OY| an %rm'lt Into a

sheet. 1011, the produgtion pracese.ofhe preseatinvention.Jhe oling step is.capier.gut at a ol

temperature of 40 to 80C. When the roll temperature is in the above range, the hardness of the
fluororesin{@gé@ Bowered a little, and the fluororesin sheet is apt to be densified. Moreover, all the

5 When the following process {(I) is used for preparing a
fluorcresin sheet, the amount of the processing aid (D) has only
to be such an amount that an apprepriate amount of the processing
aid is present after the rolling step, and specifically, the
amount of theprocessingaid (D) inthe sheet-forming composition

10 is preferably 5 to 50 parts by weight, more preferably 10 to
40 parts by welght, based on 100 parts by weight of the total
amount of the fluocroresin (A), the filler (B) (except perlite)
and the perlite (C}. When the processing aid (D) is used in
such an amount, the raw materials can be easily homogeneously

15 mixed and dispersed after blending, and besides, the resulting
composition is excellent in processability into a sheet., When
the fcollowing procesé (I} is used for preparing a fluororesin
sheet, the fluororesincanbe sufficientlyswollenintheinitial
stage of the later-described rolling step. Moreover, all the

20 processing aid does not vaporize before the later-described
calcining step, and a sheet containing an appropriate amount
of the processing aid after rolling can be obtained.
ree21]

The sheet~forming composition consists essentiallyof the



15 processing aid (D) does not completely vaporize. [0030] If the rolling step is carried out at a
temperatufé’towetthan 40C, the processing aid tehds to rarely vaporize. On the other hand, if the
rolling is carried out at a temperature higher 20 than 80C, the processing aid (D) excessively
vaporizes, and a filler-containing fluororesin sheet having a high compressibilitytends to be unable to
be formed. Further, since the processing aid (D) excessively vaporizes, the amount of the processing

aid remainjng,al ieheginning of the roling step F-222614is small Tharelorg, iLgnds to become
impossible to sufficiently swell the fluororesin (A) and make it fibrous, and the resulting fluororesin
sheet ten(:iltg&aglgﬁ%oras}@ngm.Furthermore, because of abrupt vaporization of the processing 5
aid (D) in the composition, a bulge phenomenon occurs, and the gas tight properties of the fluororesin
sheet tend{t@ot%ez wered. [0031] In the production process of the present invention, a step of
further rolling the rolled sheet prepared IDS/ the above rolling 10 step may be included, that is, it is

possible to repeatfhe rolling step, pluraklimes {e Or » 3920 times), <in-arder that-an appropriate

amount of the processing aid may be left in the sheet after the rolling step,is preferable to properly

contre| th%ﬁ%@@%&ﬁﬁ%@&ﬁime%h\é@@rb olling:step-is sepeated sl dhedistance between rolls is

narrowed every time the rolling is repeated. [0032] In the sheet formation by rolling the preform

using twin £glls, for.example,the distance.betweendolls {s setto;0.520 to 20 mp, angsthe preform is

rolled at a roll surface moving rate (sheet extrusion rate) of 5 to 50 mm/sec. [0033] <Drying step>
order, then stirred and mixed.

[0023]
Althoughtjmam@thédtxastirexximix1ﬂwacomponentsjjsnot
i0 specifically restricted, the fluororesin (A), the filler (B},
the perlite (C)} and the processing aid (D) are blended in such
amounts as correspond to the compositionof the fluororesin sheet
to be produced, and they are stirred and mixed in an arbitrary
order. When the stirriﬁg efficiency is poor, it is possible
15 that the processing aid 1s added in a large amount and after
completion of stirring an excess processing aid is removed by
filtration.
[ocz4]
As the temperature in the stirring and mixing of the
20 components, a temperature that islower than the roll temperature
in the rolling step is preferable in order that the processing
aid will nect wvaporize.
[0025]

[Process for producing fluororesin sheet]



SF-222615 at ordinary temperature or heated at a temperature lower than the melting point of the
fluororesinaB-r2&idve the processing aid. [0034] <€alcining step> In the calcining step, the sheet
given after the drying step is heated at a temperature not lower than the melting point of the fluororesin
to sinter the sheet. When it is taken into consideration that the whole sheet needs to be uniformly
calcined 10 and in the case of an excessively high temperature a fluorine-based harmful gas is
generated, a suitaple heating temperature is, for.examplg, 340 to 370C though it varies a little
Geponding upon e GPE.0F T8 Ruarire Sn. OV TS[EICGATEh She e husiihesin sheet is
not specifically restricted provided that the sheet.is pradyced from the shogetéfoifmin(%g gomposition. The

. & ki 1 g . .
fluororesin sheet is pjr“e er:%l;} 3'sheet p?odﬁggg ]byt ea vreepsrogess ﬁ). is filiororesin sheet is 20

inexpensive and has a.high compressibility. Specifically, the compressibility is,preferably not less than
vttt Sule e esni e iR i b it Slilas G oteie

prc’pe”iessr?gg@—%&%sﬁ# € againsk specimen.of 048 %%9@{@ ﬁo%?ir:g'}&t?c&‘8§s)ééeg-6 MPa,

nitrogen gas internal SF-222616pressure: 0.98 MPa IS preferar y.not ore than 7.0x10-3 Pa -m3/s,
more preferably natmare than 2.0x10:4.Ba sn3ls, and, islawer limit may. he 1. 0xl053:Pa-m3/s. [0036]

5Such a fluororesin sheet of the present invention can beused for a gasket, and a gasket made of the

fluororesin, shieet of e, presentyention can be used At bigh lemperalres (.8, #b0ve,200C) over a

long period me. From the fluororesin sheet, a gasKet having high sealing properties can be

obtained .11 temperature of 40 to 80°C, then drying the preform and

calcining it {(alsoc referred to as a “process (I} hereinafter)
is preferable.
10 This process (I} 1s described below in detail.
[0026]
<Process (I)>
The process (I} includes aprefcrming step, arolling step,
a drying step and a calcining step in this order.
15 100271
<Preforming step>
In the preforming step, the sheet-forming composition is
extruded to produce a preform {extrudate).
The shape of the preform is not specifically restricted,
20 but when efficiency of the subseguent sheet formation,
homogeneity of sheet properties, etc. are taken into
consideraticon, the preform preferably has a shape of a rod or
a ribbcn.

[00z28]



10 even at a low clamp pressure. The gasket can be easily produced by cutting out (punching) an
article of addesiregishape from the fluororesin shéet of the present invention. The filler-containing
fluororesin sheet of the present invention has ease of cutting (punching) and high 15 handling
properties [0037] Examples The production process of the present invention is further 20 described
with reference to the following examples, but it should be construed that the present invention is in no
way limited to thosg eé%mples.&00%8] <Test method>_StF-222617 From atsheet having a

. n the produciion process pof ?e ?resent 1NVEentioil, The
thickness of 1.5 mm, a speglmen was pre%ared‘? andogas Ight properties were measuréd in the
following manner. [0039] 5Leakage (gas tight properties A punched gasket specimen having a
size of 048 X 067mm was set b ng(e?gegrﬁa §te%§'ﬁa%%3é§ ](gac%%Faﬁg;a%el%%er%ﬁ Rug(?r?;ﬁ ‘fﬁéight), surface
roughness Rmax.= 12 pm), and aloadtwas applied to the ecim%ng a, orygrecss{%tester so that
the contacf Braélssﬁ?ee 1£é:n1i§h?8r§%§r%% 19- l\/ﬁgjae? 0 I‘{Z"gO cn%?%). 'Fhl%ug a tharlough-hole for pressure
injection provided at.the flange, amiitr en ga J) ?Q‘Q' pressure of 0.98 MPa (1.0 kgf/lcm2G) was
applied to %ﬁreoagsskge*tI?I%Jnear:‘w mﬁ%ifer §ge tﬁe?}egflter the pressure injection pipe was sealed, and the
speci@en @éé@jot for 1 hour. A change 15 in pressure before and after keeping of the specimen was
read out by a pressure sensor, and from the pressure drop, a leakage was determined.

<Rolling step>

In the rolliné step subsequent to the preforming step,
the preform is allowed to pass between rolling mill rolls such
as twin rolls fto rell and form it into a sheet.

i0 In the production process cf the present invention, the
rolling step is carried out at a roll temperature of 40 to 80°C.

When the roll temperature 1s in the above range, the
hardness of the flucorcresin (A) is lowered a little, and the
flucroresin sheet i1s apt to be densified. Moreover, all the

15 processing aid (D) does not completely vaporize.
t0030]

If the rolling step is carried cut at a temperature lower
than 40°C, the processing aid tends to rarely vaporize. On the
other hand, if the rolling is carriedout at a temperature higher

20  than 80°C,‘ﬁhe processing aid (D) excessively vaporizes, and
a filler-containing fluororesin sheet having a high
compressibility tends to be unable tobe formed. Further, since
the processing aid (D) excessively vaporizes, the amount of the

processing aid remaining at the beginning of the rolling step



[0040] Stress relaxation 20Stress relaxation ratios at 100C and200Cweremeasured on the basis of
ASTM F38B-method. [0041] Compressibility SF:222618 Tensile strength Tensile strength was
measured on the basis of JIS R3453. [0042] [Example 1] Ina kneader, 17.1 kg of PTFE (CD-1,
manufactured byAsahi Glass Co., Ltd.), 9.6 kg of finely powdered clay (XN-D325, manufactured
byAnhui Snow SatisfiedNon-Metallic Materials Co ., Ltd.), 1.7 kg of perlite (mean particle diameter:
100 pm, manufactured by Qingdao Yuzhou Chemical Co., Ltd.) and 7.5 kg 10 of a hydrocarbon-based
organic soll\‘r/senstnﬁias%%ar é%f)(gogrloﬁl%bilJ&or%%?act{%n?\?vegéé Fn%?egd at foom e%%e}ceﬁurﬁ for 15 minutes.

Thereafter, the mixture was allowed (o stand at oo emperalyre (390).far 46 hours L9 age the
mixture, wherebya s eegformlng composllltlon was prepa ed 15ThIS composifion was extruded by an

extruder with.2 die.of, 300, x 20 mm.at oo lemneratyre (256) o Prepare prefgim [0043] This
preform was roﬁedgﬁy win-rolls under the conditions
Furthermore, because of abrupt vaporization of the processing
5 aid (D) in the composition, a bulge phenomenon occurs, and the
gas tight properties of the fluorcresin sheet tend tobe lowered.
[00317
In the production process of the present invention, a step
of further rolling the rolled sheet preparedby the above rolling
10  stepmaybe included, that is, it ispossible torepeat therolling
step plural times (e.g., 3 to 50 times). In order that an
appropriate amount of the processing aidmay be left in the sheet
after the rolling step, it is preferable to properly control
the number of rolling times. When the rolling step 1s repeated,
13  the distance between rolls is narrowed every time the rolling
is repeated.
[C032]
In the sheet formation by rolling the preform using twin
rolls, for example, the distance between rclls is set to 0.5
20 to 20 mm, and the preform is rolled at a roll surface moving
rate (sheet extrusion rate) of 5 to 50 mm/sec.
[0033]
<Drying step>

In the drying step, the rolled sheet is allowed to stand



of a roll diameter of 700 Mal, a roll distance of 20 mm, a rolling 20 rate of 6 m/min and a roll
temperatué& of 70€. Immediately after the rollingl the resulting sheet was rolled again under the
conditions of a roll distance of 10 mm, and further, while the roll distance was narrowed gradually to 8
mm, 6 mm, 4 mm, 2 mm and 1.5 mm, rolling was carried out 5 times in the same SF-222619 manner
as above to obtain a sheet having a thickness of 1.5 mm. [0044] This sheet was allowed to stand

at room temﬁpera&urg (25(;2 g%% a%t% h%%[ts%% éerkqgg% g&e é){o_%e%sim girda ta&d t@cg%%fgertﬁg%S sheet was

n
. . a o] lrna .
calcined in'an erlectrlc%rnac hours to obtain a fluororesin sheet. This fluororesin

sheet had,a leakage (gas tight properties ).of -5.(also d ihed as 2.1E-0 .m3/s and a

comp ressi%ﬁy%? g%’.gl% [%gﬁS B[ I%%;r%ﬁ?e 2 % P%\]ﬁ‘%ugoj?ogrehs?n %s%%é%%va%ﬁﬁ ro%%% é%) %:r?‘[ﬁljgsam e

manner as, in;Example 1, except that the formulation of the sheet-forming composition used in

Example | was changed as shown in the following 15 Table 1 and the roll temperature was changed to

80 C. [004@0[:“1 }This fluororesin sheet had a leakage ( gas tight properties ) of 1.1x1014 Pa.m3/s and
ity

a compressibility of 10%.
5 <Calcining step>

In the calcining step, the sheet given after the drying
stepjjsheatedeﬂ:a‘temperaturéxﬂﬁ:lower‘thanﬁﬂuamelting];oint
of the fluororesin to sinter the sheet. When it is taken into
considerationthat thewhole sheet needs tobeuniformly calcined

10  and in the case of an excessively high temperature a
fluorine-based harmful gas is generated, a suitable heating
temperature is, for example, 340 to 370°C though it varies a
little depending upon the type of the flucrcresin.

[CO35]

15 [Fluororesin sheet]

The fluororesin sheet is not specifically restricted
provided that the sheet 1is produced from the sheet-forming
composition. The fluororesin sheet is preferably a sheet
produced by the above process (I). This fluororesin sheet is

20 inexpensive and has a high compressibility. Specifically, the
compressibility is preferably not less than 7%, more preferably
not less than 8%, and its upper limit may be 15%. The leakage
(gastightproperties, contactpressure against specimen of @48mm

x 67mm x 1.5mm {thickness): 19.6 MPa, nitrogen gas internal



[0047] 20[Example 3] A fluororesin sheet was produced in the same manner as in Example 1,
except that the sheet-forming composition used intExample 1 was changed as shown in Table 1 and
the composition was extrudedby an extruder with a ring die having an outer diameter SE-222620 of
300 mm and an inner diameter of 260 mm at room temperature (25C) to prepare a preform. [0048]
This fluororesin sheet had a leakage (gas tight properties ) 5 of 6.2x10-4 Pa.m3/s and a
compressibility of 9%. F%({)04§]“£nEx mple 4 A fluororesin sheet was pr. d inthe same manner
asin Exarﬁﬁl%sf,ue&%e ‘tﬁ {the Zhleseﬁf%lr:r%iaﬁ:ga%%ﬁl&?t%ﬁ%%g 16 in'ngéPrﬁjp—)élce% v{/ﬂasb E*(’:hatnged as
shown in Table 1. [0050 This fluororesin sheet had algakage+(gas tight properties ) of 5.3x10-4
Pa.m3/s azﬁaraecgr%%%gesgs‘?ﬁﬁ& 5}01%‘%9[5%53}]1i%[gd'%ﬁqargativag%x%n%l’e f(]% d lEigflulo?‘(%?)ersin sheet was

produced igleﬁsaﬁge %”ﬂerg??ﬂﬂj@;ﬁm%@ /1 except that the sheet-forming composition used in
Example I was changed as’shown'in ablé 1.?0052]
[0036]
5 Such a fluorcresin sheet of the present invention can be

used for a gasket, and a gasket made of the fluororesin sheet

of the present invention can be used at high temperatures (e.g.,

zbove 200°C) over a long period of time. From the fluocroresin

sheet, a gasket having high sealing properties can be obtaiﬁed
10 aeven at a low clamp pressure.

The gasket canbe easilyproduced by cutting out {punching)
an article of a desired shape from the fluororesin sheet of the
present invention. The filler-containing fluororesin sheet of
the present invention has ease of cutting (punching) and high

15 handling properties.

[0037]
Examples
The production process of the present invention is further
20 describedwithreference tothe followingexamples, but it should
be construed that the present invention is in neo way limited
to those examples.
[0038]

<Test method>



20This fluororesin sheet had a leakage (gas tight properties ) of 1.1x10-4 Pa.m3/s and a
compressibiity b#6%. [0053] [Comparative Example 2] SF-222621 in Example 1, except that the
sheet-forming composition used in Example 1 was changed as shown in Table 1. [0054]
Thisfluororesinsheethadaleakage(gastightproperties) 5 of 1.1x10-4 Pa.m3/s and a compressibility of
4%. [0055] | E .xs Ldwog TLI E'IT o

From & sheet having a thickness of 1.5 mm, a specimen was
prepared, andgas tight propertiesweremeasured inthe following
mannexr.

[C039]

5 Leakage (gas tight properties)

A punched gasket specimen having a size of w48mm x 67mm
was sel betweensteel flanges (eachflange: @100mmn x 5Cmm (heilght),
surface roughness Rmax = 12 um}, and a lcad was applied té the
specimen by a compression tester so that the contact pressure

10  might become 19.6 MPa (200 kgf/cn@@). Through a through-~hole
for pressure injection provided at the flange, a nitrogen gas
internal pressure of .98 MPa (1.0 kgf/cn@G) was applied to the
gasket inner diameter side, thereafter the pressure injection
pipe was sealed, and the specimen was kept for 1 hour. A change

15 in pressure before and after keeping of the specimen was read
out by a pressure sensor, and,fiom,the pressure drop, a leakage
was determined.
r0040]

Stress relaxation

20 Stress relaxation ratios at 100°C and 200°C were measured
on the basis of ASTM F38 B method.
[0041]

Compressibility

Compressibility was measured on the basis of ASTM F36.
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Tensile strength

Tensile strength was measured on the basis of JIS R3453.
[0042]

[Example 1]

In a kneader, 17.1 kg of PTFE (CD-1, manufactured by Asahi
Glass Co., Ltd.), 9.6 kg of finely powdered clay {(XN-D325,
manufacturedbyAnhui Snow SatisfiedNon~MetallicMaterialsCo.,
Ltd.), 1.7 kg of perlite (mean particle diameter: 100 um,
manufactured by Qingdaoc Yuzhou Chemical Co., Ltd.)} and 7.5 kg
of a hydrocarbon-based organic solvent (Isopar G, Exxon Mcbil
Corporation) were mixed at room temperature for 15 minutes.
Thereafter, themixture was allowed to stand at room temperature
(25°C) for 16 hours to age the mixture, whereby a sheet-forming
composition was prepared.

This composition was extruded by an extruder with a die
of 300 mm x 20 mm at room temperature (25°C) to prepare a preform.
[0043]

This preformwas rolled by twin rolls under the conditions
of a roll diameter of 7001mn,earoli,distance‘of 2Cmm, a rolling
rate of 6 m/min and a roll temperature of 70°C. Immediately
after the rolliing, the resulting sheet was rolled again under
the conditions of a roll distance of 10 mm, and further, while
the roll distance was narrowed gradually to 8 mm, © mm, 4 mm,

2mm and 1.5 mm, rolling was carried out 5 times in the same
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manner as above to cbtain a sheet having a thickness of 1.5 mm.
[0044]

ThisSheetwasallowedtx)standeﬁ:roomtemperature(25°C)
for 24 hours to remecve the processing aid, and thereafter, the
sheet was calcined in an electric furnace at 350°C for 3 hours
to obtain a fluororesin sheet.

This fluororesinsheet hada leakage (gastightproperties)
of 2.1x10°° (alsoc described as 2.1E-05) Pa-m’/s and a
compressibility of 9%.

[0045]

[Example 2]

A fluororesin sheet was produced in the same manner as
in Example 1, except that the formulation of the sheet-forming
compositionusedinExample 1 waschangedas showninthe following
Table 1 and the roll temperature was changed tc 80 °C.
[004¢]

This flucororesinsheet hada leakage (gastightproperties)
of 1.1x10™" Pa'm’/s and a compressibility of 10%.

[0047]

[Example 3]

A fluororesin sheet was produced in the same manner &as
in Example 1, except that the sheet-forming composition used
in Example 1 was changed as shown in Table 1 and the composition

was extrudedbyanextruderwitharingdiehavinganouterdiameter



SEIS I. LI6 LZ6'6 50-ET'1OT 9'SI ELScT"™><31LI 96LISL
SF-2226 20

of 300 mm and an inner diameter of 260 mm at room temperature
(25°C) to prepare a preform.
[0048]
This £fluororesinsheet hada leakage (gastightproperties)
5 of 6.2x107% Pa-m*/s and a compressibiiity of 9%.
[0049]
[Example 4]
A fluororesin sheet was produced in the same manner as
in Example 3, except that the sheet-forming composition used
10  in Example 3 was changed as shown in Table 1.
[0050]
This fluorcresinsheet hada leakage {gastightproperties)
of 5.3x10™* Pa-m®/s and a compressibility of 10%.
(00517
15 [Comparativé Example 1]
A fluororesin sheet was produced in the same manner as
in Example 1, except that the sheet-forming composition used
in Example 1 was changed as shown in Table 1.
[C052]
20 This fluororesinsheet hada leakage (gas tightproperties)
of 1.1x107* Pa-m’/s and a compressibility of 6%.
[0053]
[Comparative Example 2]

A fluororesin sheet was produced in the same manner as
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in Example 1, except that the sheet~-forming composition used
in Example 1 was changed as shown in Table 1.
[0054]
This fluororesin sheet hada leakage (gas tight properties)
5 of 1.1x107% Pa-m’/s and a compressibility of 4%.

[0055]
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CLAIMSSF_ ]% fluororesin sheet produced from a sheet-forming compositioncontaining (A) a
fluororesin Bf iler (except perlite) , (C) perlite (D) a processing aid. 2. The fluororesin
sheet as claimed in claim. 1, wherein the amount6f the perlite (C) in the composition is 4 to 20 parts
by weight based on 100 parts by weight of the total amount of the fluororesin (A), the filler (B) (except
perlite) and the perlite (C). 3. The fluororesin sheet as claimed in claim. 1, wherein the amount of
the processing aid (D) in the composition is 5 tor 3@ parts by weight based on 100 parts by weight of
the total amount of the fluororesin (A), the filler (B) (except perlite) and the perlite (C).

1. A fluororesin sheet produced from a sheet-forming
compositioncontaining (A) aflucroresin, (B) afiller {exceptperlite),

(C} perlite and (D) a processing aid.

5
2. The fluocrcresin sheet as claimed in ¢laim 1, wherein the
amount of the perlite (C) in the composition is 4 to 20 parts by weight
based on 100 parts by weight of the tctal amount of the fluocroresin
{A), the filler (B} (except perlite} and the perlite (C).
10

3. The fluororesin sheet as claimed in ¢claim 1, wherein the
amount cof the processing aid (D} in the composition is 5 to 50 parts
by weight based on 100 parts by weilght of the total amount of the

fluororesin {A), the filler (B) {(except perlite) and the perlite (C).



