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DESCRIPTION

FLUORCRESIN SHEET

Technical Field
(00013

The present inventlion relates to a fluororesin sheet.

Rackground Art
0062}

Sheets obtained by filling 2 fluororesin with a fillerxr
and processing the resin into sheets have chemical resistance
and heat resistance inherent inthe flucororesin, and inaddition,
they have been imparted with functions and properties inherent
in the filler or have been improved in creep resistance that
1s a defect of the fluororesin. Therefore, they have been often
used as sealing materials, etc.

(0003}

As such a sealing material, the present inventor has
dizclesed a process for producing a fluororesin sheet containing
a flucroresin, a filler and a processing aid in Japanese Patent
Laid-Open Publication No. 2007-Z53512 (patent literature 1).
Ag this filler, c¢lay or the like has been mentioned. By this
production process, a flucroresin sheet, whichhas high recovery

properties and high gas tight properties compatible with each
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other and which 1s suilted to a gasket material, can be obtained.
[0004]

This fluororesin sheeﬁ, however, is liablerto become a
hard sheet having a low compressibility, and thersfors, when
this sheet iz used for a gasket or the 1ike, 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 intc a gaskeit with a desired shape 1s

poor. The processability needs to be further improved.

Citation List
Patent Literaturse
[0005]
Patent literature 1l: Japanese Fatent Laid-Open

Publication No. 20072535189

Summary of Invention
Technical Problem
[ooo0e]

The present invention has been made in the light of such
proklems as above, and it is an object of the present invention
to provide a fluorcresin sheet which has a high compressibility
at a low clamp pressure, is inexpensive and has good

processability.



Solution to Problem
[0007]

In order %o solve the above problems, the preseni inventors
have earnestly studied, and as a result, they have found 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, acguires sealing
properties egual to or higher than those of conventional products
at a low clamp pressure and has good punching processability in
punching the sheet into a gasket with & desired shape or the
like, and they have accomplished the present invention.

Specific constitution of the present invention is described
below.

The flucroresin sheet of the present invention is
characterized by being produced from a sheet-forming composition
containing (A) a fluororesin, (B) a filler (except periite}, (C)
perlite and (D) a procesging aid.

[oo08]

The amount of the perlite (C) in the composgition is
preferably 5 to 8 parts by welght based on 100 parts by weight of
the total amount of the fluororesin (A), the filler (B} (excepg
perilite) and the perlite ({).

The “filler” referred to in the present application means
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iller other than perlite.

The amount of the processing aid (D) in the composition
ig 3 to 50 parts by welght based on 100 parts by weight ofrthe
total amount of the fluororesin (AY, the fillexr (B} {except

perlite} and the perlite (T},

hdvantagecus Effects of Invention
{ODD9].

In the fluororesin sheet of the present Invention, porous
perlite {C) and & f£illexr (B) other than the perlite, such as
clay, are used in combination, and the fluororesin sheel can
be produced inexpensively.

By the present invention, a fluorcresin sheet which is

excellent in secondary processing such as punchability into =

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 pressurs can be cbtained.

Description of Embodiments
[oe1od

‘The present invention 1s described in more detail
hereinafter.

<Fiuororesin sheet>

The flucrcoresin sheet of the present invention is
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characterizedbybeingproduced froma sheet~forming composition
containing (A} a fluororesin, (B} a filler {except periite},
{C) perlite and (D} a processing aid.
(001173

<{A} Fluororesin>

Asthefluororesin (A}, anvofhithertoknown fluororesins,
gsuch as polytetrafluorcethylene resin (PTFE), modified PTFE,
polyvinylidene flucride resin (PVDE),
ethylene/tetrafluorcethylene copolyﬁer regin (ETFR),
polychiorotrifluoroethylene resin {PCTFE},
tetrafluoroethylene/hexafluorpprogylen@ ethylene copolymer
resin {FEP) and tetrafluorocethylens/perfluorcalkyl copelymer
resin {(PFA}, can be preferably used. From the viewpolini of
processability in extrusion molding, rolling, stc.,
polytetrafivorcethylene resin (PTFE} 1s preferable among them,
and PTFE fine powder obtained by emulsion polymerization 1s
particularly preferable. 3$Since the PTFE fine powder has
properties that it becomes fibrous when a shear force 15 applied,
a composition and/or a sheet wherein the resin has been
intertwined with the fillex (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 cbtained, and
therefore, a flucrcresin sheet having more excellent sealing

properties and mechanical strength can be cobtained.
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[0012]

When PIFE is used as the flucroresin {(A), the aforesaid
fluocroresins other than the PTFEmay be containedinsnmall amounts,
for example, not more than 10% by weight (total amount of
flucroresins: 100% by welight).

As the fluororesin (A}, a flucrorssin in the form of a
powder may be used as 1t is, or a dispersicon in which fluorcresin
fine particles are dispersed in water may be used.

G013

<{B) filler>

Ag the filler (B}, a filler other than the below—-described
perlite, for example, a carbon-based £iller, such as graphite,
carbon black, expanded graphite, activated carbon or carbon
nanotube, an inorganic filler, suchas talc, mica, clay, calcium
carbonate, magnesium oxide, silicon carbide, alumina or silica,
a powder of a resin, such as PPS, cr 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

-
L

fiber, rock wool or the like, may be used as the filler (B).
[6014]

According to the present invention, a flucroresin sheet
whichhas a low filling ratic of the fiucroresin (A} and exhibits

a high compressibility even if it has a high filling ratio of

the filler (B} can be obtained. The weight ratio between the
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fluororesim(A)andthefiller{B}(exceptperlite}ispreferably
1:0.1 to 3, more preferably 1:0.1 to Z.

When the filler {B) is contained in such an amount, a
flucroresin sheet exhibiting propertiss of the filler
sufficiently can be cbhbtained.

[0015]

<{C) FPeriite>

The periite {C} is a foam of a voelcanic-based rock having
a high silica content (8103), and it is composed of silica (S10y,
?Q to 80%), alumina (Al:z0:, 10 to 20%), and Napd and K0 {(total:
0 to 10%). Examples of the volcanic-based rocks include
pearlstons, cbsidian andpitchstone. Inthe 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
preferable.

[oole]

Such perlite (C) is extremely lightwelght, has excellent
heat insulationproperties, isinexpensiveandis incombustible.
On that account, a fulororesin sheet that is suitable for uses
at high temperatures and is inexpensive can be cbhtained.

Moreover, the perlite () i1s excellent also in ligquid
absorption properties, and therefore, it is considered that the
perlite can absorb a processing ald (D) in the sheet-fcorming

composition in the present invention. It is considered that
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when the following process (1) is used for forming a sheet from
the sheet-forming composition, a large number of pores in the
perlite are impregnated with the processing aid (D) and keep
it therein in the rolling step. It is a¢sd considered that by
virtueof this, theporestructurecftheperliteisrarelycrushed
in the rolling step, and when the processing aid (D) is vaporized
in the subseguent drying step, volds {(pores) are held in the
perlite in the resulting sheet. Accordingly, it is considered
that a flucroresin sheet having a particularly high
éompressibility’and gxhibiting proper sealing properties at a
low clamp pressure can be obtained.

[0017]

The amcunt of the perlite {(C) in the sheet-forming
compositionispreferably4tc20partsbywelight, merepreferably
5 to 8 parts by weilght, based on 100 parts by weight of the total
amount {{(AY+{B)+{(C)) of the fluororesin [(A), the filler (B)
{except perlite) and the perlite (C).

Also in the resulting fluororesin sheet of the present
invention, the amount of the perlite ({) based on 100 parts by
welght of (A)+{B}+{C) is the same as above.

The mean particle diameter of the perlite (C) (measured
by laser particle size distributicon analyzer) is preferably not
more than 150 pm, more preferalbly about 75 to 125 pm.

When the perlite (C) is contained in such an amount and
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the mean particle diameter of the perlite (C}) is in the above
range, a fluororesin sheet having a high compressibility while
maintaining high gas tight properties can be obtained.

When the amount of the periife (C) in the sheet-forming
composition is 5 to 8 parts by weilght based on 100 parts by weight
of the total amount of the flucroresin (A), the £filler {B) (except
perlite) and the perlite (C), a flucrorssin sheet having a
particularly good balance of properties, such as low
compressibility, highsealingpropsrties, ightensile strength
and low stress relaxation properties, can be cbiained, so that
such an amount is preferable.

[6c1ig;}
<{D} Processing aid>

As the processing aids (D), hitherto publicly known

processing aids, such as petroleum-based hydrocarbon solvents,

alcohols and water, can be used without any restriction.
roole]

Exanples of commeicial preducts of the petroleum-based
hydrocarbon scolvents incliude Iscpar C (hydrocarbon-based
organic solvent, fractional distillation temperature: 97 to
104°C), Isopar G (hydrocarbon-based organic solvent, fractional
distillation temperature: 158 to 175°C) and Isopar M
(hydrocarbon~based organic sclvent, fractional distillation

temperature: 218 to 253°C) {(all manufactured by Exzon Mobil
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Corporation), and Cactus Solvent REN [manufactured by Japan
Energy Corporation) as an industrial solvent having advantages,
such ag non normal hexane, low benzene and low aromatic solvent.
[0020]

When the following process (I} is used for preparing a
fluoreresin sheet, the amount of the processing aid (D) has only
to be such an amount that an appropriate amount of the processing
ald is present after the rolling step, and specifically, the
amount of the processing aid (D) inthe sheet-forming composition
is preferably 5 to b0 parts by welght, more preferably 10 to
40 parts by weight, based on 100 parts by weight of the total
amount of the flucrcoresin {A), the filler (B) {except perlite)
and the perlite {(C). When the processing aid (D} 1s used in
such an amount, the raw materials can be sasily homogeneously
mixed and dispersed after blending, and besides, the resulting
composition 1s excellent in processability into a sheet. When
the following process (I) is used for preparing a fluororesin
sheet, the fluoro:eéin canbesufficientlyswollenintheinitial
stage of the later-described rolling step. Moreover, all the
processing aid does not wvaporize before the later-described
caleining step, and a sheet containing an appropriate amount
of the processing aid after rolling can be obitained.

(060213

The sheet~forming composition consists essentially of the
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fluororesin (&), the filler (B}, the perlite (C) and the
processing ald (D).
[0022]

For preparing the sheet~forming composition containing
these components, these compenents have only to be added to the
container at once or pilural times by porticons in an arbitrary
order, then stirred and mixed,

[0023

fa—

Although theamethéd to stir and mix the components 1s not
specifically restricted, the fluororesin {(A), the filler (B),
the perlite {C) and the processing aid {D} are blended in such
amountsascorres?omdtothecompositimnofthefiuororesimsheet
Lo ke produced, and they are stirred and mixed in an arbitra:y
order. When the stirring efficiency is poor, it is possible
that the processing aid is added in = large amount and after
completion of stirring an excess processing aid is removed by
filtraticn.

[0Gz4]

As the temperature in the stirring and mixing of the
cemponents, atemperature that is lower than the roll temperature
in the rolliﬁg step is preferable in order that the processing
aid willlnot vaporiéeu
[0025]

[Process for producing fluororesin shest]
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The process for producing a fluorcresin sheet of the
present invention is not specifically restricted as long as a
fiuororesin sheet can be formed from the above-mentioned
sheet-forming composition, and hitheito known processss are
employable. Aprocess comprising subjecting the sheet-forming
composition to preforming, rolling the resulting preform at a
roll temperature of 40 to 80°C, then drying the preform and
calcining it (also referred to as a “process (I)” hereinafter)
is preferable.

This process [I) is described below in detail.

[0026]

<Process {(I1)>

The process (1) includes a preforming step, a relling step,
a drying step and a calcining step in this ordsr.

F0027]

<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,
but when efficiency of the subseguent sheet formation,
homogeneity of sheet properties, etc. are taken into
conaideration, the preform preferably has a shape of a rod or

a ribbon.

[cozg]
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In the productlion process of the present invention, the
praforming step is preferably carriedout at a temperature lower
than the roll temperature in the rolling step so that the
processing aid will not vaporize.

[0028)]

<Rolling step>

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

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

When thé roll temperature is in the above range, the
hardness of the fluororesin (A) is lowered a little, and the
fluororesin sheet is apt to be densified. Morecver, all the
processing ald (D) does not completely vaporize.

[0030]

If the rolling step is carried out at & temperature lower
than 40°C, the processing aid tends to rarely vaporize. On the
other hand, if the reclling is carriedoul at a temperature higher
than 80°C, the processing aid (D) excessively vaporizes, and
a filler~containing fluororesin sheet having a high
compressibility tends to beunable tobe Tormed. Further, since
the processing aid (D) excessively vaporizes, the amount of the

processing aid remaining at the beginning of the relling step
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is small. Therefore, it tends fo become impossible to
sufficiently swell the fluororesin (A} and make it fibrous, and
the resulting flucroresin sheet tends to have poor strength.
Furthermore, because of abrupt vaporization of the processing
aid (D) in the compezition, a bulge phenomencn occcurs, and the
gas tight properties of the flucroresin sheet tend to be lowered.
[0031}

In the production process of the present invention, a step
of further rolling the rolled sheet preparedby the above rolling
stepmaybe included, that is, it ispossikletorepeat therolling
step plural times (2.g., 3 to 30 times). In order that an
appropriate amount of the processing aidmay be left in the gheet
after the rolling step, it is preferable to properly control
The number of rolling times. When the rolling step is repeated,
the distance between rolls is narrowed every time the rolling
is repeated.

00327

In the sheet formation by rolliing the preform using twin
rolls, for example, the distance between rolls is set te 0.5
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
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at ordinary temperature or heated at a temperature lower than
the melting peint of the fluororesin to remove the processing
aid.

(60341

<Calcining step>

In the calcining step, the sheet given after the drying
step 1s heated at a temperaturé not lower than the melting point
of the fluorcresin to sinter the sheet. When it is taken into
considerationthat thewhole shestnesds tobeuniformly calcined
and in the case of an excessively high temperature a
fluorine-based harmful gas 13 generated, a gsultable heating
temperature is, for example, 340 to 370°C though it varies a
little depending upon the type of the fluororesin.

[0035]

[Fluororesin sheet]

The fluororesin sheet 18 not specifically restricted
provided that the sheet is produced from the sheet-forming
composition. The fluororesin sheet is preferably a sheet
produced by the above process (I}, This flucroresin shest is
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 @4 8mm

x g&7mm x 1.5mm {thickness): 12.6 MPa, nitrogen gas internal
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pressure: 0.98 MPa) is preferably not more than 7.0x107% Pa-n’/s,
more preferably not more than 2.0x107% Pa-m*/s, and its lower
limit may be 1.0x107° Pa-m’/s.

[0038]

i

Such a fluororesin 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.,
above 200°C) over a long pericd of time. From the fluororesin
sheet, a gasket having high sealing properties can be obtaiﬁed
even at a low clamp pressure.

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

handling properties.

(0037}
Examples

The production process of thepresent invention is further
describedwithreference tothe following examples, but it should
be construed that the present inventicon is in no way limited
to those examples.
[10638)

<Test method>
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From a sheet having a thickness of 1.5 mm, a specimen wasg
prepared, and gas tight propertiesweremeasured inthe following
manner.

[0039]

Leakage (gas tight properties)

E punched gasket specimen having a size of @48mm % g67mm
was set between steel flanges (eachflange: #100mm x 50mm (height],
surface roughness Rmax = 12 um), and a load was applied té the
specimen by a compression tester so that the contact pressure
might become 19%.6 MPa (200 kgf/cm®G). Through a through-hole
for pressure injecticn provided at the flange, a nitrogen gas
internal pressure of .98 MPa (1.0 kgf/cm®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
in pressure bafore and after keeping of the specimen was read
out byeapreséure Sensor, and.fﬁonlthe pressure drop, a leakags
was determined.

(00403

Stress relsxation

Strass relazation ratios at 100°C and 200°C were measured

on the basis of ASTM F3B B method.

Compressibility

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

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

[Example 11

Ina kneader, 17.1 kg of PTFE (CD-1, manufactured by Asahi
Glags Co., Ltd.), 2.6 kg of finely powdered olay {(XN-D325,
manufacturedbyﬁnhuiSnowSatisfiedNon—MetailicMaterialsCo.,
Ltd.), 1.7 kg of perlite {mean particle diameter: 100 pm,
manufactured by Qingdao ¥Yuzhou Chemical Co., Lid.} and 7.5 kg
cf a hydrocarbon-based organic solvent (Isopar G, Exxon Mobil
Corporation) were mixed at room temperature for 15 minutes.
Thereafter, the mixture was allowed to stand at room temperature
(25°C) for 16 hours to age the;nixture, whareby 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]

Thisprefounwasrolledbytwinrollsundextheconditio&s
of a roll diameter of 700:&&,a.xolltiistance-of 20 mm, a rolling
rate of 6 m/min and a roll temperature of 70°C. Immediately
after the rolling, the resulting sheet was rclled 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,

2 mm and 1.5 mm, rolling was carried out 5 times in the same
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manner as above to chtain a sheet having a thickness of 1.5 mm.
(00447

This sheet was allowed to stand at room temperature (25°C)
for 24 hours to remove the processing aid, and thereafter, the
sheet was calcined in an electric furnace at 350°C for 3 hours
Lo obtain a flucororesin sheet.

Thisfluororesinsheet hadaleakage (gastightproperties)
of 2.1x107° (alsc described as 2.1E-05) Pa-m°/s and =z
compressibility of 9%.

[0045]

[Example 2]

A fiuororesin sheet was produced in the same mannsr as
in Example 1, except that the formulation of the sheet-forming
compositionusedinExample 1 was changedas showninthe following
Table 1 and the roll temperature was changed to 80 °C.
[CD48]

This fluocroresinsheethada leakage (gastightproperties)
of 1.1x107 Pa'm’/s and a compressibility of 10%.

[0047]

[Example 3]

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

wasextrudedbyanextruderwitharingdiehavinganouterdiameter
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of 300 mm and an inner diameter of 260 mm at room temperature
(25°C) to prepare a preform.

[0048]

This fluorcresinsheet hada leakage (gastightproperties)

of 6.2x107% Pa'm*/s and a compressibility of 9%.

[Ezample 4]

L fluorcresin 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 fluorcresinshesethadaleakacge (gastightproperties)

of 5.3%107™* Pa-m’/s and a compressibility of 10%.
[0D51]

iComparativé 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.

[ogs2]

20 This filuorcoresinshesthada leakage (gas tightpropertiss)

Pl

of 1.1x10™ Pa-m’/s and a compressibility of §%.

[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 compegition used
in Example 1 was changed as shown in Table 1.
(00547

Thig fluororesinsheethadaleakage (gastightproperties)
of 1.1x107% Pa-m’/s and a compressibility of 4%.

[0055])
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{Table 11}
Ttems Unit Ex. 1 Bx. 2 Ex. 3 Bx. 4 Comp. BEx., 1 | Comp, Ex. 2
CD-1 kg 17.1 17,1 15.6 15.6 13.3 i7.1
AN-D325 kg 2. 9.1 8.4 7Ll 1 11.3
Perlite (mean )
particie kg 1.7 2.27 3.4 5.1 | G
diameter: 100pm) 7
Isopar G kg 7.% 9.4 B8 9.4 8.6 7.5
Seal test,
non-application Pa-m’/3 108-05 1.18~04 6,20E~04 5.3E-04 1.1E-04 1.1E~-C4
of paste
Compressibility % ] 10 3 19 & 4
Tensile strength MPa 18 15.6 13 10 17.7 15.6
Stress “ iy -
relazation 100°C i 28 33 o4 30 29 37
Stress -
o 51 6é
relaxation 200°C i 46 >3 >0 <8
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CLATIMS
1. A fluorcresin sheet produced from a sheet-forming
compositioncontaining (A) afluororesin, (B) afiller (exceptperlite),
(C) perliteand (D) aprocessingaid , wherein the amount of the perlite
(C) in the composition is 5 to 8 parts by weight based on 100 parts
by weight of the total amount of the flucroresin (&), the filler (B)

{except perlite) and the perlite (C).

2. The fluororegin sheet as claimed in claim 1, wherein the
amount of the processing aid (D) in the composition is 5 to 50 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).



