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SF-1656 1 DESCRIPTION A PROCESS FOR PRODUCING A
SFWFEUORORESIN SHEET CONTAINING A FILLER AND A
FPU®RORESIN SHEET CONTAINING A FILLER TECHNICAL FIELD 5
[0001] The present invention relates to a process for producing a
fluororesin sheet containing a filler and a fluororesin sheet containing a
filler. More specifically, it relates to a process for producing a fluororesin
sheet containing a filler, which TETEBIAE sealing materials or the like,
A p luororesin sheet containir{;}r%a filler. TECHNICAL BACKGROUND
TDbB2T A lbror G <o cOATRG S flleF e Bro s arty iy FE-RER 240
fluororesin with a filler and frocessing the mixture into a sheet form. As a

result, the fluororéSi SREEt Hortdmhg et el Hét Bnfth&§Rhemical

resistance, heat resistance, non-adhesion properties and low friction
TEC%N&S&%e@,IWCh are inherent in the fluororesin, but also has functions

and properties, which are inherent 20 in the filler. Moreover, the
[00Rddroresin sheet containing the filler is improved in wear properties and

creep characteristics, which are the defects of a fluororesin. Accordingly,

the fltiGrorésivestiedt éantdinihgrerexfilisr isvaticvstyrased for spaligicing a

materials or the
fluororesin sheet containing a filler and a fluororesin sheet

containing a filler. More specifically, it relates to a process for
preducing a fluororesin sheet containing a filler, which is used as

sealing materials or the like, and a fluororesin sheet containing a

filler.
TECHNICAL BACKGROUND
[0C02]

A fluororesin sheet containing a filler is prepared by mixing
a flucroresin with a filler and processing the mixture into a sheet
form. As a result, the flucroresin sheet containing the filler not
only has chemical resistance, heat resistance, non-adhesion
properties and low friction properties, which are inherent in the
fluororesin, but also has functions and properties, which are inherent
in the filler. Moreover, the fluororesin sheet containing the filler
is improved in wear properties and creep characteristics, which are
the defects of a fluororesin. Accordingly, the fluororesin sheet

containing the filler is varicusly used for sealing materials or the

like.
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like. SF-1656 2 [0003] Some of sealing materials are prepared by mixing
a fluororesin with a metal, graphite or an inorganic filler so as to be
- Bved in thermal conductivity, wear properties and creep
characteristics. 5 They are used as knitting yarns for sheet-like gaskets or
gland packings. [0004] USP3315020 (Patent Document 1) discloses, in
he specification, a technique such that a mixture of PTFE, afiller and a
I?’(;cessing 10 aid is extrusion molded and rolled by passing the molded
mixture through a pair of pressure rolls once or several times, to prepare a
long™SHiéet? HFeVER WRERHE e shEBLIKBRHSIENY Mt fiofn @ vororesin
. _fluororesin sheet containing a filler utilizing this technique, a gasket
v1tBafsHiiG the Profpetties a8 &edlifg Fraictial tanfibt be preparelte improved
~ because the 15 hermetical properties are low although the stress
10 FERKBAGNCPREPE IES end HEPE SXCBiRht ihefilfecessrtis hgireristics.
[0005] JP-A-2004-323717 (Patent Document 2) discloses a fluororesin
Theghasfcomtathing &fillel preparednip stich alvesf thalt e compositioryr 291 and
which contains a fluororesin, a swelling mineral, a filler and a processing
rackigngs extrusion molded and thereafter stretched to be made into a sheet

by passing the composition through a pressure roll.
[0004]

[CO

USP 3315020 {Patent Document 1) discloses, in the specification,
a technique such that a mixture of PTFE, a filler and a processing
aidisextrusionmolded and rolled by passing the molded mixture through
a pair of pressure rolls once or several times, to prepare a long sheet.
However, when the a sheet-like gasket is made from a fluororesin sheet
containing a filler utilizing this technique, a gasket satisfying the
properties as a sealing material cannot be prepared because the
hermetical properties are low although the stress relaxation
properties tend to be excellent if the filler content is high.
[0005]

JP-A-2004-323717 (Patent Document 2} discloses a fluorocresin
sheet containing a filler prepared in such a way that a composition,
which contains a fluororesin, a swelling mineral, a filler and a
processing aid, is extrusion molded and thereafter stretched to be
made into a sheet by passing the composition through a pressure roll.
This fluororesin sheet containing the filler has excellent stress

relaxation properties and tensile strength even if the fluororesin



16

15

20

This fluororesin sheet containing the filler has excellent stress relaxation
properties and tensile strength even if the fluororesin SF-1656 3 content
SF-i596\% and the filler content is high in the sheet. Patent Document 1: USP
3315020 Patent Document 2: JP-A-2004-323717 5 DISCLOSURE OF
THE INVENTION OBJECT OF THE INVENTION [0006] It is found that
the flugroresin sheet containing a filler disclosed in Patent Document 2
congfithas FooM G mpravefrettin g L0 propetiies BebaasehAgT -
amount of the fluororesin, which is used as a binder for filling the spaces
betwesrFHard parfitatelindfganie> Herd is insufficient. [0007] The
present invention has been accomplished with the view of 15 solving the
probiéthsTds Hestrsed aboved s’ 6bject 6t the invention to provide a
fluororesin sheet containing a filler having both of high stress relaxation
properties and high hermetic properties (sealing properties) even if
having a low fluororesin content and a high filler content, and it is another
object of the inventiohie-205pivide alpro dUBtieN proetess of the sheet.
MEANS FOR SOLVING THE PROBLEM [0008]
OBJECT OF THE INVENTICN

r0006]

It is found that the fluororesin sheet containing a filler
disclosed in Patent Document 2 still has room for improvement in sealing
properties because the amount of the fluororesin, which is used as
a binder for filling the spaces between hard particulate inorganic
fillers, is insufficient.

[0007]

The present invention has been accomplished with the view of
solving the problems as described above. It is an object of the
invention to provide a flucroresin sheet containing a filler having
both of high stress relaxation properties and high hermetic properties
(sealing properties) even if having a low fluorcresin content and a
high filler content, and it is another object of the invention to
provide a production process of the sheet.

MEANS FOR SOLVING THE PRCOBLEM
[0008]
The present inventors have been earnestly studied and found that

a fluororesin sheet containing a filler having both of high stress
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The present inventors have been earnestly studied and found that a
flugroresin sheet containing a filler having both of high stress SF-1656 4
SE-Idakation properties and high hermefic properties can be prepared by
gradually evaporating a processing aid in the process of production of a
fluororesin sheet containing a filler. Thus, the present invention has been
L accom lished. 5 [0009] The gr,ocess for producing a fluororesin sheet
T Eontaifhg A ffér-acorditig b e pregENt VBRI Totiprises P steprePared
rolling a sheet-forming resin composition comprising a fluororesin, a filler
°Y G drbLESERg Hid Bt A Foltefiieraliaé o irsht 46 RF86ES vRsrRiPFgCt fon
the processing aid comprises at least 30 % by mass of a petroleum
L fytrdCABbRSSvERE RAvin & HrattidhatinG tehiderattife st nbbRigHsts #an
120C based on 100 % by mass of the amount of the processing aid.

INVEFGEOPTRE k&S Falis Bk H8BPStesin to the filler in the 15 composition
is preferably 1 : 0.1 to 2. [0011] The composition preferably contains the

[90DPdcessing aid in an amount of from 5 to 50 parts by weight based on 100

parts by weight of the total amount of the fluororesin and the filler. 20

[00 1D e precessior sroddeingd fluoFdreshoshest contshingpataining a
filler according to the present invention comprises a step of rolling
a sheet~forming resin composition comprising a fluororesin, a filler
and a processing aid at a roll temperature of from 40 to 80°C, wherein
the processing aid comprises at least 30 % by mass of a petroleum
hydrocarben solvent having a fractionating temperature of not higher
than 120°C based on 100 % by mass of the amount of the processing aid.
[001G]

The mass ratio of the fluorcresin to the filler in the
composition is preferably 1 : 0.1 to 2.

[0011]

The composition preferably contains the processing aid in an
ameunt of from 5 to 50 parts by weight based on 100 parts by weight
of the total amount of the fluororesin and the filler.

[0012]

The process for producing a fluororesin sheet containing a
filler according to the present invention further comprises a step
of rolling a resulting rolled sheet prepared in the previocus rolling

step.
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filler according to the present invention further comprises a step of rolling
a resulting rolled sheet prepared in the previous rolling step. SF-1656 5
- ] The fluororesin sheet containiﬁg a filler of the present invention is
formed by the above process for producing the fluororesin sheet
containing the filler according to the present invention. 5 EFFECT OF THE
(00 HVENTION [0014] The production process of the present invention can
prépare a fluororesin sheet containing a filler having both of high stress
relaxation properties and high hermetic properties though the content 10
of the fubofesiir Kol SAE the CoHBAFOR therfloriHigh: BESTPresent
. EMBODIMENT FOR CARRYING OUT THE INVENTION [0015] The .
VRGOS ¥Er FTBRTHIRY & acTarasiv SREEE EottAimAg H AP fIlhaddotaing esin
__to the present invention comprises a step of rolling a sheet-forming resin
shegbhnbditioh comprising a fiE6réesit b ifer- and g pré&sssifg did <t e Fol
temperature of from 40 to 80C, wherein the processing aid comprises at
least 30 % by mass of algétraletin Tidréd¥FBH SBlvent having a
fractionating temperature of not higher 20 than 120C based on 100 % by
(00 Hdss of the amount of the processing aid. [0016]

Sk

The production process of the present invention can prepare a
fluororesin sheet containing a filler having both of high stress
relaxation properties and high hermetic properties though the content

of the fluocroresin is low and the content of the filler is high.

BEST EMBCDIMENT FOR CARRYING QUT THE INVENTICN
[0015]

The process for producing a fluororesin sheet containing a
filler according to the present invention comprises a step of rolling
a sheet-forming resin composition comprising a fluororesin, a filler
and a processing aid at a roll temperature of from 40 to 80°C, wherein
the processing aid comprises at least 30 % by mass of a petroleum
hydrocarbon sclvent having a fracticnating temperature of not higher
than 120°C based on 100 % by mass of the amount of the processing aid.
{0Cle!

Resin composition for sheet-forming

Flucroresin

Any one of cenventionally known fluorcresins can be preferably
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Resin composition for sheet-formin Fluororesin Any one of conventionally
known fluororesins can be preferably SF-1656 6 used as the fluororesin.
SF“%%@]ples thereof are polytetrafluoroethylene resin (PTFE), and also
modified PTFE, polyvinylidene fluoride resin (PVDF),
ethylene-tetrafluoroethylene copolymer resin (ETFE),
olychlorotrifluoroethylene resin (PCTFE), 5
usegﬂ%%

ehB&efrafifsrRIEhY ene Fes@tdtop #8polymer resin (FEP)
and tetrafluoroethylene-perfluoroalkyl copolymer resin. Among them, itis
po%F@f‘éFPe@f%Pﬁ@@‘PXﬁ’liEpﬁeﬁﬁﬁé@ byFaulsioR PR Iyrhefizasen firedeRidint
of processing properties in carrying out extrusion molding and rolling. 10
PolifOTH LA ERE fubTEreis & poimddi oie may beieset betmispersionthylene
prepared by dispersing fluororesin fine particles in water may be used. In
COPtHeE8%e 5iising ¥RE i sp@sloirasahetfiticrbresinetie/dempositiom fOPCTEE)
forming the fluororesin sheet containing a filler can be prepared 15 only by
ethydansy bfAtappropriate Bmowmeofwaet] tee fittegitiyé eprocessiigmaid; arebin
the like to the fluororesin dispersion and stirring. Furthermore, using the
(FERdrapdsition atheuflucrerésihesheatoontaining 1 fillerganl begrepared.  Among
efficiently. [0018] 20 Filler
them, it is preferred to use PTFE prepared by emulsion polymerization
in viewpoint of processing properties in carrying out extrusion
molding and rolling.
10G17]

As the fluororesin, a powdery one may be used or a dispersion
prepared by dispersing fluororesin fine particles in water may be used.
In the case of using the dispersion as the fluororesin, the composition
for forming the fluororesin sheet containing a filler can be prepared
only by adding an appropriate amount of water, the filler, the
processingaid,zmuitheliketx:thefluororesbzdispersrmlandstirring.
Furthermore, using the composition, the fluorcoresin sheet containing
a filler can be prepared efficiently.

[0018]
Filler

gxamples of the filler used in the invention may include carbon

fillers such as graphite, carbon black, expansive graphite, activated

carboneuxicarbonrmmotube;inorganicfillerssuchaﬂstalc,mica,clay,

calcium carbonate and magnesium oxide; and powdery resins such as PPS
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Examples of the filler used in the invention may include carbon fillers
such as graphite, carbon black, expansive graphite, activated carbon and
SF-¢&bdn nanotube; inorganic fillers such as talc, mica, clay, calcium
carbonate and magnesium oxide; and powdery resins such as PPS
SF-1656 7 and the like. Furthermore, fibrous materials having a fiber
length of less than 10 mm, made from carbon fiber, aramid fiber, rock
and o8, “orthe IiRETay BEUSed a5 the s o)L s Aedtrding té ther length
resent invention, even if the proportion of fluororesin fed is low and the
of HrEFoHiGH of thEWI&Fea iSTENCH AUDIréieRT shRetBoAtAIHITY a fifsrk wool,
having both of high stress relaxation properties and high hermetic
Or biSpertied &Y eSprédtdeds T nfddd ratio of the fluororesin to the filler
may be 1:0.1to 2, 10 preferably 1 : 1 to 1.8. [0020] Processing aid The
m%%ﬂ‘nposition for forming the fluororesin sheet contains a processing aid.
15 [0021] The processing aid used in the present invention comprises a
petr8letndieotarhdre soteastravingea fraetional températwecoflowerion of
than 120C, preferably lower than 110C in an amount of at least 30 % by
fluprass: prefdredly atleast 50 Whisywnaps based of 108:96 bylmassef is high,

a fluororesin sheet containing a filler having both of high stress
relaxation properties and high hermetic properties can be produced.
The mass ratio of the flucroresin to the filler may be 1 : 0.1 to 2,
preferanly 1 : 1 to 1.8.

[0020]

Processing aid

The composition for forming the fluororesin sheet contains a
precessing aid.
[0021]

The processing aid used in the present invention comprises a
petroleum hydrocarbon solvent having a fractional temperature of lower
than 120°C, preferably lower than 110°C in an amount of at least 30 %
by mass, preferably at least 50 % by mass based on 100 % by mass of
the amount of the processing aids, and particularly preferably it
essentially comprises a petroleum hydrocarbon solvent having a
fractional temperature of lower than 120°C. The lower limit of the
fractional temperature is not particularlydefined. However, when the

fractional temperature is too low, the processing aid is evaporated
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20 the amount of the processing aids, and particularly preferably it
essentially comprises a petroleum hydrocarbon solvent having a
SF=f&etonal temperature of lower than $0C. The lower limit of the fractional
temperature is not particularly defined. However, when the fractional
temperature is too low, the processing aid is evaporated SF-1656 8
uickly to excess in the roIIin? step and thereby it is occasionally difficult

P eV aporate aia rémove thelprodesieg A8 gradbamyy Frierefors dhatonally
. _lower limit of the fractional temperature may be about 80C. 5 [0022

AR BiR} eXAnPIRRUtthe patroleE R dISEarBoRSoeRS Rafingradually.
fractional temperature of lower than 120C include paraffin solvents, such

The geffiméiialyavaitabie sBper e (ByarddaiBan sRyERE sBREhinay be about
fractional temperature of 97 to 104C, manufactured by Exxon Mobil 10

800@:0.). [0023] In a conventional production process for a fluororesin sheet
containing a filler, it is general to use a petroleum hydrocarbon solvent

[00R4aVing a high fractional temperature of from 180 to 250C as 15 a
processing aid. The processing aid is multipurpose in viewpoint of
carryiviglogtlrsitagopetatibntstakie withoutreVapbratingtsolventsyebatsirmnaving
rolling step described later, the solvents are hardly evaporated even if

a fripcidaging thenwiitemperatiideower than 120°C include paraffin solvents,

such as commercially available Isoper C (hydrocarben organic solvent,

fractional temperature of 97 to 104°C, manufactured by Exxon Mobil

Co.).

[0023]

In a conventional producticn process for a fluororesin sheet
containing a filler, it is general to use a petroleum hydrocarbon
solvent having a high fractional temperature of from 180 to 250°C as
a processing aid. The processing aid is multipurpose in viewpoint of
carrying out rolling operation stably without evaporating solvents,
but in a rolling step described later, the solvents are hardly
evaporated even if increasing the roll temperature.

[0024]

Components, which may be contained in the processing aid, other
than the petroleum hydrocarbon solvent having a fractional temperature
of lower than 120°C, may be petrocleum hydrocarbon sclvents having a
fractional temperature of higher than 120°C, such as commercially

available Iscoper G (hydrocarbon organic solvent, fractional
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[0024] 20 Components, which may be contained in the processing aid,
other than the petroleum hydrocarbon solvent having a fractional
SF"%eﬁﬁﬁerature of lower than 120C, ma?/ be petroleum hydrocarbon solvents
having a fractional temperature of higher than 120C, such as
commercially available Isoper G (hydrocarbon organic solvent, fractional
SF-1656 9 temperature of 158 to 175C, manufactured by Exxon Mapbil
TR S RS SHodt g FaS S ARG Ioh, e ot Bhng da s
‘00 c:%rtained in an amount of 5 to 50 parts by weight, preferably 10 to 5 30
% ts by weight based on 100 parts by weight of the total of the
fluororesin and the filler. When the processing aid is contained in the

abov@ dMBuTis Sthet AtBtorRsif fs SUFEBRMY sWellled RRtR RSIRTS PS8
the rolling step described later. 10 [0026] The sheet-forming resin

CONTHMSELItiBN sty CmprisesthePHubforasinedf filerand arebly 10 to
processing aid. [0027] For preparing the fluororesin sheet-forming resin

30 rRdRsoStone 18 domafifiigRes8 Lot poR ks, theLompbnehts Bré ablded the
in an arbitrary order at once or dividedly by small amounts several times

t lugg argsssel 2rthd-fixdd Wit stirring.

When the processing aid is contained in the sbove amounts, the
fluororesin is sufficiently swelled in the former part of the rolling
step described later,

[0026]

The sheet~forming resin composition essentially comprises the
fluororesin, the filler and the processing aid.
[0027]

For preparing the fluororesin sheet-forming resin composition
containing these compenents, the components are added in an arbitrary
order at once or dividedly by small amounts several times to a vessel,
and mixed with stirring.

[0028]

Process for producing Fluororesin sheet

A process for producing the fluororesin sheet containing a
filler generally comprises a stirring step, a pre-molding step, a
rolling step, a drying step and a calcining step in this order.
[0029]

<Stirring step>
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[0028] Process for producing Fluororesin sheet 20 A process for
- roducing the fluororesin sheet contljiining a filler generally comprises a
ﬁ;r?i?'ng step, a pre-molding step, a ing step, a drying step and a
calcining step in this order. [0029] <Stirring step> SF-1656 10 In the
stirring step, the fluororesin, the filler and the processing aid are mixed in
an arbitrary order and stirred as described above. When the stirrin
efficéncy s isuficiGAt, & ffde aount GTHRE brocestini aid [§ hadad the
and after the stirring, excess amounts 5 of the processing aid can be .
PLOFEtoVEd With Htrdlioh [0b36] She-hiditing Steg>Aiitfie preShatding S r toed
step, the fluororesin sheet-forming resin composition is extrusion molded
3POYE preliare o preforn fextruSibh'mofdie 16 prodiieh: OGS The' Sa5e Brount
the extrusion-molded product (preform) is not particularly limited, but the
of theBnnprefdidis Had s rtfer ABBoRiNeF shApeSin EoiSiderfii6Fthemounts
efficiency of the following 15 forming the sheet and the homogeneity of the
of %ﬁ%e?ﬁﬂﬁﬁﬁ%%%glﬁ@@ZTan be removed with filtration.

[0030]
<Pre-molding step>

In the pre-molding step, the fluororesin sheet-forming resin
composition is extrusion molded to prepare a preform {extrusion molded
product) .

[0031]

The shape of the extrusion-molded product (preform) is not
particularly limited, but the preform preferably has a rod or
ribbon-like shape in considering of the efficiency of the following
forming the sheet and the homogeneity of the sheet properties.
[0032]

In the production process of the present invention, the
processing aid is gradually evaporated in the following rolling step.
Accordingly, the mixing step and pre-molding step are preferably
carried out at a .temperature lower than the roll temperature in the
rolling step in order to prevent the processing aid from evaporating.
[0033]
<Rolling step>

In the rolling step succeeded to the pre-molding step, the
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In the production process of the present invention, the processing aid is
radually evaporated in the following rolling step. Accordingly, the mixing
SF“E@%nd pre-molding step are preferably 20 carried out at a temperature
lower than the roll temperature in the rolling step in order to prevent the
processing aid from evaporating. [0033] <Rolling step> In the rolling step
succeeded to the pre-molding step, the SF-1656 11 preform is passed
orefrrdighepRsstRe rblls Qush as a3kl kol i rondhdshapeiatola sheetl to
In the prior art, the rolling step is carried out without heating, specifically
rol bt ¥pentlspetatte df Ebsti - fro 10 BOE, arkkthe pofrofeumhing step is
hydrocarbon solvents having a high 5 fractional temperature of from 180
caryg eBOC are fenstallyalstebass@aproteesingyaid. Aevordimylyrdiring thieabout
rolling step, the processing aid is hardly evaporated. [0034] The
fromroeessing Hid isnddd i prtepioswéllthieofisotoresio htkand tovémasiynich
fiberized. In the stirring, pre-molding and rolling steps, the fluororesin is
frapaitpfiberizeddnathereonfpression fress ahtlshearsforeeapplied asdheas a
sheet-forming resin composition. As a result, to the fluororesin sheet,
prosheet strength addstressngélaxation atetgivencdue te theapattiie processing
complexation. However, it is 15 considered that this sheet is soft and
aid ensilpadeidymedaso thateven

[0034]

The processing aid is used in order to swell the fluororesin
and to be easily fiberized. In the stirring, pre-molding and rolling
steps, the fluororesin is partly fiberized by the compression stress
and shear force applied on the sheet-forming resin composition. As
a result, to the fluorcoresin sheet, sheet strength and stress
relaxation are given due to the matrix complexation. However, it is
considered that this sheet is soft and easily deformed, so that even
if the sheet is compressed by a biaxial roll or the like, deformation
in a plane direction is caused preferentially in the fluororesin which
is swelled inside the fluorcoresin sheet to be rolled, and thereby
densification of the inside of the sheet is hardly caused. In this
case, the densification of the sheet inside means that voids of the
composition inside caused by evaporation of the solvent are filled
by rolling.

(00351}

In the production process of the present invention, the rolling
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if the sheet is compressed by a biaxial roll or the like, deformation in a
_plane direction is caused preferentially in the fluororesin which is swelled

SF-ingide the fluororesin sheet to be rol , and thereby densification of the

inside of the sheet is hardly caused. In this 20 case, the densification of

the sheet inside means that voids of the composition inside caused by

evaporation of the solvent are filled by rolling. [0035] In the production
SRS e Bréséht thvéntioh SRS GG S 65612 Stépid Sarriedi b6t the

at a roll tem%erature of from 4Q to 80C using the  processing aid

PTOCSHtAMhG Blargs dmGaRfof a BetsIetin HYrBCafbdit ‘SOVEHF AV g3 rbon

low fractional temperature of not higher than 120C. Therefore, during

so L vanyiRg Gud GHihgWvith 2ChiEia rolFBP BT ke S e rodesiing didtaa the0C.-
sheet-forming resin composition (preform) is gradually evaporated and

Th@?&ﬁﬁiif@d@AE&B@WM&@&%@@P&&%&P&&%@%%@%&%%fwé?amr%gt ke,
step, the fluororesin can be swelled and fiberized because a large

the PRBGRESE e PrEcSsiHgtarl 7€ préseri MoredveR, SOMINCRIE part eraorm)

~rolling step, the 10 processing aid is remained in a small amount.

15 REcBiaidgly oit 39 Loriside rad tharweRcroidd e foimadyin a small epnednered
by evaporation of the processing aid in the inside of the sheet and

thathatelyithd cdassification of thadnsidelohthesskoet tar beladvanesd privcrn be
to deformation in a plane direction.

swelled and fiberized because a large amount of the processing aid

is present. Moreover, at the later part of the rolling step, the
processing aid is remained in a small amount. Accordingly, it is
considered that new voids are formed in a small amount by evaporation
of the processing aid in the inside of the sheet and thereby the
densification of the inside of the sheet can be advanced prior to
deformation in a plane direction.

10036]

Since the pressure rolling is carried out at a relatively high
temperature, the harcness of the fluororesin is little lowered and
thereby the densificaticn of the fluororesin sheet is more easily
performed.

[0G37]

When the rolling step is carried out at a temperature lower than
40°C, the processing aid tends to hardly evaporate. On the other hand,
when the rolling step is carried out at a temperature over 80°C, the

processing ald evaporates excessively, and thereby the amount of the
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15 [0036] Since the pressure rolling is carried out at a relatively high
temperature, the hardness of the flugroresin is little lowered and thereby

St densification of the fluororesin sHeet is more easily performed. 20
[0037] When the rolling step is carried out at a temperature lower than
40C, the processing aid tends to hardly evaporate. On the other hand,
when, the rolling step is carried out at a temperature over 80C, the

PrOGrEcedSIny Sid BVapDrates’eXRBiveRy ditf Tty the Arnofint of theg step-
b SF-1656 13 processing aid remained is low at the former part of the
TheTSiing Step T Herdforet fid HUDTOTER RanAbf be StifidieHty Siedird and
.. fiberized, resulted in a tendency of lowering the strength of a resulting
E1bqnbrsidsit SRBEERBnidinih gt HRORRSG Y F%?ﬂ?e@%fémh%% B prOGEsSifga
aid in the composition vaporizes rapidly, a swelling phenomenon is
reskhfisBe Ahdthe s AietR e sEriEa BT RE Htisréreshs IsheBbEGhaiRipgethehen
filler tend to be lowered. [0038] The production process of the present
the imysiifsr preferablyl 1.0-Benfisrigessa o ingrsteproffarhernofiihg the Folfdd ing
sheet prepared in the previous rolling step. That is to say, the rolling step
phepensafstably papeatedisdverd timeseByTrapeatingthesolihg ke ltheroresin
inside of the fluororesin sheet can be further densified. When the
sheet containing the filler tend to be lowered.
[0038]

The production process of the present invention preferably
comprises a rolling step of further rolling the rolled sheet prepared
in the previous rolling step. That is to say, the rolling step is
preferably repeated several times. By repeating the rolling step, the
inside of the fluororesin sheet can be further densified. When the
rolling step is repeated, the distance between rclls is made to be

narrower as the rolling is repeated.
[0039]

In forming the sheet by rolling the preform with the biaxial
roll, the distance between rolls is set to be from 0.5 to 20 mm and
the preformis rolled at a roll surface velocity (sheet extrusion rate)
of from 5 to 50 mm/sec.

[0040]
<Drying step>
In the drying step, the rolled sheet is allowed to stand at

ordinary temperature, or heated at a temperature lower than the boiling
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rolling step is repeated, the distance between rolls is made to be 15
narrower as the rolling is repeated. [0039] In forming the sheet by rolling
F_Hé%reform with the biaxial roll, the tifstance between rolls is set to be
from 0.5 to 20 mm and the preform is rolled at a roll surface velocity
(sheet extrusion rate) 20 of from 5 to 50 mm/sec. [0040] <Drying step> In
. the drying step, the rolled sheet is allowed to stand at ordinary
POl?etm%%rBt%ﬁe? biorenea £ WpBFATEre 16War thartRe Yuiifg $F-1 e5gmoved.
14 point of the fluororesin and thereby the processing aid is removed.
[Oof&dﬂ] <Calcining step> In the calcining step, the dried sheet is heated at
a temperature 5 higher than the melting point of the fluororesin to be
<Cat5idiied FiiEPReating temperature, which is somewhat varied by the
kinds of the fluororesins, is preferably about from 340 to 370C in
consiterniifyGrL thé heg a5y of BaIEhiRG thesmhole SsedadhabrmieaRarature
the generation of a poisonous fluorinated gas at excessively high
higksmpeiatuids o obag]Rtisrorsinshdéticoiraifing & filler Bypilsdned. The
production process of the present invention, the
heating temperature, which is somewhat varied by the kinds of the

S

fluororesins, is preferably about from 340 to 370°C in considering of
the necessity of calcining the whole sheet uniformly and the generation
of a poisonous fluorinated gas at excessively high temperatures.

[0042]

Fluororesin sheet containing a filler

By the production process of the present invention, the
fluororesin sheet containing the filler is prepared. The fluororesin
sheet containing the filler has high stress relaxation properties and
high hermetic properties both, a tensile strength, determined by JIS
R3453, of at least 8 MPa, preferably at least 10 MPa, and a leaked
amount, determined by the hermetic test, of lower than 9}(10“59a-m?/s,
preferably lower than 7 x 107 Pa'm’/s. The hermetic test is carried
out using a gasket test piece having ¢ 48 mm x ¢ 67 mm x 1.5 mm thick,
at a surface pressure of 19.6 MPa (200 kgf/cmG) and a nitrogen gas
internal pressure of 0.98 MPa (1.0 kgf/cn’G).

(0043]

Example

The production process of the present invention will be
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fluororesin sheet containing the filler is prepared. The fluororesin sheet
. containing the filler has high stress relaxation properties and 15 high
- etic properties both, a tensile sﬁréngth, determined by JIS R3453, of
at least 8 MPa, preferably at least 10 MPa, and a leaked amount,
determined by the hermetic test, of lower than 9 x 10-5 Pa-m3/s,
q referably lower than 7 x 10-5 Pa-m3/s. The hermetic test is carried out
S ushid gﬁgﬁ%%ss{is&%lh%ﬁa AABTRTRZ 67 rhitex L5 hth ek 2%t =5
a surface pressure of 19.6 MPa (200 kgf/cm2G) and a nitrogen gas
DU el pressuEbE BPo8 KB AL B REPAFR2G). [0043] Example The
roduction process of the present invention will be SF-1656 15 described
[00% more detail with reference to the following examples, but it is not limited
by the examples. [0044] <Testing method> 5 A test piece was prepared
<Tefom@ difééRaving a thickness of 1.5 mm and the hermetic properties
and the tensile strength thereof were measured. [0045] Leaked amount
(HefERE propefiesIard Preaskeadest plece Kaving 4a@8imm x (leraamss of

was punched out and set between steel flanges having 4 100 mm x 50
1.5 fifh B Htsdiarmetic properties and the tensile strength thereof

were measured.
[0045]

Leaked amount (Hermetic properties)

A gasket test plece having ¢ 48 mm x ¢ 67 mm was punched out
and set between steel flanges having ¢ 100 mm x 50 mm height and a
surface roughness Rmax of 12 pm. A load was applied by a compression
testing machine so that the test piece had a surface pressure 19.6
MPa (200 kgf/cm’G). A nitrogen gas internal pressure of 0.98 MPa (1.0
kgf/cn@G) was loaded from a through hole for pressure introduction
provided on the flanges to the internal diameter side of the gasket.
Thereafter, a pressure introducing tube was closed and this state was
maintained for 1 hour. The change in pressure before and after the
maintaining was read out using a pressure sensor, and thereby the leaked
amount was determined from the drop in pressure.
[0046]

Tensile strength

A test piece was prepared in accordance with JIS R3453 and the

tensile strength was measured.
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surface roughness Rmax of 12 pm. A load was applied by a compression
testing machine so that the test piece had a surface pressure 19.6 MPa
SF“Eﬁ)%6kgf/cmZG). A nitrogen gas interh@l pressure of 0.98 MPa (1.0 15
kgf/cm2G) was loaded from a through hole for pressure introduction
provided on the flanges to the internal diameter side of the gasket.
0 O%&ereafter, a pressure introducing tube was closed and this state was
intained for 1 hour. The change in pressure before and after the
maintaining was read out using a pressure sensor, and thereby the leaked
unt was determined from the drop in pressure. [0046] Tensile
strength A test piece was prepared in accordance with JIS R3453 and the
tensﬂ@%ﬁ%ﬁgﬂﬂ%@%ea@%ﬁ’e@. S 4856 16 prH Bampis 1 Bamgfactured
kneader, 400 g of PTFE fine powder (CD-1 manufactured by Asahi Glass
by 5551660 3561 NK-3005¢ P eIpBhdEf ti&y niddiraciate 5 By Shews KBEtured
Co.) and 250 g of Isoper C (hydrocarbon type organic solvent, fractional
by SiepMiseraiufe of o1 9706 264G vramfacturterby Bsodol yRebHec ol wererent ,
mixed for 5 minutes and allowed to stand at room temperature (25C) for
fragbilvows feraging! toprepdmron Sheet-foitingeontfrasitiord [0P48Kb0. mobile
The composition was extruded at room temperature (25C) by an
Co.) were mixed for 5 minutes and allowed to stand at room temperature

Exa

{(25°C) for 16 hours for aging, to prepare a sheet-forming composition.

[0048]

The composition was extruded at room temperature (25°C) by an
extruder having an opening of 300 mm x 200 mm, to form a preform.
[0049]

The preform was rolled by a biaxial roll under conditions such
that the roll diameter was 700 mm, the distance between rolls was 20
mm, the roll rate was 6 m/min and the roll temperature was 40°C. Just
after this rolling, a resulting sheet was rolled again at a distance
between rolls of 10 mm. Furthermore, just after the rolling, a
resulting sheet was rolled at a distance between rolls of 5 mm again.
Finally, just after the rolling, a resulting sheet was rolled at a
distance between rolls of 1.5 mm to prepare a sheet having a thickness
ocf 1.5 mm.

{0050]
The sheet was allowed to stand at room temperature (25° C) for

24 hours to remove the sclvent. Thereafter, the sheet was calcined
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extruder having an opening of 300 mm x 200 mm, to form a preform.
%10049] The preform was rolled by a biaxial roll under conditions such that
SE-thefdll diameter was 700 mm, the distance between rolls was 20 15 mm,
the roll rate was 6 m/min and the roll temperature was 40C. Just after this
rolling, a resulting sheet was rolled again at a distance between rolls of
10 mm. Furthermore, just after the rolling, a resulting sheet was rolled at
2t IpHistdnea bt iolid oF Bamen fagai DRikaly SR sterR R e rBllivRt @asket .
resulting sheet was rolled at a 20 distance between rolls of 1.5 mm to
{ Oa}épare a sheet having a thickness of 1.5 mm. [0050] The sheet was
allowed to stand at room temperature (25 C) for 24 hours to remove the
solveRt PREfRTamES Kt dsdtivasaicindarsr 656 1rektissocppahies) of
electric_furnace for 3 hours, to prepare a sheet gasket. [0051] The sheet
4.0 gaskEt hdd ateaket @mdb Ut iRérmetit propérical of 14MPr 10-5 Pam3/s
and a tensile strength of 11 MPa. 5 [0052] Example 2 The procedure of
{00Example 1 was repeated except for using 125 g of Isoper C and 125 g of
Isoper G (hydrocarbon type organic solvent, a fractional temperature of
Exatpng 188 to 175C manufactured by Exxon

The procedure of Example 1 was repeated except for using 125
g of Isoper C and 125 g of Isoper G (hydrocarbon type organic solvent,
a fractional temperature of from 158 to 175°C manufactured by Exxon
Mobile Co.) in place of 250 g of Isoper C, to prepare a sheet gasket.
[0C53]
The sheet gasket had a leaked amount (hermetic properties) of
6.0 x 107 Pa‘m’/s and a tensile strength of 10 MPa.
[0054]
Example 3
The procedure of Example 2 was repeated except for changing the
roll temperature to 80°C from 40°C, to prepare a sheet gasket.
[0055]
The sheet gasket had a leaked amount (hermetic properties) of
4.0 x 107 Pa-m’/s and a tensile strength of 11 MPa.
[005¢0]

Comparative Example 1

The procedure of Example 1 was repeated except for using 250

g of Isoper G in place of 250 g of Isoper C, and changing the roll
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10 Mobile Co.) in place of 250 g of Isoper C, to prepare a sheet gasket.

5(0053] The sheet gasket had a leaked amount (hermetic properties) of 6.0
SF-%49%5 pam3/s and a tensile strengtH of 10 MPa. [0054] 15 Example 3

The procedure of Example 2 was repeated except for changing the roll

temperature to 80C from 40C, to prepare a sheet gasket. [0055] The

sheet gasket had a leaked amount (hermetic properties) of 20 4.0 x 10-5
LerpEIAsITand A NSileTsrEndth of 191OMPEIO056F CoHparami&Example 1

The procedure of Example 1 was repeated except for using 250 g of
[Oo?gdper G in place of 250 g of Isoper C, and changing the roll SF-1656 18

temperature to 80C from 40C, to prepare a sheet gasket. [0057] The

sheet §asRBERACIA feskef 3 U A hefhist properaasrat oL preaers ies) of

Pam3/s and a3tensi|e strength of 11 MPa. 5 [0058] Comparative Example
1. 02%THE prdceduresofEtatplerbwvks @ipeeted exeépl fotiising 250 g of

OOEI:)soper G in place of 250 g of Isoper C, to prepare a sheet gasket.
100581

Comparative Example 2

The procedure of Example 1 was repeated except for using 250
g of Isoper G in place of 250 g of Isoper C, to prepare a sheet gasket.
[0059]

The sheet gasket had a leaked amount (hermetic properties) of
2.0 x 10 Pa'm’/s and a tensile strength of 10 MPa.
[00e0]

Comparative Example 3

The procedure of Example 1 was repeated except for using 250
g of Isoper M {(hydrocarbon type organic solvent, a fractional
temperature of from 218 to 253°C manufactured by Exxon Mobile Co.) in
place of 250 g of Isoper C, and changing the roll temperature to 80°C
from 40°C, to prepare a sheet gasket.
[0061]

The sheet gasket had a leaked amount (hermetic properties) of
8.0 x 107 Pa'm’/s and a tensile strength of 10 MPa.
[0062]

Comparative FExample 4

The procedure of Example 1 was repeated except for changing the
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[0059] 10 The sheet gasket had a leaked amount (hermetic properties) of
2.0 x 10-4 Pam3/s and a tensile strength of 10 MPa. [0060] Comparative
SF_E@(%?nple 3 The procedure of Examﬁ 1 was repeated except for using
250 15 g of Isoper M (hydrocarbon type organic solvent, a fractional
temperature of from 218 to 253C manufactured by Exxon Mobile Co.) in
lace of 250 g of Isoper C, and changing the roll temperature to 80C from
mlﬁo@}%@ﬁ%ﬁdﬁ?@ d8héet gasker [é@‘é%] 50 THEBRESt GaskeTiad adbaked
amount (hermetic properties) of 8.0 x 10-4 Pa-m3/s and a tensile strength
[C0%%h0 MPa. [0062] Comparative Example 4 The procedure of Example 1
was repeated except for changing the SF-1656 19 roll temperature to
25C Frofn RS 1S presdrd aS e eEgLERe RT3 (TREaPEEE skt Hatrg) ©f
leaked amount (hermetic properties) of 4.0 x 10-4 Pam3/s and a tensile

1.0 streHyth BR 10 KPP &SI (G064 CoRharafivE Ekariplels T procedure of

Example 1 was repeated except for changing the
[0064]

Comparative Example 5

The procedure of Example 1 was repeated except for changing the

roll temperature to 100°C from 40°C, to prepare a sheet gasket.

10065]

The sheet gasket had a leaked amount (hermetic propsrties) of

1.0 x 107 Pa'm’/s and a tensile strength of 6 MPa.

[0066]
Table 1
Example Comparative Example

Ttem Unit 1 2 3 1 2 3 4 5
PTFE Ch-1 g 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400
Inorganic | NK~300 g 600 | 600 ; 600 | 600 | 60C | 600 | 600 | 600
filler

Isoper C g 250 1125 | 125 250 | 250
Aid Isoper G g 125 1 125 | 250 | 250

ITsoper M g 250

Rolling temperature | °C | 40 | 40 [ 80 | 80 | 40 [ 80 [ 25 ] 100

Thickness | mm |1.511.511.5]1.571.571.5[1.5]1.5

Hermetic test Pa'm | 4.0 | 6.0 | 4.0 | 1.0 | 2.0 | 8.0 | 4.0 | 1.
/s E-G5 | E-05

E-0
(o 19.6 MPa, P 0.98 MPa, 048 x ¢67 x £1.5 mm paste non-coated)

Tensile strength MPa 11 10 11 11 10 16 10 6
{(JI3 R3453)

5 E~04 | E-04 | E-04 | E-04 | E-03
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roll temperature to 100C from 40C, to prepare a sheet gasket. [0065] 10

The sheet gasket had a leaked amount (hermetic properties) of 1.0 x 10-3
SF-bARf3/s and a tensile strength of 6 MPa. [0066] Table 1 Example

Comparative Example ItemUnit123121345 PTFE CD-1 400 400

400 400 400 400 400 400 Inorganic NK-300 g 600 600 600 600 600 600

600 600 filler Isoper C 250 125 125 250 250 Aid Isoper G 125 125 250

250 Isoper M 250 Rolling temperattire & 40 40 80 80 40 80 25 1100

Thicknessmm 1.51515151.51.51.51.5 Hermetic test Pa-m3 4.0 6.0

4.0 1.0 2.FBG AT 1507 RIS E6BE D5 EXF BL64 EL0A E4 BEPE (109 2

.. 19.6 MPa, P 0.98 MPa, 48 x 467 x tl.5 mm paste .non-co%'ggg Tensile _

L FRAGth MPAC L FEPTRE 169 6 F0 8 OTSTR3ASEY SFel6s6 2 CLARS sin

1. A process for producing a fluororesin sheet containing a . ‘
composition comprising a fluororesin, a filler and a processing aid

at a roll temperature of from 40 to 80°C,
wherein the processing aid comprises at least 30 % bymass of a petroleum
hydrocarben solvent having a fractional temperature of lower than

120°C based on 100 % by mass of the amount of the processing aid.

2. The process for producing a fluorcresin sheet containing a
filler according to claim 1 wherein the composition has a mass ratio

of the fluororesin to the filler of 1 : 0.1 to 2.

3. The process for preoducing a fluorcresin sheet containing a
filler according to claim 1 or 2 wherein the composition contains the
processing aid in an amcunt of from 5 to 50 parts by weight based on
100 parts by weight of the total amount of the fluorcresin and the

filler.

4. The process for producing a fluororesin sheet containing a
filler according to any one of claims 1 to 3 which process further
comprises a step of rolling a resulting pressure rolled sheet prepared

in the preceding rolling step.



filler which process comprises a step of rolling a sheet-forming resin
omposition comprising a fluororesin, a filler and a processing aid 5 at a

SE- o?lat mperature of from 40 to 80C, V\?hlerein the processing aid comprises

as

at least 30 % by mass of a petroleum hydrocarbon solvent having a
fractional temperature of lower than 120C based on 100 % by mass of
the gmguﬁ of thegrocessin aid. 10 2. The process for producingﬁa
fluorbrésin SISt ESHRIRMY WQF%E&F&% {0 thim OWRRPRY the process
c?m.pos'tiqn has a mass ratig of the fluororesin to the filler of 1 : 0.1 to 2.
3 ai‘h%eérojc%sg%r Br6dGding & #iliSroresth Sheet containing a 15 filler
according to claim 1 or 2 wherein the composition contains the

processing aid in an amount of from 5 to 50 parts by weight based on 100
parts by weight of the total amount of the fluororesin and the filler. 20 4.
The process for producing a fluororesin sheet containing a filler according
to any one of claims 1 to 3 which process further comprises a step of
rolling a resulting pressure rolled sheet prepared in the preceding rolling
step. SF-1656 21 5. A fluororesin sheet containing a filler formed by the
process as claimed in any one of claims 1 to 4.



