SF-2242 1 DESCRIPTION FILLED FLUORORESIN SHEET, PROCESS FOR PRODUCING THE
SAME, ANDGASKET 5 TECHNICAL FIELD [0001] The present invention relates to a filled fluororesin
sheet, a process for producing the same, and a gasket. 10 BACKGROUND ART [00021 A filled
fluororesin sheet is a sheet of a fluororesin containing a filler. The sheet shows chemical resistance
and 15 heat resistance of the fluororesin as well as the inherent functions and properties of the filler. In
addition, the filler improves poor creep resistamée afithe fitlororesin. The sheet thus has wide
applications including sealing materials. [00031 20For use as sealing materials, the properties of
fluororesins, for example creep properties, are improved by the addition of fillers such as metals,
graphite and inorganic fillers. Such materials are used as gaskets and the like. [0004] SF-2242 2
Filled fluoforesif Bheets-sitiktas\gasket atdralsiareé Rvdwrh iiPthé et Gdrtexample, AND
JP-A-2004-323717 (Patent Literature 1) discloses a filled fluororesin sheet suited as

GASKET
5
TECHNICAL FIELD
[C001]
The present invention relates to a filled fluororesin
sheet, a process for producing the same, and a gasket.
10

BACKGROUND ART
[000271
A filled fluorcresin sheet is a sheet of a fluororesin
containing a filler. The sheet shows chemical resistance and
15  heat resistance of the fluororesin as well as the inherent
functions and properties of the filler. In additiocn, the
filler improves poor creep resistance of the flucroresin. The
sheet thus has wide applications including sealing materials.
(00031
20 For use as sealing materials, the properties of
fluororesins, for example creep propertiles, are improved by
the addition of fillers such as metals, graphite and inorganic

fililers. Such materials are used as gaskets and the like.

[0G047]



a gasket material which contains a swelling mineral and a filler 5(except swelling minerals). [0005]
JP-A-2007585351§ (Patent Literature 2) discloses a process for producing fluororesin sheets which
includes a step of rolling a sheet-forming resin contosition containing a 10fluororesin, a filler (such as
talc or clay) and a specific solvent under specific conditions. The literature describes that the filled
fluororesin sheet obtained by the process achieves high stress relaxation properties and high
airtightness and is‘ suitedad a YasRéCmaterfal SES[6008]- t € drapHer Sitproresis mbtdraksthat contain
a filler having a specific Mohs hardness are known in the art. For example, JP-B-H06-74810 (Patent
Literature 3} 6i&elokBs Bisfidé AiembEP Ml i cortairs = poljtetrafiudroetBisa 20 resin as a
main component and 0.5 to 10 wt% of powder of at least one abrasive selected from chromium oxide,
silicon carbide® afimiaEm oxide afd Priktirés Ednthiihg atleastionelsf these tompolnds ithe
abrasive powder having a Mohs hardness of not less than 5 and an average particle diameter of less
SF-2242 3tHar 5pmTRE literatireldescribesahatthe tise bf thecspécific abrasivedniproves abrasive
resistance properties of PT FE, [0007] 5JP-A-H08-239682 (Patent Literature 4) discloses a slide
memBer coRipesition swich isTsasedronra syrithetic resin including PTFE and contains 0.003 to 0.3%
by volume of inorganic fine particles having a Mohs hardness of not less than 9 and an average
particle diameter bf not more than 10 pm. The 10 literature describes that the addition in the trace
amount of the inorganic fine particles having a high Mohs hardness to various synthetic resin materials
realizes synthetic #ésif slidebmaterials Whichdave extellent abrasion’resistancearithout damaging a
mating member or increasing the friction

process for producing flucrcresin sheets which includes a step

of rolling a sheet-forming resin composition containing a
10 flucreoresin, a filler (such as talc or clay) and a specific
solvent under specific conditions. The literature describes
that the filled fluororesin sheet obtained by the process
achieves high stress relaxation properties and high
alrtightness and is suited as a gasket material.
15 [0G06]

Further, fluorcresin materials that contain a filler
having a specific Mchs hardness are known in the art. For
example, JP-B-H06-74810 (Patent Literature 3) discloses a
slide member material that contains a polytetrafluorcethylene

20 resin as a main component and 0.5 to 10 wt® of powder of at
least one abrasive selected from chromium oxide, silicon
carbide, aluminum oxide and mixtures containing at least one
of these compounds, the abrasive powder having a Mohs hardness

of not less Lhan 5 and an average particle diameter of less



15 therebetween. Citation List 20 Patent Literatures [0008] Patent Literature Patent Literature Patent
Literature Patértidterature 1: 2: 3: 4: JP-A-2004-323717 JP-A-2007-253519 JP-B-H06-74810
JP-A-H08-239682 SF-2242 4 SUMMARY OF INVENTION Technical Problem [0009] However,
gaskets that are composed of the conventional 5 filled fluororesin sheets, for example clay- or
talc-filled fluororesin sheets described in Patent Literatures 1 and 2, are still insufficient in terms of
stress reldxafion profertied i pattictitat it Behighe fempératard fod10] 1O The preseritivention has

been made in view of the problems ‘ _ '
specific abrasive improves abrasive resistance properties of

PTFE.
[0007]

5 JP-A-HO08-239682 (Patent Literature 4) discloses a glide
member composition whichis basedona synthetic resin including
PTFE and contains 0.003 to 0.3% by wvolume of inorganic fine
particles having a Mohs hardness of not less than 9 and an
average particle diameter of not more than 10 um. The

10 literature describes that the addition in the trace amount of
the incorganic fine particles having a high Mohs hardness to
various synthetic resin materials realizes synthetic resin
slide materials which have excellent abrasion resistance

without damaging a mating member or increasing the friction

15 therebetween.

Citation List
Patent Literatures
[0008]
20 Patent Literature 1: JP-A-2004-323717
Patent Literature 2: JP-A-2007-253519
Patent Literature 3: JP-B-HO06-74810

Patent Literature 4: JP-A-HOB8-230682



in the art described above. It is therefore an object of the invention to provide a filled fluororesin sheet
excellent it¥ StresErelaxation properties, in particular stress relaxation properties at a high temperature,
a process for the production 15 thereof, and a filled fluororesin sheet gasket having excellent stress
relaxation properties. [0011] Patent Literatures 3 and 4 do not teach or suggest that the
high-hardness filler is added to the fluororesin (such as 20 PTFE) to improve stress relaxation
propertiesggf\'%ézf‘lﬁo%?egiﬁgﬁggt?%Wthe fluororesin containing the high-hardness filler is used as a
gasket material. Solution to Problem SF-2242 5 [0012] The present inventor carried out studies
and has foGid'that a flubrdrediRTheet containing a specific filler solves the problems described above.
The present invention has been 5 completed based on the finding. [0013] A filled fluororesin sheet
according[tg%g invention comprises afluororesinand an inorganic filler having a revised Mohs
hardness of not less than 8, in a fluororesin:inorganic 10 filler volume ratio of 30-55:70-45 (wherein the
total of the two is 100} J6014]92 5 X8 brocess forpiodaemy fifediflGdrotésin sheaardetsrding to the
invention comprises a step of rolling a 15 sheet-forming resin composition which comprises a
fluordresif; dn MBrganicfilier havingd fevised N6ks Ririnessofiat fessthah8land & pteeéssing aid
and in which the volume ratio of the fluororesin and the inorganic filler (fluororesin: inorganic filler) is
30-55:70-45 {whewsis the ot of thedo 20i§200)n Patent Literatures 1 and 2,
are still insufficient in terms of stress relaxation properties,
in particular at a high temperature.
(00107
10 The present invention has beenmade inview of the problems
in the art described above. It is therefore an object of the
invention to provide a filled flucroresin sheet excellent in
stress relaxation properties, in particular stress relaxation
properties at a high temperature, a process for the production
15 thereof, anda filled flucroresin sheet gasket having excellent
stress relaxation properties.
(C011]
Patent Literatures 3 and 4 do not teach or suggest that
the high-hardness filler is added to the fluororesin (such as
20 PTFE) to improve stress relaxation properties of the

fluororesin sheet, or the fluororesin containing the

high-hardness filler is used as a gasket material.

Solution to Problem



[0015] The inorganic filler may be at least one material selected from the group consisting of
diamond,%?éééﬁal boron nitride, boron carbide, silicon carbide, silicon nitride, tungsten SF-2242 6
carbide, a-alumina, tantalum carbide, fused zirconfa, garnet, topaz and zirconia. [0016] A gasket
according to the invention comprises the filled 5 fluorores n sheet of the invention. Advantageous
Effects of Invention [0017] The filled fluororesin sheet of the invention has 10
excellents&t%%?elaxationproperties, in particular at a high temperature. [0018] The inventive process
for producing filled fluororesin sheets can produce filled fluororesin sheets which have 15 excellent
stress relaxation propertiess frpartitilar eLcelleRt stiesd @lakaién Propertesiata highttafperature.

[0019] The gasket of the invention has excellent stress relaxation properties, in particular at a high
tempemﬂ&%?ﬁoa fluorcoresin sheet containing a specific filler solves

the problems described above. The present invention has been
5 completed based on the finding.
[0013]

A filled fluororesin sheet according to the invention
comprises a fluororesinand an inorganic filler having a revised
Mohs hardness of not less than 8, in a fluororesin:inorganic

10 filler volume ratio of 30-55:70-45 {(wherein the total of the
two 1is 100}).
[0014]
A process for producing filled fluororesin sheets
according teo the invention comprises a step of relling a
15  sheet-forming resin composition which comprises a fluororesin,
an inorganic filler having a revised Mohs hardness of not less
than 8 and a processing aid and in which the volume ratio of
the fluororesin and the inorganic filler (fluororesin:
incrganic £iller) is 30-55:70-45 (wherein the total of the two
20 i1s 100C).
[0015]

The inorganic filler may be at least onematerial selected

from the group consisting of diamond, hexagonal boron nitride,

boron carbide, silicon carbide, silicon nitride, tungsten



DESCRIPTION OF EMBODIMENTS [0020] The present invention will be described in greater
detail heréihbélelt SF-2242 7 [0021] [Filled fluororesin sheets] A filled fluororesin sheet
according to the invention contains a fluororesin afd an inorganic filler having a revised 5 Mohs
hardness of not less than 8, in a fluororesin:inorganic filler volume ratio of 30-55:70-45 (wherein the
total of the two is 100). [0022] (Fluororesins) 10Examples of the fluororesins include
polytetraffe@foetiiflene TésiHg (P PFES R iicdified PTHESI pelyWitsfidené ftorideresiAs (PYDFS)r
ethylene/tetrafluoroethylene copolymer resins (ETFESs), polychlorotrifluoroethylene resins (PCTFES),
15 tetrafludrdethy@Re/hexafiibtopropylene ethylene copolymer resins (FEPs) and
tetrafluoroethylene/perfluoroalkyl copolymer resins (PFASs). Of these, the polyte rafluoroethylene resins
(PTFEs) are ptéferable in terms of processability in extrusion, rolling and the like, and PTFE 20

obtained by emulsion polymerization is particularly preferable. [0023]
A gasket according to the invention comprises the filled

5 fluororesin sheet of the invention.

Advantageous Effects of Inventicn
[0017]
The filled fluorcresin sheet of the invention has
10  excellent stress relaxationproperties, inparticular at a high
temperature.
[0018]
The inventive process for producing filled fluocroresin
sheets can produce filled fluororesin sheets which have
15 excellent stress relaxation properties, in particular
excellent stress relaxation properties at a high temperature.
[ool1e]
The gasket cf the inventicn has excellent stress
relaxation properties, in particular at a high temperature.
20
DESCRIPTION OF EMBODIMENTS
[0020)
The present invention will be described in greater detail

hereinbelow.



When PTFE is used as the fluororesin, any of the fluororesins mentioned above except PTFEs may be
used in SEL2242%8 combination therewith in a small amount, for example 10% by mass (based on
100% by mass of the total of the fluororesins). [0024] The fluo o esin may be in the form of
powder. Alternatively, a dispersion of the fluororesin fine particles in water may be mixed with an
inorganic filler described later, and thereafter water may be removed from the dispersion. [0025] The
fluororesinl &Y an inorganic filler described later 10 are used in a fluororesin:inorganic filler volume
ratio of 30-55:70-45, and preferably 40-55:60-45 (wherein the total of the two is 100). This volume ratio
ensures that the obtainable filledfitibrdR3in{sheet shews Bxcellenttstriess relaxation properties at a
high temperature. If the proportion of the 15 inorganic filler is much smaller than the above range (if
the proportion of the fllierotésifi is'mueh farger than e abovenahye), the inorganio filfer wilh not be
able to suppress sufficiently the flow of the fluororesin at a high temperature, resulting in a
deterioratiofi’ir 8t8ss Fefaxation propetties 20 of iecflusroresid shéetraba highctemperatarsi(the
stress relaxation percentage is increased) . [0026] (E1 hers) SF-2242 9 having a revised Mohs
hardriess YPhGt [BSStHanS, sardpreferably not lessithdn 12rThe filleratlows the filled flyarotesin sheet
of the invention to show excellent stress relaxation properties at high temperatures. [0027]
Specific examples of thelinorgariic fillers iR€ludé digindrid (tevised:Mohshardress!- 15), hexagonal
boron nitride (revised Mohs hardness = 14), boron carbide (revised Mohs hardness = 14), silicon
carbide (révisediMoh§ hardness = 13), 10 silicon nitride (revised Mohs hardness= 12), tungsten
carbide (revised Mohs hardness = 12), a-alumina (revised Mohs hardness =12), tantalum carbide
(revised Miohs4iardness - 11), fused zirconia (revised Mohs hardness - 11), garnet (revised Mohs
hardness - 10), topaz (revised Mobs hardness - 9) and zirconia

(Fluororesinsg)

10 Examples of the fluororesins include
polytetrafluorcethylene resins (PTFEs), modified PTFEs,
polyvinylidene fluoride resins {PVDFs),
ethylene/tetrafluorcethylene copolymer resins (ETFEs),
polychliorotrifluorcethylene resins (PCTFEs),

15  tetraflucroethylene/hexafluoropropylene ethylene copolymer
resins (FEPs) and fetrafluoroethylene/perfluoroalkyl
copolymer resins (PFAs). Of these, the
polytetrafiuocroethylene resins {(PTFEs) are preferable in terms
of processability in extrusion, reolling and the l1ike, and PTFE

20 obtained by emulsion polymerization is particularly
preferable.

[0023]
When PTFE is used as the fluororesin, any of the

fluororesins mentioned above except PTFEs may be used in



15(revised Mohs hardness - 8). These may be used singly, or two or more may be used in
combinatioh [0028] The inorganic fillers preferably have an average particle diameter of 3 to 30
km, and more preferably 4 to 20 km. Herein, 20 thé value of the average particle diameter is a value
measured by a laser diffraction scattering method (measurement range (particle diameters): 0.03 to
1000 km). [0029] (Filled fluororesin sheets) SF-2242 10 The filled fluororesin sheets of the
invention #fthave e abdveresifigliFation ate eRedilent MCsticss rélaxattorrpdpertiessinarticular
stress relaxation properties at a high temperature. In detail, the stress relaxation percentage 5 at 200C
(in accordameé WitPASR3453 &ikeebitiat e Meating témperataie sh¢hangeelfrom 100E/to 200C) is
preferably not more than 40%, and more preferably not more than 35%. [0030] The filled fluororesin
sheets of theingention may be used 10 as gaskets because of their excellent stress relaxation
properties, in particular excellent stress relaxation properties at a high temperature. A gasket
composed of the filledl flubieresiresticet vfthelisvantionican berused foveradeny term at a high
temperature (for example, 200C or above). 15[0031] The gasket of the invention may be easily
manufactéred oy cuttintethe invedtivefillodifluorofes iresidet to theedesiret shape 0032 e s
20[Processes for producing filled fluororesin sheets] The filled fluorores n sheet of the invention
may be producetishy akndvniprocessiexdeptthan thegspetificfillet descrbed abeve isiused.
and thereafter water may be removed from the dispersiocon.
[0025]
The fluoreresin and an inorganic filler described later
10 are used in a fluororesin:inorganic filler velume ratio of
30-55:70~45, and preferably 40-55:60~45 (wherein the total of
the two 1s 100). This volume ratio ensures that the obtainable
filled flucroresin sheet shows excellent stress relaxation
properties at a high temperature. If the proportion of the
15  inorganic filler is much smaller than the above range (if the
proportion of the fluorcresin is much larger than the above
range), the inorganic filler will not be able to suppress
suftficiently the flow of the flucroresin at 2 high temperature,
resulting in a detericration in stress relaxation properties
20 of the fluororesin sheet at a high temperature (the stress
relaxation percentage 1s increased).
10026]
(Fillers)

The filler used in the inventicn is an inorganic filler



[0033] SF-2242 11 The production process may be a rolling process or a skiving process. A
rolling pro§§§s2i7s4;§referable. [0034] An exemplary rolling process includes a rolling step of 5 rolling an
extrudate of a raw material composition that includés the fluororesin, the inorganic filler and a
processing aid containing not less than 30% by mass (based on 100% by mass of the processing aid)
of a petroleum hydrocarbon solvent having a fractionation temperature of not more than 120C. In the

10 rolling S2p{hé RImPosTich S tolldd 6% Folltehperatuté ©F 40f 8B C ADétassn tis protess such
as the processing aids and thelgrodugtion conditions are described in Patent Literature 2. [0035]
15The rollffyprogéss for #ie productibf of thelffied HioriFEsif BRedts generally wichadessa Btirring
step, a preforming step, the rolling step, a drying step and a calcining step in this order. [0036] 20
(Stirring st&pFET frt the stirdig Stepl the fltorcresin, thedirdrianie filer &nd thespragadsimgaid are
stirred and mixed together in an arbitrary order to give a sheet-forming resin composition. When a bad
stirring efficiétiey is eRcoutteret SthelFroEassing: SF2242 12 aid may be added in a large amount and
the extra portion of the processing aid may be removed by filtration after the completion of the stirring.
[Oogﬂ (00271
Specific examples of the inorganic fillers include
diamond (revised Mchs hardness = 15), hexagonal boron nitride
(revised Mohs hardness = 14), boron carbide (revised Mohs
hardness = 14), silicon carbide (revised Mohs hardness = 13),
10 silicon nitride (revised Mohs hardness = 12), tungsten carbide
(revised Mohs hardness = 12), aa—~alumina {(revised Mohs hardness
= 12}, tantalum carbide (revised Mohs hardness = 11), fused
zirconia (revised Mohs hardness = 11}, garnet (revised Mohs
hardness = 10), topaz (revised Mohs hardness = 9) and zirconia
15 {(revised Mohs hardness = 8). These may be used singly, or two
or more may be used in combilnation.
(00287
The inorganic fillers preferably have an average particle
diameter of 3 to 30 um, and more preferably 4 to 20 um. Herein,
20 the value of the average particle diameter is a value measured
by a laser diffraction scattering method (measurement range
(particle diameters): 0.03 to 1000 um).

[(0029]

(Filled fluororesin sheets)



5The kinds and the amounts of the fluororesin and the inorganic filler may be determined appropriately
in accordaticeawitif the target composition of the fluororesin sheet to be manufactured. [0038] 10The
processing aids may be known processing aids such as petroleum hydrocarbon solvents, alcohols and
water. Commercial petroleum hydrocarbon solvents include Isoper C, Isoper G and Isoper M (Exxon
Mobil Corporation)F. [003%{15 Preforming step) In the preforming step, the sheet-forming resin
composition is extriided é%éplfe]f&% tarPéxtrucate | 16040] A koWwhvéeiuter nidy:beltiséd in the
extrusion. 20[0041] In the extrusion, the composition may be heated as required at a temperature
that will nGtEau3e e vaIafiliZElib A BF Hitichof the BroRessiiy: aitharit-GthEF corfpenerits edntained in
the composition. SF-2242 13 [0042] The shape of the extrudate (preform) is not particularly
limited. HBWERSE L& £6dilike Br RBON- kel Sapetis gesiralste #reonsideratiowefthe efficiéncy in the
subsequent sheet 5 production and the homogeneity of the sheet properties. [0043] In the
productior protésyuT e prasent inverstiors itis préferabledhiat el proséssingrad issgradaally
volatilized in the rolling step described below. Accordingly, the stirring 10 step and the preforming step
are peferably2Ediriéd ot at aemperatare ihat is Iowerthan the telbterhperattresintthe rdlling step in
order to avoid the volatilization of the processing aid.

temperature is changed from 100°C to 200°C) is preferably not

more than 40%, and more preferably not more than 35%.
[0030]
The filled fluororesin sheets of the invention may be used
10 as gaskets because of their excellent stress relaxation
properties, 1In particular excellent stress relaxation
properties at a high temperature. A gasket composed of the
filled fluororesin sheet of the invention can be used over a
long term at a high temperature (for example, 200°C or above).
15 (0031
The gasket of the invention may be easily manufactured
by cutting the inventive filled fluororesin sheet to the desired
shape.
[0032]
20 [Processes for producing filled fluororesin sheets]
The filled fluororesin sheet o0f the invention may be
produced by a known process except that the specific filler
described above is used.

[0033]



[0044] 15(Rolling step] In the rolling step that is performed after the preforming step, the preform
is passedihrotghrollers such as a two-roll mill and is thereby rolled and shaped into a sheet. [0045]
20The production process of the invention preferably Includes a step of further rolling the rolled sheet
resulting from the rolling step. Namely, the rolling step is preferably repeated several times (for
example, 3 to 50 times), thereby further densifying the fluororesin sheet. In repeating the SF-2242 14
rolling step, the disfghceTietweEer fHie NS iSRaTdvied Afterieath YolliRg. [0046]3AReR thetpreform is
rolled into a sheet with a two-roll 5 mill, the distance between the rolls may be set at 0.5 to 20 mm and
the roll sUFfaE® MoVifg Spyeets(the ShéétlextitsionTae) Traylse B1§ 56 fafisec. [0047] Drying step)
10In the drying step, the rolled sheet is allowed to stand at ordinary temperature or is heated at a
temperaturé hét ore than the melting point of the fluororesin, thereby removing the processing aid.
[0048] 15 (Calcining step) In the calcining step, the dried sheet is heated at a temperature not less
than the melting pointefahe flasroresin-ahekistereby sintered Uibecorsideration thattthe enfire sheet

has to be calcined homogeneously and that a
5> rollingan extrudate of a rawmaterial compositionthat includes

the fluororesin, the incrganic filler and a processing aid
containing not less than 30% by mass (based on 100% by mass
cf the processing aid) of a petroleum hydrocarbon solvent having
a fractionation temperature of not more than 120°C. In the

10 rolling step, the composition is rolled at a roll temperature
of 40 to B0®C. Details in this process such as the processing
aids and the production conditions are described in Patent
Literature 2.

[0035]

15 The rolling process for the production of the filled
flucroresin sheets generally includes a stirring step, a
preforming step, the roiling step, a drying step and a calcining
step in this order.

[C036]

20  {Stirring step)

In the stirring step, the fluororesin, the incrganic
filler and the processing aid are stirred and mixed together
inan arpbitrary order to give a sheet~forming resin composition.

When a bad stirring efficiency is encountered, the processing



20 fluorine-containing harmful gas is generated at an excessively high temperature, the heating
temperatu?é'l‘széﬁﬁropriately in the range of, for example, 340 to 370C, although slightly variable in
accordance with the kind of the fluororesin. SF-2242 15 EXAMPLES [0049] The production
process according to the present invention will be described in detail by presenting examples
hereinbelow 5 without limiting the scope of the invention. [0050] (Testing methods) Stress relaxation
properties® AteBfpieEEwad dbthinéd frorfd 1% RMPiRIck sheet. e Toestpietd Wadtested in
accordance with JIS R3453 except that the heating temperature was changed from 100C to 200C,
thereby détefiminfritfthé Stress feldxadtfon perceiftage. 0051 [Exdmplet] asPTEEsfine pGvder (CD-1,
manufactured by ASAHI GLASS CO., LTD., density: 2.2 g/cm3) 1,000 g; silicon carbide (No.
1200, maW@&i%@WSH@Wﬁ%?NK@K%; revised Mohs hardness: 13, average particle diameter:
approximately 10 pm, density: 3.2 g/cm3) 1,450 g; 20isoper C (a hydrocarbon organic solvent,
fractionatidf temperature: 97-104C, Exxon Mobil Corporation) 250 g; and Isoper G (a hydrocarbon

organic solvent, fractionation
5 The kinds and the amounts of the flucroresin and the

incrganic filler may be determined appropriately in accordance
with the target composition of the fluororesin sheet to be
manufactured.

[0038]

10 The processing aids may be known processing aids such as
petroleum hydrocarbon solvents, alcohols and water.
Commercial petroleum hydreccarbon solvents include Isoper C,
Isoper G and Isoper M (Exxon Mchil Corporation).

[0039]

15 {(Preforming step)

In the preforming step, the sheet-forming resin
composition is extruded into a preform (an extrudate).
[0040]

A known extruder may be used in the extrusion.

20 [06041]

In the extrusion, the composition may be heated as
required at a temperature that will not cause the volatilization
of much of the processing aid and other components contained

in the composition.



temperature: 158-175C, Exxon Mobil Corporation) 250 g were mixed together in a kneader for 5
minutes. Ph& 2382242 16 resultant mixture was aged by being allowed to stand at room temperature
(25C) for 16 hours, thereby preparing a sheet-forﬂﬂ%g composition. [0052] 5The composition was
extruded at room temperature (25C) using an extruder having a 300 mm x 20 mm orifice. Thus, a
preform was prepared. [0053] The preform was rolled with a two-roll mill having a roll 10 diameter of
700 mm, aPd falllinterval of 20 mm, a roll speed of 6 m/min and a roll temperature of 40C. Immediately
after this rolling, the sheet was rolled again at a roll interval of 10 mm. Immediately thereafter, the
sheet was rolled at:EréllmBsvarof 5 i trnnistidte NPaTeer B8 rollifig fe 25 Sheetiwas folled for the
last time at a roll interval of 1.5 mm. Thus, a 1.5 mm thick sheet was obtained. [0054] The sheet
was allowed o sfxhd atfobRY efmpérafife {25¢) for 24 Hoaris andtheTBBY the S6l96ritvids-femoved.
The sheet 20 was calcined in an electric furnace at 350C for 3 hours. A sheet gasket was thus
manufactiifed“[O0S5 e siress fefaXdtion pefcentageor tha shdet gasketwas 'SF-2242

5 producticn and the homogeneity of the sheet properties.

tCC43]

In the production process of the present invention, it
is preferakle that the processing aid is gradually volatilized
intherolling step describedbelow. Accordingly, the stirring

10  step and the preforming step are preferably carried out at a
temperature that is lower than the roll temperature in the
rolling step in order to avoid the volatilization of the
processing aid.

[0044]

195 {Rolling step]

Iin the rolling step that is performed after the preforming
step, the preform is passed through rollers such as a two-rell
mill and is thereby rolled and shaped into a sheet.

[0045]

20 The production process of the invention preferably
includes a step of further rolling the roiled sheet resulting
from the rolling step. Namely, the rolling step is preferably
repeated several times (for example, 3 to 50 times), thereby

further densifying the fluororesin sheet. In repeating the



17 [0056] [Example 2] A sheet gasket was manufactured in the same manner as in Example 1,
except th fthé sflicon carbide was replaced by 1,770 5 g of a-alumina (A-42, manufacturedby SHOWA
DENKO K. K., revised Mohs hardness: 12, averadéL particle diameter: approximately 4 p.m, density:
3.9 g/cm3). The stress relaxation percentage of the sheet gasket was 31%. [0057] 10[Comparative
Example 1] A sheet gasket was manufactured in the same manner as in Example 1, except that

the siliconCarbitieWas Féplated By-L 186 gof 4y A¥R-360° manufactufed By SHONAKSE Co.,
LTD., revised Mohs hardness: 2.5, average particle diameter: 10 p.m, density: 152.6 g/cm3). The
stress rel&ation Pefcehtdge of the sheet gasket was 50%. [0058] [Comparative Example 2] A sheet
gasket was manufactured in the same manner as in 20 Example 1, except that the silicon carbide was
replaced By’ %,270 g of talc (K-1, manufactured by Nippon Talc Co., Ltd., revised Mohs hardness: 1,
average particle diameter: 7 tAm, density: 2.8 g/cm3). The stress relaxation percentage of the sheet
gasket was 58%. "SE1p240e1 & [0059] [Corfipafative Exahiple 8] sheet with a two-roll

5 mill, the distance between the rolls may be set at 0.5 to 20
mm and the roll surface moving speed (the sheet extrusion rate)
may be 5 to 50 mm/sec.

[0047]
{(Drying step)

10 In the drving step, the rolled sheet is allowad to stand
at ordinary temperature or is heated at a temperature not more
than the meiting point of the fluororesin, thereby removing
the processing aid.

[0048]

15 {Calcining step)

In the calcining step, the dried sheet is heated at =a
temperature not less than the melting point of the fluororesin
and 1s thereby sintered. 1In consideration that the entire
sheet has to be calcined homogeneocusly and that a

20 fluorine~containing harmful gas is generated at an excessively
high temperature, the heating temperature is appropriately in
the range of, for example, 340 to 370°C, although slightly

variable in accordance with the kind of the fluorcoresin.



A sheet gasket was manufactured in the same manner as in Example 1, except that the amount of the
a—aluminas\ﬁéggﬁénged 5from 1,770 g to 1,090 g. [0060] The stress relaxation percentage of the sheet
gasket was [0061] .x2 .dmoD 000'T 060T | 0T 39 SZTJISZT SZTSZT ST isfec z .zE .dwoz
0001

EXAMPLES
[0042]
The preduction process according to the present invention
will be described in detaill by presenting examples hereinbelow
5 without limiting the scope of the invention.
[0050]
{Testing methods)
Stress relaxation properties:
A test plece was obtained from a 1.5 mm thick sheet. The
10 test piece was tested in accordance with JIS R3453 except that
the heating temperature was changed £rom 100°C £0 200°C, thereby
determining the stress relaxation percentage.
[0051
[Example 1]
15 PTFE fine powder (CD-1, manufactured by ASAHI GLASS CO.,
LTD., density: 2.2 g/cm’) 1,000 g;
silicon carbide (No. 1200, manufactured by SHOWA DENKO
K. K., revised Mohs hardness: 13, average particle diameter:
approximately 10 um, density: 3.2 g/cm®) 1,450 o
20 Iscoper C {a hydrocarbon crganic solvent, fracticnation
temperature: 97-104°C, Exxon Mobil Corporation) 250 g; and
Isoper G (& hydrocarbon organic solvent, fracticnation
temperature: 158-175°C, Exxon Mobil Corporation} 250 g

were mixed together in a kneader for 5 minutes. The
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1%
resultant mixture was aged by being allowed to stand at room
temperature (25°C) for 16 hours, thereby preparing a
sheet-forming composition.
[G0bZ]

The composition was extruded at room temperature (25°C)
using an extruder having a 300 mm x 20 mm orifice. Thus, a
preform was preparved.

[CO053]

The preform was rolled with a two-roll mill having a roll
diameter of 700 mm, at a roll interval of 20 mm, a roll speed
of 6 m/min and a roll temperature of 40°C. Immediately after
this rolling, the sheet was rolled again at a roll interval
of 10 mm. TImmediately thereafter, the sheet was rolled at a
roll interval of 5 mm. Immediately after this rolling, the
sheel was rolled for the last time at a roll interval of 1.5
mm. Thus, a 1.5 mm thick sheet was obtailned.

[G054]

The sheet was allowed to stand at room temperature (25°C)
for 24 hours and thereby the solvent was removed. The sheet
was calcined in an electric furnace at 350°C for 3 hours. A

sheet gasket was thus manufactured.

The stress relaxation percentage of the sheet gasket was
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[0056]
[Example 2]

A sheet gasket was manufactured in the same manner as in
Example 1, except that the silicon carbide was replacedby 1,770
g ol a~alumina (A-42, manufactured by SHOWA DENKO K. K., revised
Mohs hardness: 12, average particle diameter: approximately
4 pum, density: 3.9 g/cm®). The stress relaxation percentage
of the sheet gasket was 31%.

(00571
[Comparative Example 1]

A sheet gasket was manufactured in the same manner as in
Example 1, except that the silicon carbide was replacedby 1,180
g ¢f clay (NE-300, manufactured by SHOWA KDE CO., LTD., revised
Mohs hardness: 2.5, average particle diameter: 10 um, density:
2.6 g/cm®). The stress relaxation percentage of the sheet
gasket was 50%.

[0058]
[Comparative Example 2]

A sheet gasket was manufactured in the same manner as in
Example 1, except that the silicon carbide was replacedby 1,270
g of talc (K-1, manufactured by Nippon Talec Co., Ltd., revised
Mohs hardness: 1, average particle diameter: 7 pum, density:
2.8 g/cm’y. The stress relaxation percentage of the sheet

gasket was 58%.



% by volume 1.1.1111 suiegl 1-Us 00314 00E-MN ZI7-V T->1 PTFE volume proportion (relative to
100%31 by¥olaméof PTFE and filler combined) Islogper C

[C059]
[Comparative Example 3]
A sheet gasket was manufactured in the same manner as in

Example 1, except that the amount of the a-alumina was changed

5 from 1,770 g to 1,090 g.

[C060]

The stress relaxation percentage of the sheet gasket was

51

o\@

[0061]
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SF-2242 20 CLAIMS A filled fluororesin sheet, comprising a fluororesin and an inorganic filler
having a reviseiMohs 5 hardness of not less than 8, in a fluororesin:inorganic filler volume ratio of
30-55:70-45 (wherein the total of the two is 100). 2C 2. The filled fluororesin sheet according to claim
1, 10 wherein the inorganic filler comprises at least one material selected from the group consisting of
diamond, hexagonal boron nitride, boron carbide, silicon carbide, silicon nitride, tungsten carbide,
a-alumina, tantalum carbide, fused zirconia, gariét tbpaz and zirconia. 15 3. A gasket comprising
the filled fluororesin sheet of claim 1 or 2. 4. A process for producing filled fluororesin sheets, 20
comprising a step of rolling a sheet-forming resin composition which comprises a fluororesin, an
inorganic filler having a revised Mohs hardness of not less than 8 and a processing aid and in which
the volume ratio of the fludrdrésin afdthe fHorgarié filler{fedroresittmdigaictilfer) is SF-2242 21
30-55:70-45 (wherein the total of the two is 100). 5.The process for producing filled fluororesin
sheets acéordiigPiocldi 4 Whetginithe isrgasic filldrcomprisesng a revised Mohs

5  hardness of not less than 8, in a fluororesin:inorganic filler
volume ratio of 30-55:70-45 (wherein the total of the two is

1005 .

2. The filled fluororesin sheet according to claim 1,
10  wherein the inorganic filler comprises at least one material
selected from the group consisting of diamond, hexagonal boron
nitride, boron carbide, silicon carbide, silicon nitride,
tungsten carbide, a-alumina, tantalum carbide, fused zirconia,
garnet, topaz and zirconia.
15
3. A gasket comprising the filled fluororesin sheet

of claim 1 or 2.

4. A process for producing £filled fluororesin sheets,
20 comprising a step of rolling a sheet-forming resin composition
which comprises a fluorcresin, an inorganic filler having a
revised Mohs hardness of not less than 8 and a processing aid

and in which the volume ratio of the flucroresin and the

inorganic filler (fluorcresin:inorganic filler) is



5 at least one material selected from the group consisting of diamond, hexagonal boron nitride, boron
carbide, sﬁi%a?c‘%\%bide, silicon nitride, tungsten carbide, a-alumina, tantalum carbide, fused zirconia,
garnet, topaz and zirconia. 21

30-55:70~-45 (wherein the total of the two is 100).

5. The process for producing filled fluororesin sheets
according to claim 4, wherein the inorganic filler comprises
5 at least one material selected from the group consisting of
diamond, hexagonal boron nitride, boron carbide, silicon
carbide, silicon nitride, tungsten carbide, o-alumina,

tantalum carbide, fused zirconia, garnet, topaz and zirconia.



