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Description

FIELD OF THE INVENTION

[0001] This invention concerns a polymerization process wherein a free radical initiator is diffused into a shaped
article made of an elastomer and is used to initiate the polymerization of a fluoroolefin that is polymerizable with that
free radical initiator. This produces a composition which is a mixture of the elastomer and the fluoropolymer produced
in which the distribution of fluoropolymer in the elastomer is novel, and which also has improved properties, such as
reduced moving surface friction.

TECHNICAL BACKGROUND

[0002] Elastomers of all types, and especially fluoroelastomers, are used for a variety of purposes. In these uses
various properties are important, such as heat resistance, and chemical resistance. In many uses, such as in seals for
moving parts, sliding frictional characteristics are also important, and many elastomers have high coefficients of sliding
friction, which is undesirable. Thermoplastics, especially fluoroplastics have lower resistance to sliding, but typically
do not have sealing properties as good as elastomers. Therefore, materials which combine the characteristics of these
two types of polymers are sought.
[0003] From US-A-5385981, US-A-4155953, US-A-3069280, and US-A-4492786 graft polymerization products are
known which are formed by emulsion, solution, and bulk processes from organopolysiloxane or fluorinated starting
materials using fluorinated monomers.
[0004] R.A. Morgan et al., "Reinforcement of Elastomers with Fluoroplastic Additives", 21414 Preprints of Meeting
of the ACS Rubber Division, Oct. 9th 1990, p.1-19, discloses the preparation of blends of rubber and fluoropolymers
by shear or melt blending to reduce the coefficient of friction of the rubber.
[0005] US-A-4526579 discloses the graft polymerization of vinyl carboxylic acid anhydrides onto the surface of a
natural rubber article and subsequent hydrolysis of the anhydride to form hydrophilic carboxylate groups in order to
reduce frictional resistance to human skin.

SUMMARY OF THE INVENTION

[0006] This invention concerns a process for making a polymeric composition, comprising, diffusing into a shaped
article made of an elastomer a free radical initiator and at least one fluorinated olefin whose polymerization may be
initiated by said free radical initiator, and heating said elastomer to cause initiation of polymerization of said fluorinated
olefin.
[0007] This invention also concerns a shaped part, comprising, an elastomer and a thermoplastic fluoropolymer,
wherein a concentration of said thermoplastic in said elastomer changes as a distance from a surface of said shaped
part increases, and wherein said thermoplastic fluoropolymer is 0.1 to 50 percent by weight of the total of said elastomer
and said thermoplastic fluoropolymer in said shaped part.
[0008] Also described herein is a shaped part, comprising, an elastomer and thermoplastic fluoropolymer, wherein
said thermoplastic fluoropolymer does not have a melting point when said melting point is measured by differential
scanning calorimetry, or said melting point is shifted at least 30°C from its value when measured on thermoplastic
fluoropolymer alone, and a shaped part, comprising an elastomer and thermoplastic fluoropolymer in which said ther-
moplastic fluoropolymer is simultaneously present at a surface with a characteristic melting point, and is also present
below the surface, wherein said thermoplastic fluoropolymer below the surface does not have a melting point when
said melting point is measured by differential scanning calorimetry, or said melting point is shifted at least 30°C from
its value when measured on thermoplastic fluoropolymer alone.

DETAILS OF THE INVENTION

[0009] By a thermoplastic is meant a polymer that has a heat of fusion of at least 1 J/g, preferably at least 5 J/g,
associated with a melting point (Tm) of more than 35°C, and/or a glass transition temperature (Tg) of more than 35°C,
when measured by the method of ASTM D-3417-83, but using a heating rate of 10°C/min. For all purposes herein for
measurement by Differential Scanning Calorimetry (DSC), the melting point shall be taken as the peak of the melting
endotherm, and the glass transition temperature shall be taken as the midpoint of the measured transition.
[0010] By an elastomer is meant a polymer that meets the heat of fusion and glass transition characteristics described
below. An elastomer does not have a heat of fusion of more than 1 J/g, associated with a melting point of 35°C or
more, preferably 10°C or more, when measured by Differential Scanning calorimetry using the method of ASTM D-
3417-83, except using a heating rate of 10°C/min. The melting point shall be taken as the peak of the melting endotherm.
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Also the elastomeric polymeric portion or elastomeric polymer shall not have a glass transition temperature above
35°C, preferably not above 10°C when measured using the method of ASTM D-3417-83, but using a heating rate of
10°C/min. The glass transition temperature shall be taken as the midpoint of the measured transition. However, if an
elastomer is a so-called "thermoplastic elastomer" containing both elastomeric polymer segments and crystalline and/
or glassy polymer segments, as long as the polymer of which the elastomeric segments are composed meet the above
requirements for an elastomers, the polymer shall be considered an elastomer, even though it may have crystalline
and/or glassy segments which meet the requirements for a thermoplastic polymer as given above.
[0011] For shifts in the Tm or Tg in the compositions of elastomer and thermoplastic fluoropolymer herein, the shifts
refer to the difference between that measured in the polymer mixture and that measured for the elastomer or thermo-
plastic fluoropolymer (as appropriate) alone. It is suspected that these shifts, and/or the disappearance of the Tm may
be due to the fact that often the thermoplastic fluoropolymer molecules are so uniformly distributed in the elastomer
molecules that the thermal properties of one or both of them are changed.
[0012] Many different kinds of elastomers may be used in the process (and of course be in the final product) of this
invention. For instance, fluorinated elastomers, silicone elastomers, hydrocarbon elastomers and urethane elastomers
may be used. In some instances certain elastomers may not be useful in this invention. For instance, it is believed that
certain elastomers may not allow the fluoropolymer to form because of excessive free radical chain transfer, or that
impurities in the elastomer (such as compounds added to the elastomer or compounds made in a crosslinking reaction)
may have the same effect. To test whether any particular elastomer sample may be useful, a simple test polymerization
with the desired fluorinated olefin and free radical initiator may be done, as described in many of the Examples herein.
[0013] Preferred elastomers are silicone elastomers, fluorinated elastomers, and fluorinated elastomers are more
preferred. By a fluorinated elastomer is meant any elastomer the contains fluorine which is bound to carbon. The
fluorinated elastomers may be partially or completely fluorinated. One type of preferred fluorinated elastomer is an
elastomer that has repeat units derived from at least two or more of vinylidene fluoride, hexafluoropropylene, tetrafluor-
oethylene (TFE), perfluoro(alkyl vinyl ethers) such as perfluoro(methyl vinyl ether), perfluoro(ethyl vinyl ether), perfluoro
(propyl vinyl ether), vinyl fluoride, ethylene and propylene. Specific preferred fluorinated elastomers (designated by
the monomers incorporated in them) are: vinylidene fluoride, hexafluoropropylene and optionally TFE; TFE and per-
fluoro(methyl vinyl ether); tetrafluoroethylene and propylene. All of these may optionally include small amounts of so-
called curesite monomers; those containing curesite monomers are included in the above listing even though the
curesite monomer is not specifically mentioned.
[0014] The elastomer initially added to the process may or may not be crosslinked (vulcanized), but it is preferred
that it is crosslinked. Optionally the elastomer may be crosslinked during the fluorinated olefin polymerization process
(many elastomers may be crosslinked by free radicals) or after the fluorinated olefin is polymerized. Optionally the
elastomer may not be crosslinked at all. In one preferred embodiment the fluoroolefin polymerization process is carried
out on a crosslinked elastomer in the form of a shaped part, that approximates the final shape and dimensions of the
final desired part. It will be understood that polymerization of the fluorinated olefin inside and on the surface of the
elastomer usually results in some volume increase in the elastomer (part).
[0015] The product of the process is a shaped part. The shaped part maybe a "final" shaped part, meaning essentially
no further shaping or size change is needed before use, or it may be a preform. By a preform is meant a part that is
nearly the final shape needed, or that much change is not needed to the shape to form the final part. Preforms are
usually not crosslinked before forming the final shape. For instance the preform may be in the form of a circular cross
section rod which may be cut to length, formed into a circle, and then formed (and crosslinked) into an O-ring or chevron
ring.
[0016] By a fluoroolefin is meant any compound which contains at least one fluorine atom and an olefinic carbon-
carbon double bond. It is preferred that at least one fluorine atom in the fluorinated olefin be a vinylic fluorine atom, i.
e., is bound to a carbon atom of the carbon-carbon double bond. Useful fluorinated olefins include tetrafluoroethylene
(TFE), hexafluoropropylene, vinylidene fluoride, chlorotrifluoroethylene, perfluoro(alkyl vinyl ethers) such as perfluoro
(propyl vinyl ether), perfluoro(methyl vinyl ether), perfluoro(ethyl vinyl ether), 3,3,3-trifluoropropene, vinyl fluoride, and
trifluoroethylene. Although some of these fluorinated olefins may be homopolymerized, some may only readily copo-
lymerize when other olefins are present. Such relationships are know in the art, see for instance H. Mark, et al., Ed.,
Encyclopedia of Polymer Science and Engineering, Vol. 16, John Wiley & Sons, New York, 1989, p. 577-648. Preferred
fluorinated olefins (alone or in combination) are tetrafluoroethylene, hexafluoropropylene, vinylidene fluoride, chlorot-
rifluoroethylene, perfluo(propyl vinyl ether), perfluoro(methyl vinyl ether), and perfluoro(ethyl vinyl ether), while TFE,
and/or a combination of TFE and chlorotrifluoroethylene and TFE and/or a combination of TFE and perfluoro(propyl
vinyl ether) are especially preferred. In a more preferred polymerization TFE is used alone to produce polytetrafluor-
oethylene (PTFE) as the fluorinated polymer in the final composition.
[0017] Other non-fluorinated olefins may also be used to copolymerize with one or more of the fluorinated olefins.
Such copolymerizable olefins are known in the art, see for instance H. Mark, et al., Ed., Encyclopedia of Polymer
Science and Engineering, Vol. 16, John Wiley & Sons, New York, 1989, p. 577-648. Such useful olefins include ethylene,
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and propylene.
[0018] The polymer resulting from the polymerization of the fluorinated olefin(s) and any other olefin (if present) may
be an elastomer or a thermoplastic, but it is preferred that it be a thermoplastic. If it is a thermoplastic it is preferred
that it have a melting point of about 200°C or more when measured on the thermoplastic fluoropolymer alone. Some
combinations of the same olefins may be elastomers of thermoplastics, depending on the molar ratio of the olefins in
the polymer produced.
[0019] The free radical initiators for the fluorinated olefin polymerization are those that are known to be useful for
the polymerization of the olefins chosen for use in the process. Such initiators (and the temperatures at which they are
active initiators) are known in the art, see for instance J. Brandrup, et al., Ed., Polymer Handbook, 3rd Ed., John Wiley
& Sons, New York, 1989, p. II/1 to II/65. Useful types of initiators include diacyl peroxides, dialkyl peroxides, azo
compounds and peroxydicarbonates. Specific useful initiators include perfluoro(propionyl peroxide), HFPO dimer per-
oxide [(CF2CF2CF2CCF(CF3)C(O)O-)2], and diisobutyryl peroxide, and HFPO dimer peroxide is preferred. The free
radical initiators are used in amounts that are normally used in such fluoroolefin polymerization, except that in some
cases, especially where chain transfer to the elastomer or impurities in the elastomer is expected to be extensive,
somewhat higher amounts of the initiator may be useful. Optimum amounts for any given system may be determined
by minimal experimentation.
[0020] In a sense, the process for the making the polymeric composition can be thought of as three steps, diffusing
the free radical initiator into the elastomer, diffusing the fluorinated [and any other olefin(s)] into the elastomer, and
carrying out the polymerization by heating the elastomer containing the initiator and olefin(s) to a temperature sufficient
to cause free radicals to form and the polymerization to take place. Heating can simply mean warming towards ambient
temperature when highly reactive initiators are used. Clearly both the initiator and olefin(s) must be present in the
elastomer before the polymerization can take place. However, the diffusion of the initiator and the olefin(s) may take
simultaneously or separately. It is preferred that the initiator be diffused into the elastomer first. Then the olefin(s) may
be diffused in simultaneous with or before the polymerization is initiated.
[0021] It is believed that the initiator and the olefin(s) make their way into the interior of the elastomer by diffusion,
but included within the meaning of diffusion herein are any other transport processes that may incidentally also be
applicable. It is well known that diffusion of lower molecular weight substances through polymers is relatively slow. In
order to get substantial amounts of initiator and/or olefin(s) into the elastomer in a reasonable amount of time, it is
often preferred that the elastomer be swollen by a swelling agent which is a solvent or liquid that can swell the elastomer.
Preferred swelling agents are those compounds which do not participate much in chain transfer reactions during the
polymerization. Such compounds include highly fluorinated low molecular weight liquids such as 1,1,2-trichloro-
1,2,2-trifluoroethane, perfluoropropyl 1,2,2,2-tetrafluoroethyl ether, 2H,3H-perfluoropentane, and 1,1-dichloro-1-fluor-
oethane. It is preferred that the swelling agent be relatively volatile so that it may easily be removed after the desired
polymeric composition is made. The swelling agent may also be one or more of the fluoroolefins, which of course acts
as a swelling agent which is also polymerized. These liquid fluoroolefins may be used to help diffuse the free radical
initiator into the elastomer.
[0022] The amount of swelling induced in the elastomer is not critical, a typical useful range being up to about 400
percent by weight swell. All other things being equal, usually the more swell induced in the elastomer, the more newly
formed fluorinated polymer will be present in the final polymeric composition.
[0023] The desirability of preswelling an elastomer with solvent depends upon the elastomer's structure and additive
package. While solvent preswelling is often unnecessary with clean, reactive systems such as the copolymer of TFE
and perfluoro(methyl vinyl ether), in less active systems such as the copolymer of vinylidene fluoride, hexafluoropro-
pylene and optionally TFE, and silicone rubber frequently preswelling for purposes such as increasing fluoroplastic
weight gains or allowing the polymerizations to be run at atmospheric pressure and ambient temperatures is often
desirable. Here, all other things being equal, usually the more swell induced in the elastomer, the more newly formed
fluorinated polymer will be present in the final polymer composition. Swelling can be used to systematically control the
amount of fluorinated thermoplastic polymerized into an elastomer. For example in the case of a vinylidene fluoride/
hexafluoropropylene copolymer, a graph showing extent of swelling after 1 h versus solvent mixture composition (swell-
ing with CF3CFHCFHCF2CF3 mixed with relatively non-swelling CF3CF2CF2OCFHCF3) may be generated, which al-
lows one to predict the weight percent swelling. A second graph showing weight percent solvent swell versus weight
percent PTFE gain under a specific set of polymerization conditions may also allow one to reproducibly obtain desired
compositions.
[0024] The initiator, which is usually a solid or a liquid may be conveniently added to the elastomer as a solution,
whose solvent is also a swelling agent for the elastomer used. This not only readily transports initiator into the elastomer
in a reasonable amount of time, but it also swells the elastomer for addition of the olefin(s) and optionally in the po-
lymerization.
[0025] If the olefin(s) is a liquid, it may be added in the same solution as the initiator, and be allowed to diffuse into
the elastomer at the same time as the initiator, preferably at a low enough temperature so that polymerization is not
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initiated while most of the initiator and/or olefin(s) are not inside the elastomer. Or alternatively, the initiator and liquid
olefin(s) may be allowed to diffuse sequentially into the elastomer. In another sequence, polymerization may take place
as the liquid olefin(s) is diffusing into the elastomer.
[0026] If the olefin(s) is a gas, it is preferred to allow the initiator to diffuse into the (swollen) elastomer, and then to
expose the preferably swollen elastomer to the gaseous olefin(s) and then or shortly thereafter starting the polymeri-
zation by heating the elastomer. Exposure to, and diffusion into, the elastomer of the gaseous olefin may take place
simultaneous with the polymerization taking place.
[0027] For gaseous fluorinated (or other) olefin(s) the pressure used in the diffusion (and perhaps while polymerizing)
step will be a function of the particular process system used, and the amount of newly formed fluorinated polymer
desired in the final polymeric composition. Generally speaking, the higher the amount of new fluoropolymer desired in
the final product, the higher the pressure and/or the longer the polymerization time [with exposure to the olefin(s)],
should be. However, other variables such as the initiator concentration may also affect this result.
[0028] The polymerization of the fluorinated olefin may conveniently be carried out in a bag, such as a bag made of
a thermoplastic or thermoset polymer, which may be reinforced by reinforcing fibers or other materials. The bag should
be reasonably resistant to the materials used in the process such as the fluoromonomer(s) and solvent (if used), and
so is preferably made from a fluorinated polymer, more preferably is a thermoplastic fluoropolymer. The bag should
preferably be inflatable, and/or transparent. The fluoroolefin, if gaseous, may be added once at the beginning, or be
added continuously or intermittently as it is consumed (polymerized). The pressure inside the bag may be as desired,
up to the pressure rating of the bag. A convenient upper limit is about 200 kPa (gauge).
[0029] The polymeric composition produced herein is essentially a mixture of a fluorinated polymer [produced by
polymerization of the fluorinated olefin(s)] and the original elastomer. In some instances these two polymers may be
grafted to each other. For the most part the fluorinated polymer is usually well dispersed in the elastomer, except for
any fluorinated polymer which is polymerized on the surface of the elastomer, and for the most part any thick surface
deposits of thermoplastic polymer are relatively easy to mechanically remove such as by shaking, dusting, or modest
abrasion. The last layers of thermoplastic fluoropolymer, that is those that transition to the underlying thermoplastic
fluoropolymer/elastomer network, can be difficult to remove, occasionally requiring abrasive removal and in a few cases
cutting away of some of the underlying elastomeric substrate.
[0030] The amount of thermoplastic fluoropolymer deposited within the elastomer usefully varies from about 0.1 to
100% depending upon the end use application, the desired extent of physical property change, and the desired con-
centration profile of thermoplastic fluoropolymer within the bulk of the elastomer, all balanced, when necessary, with
the importance of keeping dimensions unchanged. For example, where it is desired to alter surface friction of a pre-
formed object with relatively little change in dimension, it is preferred that the final polymer composition contain about
0.2 to 10 wt % of thermoplastic fluoropolymer, more preferably about 0.5 to 3 wt % of thermoplastic fluoropolymer.
These percentages are based on the total amount of original elastomer and newly formed fluorinated polymer present,
and do include other materials which may be present such as fillers, reinforcing agents, pigments, antioxidants, etc.
which may also be present.
[0031] The thermoplastic fluorinated polymer is rarely distributed evenly throughout the elastomer matrix because
distributions are determined by a complex interplay of initiator diffusion, solvent diffusion, monomer diffusion, and
polymerization. Considering, however, that all these diffusion processes originate at the surface of the elastomer, one
would expect that the concentration of the fluorinated polymer in the final polymeric composition would be greatest at
or near the surface of the elastomer, decreasing as the distance form the surface increases. While in fact this occurs
in many instances, a variety of other nonuniform distributions have also been observed in which local maxima in ther-
moplastic fluoropolymer concentrations also occur well below the surface of the elastomer. The examples illustrate
many of the possibilities. Interestingly the PTFE distributed below the surface in vinylidene fluoride/hexafluoropropylene
(and perhaps TFE) copolymers (Viton®) does not appear to be particulate but rather molecularly dispersed on the
basis of Differential Scanning Calorimetry (DSC) analyses in which there is no melting transition for subsurface PTFE
and in some instances an altered glass transition for the elastomeric copolymer. The Viton® containing 37% PTFE in
Example 5F and the silicone rubber square containing 56% PTFE in Example 1B look visually identical to virgin elas-
tomer when cut and observed in cross section (no interior graying or white spots), which reinforces the data from the
DSC.
[0032] The polymeric compositions described herein often have reduced surface friction, which makes them espe-
cially useful for seals or other places where objects rub against the polymers. They are also useful in static applications
where the elastomeric part must be pushed against other objects to be put in place. They may be more easily seated
with their lowered frictional properties. The above uses include shaft seals such as O-rings and chevron rings, and
bottle stoppers.
[0033] However the presence of fluorinated polymer, especially if it is a high melting polymer, may improve the thermal
properties of the elastomer by simply making it more chemically or physically stable to heat. For instance, many elas-
tomeric parts need to be sterilized, and sometimes during the heating phase of the sterilization process elastomeric
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parts may stick together. A small amount of a high melting fluoropolymer, such as PTFE, especially near the surface
of the elastomer part, may prevent such sticking.
[0034] The presence of the fluorinated polymer may also make the elastomer more chemically resistant, for instance
by reducing swell in certain liquids. The Examples illustrate this property.
[0035] In the Examples the following abbreviations and tradenames are used:

Chemraz® 505 parts, available from Greene, Tweed & Co., Detwiler Rd., Kulpsville, PA, believed to be principally
a copolymer of TFE and perfluoro(methyl vinyl ether).
Corian® is available from E. I. du Pont de Nemours and Company, Wilmington, DE, U.S.A., principally methyl
methacrylate polymer filled with alumina trihydrate.
Fluorel®, available from the 3M Co., St. Paul, MN, U.S.A, believed to be a copolymer of vinylidene fluoride and
hexafluoropropylene and perhaps TFE, parts obtained from Greene, Tweed & Co., Detwiler Rd., Kulpsville, PA,
probably filled with carbon black.
Freon® 113 - 1,1,2-trichloro-1,2,2-trifluoroethane.
Freon® El - CF3CF2CF2OCFHCF3.
HFPOdP - [CF3CF2CF2OCF(CF3)(C=O)O-]2
Mylar® Polyester Film, available from E. I. du Pont de Nemours and Company, Wilmington, DE, U.S.A.
PTFE - polytetrafluoroethylene
RT or rt - room temperature
Tedlar® polymer is available from E. I. du Pont de Nemours and Company, Wilmington, DE, U.S.A. and is poly
(vinyl fluoride).
Viton® Fluoroelastomer, available from DuPont-Dow Elastomers, Wilmington, DE, U.S.A. is a copolymer of vinyli-
dene fluoride and hexafluoropropylene and perhaps TFE, parts obtained from McMaster-Carr Supply Co. New
Brunswick NJ, U.S.A, probably filled with carbon black.

[0036] In the Examples, all pressures are gauge pressures. Unless otherwise specified, all elastomers used herein
were crosslinked beforehand.
[0037] In the Examples, friction was measured by attaching o-rings to the bottom of a weighted sled using double
sided sticky tape and then measuring the force required to drag the sled horizontally across a surface of polished
stainless steel. The stainless steel surface was provided by a 5.1 x 15.2 cm, 18 gauge, Type 304 or 302 stainless steel
plaque having a bright annealed finish as called for in ASTM A666. The sled, a Corian® block measuring 5.1 x 5.1 x
1.3 cm, was topped with a 0.45 kg weight for the purpose of increasing sliding friction to a level easily measured. Since
o-ring dimensions are affected by the newly formed fluoropolymer loadings, the o-rings were attached to the Corian®
sled using double sided sticky tape. Forces were measured using a 1120 series Instron® Test Frame with a 90.7 kg
(200 lb.) tensile load cell and a 50.8 x 15.2 cm platform designed for horizontal pulls on a specimen (Model 2810-005,
Coefficient of Friction Fixture, Instron Corp.). The sled was attached to the Instron® load cell using Kevlar® aramid
fishing line and an 45.7 cm (18") load cell adapter. Pulls (10.2 cm, 4") across the stainless steel surface were run at a
rate of 5.08 cm/min (2"/min). Data were collected using a computerized program. Three numbers were measured: (1)
the maximum starting force, (2) the average force required to maintain a steady drag rate of 5.08 cm/min per minute
once steady motion had been achieved, and (3) the average difference between local maxima and minima as the sled
moved across the stainless steel. This difference in local maxima and minima is observed visually as a series of small
jerks as the sled moves across the stainless steel. The smaller the difference between the maxima and minima, the
smoother the slide or the more stable the friction.
[0038] Caution - Many of the initiators used in these experiments are toxic. The polymeric composition should not
be handled until the initiator has fully decomposed and the volatile products of decomposition removed. TFE can
behave as a deflagrating explosive and is a suspected mild carcinogen.

COMPARATIVE EXAMPLE 1

Nonuniform TFE Polymerization into Untreated Chemraz® O-rings

[0039] Two #214 Chemraz® 505 o-rings (,25.4 mm I. D., 32 mm O. D, 3.2 mm thick, and weighing ,1.7 g, (obtained
from Greene, Tweed & Co., Kulpsville, PA, USA) were rinsed with Freon® 113 and air dried. They were chilled on dry
ice and loaded into a chilled 400 ml autoclave. The autoclave was evacuated and 10 g of TFE added. Heating at
31-30°C for 6 hours raised pressure within the tube to 858 kPa. The autoclave was finally vented and the o-rings
recovered. Both o-rings were badly distorted out of round by dozens of irregular, pimple-like lumps welling up from the
interior of the Chemraz®. O-ring thickness varied irregularly from ,3.38 to 3.68 mm. Where particularly large PTFE
particles were formed within the Chemraz®, the PTFE erupted through to the surface showing white. Except for occa-
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sional eruptions of PTFE, the black visual appearance of the starting Chemraz® was retained. Weight gain was 0.1 to
0.2 grams. These o-rings would be of little use for the making of a seal, being no longer round, no longer flat, and
lumpy all over.

EXAMPLE 1

Silicone Rubber with Interpenetrating PTFE

[0040] A crosslinked poly(dimethylsiloxane) believed to contain iron oxide and silica as pigment/filler was used.
Based on Examples 1A to 1C below, TFE polymerization into the silicone rubber matrix appears to be maximized when
the silicone has been preswollen with solvent. Comparison of Examples 1B and 1D that were thoroughly extracted
with solvent prior to PTFE polymerization with unextracted Example 2A shows that such extraction is not necessary
for a high level of PTFE polymerization.

A. Washed, Non-swollen Silicone Rubber Picks up 6% PTFE. Three squares of red silicone rubber sheet were
soaked in ,250 ml of Freon® 113 with magnetic stirring, the Freon® 113 being changed for fresh Freon® 113
once over four days. After drying under vacuum overnight the squares measured ,2.5 cm by 2.5 cm by 1.61 mm
and weighed 1.5 g on average. The squares were soaked for 15 minutes in a -15°C solution of ,0.16M HFPO
dimer peroxide, [CF3CF2CF2OCF(CF3)(C=O)O-]2, HFPOdP, in Freon® E1. The squares were taken out of the
HFPOdP solution, briefly air dried, and then transferred on dry ice to a prechilled 400 ml autoclave. The autoclave
was evacuated, pressured with 25 g of TFE, heated to 27.6 to 32.3°C for 4-5 hours (TFE pressure 1.23 MPa-1.08
MPa), and vented. A very light and somewhat spotty coating of PTFE was visible on the surface of the silicone
rubber squares. After knocking off obviously loose PTFE, the squares averaged 0.08 g heavier than at the start
for an average weight gain of ,6%. Water gave a contact angle of 114 +/- 3°. Small pieces immersed in solvents
such as n-butylamine and toluene swelled and even cracked over time, representative results being recorded
below. X-ray fluorescence found a higher concentration of fluorine in the upper surface of the sample than would
have been expected solely on the basis of PTFE weight gain. High PTFE surface concentrations in this and later
silicone rubber samples is in agreement with electron microscopy results discussed later. The silicone samples
became noticeably harder and stiffer with increasing PTFE content, an observation confirmed by Shore D hardness
measurements.

Contact Angle, H2O = 114 +/- 3°
Weight Gain, 2 h @ r. t., n-butylamine = 68%
Weight Gain, 168 h @ r. t. n-butylamine = 53% badly cracked
Weight Gain, 2 h @ r. t, toluene = 74%
X-ray Fluorescence: 31.7% F; 22.1% Si, 0.43% Fe
Shore D Hardness, ASTM D2240: 25 ± 1

B. Washed, Swollen Silicone Rubber Picks up 56% PTFE. Three squares of red silicone rubber sheet cut to the
same size as in A, and averaging ,1.6 g each were soaked in ,250 ml of Freon® 113 with magnetic stirring, the
Freon® 113 being changed for fresh Freon® 113 twice over five days. After brief air drying the three squares were
still visibly swollen with Freon® 113 and found to weigh 4.3 grams on average. The squares were then soaked for
15 minutes in a -15°C solution of ,0.16M HFPOdP in Freon® E1. The squares were taken out of the HFPOdP
solution, briefly air dried, and then transferred on dry ice to a prechilled 400 ml autoclave. The autoclave was
evacuated, pressured with 25 g of TFE, heated to 32.3 to 31.0°C for 4-5 hours (TFE pressure 1.11-0.758 MPa),
and vented. The three silicone rubber squares came back each with a crust of loosely attached PTFE on the
surface. After rubbing off the loose PTFE with a spatula, the squares had an overall red appearance (with some
persistent white traces of PTFE) similar to starting silicone rubber. After vacuum drying, their average weight was
found to have increased ,56% to 2.5 g and their average dimensions to ,2.79 cm by 28.2 cm by 1.85-1.93 mm.
In spite of the large weight gain and dimensional changes, when cut with a scissors, the cross section thereby
created was visually identical to that of starting silicone rubber with no obvious graying or white spots.

Contact Angle, H2O = 114 +/- 3°
Weight Gain, 2 h @ r. t., n-butylamine = 21%
Weight Gain, 168 h @ r. t. n-butylamine = 23% no cracking
Weight Gain, 2 h @ r. t, toluene = 25%
X-ray Fluorescence: 60.3% F; 0.64% Si, 0.17% Fe
Shore D Hardness, ASTM D2240: 35 ± 1
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One of the squares prepared here was cross sectioned and examined by electron microscopy after the PTFE
crust had been knocked off. A high fluorine concentration was detected at one of the edges where apparently not
all of the PTFE crust had been removed. Otherwise a high and fairly uniform fluorine content was observed across
the sample with some choppiness that is likely the result either of silica particles or of a tendency for the fluoropol-
ymer to clump as islands. When a fluorine, oxygen, and silicon map was done of a small area in WDS mode
(Wavelength Dispersive Spectroscopy), silica particles, a very few as large as 5-6 µ, could-be seen (high Si, O
concentrations, no F) as well as a very few equally large areas of pure PTFE (high F, no Si or O). In addition to
the coarse PTFE particles, a much finer graininess was also apparent in the fluorine concentration map that could
be either an instrumental artifact or tiny islands of PTFE within the silicone rubber matrix instead of or in addition
to true molecular mixing.
C. Unwashed, Swollen Silicone Rubber Picks up 13% PTFE. Three squares of red silicone rubber sheet ,2.5 cm
by 2.5 cm by 1.61 mm and averaging ,1.6 g were stirred magnetically with ,250 ml of Freon® 113 in a jar for 1
hour at RT. The three squares now swollen with Freon® 113 and weighing an average of 4.1 g, were soaked for
15 minutes at -15°C in 0.16 M HFPOdP in Freon® in E1. The squares were taken out of the HFPOdP solution,
briefly air dried, and then transferred on dry ice to a prechilled 400 ml autoclave. The autoclave was evacuated,
pressured with 25 g of TFE, and heated at 41.9-39.6°C for 4 to 5 hours, pressure ranging from 1.30 MPa at 23°C
during warm up to 786 kPa at the end. The three silicone rubber squares came back with a crust of loosely attached
PTFE on their surface. After rubbing the loose PTFE off two of the squares with a spatula, they had an overall red
appearance similar to starting silicone rubber except for some persistent white PTFE spots. After vacuum drying,
the squares were found to have increased 13% on average in weight to 1.8 g and average dimensions to have
increased to ,2.69 cm by 2.69 cm by 1.63-1.70 mm.

Contact Angle, H2O= = 119 +/- 1°
Weight Gain, 2 h @ r. t., n-butylamine = 62%
Weight Gain, 168 h @ r. t. n-butylamine = 25% badly cracked
Weight Gain, 2 h @ r. t, toluene = 64%
X-ray Fluorescence: 40.5% F; 16.5% Si, 0.40% Fe
Shore D Hardness, ASTM D2240: 28 ± 1

The remaining silicone square with its PTFE crust still attached was cross sectioned and examined by electron
microscopy. Relative fluorine concentration was measured as the cross section was scanned in EDS mode (Energy
Dispersive Spectroscopy). Very high fluorine concentrations were observed as the pure PTFE crust attached to
both sides of the silicone rubber was scanned. As soon as the interface was crossed to the silicone rubber, relative
fluorine concentration dropped by ,90% and then increased again ,2X towards the center of the rubber. When
fluorine, oxygen, and silicon maps are done of a small area in WDS mode (Wavelength Dispersive Spectroscopy),
a very few silica particles 5-6 µ across can be seen (high Si, O concentrations, no F) as well as a very few equally
large areas of pure PTFE (high F, no Si or O). In addition to the coarse PTFE particles, a much finer graininess
was also apparent in the fluorine concentration map that could be either an instrumental artifact or tiny islands of
PTFE within the silicone rubber matrix instead of or in addition to true molecular mixing. The grain size if real
appeared finer that in sample 1.C above.
D. Washed Silicone Rubber Control. A 2.54 cm silicone rubber square was soaked in ,250 ml of Freon® 113 with
magnetic stirring, the Freon® 113 being changed for fresh Freon® 113 four times over six days. After thorough
drying under nitrogen, the square was found to weigh 1.5 g and to measure 2.54 cm by 2.54 cm by 1.59 mm.

Contact Angle, H2O = 96 +/ -2°
X-ray Fluorescence: 0.41% F; 19.9% Si; 0.35% Fe
Shore D Hardness, ASTM D2240: 25 ± 1

E. Untreated Silicone Rubber Control. A 2.54 cm square of starting silicone rubber, untreated in any way was
subjected to several of the same analyses. This square measured 2.54 cm by 2.54 cm by 1.61 mm and weighed
1.6 g.

Contact Angle, H2O = 90 +/- 1°
Weight Gain, 2 h @ r. t., n-butylamine = 84%
Weight Gain, 168 h @ r. t. n-butylamine = 230% badly cracked
Weight Gain, 2 h @ r. t, toluene = 81%
X-ray Fluorescence: 18.8% Si, 0.34% Fe
Shore D Hardness, ASTM D2240: 23 ± 3
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The polymer showing the greatest pickup of PTFE (Example 1B, 56 wt %) was both washed and preswollen
to ,2.7X its original weight with Freon® 113. The polymer showing an intermediate PTFE pickup (Example 1C,
13 wt %) was preswollen to 2.6X its original weight with Freon® 113 but not washed. And, the polymer showing
the least PTFE pickup (Example 1A, 6 wt %) was washed but not preswollen. Between the various methods of
treatment and conditions, it should be possible to tailor weight percent of PTFE and perhaps its distribution within
the silicone rubber for various applications.

As PTFE content increased, the silicone rubber samples wet less readily with water, became harder, and
became less subject to swelling and degradation by solvents. It is likely that the PTFE polymerized into a silicone
rubber here could double as a filler and stiffener.
F. DSC Analysis of PTFE/Silicone Rubber: Differential scanning calorimetry (DSC) was used to compare the sili-
cone squares of Examples 1A, B, and C with a fresh, untreated silicone rubber square. In each case a razor blade
was used to slice the skin off the square. The surface skins and resulting inner cores were then sent separately
for DSC analysis. All samples were given two heats. The first heat, from -150 to 100°C at 10°C/min under N2, was
used to establish a standard thermal history without degrading the silicone rubber. The second heat, from -150 to
500°C at 10°C/min under N2 was then used to collect data for the table below, giving the glass transition temper-
ature, Tg, for the silicone rubber portion of the sample and the melting temperature, Tm, for any PTFE crystallites
embedded in the sample. Results are shown in Table 1.

[0041] Silicone rubber squares containing from 6 to 37 wt % PTFE were tested. Considering that as-polymerized,
pure PTFE has a melting endotherm of >70 Joules/gram, all four samples contain enough PTFE to show detectable
PTFE melting endotherms. While all skin samples indeed showed a typical PTFE melting endotherm between 323 and
328°C, the heats of melting were always less than would be expected from a mechanically mixed PTFE/silicone rubber
mixture of the same composition. Silicone sample 1.A containing 6 wt % PTFE showed a very weak melting endotherm
for PTFE in the skin but not in the core.
Example 1.C containing 13 wt % PTFE shows PTFE melting points in both skin and core. Consistent with earlier
electron microscopy that found about twice as much PTFE in the core of this sample as near the surface, the heat of
PTFE melting is about twice as great in the core as in the skin. Example 1.B containing 56 wt % PTFE also shows
PTFE melting points in both skin and core. Consistent with earlier electron micrographs that found roughly equal
amounts of PTFE in skin and core for this sample, the heat of PTFE melting is about 20 J/g for each.

EXAMPLE 2

Red Silicon Rubber with PTFE Physical Evidence that PTFE Penetrated into Silicone Effect on Tack and Thermal
Stability

[0042] A crosslinked poly(dimethylsiloxane) believed to contain iron oxide and silica as pigment/filler was used.

A. Preparation of Network, 86% PTFE Weight Gain. Four red silicone rubber squares 2.5 cm by 2.5 cm by 1.52
mm thick and weighing 1.55 g on average were soaked for 65 h at RT in Freon® 113, increasing average weight
to 4.85 g. The swollen squares were soaked for 15 minutes at -15°C in 0.16 M HFPOdP in CF3CF2CF2OCFHCF3.
The four squares were loaded into a prechilled 400 ml stainless steel autoclave. The autoclave was chilled, evac-

TABLE I

Surface Skins Inner Core

Silicone
Sample

Wt. %
PTFE

Silicon Tg PTFE Tm Silicon Tg PFTE Tm

Untreated None -108°C --- -108°C ---
Ex. 1.A 6% -101°C 323°C

1.9 J/g
-107°C N.D.

Ex. 1.C 13% -109°C 324°C
5.2 J/g

N.D. 325°C
12 J/g

Ex. 1.B 56% -113°C 328°C
20 J/g

-98°C 329°C
20 J/g

N.D. Not detected
J/g Heat of fusion in Joules/gram



EP 0 899 280 B1

5

10

15

20

25

30

35

40

45

50

55

10

uated, filled with 25 g of TFE, and heated four hours at 30°C with shaking, TFE pressure in the tube dropping from
a maximum of 924 kPa at 8°C on warming up to 393 kPa at 30°C at the end of the run. The silicone rubber squares
came back encrusted with white PTFE and weighed an average of 3.38 g fresh out of the tube and 3.07 g after
drying under vacuum. The white crust was easily removed with a spatula giving back red silicone rubber squares
with a some white patches on the surface (average weight now 2.88 g for an average weight gain of 86%). The
squares are no longer entirely flat and measure ,2.8 cm by 2.8 cm by 1.91-2.03 mm thick.
B. Physical Evidence that PTFE Penetrated into Silicone. One of the silicone rubber squares prepared in Example
2A, weighing 2.9788 g, was aggressively abraded with a wet Brillo® scrubbing pad for about 5 min with the intention
of removing the upper layer of rubber. The square was rinsed with water, acetone, Freon® 113, and vacuum dried.
Its weight was now 2.9223 g, its surface had a dull red/gray appearance, and water beaded on the surface with a
contact angle of 123°C.
C. Effect on Tack and Thermal Stability. Three of the squares prepared in part A above were stacked on top of
each other and then placed between two glass microscope slides with a ,120 g weight on top. The assembly was
then transferred to an oven under N2, heated for 2 to 3 h, taken out, and examined. When 220°C was reached
distinct but weak bonding between the silicone rubber was observed. By 360°C strong bonding was noted at
isolated points between the various squares, but they could still be pulled apart whole and were still strong and
flexible.

[0043] A control experiment was run simultaneously in the same oven with a set of three untreated, starting silicone
rubber squares containing no PTFE. By 360°C these squares were stuck together strongly enough that some rubber
tearing was required for separation. Unlike the squares with PTFE, the untreated silicone rubber squares were brittle,
showing little strength and crumbling upon bending.

EXAMPLE 3

Silicone Rubber with PTFE High Molecular Weight Initiator May Affect PTFE Distribution

[0044] A crosslinked poly(dimethylsiloxane) believed to contain iron oxide and silica as pigment/filler was used. Two
red silicone rubber squares 1.50-1.55 mm thick and weighing 1.2632 g on average were soaked overnight at room
temperature in Freon® 113, increasing average weight to 3.9480 g. The swollen squares were soaked for 15 minutes
at -15°C in a 0.04 M HFPO oligomer peroxide, {CF3CF2CF2O[CF(CF3)CF2O]11.2CF(CF3)(C=O)O-}2, solution in Freon®
113. The two squares were loaded into a prechilled 400 ml stainless steel autoclave. The autoclave was chilled, evac-
uated, filled with 25 g of TFE, and heated four h at 30°C with shaking, TFE pressure in the tube dropping from a
maximum of 924 kPa at 15°C on warm-up to 296 kPa at 30°C at the end of the run. The silicone rubber squares
weighed an average of 3.0929 g fresh out of the tube and were encrusted with white PTFE that had a curious fibrilar
appearance. Drying under vacuum reduced average weight to 2.3429 g and rubbing off loose PTFE with a spatula to
1.9751 g. The PTFE deposits at the edges of the silicone rubber squares were still massive and could only be forcibly
removed with the tearing occurring in the silicone rubber rather than in the PTFE edge deposits. In from the edges the
silicone squares measured 1.52-1.57 mm thick and had a flexible feel much like the starting samples.
[0045] The sample was cross sectioned and analyzed for fluorine in the energy dispersive mode. Sharp spikes in
relative fluorine concentration were apparent at both surfaces. The depth of the fluorine rich layer was about 7 µm.
The initiator is a mix of oligomers. It is speculated that the lower oligomers readily penetrated the silicone rubber
producing initiation throughout the bulk while the higher oligomers of the initiator penetrate the silicone rubber poorly,
confining their initiation of polymerization to the uppermost surface.

EXAMPLE 4

Silicon Rubber o-Ring with Interpenetrating PTFE Reduced Sliding Friction

[0046] Two #214 red silicone rubber o-rings (obtained from McMaster-Carr Supply Company, P. O. Box 440, New
Brunswick, NJ, #9396K35) weighing 1.1705 g on average were soaked for 1 h at RT in Freon® 113, increasing average
weight to 2.799 g. The swollen o-rings were soaked for 15 min at -15°C in a 0.17 M HFPO oligomer peroxide,
{CF3CF2CF2O[CF(CF3)CF2O]11.2CF(CF3)(C=O)O-}2, solution in Freon® 113 and then loaded into a prechilled 400 ml
stainless steel autoclave. The autoclave was chilled, evacuated, filled with 25 g of TFE, and heated four h at 40°C with
shaking, TFE pressure in the tube dropping from a maximum of 1.20 MPa at 7°C on warm-up to 572 kPa at 40°C at
the end of the run. The o-rings weighed an average of 1.5687 g fresh out of the tube and were encrusted with a white
PTFE. Drying under vacuum reduced average weight to 1.4648 g and rubbing off loose PTFE with a spatula to 1.197
g for a 2.3% weight gain.
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[0047] For control experiment purposes, an untreated silicone o-ring was subjected to the same sliding force meas-
urements.

EXAMPLE 5

Viton® Fluoroelastomer with PTFE

[0048]

A. Untreated Viton® Control (E89900-37). A #214 Viton® fluoroelastomer o-ring (obtained from McMaster-Carr
Supply Company, P. O. Box 440, New Brunswick, NJ, #9464K35) was tested without treatment of any sort.

For control experiment purposes, a #214 Viton® o-ring was scoured for ,5-10 minutes with a damp Brillo®
pad losing 0.003 g and friction measurements taken again.

B. Brief Soak of Viton® in Initiator Solution, 0.8% Weight Gain. Five #214 Viton® o-rings weighing an average of
1.6473 g apiece were rinsed with Freon® 113 and air dried overnight. After soaking for 5 minutes at -15°C in ,0.16
M HFPOdP in CF3CF2CF2OCFHCF3, these o-rings were briefly air dried, chilled on dry ice, and loaded into a 400
ml prechilled autoclave. The autoclave was evacuated, loaded with 15 g TFE, shaken, and heated for ,4 h at
30°C. Fresh out of the autoclave the o-rings appeared lightly dusted with white PTFE and weighed an average of
1.7397 g apiece. The o-rings were devolatilized under vacuum and loose PTFE rubbed off. They now had a dappled
black/white surface and weighed on average 1.6598 g for an average weight gain of 0.8%. Sliding force versus
steel was ,1/6th that of untreated control Viton®.

One of the o-rings was scoured for ,5-10 min with a damp Brillo® pad losing 0.008 g and friction measurements
made again.

Sliding Force Vs. Polished Steel 0.12 kg starting
0.068 kg average

Sliding Force Vs. Polished Steel 0.52 kg starting
0.54 kg average

Sliding Force Vs. Polished Steel 0.56 kg starting

0.59 kg average

0.61 kg average peaks

0.51 kg average valleys

Sliding Force Vs. Polished Steel 0.44 kg starting

0.56 kg average

0.57 kg average peaks

Sliding Force Vs. Polished Steel 0.16 kg starting

0.089 kg average

0.092 kg average peaks

0.087 kg average valleys

Sliding Force Vs. Polished Steel 0.27 kg starting

0.23 kg average

0.23 kg average peaks
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C. Brief Soak of Viton® in Initiator Solution, 1.7% Weight Gain. Five #214 Viton® o-rings weighing an average of
1.6363 g apiece were rinsed with Freon® 113 and air dried overnight. After soaking for 1 min at -15°C in ,0.16
M HFPOdP in CF3CF2CF2OCFHCF3, these o-rings were briefly air dried, chilled on dry ice, and loaded into a 400
ml prechilled autoclave. The autoclave was evacuated and loaded with 15 g TFE. Warming towards 30°C gave a
brief exothermic excursion to 67°C, the clave eventually settling down to 69 kPa at 30°C after a total reaction
period of about 4 h. Fresh out of the autoclave the o-rings were crusted with white PTFE and weighed an average
of 2.66 g apiece. The o-rings were devolatilized under vacuum and the white crust rubbed off. They now had a
black/white dappled surface and weighed on average 1.664 g for an average weight gain of 1.7%. Sliding force
versus steel was ,1/13th that of untreated control Viton®.

One of the o-rings was scoured for ,5-10 min with a damp Brillo® pad losing 0.02 g and friction measurements
made again.

D. Brief Soak of Viton® in Initiator Solution, 5% Weight Gain. Five #214 Viton® o-rings weighing an average of
1.64 g apiece were rinsed with Freon® 113 and air dried overnight. After soaking for 15 min at -15°C in ,0.16 M
HFPOdP in CF3CF2CF2OCFHCF3, these o-rings were briefly air dried, chilled on dry ice, and loaded into a 400
ml prechilled autoclave. The autoclave was evacuated and loaded with 15 g TFE. Warming towards 30°C gave a
brief exothermic excursion to 40°C, the clave eventually settling down to 345 kPa at 30°C after a total reaction
period of about 4 h. Fresh out of the autoclave the o-rings were crusted with white PTFE and weighed an average
of 3.18 g apiece. The o-rings were devolatilized under vacuum and the white crust rubbed off. They now had a
black/dominant white dappled surface and weighed on average 1.73 g for an average weight gain of 5%. Sliding
force versus steel was ,1/12th that of untreated control Viton®.

One of the o-rings was scoured for ,5-10 min with a damp Brillo® pad losing 0.07 g and friction measurements
made again.

E. Swell Viton® First In CF3CFHCFHCF2CF3, Then Brief Soak In Initiator Solution, 22% Weight Gain.Five #214
Viton® o-rings weighing an average of 1.64 g apiece were soaked for 1 hour at room temperature in
CF3CFHCFHCF2CF3 increasing average weight to 1.77 g. The o-rings were transferred from the pure
CF3CFHCFHCF2CF3 to ,0.16 M HFPOdP in CF3CFHCFHCF2CF3 and left to soak an additional 15 minutes at
-15°C. These o-rings were briefly air dried (now 1.78 g on average), chilled on dry ice, and loaded into a 400 ml
prechilled autoclave. The autoclave was evacuated, loaded with 25 g TFE, shaken, and heated ,4 h at 30°C

Sliding Force Vs. Polished Steel 0.075 kg starting

0.043 kg average

0.045 kg average peaks

0.040 kg average valleys

Sliding Force Vs. Polished Steel 0.24 kg starting

0.17 kg average

0.18 kg average peaks

0.16 kg average valleys

Sliding Force Vs. Polished Steel 0.080 kg starting

0.047 kg average

0.049 kg average peaks
0.046 kg average valleys

Sliding Force Vs. Polished Steel 0.47 kg starting

0.49 kg average

0.47 kg average peaks

0.45 kg average valleys
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during which period pressure dropped from 1.28 MPa to 903 kPa. Fresh out of the autoclave the o-rings appeared
to have a light coating of fibrous white PTFE on the surface. The o-rings were devolatilized under vacuum and the
loose polymer rubbed off. They now had a dominant gray/white dappled surface and weighed on average 2.01 g
for an average weight gain of 22%. The polymer of the o-rings was stiffened considerably compared to the starting
o-rings before any treatment. Sliding force versus steel was ,1/15th that of untreated control Viton®.

One of the o-rings was scoured for ,5-10 min with a damp Brillo® pad losing 0.05 g and friction measurements
made again.

F. Swell Viton® First In CF3CFHCFHCF2CF3, Then Brief Soak In Initiator Solution, 37% Weight Gain. Five #214
Viton® o-rings weighing an average of 1.65 g apiece were soaked overnight at RT in CF3CFHCFHCF2CF3 causing
noticeable swelling and an increase in average weight to 2.30 g. The o-rings were transferred from the pure
CF3CFHCFHCF2CF3 to ,0.16 M HFPOdP in CF3CFHCFHCF2CF3 and left to soak an additional 15 min at -15°C.
These o-rings were briefly air dried, chilled on dry ice, and loaded into a 400 ml prechilled autoclave. The autoclave
was evacuated, loaded with 25 g TFE, shaken, and heated towards 30°C. Nine min after an exothermic excursion
during warm up had carried the clave to 44°C at 1.74 MPa, pressure in the clave had dropped to 1.09 MPa at 42°C
and the clave was vented. Fresh out of the autoclave the o-rings appeared to have a largely black surface sug-
gestive of minimal PTFE formation within the Viton®. But once the o-rings had been devolatilized under vacuum
and the little bit of loose white PTFE rubbed off, their average weight was found to be 2.26 g for an average weight
gain of 37%. In spite of the large weight gain, when cut with a razor, the cross section thereby created was visually
identical to that of an untreated, virgin Viton® o-ring with no obvious graying or white spots. Sliding force versus
steel was ,1/12th that of untreated control Viton®.

One of the o-rings was scoured for ,5-10 min with a damp Brillo® pad losing 0.008 g and friction measurements
made again.

The above results demonstrate that as little as 1.7 weight percent PTFE can achieve most of the friction
lowering advantages. The optimum percent PTFE will probably vary with the particular polymerization conditions
used since polymerization conditions in turn affect morphology and the extent to which the PTFE is deposited in
the uppermost surface layers of the rubber versus within the bulk of the rubber.

The effects of abrading each of the o-rings tested for 5-10 minutes with a damp Brillo® pad are also apparent.

Sliding Force Vs. Polished Steel 0.068 kg starting

0.039 kg average

0.041 kg average peaks

0.037 kg average valleys

Sliding Force Vs. Polished Steel 0.059 kg starting

0.023 kg average

0.027 kg average peaks

0.023 kg average valleys

Sliding Force Vs. Polished Steel 0.226 kg starting

0.050 kg average

0.052 kg average peaks

0.049 kg average valleys

Sliding Force Vs. Polished Steel 0.077 kg starting

0.027 kg average

0.032 kg average peaks

0.027 kg average valleys
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The reduction in friction conferred by the PTFE is largely lost for o-rings containing ≤5 wt % PTFE but largely
retained for o-rings containing ≥22 wt % PTFE. The way the o-ring with 5% PTFE was more strongly affected than
the o-rings with only 0.8 and 1.7% PTFE is consistent with the belief that surface versus subsurface PTFE distri-
bution plays an important role.
G. Distribution of Fluorine by Electron Microscopy. The distribution of fluorine as seen by electron microscopy is
not inconsistent with the frictional effects observed above. A Viton® o-ring that had picked up 38% by weight PTFE
was cross sectioned and fluorine distribution measured by electron microscopy in energy dispersive mode. While
relative fluorine concentration decreases steadily towards the interior of the o-ring, the decrease in fluorine con-
centration appears too gradual for surface abrasion to have an immediate effect on frictional properties.

A Viton® o-ring that had picked up 0.8% by weight PTFE was cross sectioned and fluorine distribution meas-
ured by electron microscopy in energy dispersive mode. Surface fluorine concentration was indistinguishable from
the bulk.
H. DSC Evidence for Interpenetrating Network Structure. PTFE/Viton®: DSC was used to compare the o-rings of
Examples 5C, D, E, and F with a fresh, untreated Viton® o-ring. In each case a razor blade was used to slice the
outer skin off the o-ring. The surface skins and resulting inner cores were then sent separately for DSC analysis.
All samples were given two heats. The first heat, from -50 to 100°C at 10°C/min under N2, was used to establish
a standard thermal history without degrading the Viton®. The second heat, from -50 to 500°C at 10°C/min under
N2 was then used to collect data for Table 1 below, giving the glass transition temperature, Tg, for the Viton®
portion of the o-ring and the melting temperature, Tm, for any PTFE crystallites embedded in the Viton®.

[0049] Viton® o-rings containing from 1.7 to 37 wt % PTFE were tested. Considering that as-polymerized, pure PTFE
has a melting endotherm of >70 Joules/gram, all four samples contain enough PTFE to show detectable PTFE melting
endotherms. While all skin samples indeed show a typical PTFE melting endotherm between 327 and 335°C, the heats
of melting are often less than would be expected from a mechanical PTFE/Viton® mixture of the same composition.
In contrast, none of the core samples showed any detectable PTFE melting point. At the very highest loading, 37 wt
% PTFE, the Tg of the Viton® skin and core samples are simultaneously depressed 14 or 15°C. A PTFE/Viton® blend
made by mechanical mixing would be expected have very different DSC characteristics. Both skin and core samples
would have shown PTFE melting endotherms corresponding to PTFE crystallites. Given good mechanical mixing,
heats of fusion for skin and core samples would have been identical and in direct proportion to PTFE concentration in
the elastomer. And, Viton® Tg would have been unaffected.

EXAMPLE 6

Simple Atmospheric Pressure Process Different PTFE Loadings in Same Reactor Viton® Examples

[0050]

A. Overnight Freon® 113 Soak, Brief Soak in Initiator, 2% PTFE Weight Gain. Two #214 Viton® o-rings (obtained
from McMaster-Carr Supply Company, P. O. Box 440, New Brunswick, NJ) averaging 1.6399 g were soaked over-
night in Freon® 113, and then for 15 min at -15°C in 0.16 M HFPOdP solution. The o-rings were briefly air dried
and then transferred to a gas sampling bag [SKC INC EIGHTY FOUR, PA, #232-08, made of Tedlar® poly(vinyl
fluoride)] measuring 53 cm X 53 cm and provided with a needle valve. In order to prepare the bag for use, a lower
comer was cut off and the bag was flushed with nitrogen. The two o-rings were inserted through the cut corner
and the bag resealed by taping, turning over the corner a few times, and holding in place with clamps. The bag

TABLE 2

Surface Skins Inner Core

O-Ring Sample Wt.% PTFE Viton® Tg PTFE Tm Viton® Tg PTFE Tm

Untreated None -18°C N.D. -18°C N.D.
Ex. 5.C 1.70% -18°C 335°C 2.5 J/g -17°C N.D.
Ex. 5.D 5 -17°C 332°C 2.0 J/g -17°C N.D.
Ex. 5.E 22% N.D. 332°C 2.1 J/g -6°C N.D.
Ex. 5.F 37% -34°C 327°C 9.3 J/g -33°C N.D.

N.D. Not detected
J/g melting endotherm in DSC in Joules/gram
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was evacuated, loosely inflated with tetrafluoroethylene and evacuated twice, and finally loosely inflated 5-8 cm
high with tetrafluoroethylene for the run. During the next 2.5 h the bag and its contents were occasionally shaken
to make sure the o-rings absorbed TFE uniformly. A haze of PTFE particulates could be seen on the walls of the
bag about 45 minutes into the run and on the o-rings about 90 min into the run (it was hard to tell whether the white
dusting on the o-rings were the direct result of polymerization or of contact with the dust on the walls of the bag).
After 2.5 h total run time the o-rings were removed from the bag and found to weigh 1.7015 g on average. Once
loose polymer had been wiped off the o-rings and the o-rings dried overnight under pump vacuum, they weighed
1.6769 g on average for a PTFE weight gain of 2.3%. At this point the o-rings were indistinguishable in visual
appearance from untreated o-rings.
B. Grossly Preswell O-ring in CF3CFHCFHCF2CF3, Brief Soak in Initiator, Simultaneous ,0.6% and 24 % Weight
Gains in Same Reactor. Two #214 Viton® o-rings (obtained from McMaster-Carr Supply Company, P. O. Box 440,
New Brunswick, NJ) each weighing ,1.64 g were soaked overnight (,16 hours) in 0.16 M HFPOdP in Freon®
E1. The first o-ring, was an untreated Viton® o-ring. The second Viton® o-ring had been presoaked for ,1 month
at room temperature in CF3CFHCFHCF2CF3 and was grossly swollen. This gross swelling persisted through the
soak in the initiator solution all the way to the end of the experiment.

[0051] The o-rings were removed from the initiator soak, were briefly air dried, and then transferred to the same gas
sampling bag used above in part A. The two o-rings were inserted through the cut comer and the bag resealed by
taping, turning over the corner a few times, and holding in place with clamps. The bag was loosely inflated with N2 and
evacuated twice, loosely inflated with tetrafluoroethylene and evacuated twice, and finally loosely inflated 5-8 cm high
with tetrafluoroethylene for the run. During the next 3 h the bag and its contents were occasionally shaken to make
sure the o-rings absorbed TFE uniformly. By the end of the run, loose PTFE was on most surfaces. The o-rings were
removed from the bag, the plain o-ring weighing 1.6790 g and the grossly swollen o-ring weighing 2.2437 g. Once
loose polymer had been wiped off the o-rings and the o-rings dried overnight under pump vacuum, they weighed 1.65
g and 2.03 g respectively. The o-rings were indistinguishable in visual appearance from untreated o-rings.

EXAMPLE 7

Viton® with PTFE

[0052] Two #214 Viton® o-rings weighing an average of 1.644 g apiece were soaked overnight at room temperature
in Freon® 113 causing an increase in average weight to 1.822 g. The o-rings were transferred to a solution of 0.05 M
isobutyryl peroxide in Fluorinert® FC-75 (3M Industrial Chemical Products Division) and left to soak 10 min at -15°C.
These o-rings were briefly air dried, chilled on dry ice, and loaded into a 400 ml prechilled autoclave. The autoclave
was evacuated, loaded with 25 g TFE, shaken, and heated at 60°C for 4 hours, pressure in the autoclave dropping
from 1.65 to 1.39 MPa. Fresh out of the autoclave the o-rings had a light dusting of PTFE and weighed 1.7627 g. The
o-rings were devolatilized under vacuum (1.7478 g) and the PTFE dusting wiped off with a tissue further reducing
weight to 1.7419 g (6% weight gain) and returning the o-rings to their original appearance.

EXAMPLE 8

Chemraz® with PTFE

[0053] Two #214 Chemraz® 505 o-rings (obtained from Greene, Tweed & Co, Detwiler Rd, Kulpsville, PA) were
rinsed with Freon® 113, air dried overnight, and weighed 1.7367 g and 1.7276 g. The were soaked for 15 min at -15°C
in a 0.16 M solution of HFPOdP initiator in Freon® E1. The o-rings were briefly air dried, chilled on dry ice, and loaded
into a 400 ml prechilled autoclave. The autoclave was evacuated, loaded with 10 g of TFE, shaken, and heated for ,4
h at 30°C causing the pressure in the autoclave to drop from 579 to 400 kPa. Fresh out of the autoclave the o-rings
had a pebbly gray appearance with a little loose PTFE attached as well. Knocking off the loose PTFE, the two o-rings
weighed 2.0799 g and 2.0939 g for 20 and 21% weight gains respectively. This shows that weight gain is reasonably
uniform if one keeps track of individual o-rings.
[0054] The Chemraz® o-ring showing a 20% weight gain was cross sectioned. Scanning electron microscopy found
a distinct ring structure in the interior of the o-ring that was not present in an untreated Chemraz® o-ring taken from
the same batch. Scanning for fluorine concentration across the cross section in EDS mode (Energy Dispersive Spec-
troscopy),there is a maximum in fluorine concentration at the surface, a second maximum in fluorine concentration at
the inner ring structure about 300 µ in from the surface, and a minimum in fluorine concentration at the center.
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EXAMPLE 9

Simultaneous Treatment of Different Rubbers Simple Atmospheric Pressure Process

[0055] One #214 Viton® o-ring (obtained from McMaster-Carr Supply Company, P. O. Box 440, New Brunswick, NJ)
weighing 1.6596 g was soaked overnight in CF3CFHCFHCF2CF3 (increasing weight to 2.3075 g) and then for 1 min
at -15°C in a CF3CF2CF2OCFHCF3 solution 0.16 M in HFPOdP. One #214 Chemraz® 505 o-ring (obtained from
Greene, Tweed & Co, Detwiler Rd, Kulpsville, PA) weighing 1.7348 g was soaked overnight in CF2ClCFCCl2 (increasing
weight to 2.5061 g) and then for 1 min at -15°C in a CF3CF2CF2OCFHCF3 solution 0.16 M in HFPOdP. One #214
Fluorel® o-ring (obtained from Greene, Tweed & Co, Detwiler Rd, Kulpsville, PA) weighing 1.5797 g was soaked over-
night in CF3CFHCFHCF2CF3 (increasing weight to 2.0800 g) and then for 1 min at -15°C in a CF3CF2CF2OCFHCF3
solution 0.16 M in HFPOdP.
[0056] Upon removal from the HFPOdP solution, all three o-rings were briefly air dried and then transferred to a
Tedlar® gas sampling bag measuring 18.5 cm X 15.2 cm (SKC INC EIGHTY FOUR, PA, #231-938), and provided with
a needle valve. The bag was clamped shut, loosely inflated with N2/evacuated twice, loosely inflated with tetrafluor-
oethylene/evacuated twice, and finally loosely inflated and left inflated with tetrafluoroethylene for the run. The bag
and its contents were allowed to stand overnight at room temperature with a shake or two when convenient to help
insure uniform polymerization. Except for a dusting of loose PTFE, the o-rings came back with a visual appearance
much like at the start. Drying under vacuum and wiping off loose TFE, the Viton® o-ring weighed 1.8862 g (a 14%
weight gain), the Chemraz® o-ring 2.0396 g (an 18% weight gain), and the Fluorel® o-ring 1.7692 g (a 12% weight gain).
[0057] Friction measurements performed on the Chemraz® o-ring found:

[0058] For control experiment purposes, an untreated Chemraz® o-ring was subjected to the same sliding force
measurements.

EXAMPLE 10

Simultaneous Treatment of Different Rubbers Simple Atmospheric Pressure Process

[0059] One #214 Viton® o-ring (obtained from McMaster-Carr Supply Company, P. O. Box 440, New Brunswick, NJ)
weighing ,1.64 g was soaked for a month in CF3CFHCFHCF2CF3 (increasing weight to 2.4 g) and then for 15 min at
-15°C in a CF3CFHCFHCF2CF3 solution 0.16 M in HFPOdP. One #214 Chemraz® 505 o-ring (obtained from Greene,
Tweed & Co, Detwiler Rd, Kulpsville, PA) weighing 1.76 g was soaked for 15 min at -15°C in a CF3CFHCFHCF2CF3
solution 0.16 M in HFPOdP. A ,2.5 cm square of silicone rubber 1.50 mm thick was soaked over the weekend in
Freon® 113 and then for 15 min at -15°C in a CF3CFHCFHCF2CF3 solution 0.16 M in HFPOdP. A ,2.5 cm square of
neoprene 2.13-2.24 mm thick was soaked for about 1 month in CCl2FCH3 and then for 15 min at -15°C in a
CF3CFHCFHCF2CF3 solution 0.16 M in HFPOdP. For convenience all four rubber samples were soaked at the same
time in the same 0.16 M HFPOdP solution.
[0060] Upon removal from the HFPOdP solution, all four rubber samples were briefly air dried and then transferred
to a Tedlar® gas sampling bag (SKC INC EIGHTY FOUR, PA, #232-08) 35 cm X 53 cm, and provided with a needle
valve. The four rubber samples were inserted through the cut corner and the bag resealed by taping, turning over the
corner a few times, and holding in place with clamps. The bag was loosely inflated with N2/evacuated twice, loosely
inflated with tetrafluoroethylene/evacuated twice, and finally loosely inflated 5-8 cm high with tetrafluoroethylene for
the run. During the next 5 h the bag and its contents were occasionally shaken to make sure the rubber samples
absorbed TFE uniformly. The rubber samples were removed from the bag and examined. The Viton® o-ring weighed
2.0221 g after removal from the bag, 1.8815 g after devolatilization overnight under pump vacuum, and 1.8648 g (14%
weight gain) after rubbing the loose PTFE off leaving a dull gray/black surface that was quite slippery to the touch. The
Chemraz® o-ring weighed 1.9141 g after removal from the bag, 1.9076 g after devolatilization overnight under pump
vacuum, and 1.8016 g (2.9% weight gain) after rubbing the loose PTFE off leaving a black surface. The silicone rubber
square weighed 1.5468 g after removal from the bag, 1.5123 g after devolatilization overnight under pump vacuum,

Sliding Force Vs. Polished Steel 0.072 kg starting

0.068 kg average

Sliding Force Vs. Polished Steel 0.63 kg starting

0.50 kg average
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and 1.4740 g after rubbing the loose PTFE off leaving a muted red surface. The silicone rubber square measured 1.59
mm thick versus 1.51 mm thick for untreated silicone rubber sheet. Combustion analysis of the silicone rubber square
found 0.96 wt % fluorine. The neoprene square weighed 1.9869 g after removal from the bag, 1.7984 g after devola-
tilization overnight under pump vacuum, and 1.6496 g after rubbing the loose PTFE off leaving a black surface. The
Neoprene® rubber square measured 1.96-2.03 mm thick versus 2.13-2.24 mm thick for untreated neoprene rubber
sheet suggesting that the long presoak in CCl2FCH3 washed significant material out of the rubber. The neoprene
sample analyzed for 1.03 wt % fluorine by combustion analysis.
[0061] Compared to Viton® control (Example 5A above), the Viton® o-ring prepared here that contained 14 wt %
PTFE showed reduced sliding friction:

EXAMPLE 11

Polymerization of PTFE into Uncrosslinked Fluoroelastomer

[0062]

A. Autoclave Procedure. A 11.4 cm length of uncured Chemraz® 505 preform (meant to be shaped into a part and
crosslinked, with a diameter of 0.35 cm, obtained from Greene, Tweed & Co, Detwiler Rd, Kulpsville, PA) weighing
2.3199 g and a 12.1 cm length of uncured Fluorel® preform 0.37 cm in diameter (obtained from Greene, Tweed
& Co, Detwiler Rd, Kulpsville, PA) and weighing 2.6509 g were rinsed with Freon® 113 and air dried overnight.
The next morning the preforms were soaked for 15 minutes at -15°C in a 0.16 M solution of HFPOdP initiator in
Freon® E1. The o-rings were briefly air dried, chilled on dry ice, and loaded into a 400 ml prechilled autoclave.
The autoclave was evacuated, loaded with 10 g of TFE, shaken, and heated for ,4 h at 30°C causing the pressure
in the autoclave to drop from 538 kPa at 7°C on warm up to 248 kPa at 30°C at the end of the run. Fresh out of
the autoclave the o-rings were crusted white with PTFE. Drying overnight under vacuum, knocking the PTFE crust,
rubbing off much of the remaining PTFE with a wet Brillo® pad, and weighing found a 19% weight gain for the
Chemraz® preform and a 1.7% weight gain for the Fluorel® preform. Compared to the starting preforms, both
preforms were now noticeably grayer in appearance as a result of surface PTFE deposits.
B. Low Pressure Procedure. A 12.7 cm length of uncured Chemraz® 505 preform 0.35 cm in diameter (obtained
from Greene, Tweed & Co, Detwiler Rd, Kulpsville, PA) weighing 2.7423 g and a 12.1 cm length of uncured Fluorel®
preform 0.37 cm in diameter (obtained from Greene, Tweed & Co, Detwiler Rd, Kulpsville, PA) weighing 2.7375 g
were rinsed with Freon® 113 and air dried overnight. The next morning the preforms were soaked for 1 min at
-15°C in a 0.15 M solution of HFPOdP initiator in Freon® E1. The o-rings were briefly air dried and then transferred
to a 18.5 cm X 15.2 cm Tedlar® gas sampling bag (SKC INC EIGHTY FOUR, PA, #231-938) provided with a needle
valve. The bag was clamped shut, loosely inflated with N2/evacuated twice, loosely inflated with tetrafluoroethylene/
evacuated twice, and finally loosely inflated and left inflated with tetrafluoroethylene for the run. The bag and its
contents were allowed to stand overnight at room temperature with a shake or two when convenient to help insure
uniform polymerization. The recovered preforms were dried under vacuum overnight. After wiping off loose TFE,
the Chemraz® o-ring weighed 2.8868 g (a 5% weight gain) and the Fluorel® preform 2.7484 g (a 0.4% weight gain).

EXAMPLE 12

Polymerization of PTFE into Buna-N

[0063] One #214 Buna-N o-ring (obtained from McMaster-Carr Supply Company, P. O. Box 440, New Brunswick,
NJ, #9452K34) weighing 1.0374 g was soaked overnight in CH3Cl2F (increasing weight to 1.6659 g) and then for 15
minutes at -15°C in a CF3CF2CF2OCFHCF3 solution 0.16 M in HFPOdP.
[0064] Upon removal from the HFPOdP solution, the o-ring was briefly air dried and then transferred to a 18.5 cm X
15.2 cm Tedlar® gas sampling bag (SKC INC EIGHTY FOUR, PA, #231-938) provided with a needle valve. The bag
was clamped shut, loosely inflated with N2/evacuated twice, loosely inflated with tetrafluoroethylene/evacuated twice,
and finally loosely inflated and left inflated with tetrafluoroethylene for the run. The bag and its contents were allowed
to stand for 5-6 h at RT with a shake or two when convenient to help insure uniform polymerization. Except for a light
coating of TFE, easily wiped off, the o-ring came back with a visual appearance much like at the start. Drying under
vacuum and wiping off loose PTFE, the Buna-N o-ring weighed 1.1318 g (a 9% weight gain).

Sliding Force Vs. Polished Steel 0.091 kg starting

0.059 kg average
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[0065] For control experiment purposes, an untreated Buna-N o-ring was subjected to the same sliding force meas-
urements.

[0066] The Buna-N control o-ring and the o-ring with 9 wt % PTFE were both soaked in CH3CCl2F for 114 h, picking
up 101 and 105 wt % respectively of their starting weights of CH3CCl2F. The o-rings were dried under vacuum to near
their starting weights and then soaked in n-butylamine for 22 h. The control o-ring picked up 69% of its weight of n-
butylamine while the o-ring containing 9 wt % PTFE picked up 59% of its weight of n-butylamine.

EXAMPLE 13

Polymerization of PTFE into Polyurethane

[0067] Two #214 polyurethane rubber o-rings (obtained from McMaster-Carr Supply Company, P. O. Box 440, New
Brunswick, NJ, #9558K35) weighing 1.1101 g on average were soaked overnight in CH3CCl2F (increasing weight to
1.7764 g on average) and then for 15 min at -15°C in a CF3CF2CF2OCFHCF3 solution 0.16 M in HFPOdP. Upon
removal from the HFPOdP solution, the o-rings were briefly air dried and then transferred on dry ice to a prechilled
400 ml autoclave. The autoclave was evacuated, loaded with 25 g of TFE, shaken, and heated for ,4 h at 40°C causing
the pressure in the autoclave to drop from 1.28 MPa at 21°C on warm-up to 1.14 MPa at 40°C at the end of the run.
The o-rings then weighed 1.4749 g on average. After drying under vacuum and knocking off loose PTFE, the poly-
urethane o-rings weighed 1.1473 g on average (a 3.3% weight gain). Visually the o-rings had a dull black appearance
with occasional gray surface mottling.

EXAMPLE 14

Viton® with PTFE/PPVE

[0068] Two #214 Viton® o-rings (2.5 cm ID, 3.2 cm OD, 0.32 cm cross sectional diameter, obtained from McMas-
ter-Carr Supply Company, P. O. Box 440, New Brunswick, NJ) averaging 1.6375 g were soaked overnight in Freon®
113, and then for 15 min at -15°C in 0.16 M HFPOdP solution. The two o-rings were briefly air dried, chilled on dry ice,
and loaded into a 400 ml prechilled autoclave. The autoclave was evacuated, loaded with 25 g TFE and 3 g of perfluoro
(propyl vinyl ether), shaken, and heated at 40°C for 4 h, pressure in the autoclave dropping from 1.71 MPa to 1.68
MPa. The o-rings had a light dusting of TFE/perfluoro(propyl vinyl ether) copolymer and weighed on average 1.7308
g. The o-rings were devolatilized under vacuum (1.7102 g) and the TFE/perfluoro-(propyl vinyl ether) copolymer dusting
wiped off with a paper towel further reducing weight to 1.6832 g (2.7% weight gain) and returning the o-rings to their
original appearance except a bit duller in appearance. The o-rings had a very slippery feel. The average sliding friction
was 0.084 kg.

EXAMPLE 15

Viton® with PTFE/CTFE

[0069] Two #214 Viton® o-rings (obtained from McMaster-Carr Supply Company, P. O. Box 440, New Brunswick,
NJ) averaging 1.6517 g were soaked overnight in Freon® 113, and then for 15 min at -15°C in 0.16 M HFPOdP solution.
The two o-rings were briefly air dried, chilled on dry ice, and loaded into a 400 ml prechilled autoclave. The autoclave
was evacuated, loaded with 10 g TFE and 10 g of chlorotrifluoroethylene, shaken, and heated at 40°C for 4 h, pressure
in the autoclave dropping from 1.74 MPa to 1.48 MPa. The o-rings were visually unchanged in appearance but weighed
on average 1.7496 g. The o-rings were devolatilized under vacuum reducing weight to 1.7095 g (3% weight gain). The
o-rings visually appeared much as at the start.

Sliding Force Vs. Polished Steel 0.45 kg starting

0.50 kg average

Sliding Force Vs. Polished Steel 0.71 kg starting

0.59 kg average
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EXAMPLE 16

[0070] Five Viton® O-rings, (McMaster-Carr, #9464K35, size 214), were soaked for 1 h in various soaking solutions
of Freon® E1 fluid in HFC-4310 listed in Table 1, below. The O-rings were then soaked for 15 minutes at -15°C in 0.15
M HFPO dimer peroxide in Freon® E1. The O-rings were briefly air dried and transferred to a Tedlar® bag which had
previously been purged with N2. The bag was sealed and purged/evacuated 3 times with N2 and 2 times with TFE.
The bag was then filled with TFE and allowed to polymerize for at least 16 h. Finished O-rings were dried under high
vacuum and wiped clean of excess PTFE before final weights were taken several weeks later. Results are given in
Table 3. Weight percent PTFE gain may be somewhat high because solvent losses can continue for weeks, but the
trends shown remain the same.

EXAMPLE 17

Polymerization of 11 Wt. % PTFE into Additive-Free Poly(HFP/VF2)

[0071] Twenty grams of pelletized 60 wt % hexafluoropropylene/40 wt % vinylidene fluoride copolymer dusted with
BaSO4 were soaked for 1 h at -15°C in 0.15 M HFPOdP in CF3CF2CF2OCFHCF3. The pellets were briefly air dried
and then stored on dry ice until they could be loaded into a prechilled 400 ml autoclave. The autoclave was evacuated
and filled with 5 g of tetrafluoroethylene. Shaking the contents of the autoclave for 8 hours at 30°C caused pressure
to drop from a maximum of 270 kPa observed during warm up to 34.5 kPa at the end of the run. The pellets now
weighed 22.21 g and were visibly spotted with PTFE on the surface. Drying under vacuum reduced weight to 22.16 g
for an 11% weight gain.

EXAMPLE 18

[0072] A Chemraz® 505 o-ring weighing 1.7348 g was soaked overnight at room temperature in CF2ClCCl2F in-
creasing its weight to 2.5061 g. The o-ring was next soaked for 1 minute at -15°C in a 0.16 M HFPOdP initiator solution
in CF3CF2CF2OCFHCF3. The o-ring was taken out of the initiator solution, briefly air dried and loaded into a 18.5 cm
X 15.2 cm Tedlar® sampling bag (SKC Inc., Eighty-Four, PA #231-938). The bag was clamped shut and then evacuated
and filled repeatedly, 2X with N2 and 2X with TFE. The bag was loosely inflated with TFE and let stand overnight at
room temperature. The Chemraz® o-ring, weighed 2.0396 g after drying overnight under vacuum for a ,18% weight
gain. While there were no obvious PTFE deposits on the surface of the o-ring, it was visibly larger than at the start and
had a slick feel. Using a razor blade, the surface skin was cut away from the core and then both skin and core sent for
separate DSC analyses along with skin and core samples cut from an untreated Chemraz® o-ring. The first heat, from
-75 to 100°C at 10°C/min under N2, was used to establish a standard thermal history without degrading the Chemraz®.
The second heat, from -75 to 500°C at 10°C/min under N2 was used to collect data for Table 4 below, giving the Tg,

TABLE 3

Adjusted Percent PTFE Weight Gain in Viton®

a START WT. (g) % SOL GAIN ADJ WT (g)∗ % PTFE GAIN

0% 1.6457 8.45 1.6808 2.13
15% 1.6490 6.75 1.6677 1.13
30% 1.6466 4.29 1.6617 0.92
40% 1.6645 3.46 1.6677 0.19
50% 1.6405 2.97 1.6485 0.49
53% 1.6481 2.97 1.6583 0.62
56% 1.6449 2.74 1.6539 0.55
60% 1.6457 2.27 1.6517 0.36
67% 1.6433 2.26 1.6470 0.23
71% 1.6490 2.26 1.6544 0.33
75% 1.6433 1.41 1.6455 0.13
90% 1.6421 1.21 1.6456 0.21

100% 1.6462 1.03 1.6487 0.15
aVolume percent E1 in a mixture of E1 and CF3CFHCFHCF2CF3
∗weight after sitting 3 weeks
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for the Chemraz® portion of the o-ring and the Tm, for any PTFE crystallites embedded in the Chemraz®.

[0073] PTFE crystallites were detected in the skin but not in the core. The 4 J/g heat of fusion for the crystallites in
the skin was less than the >12 J/g expected for an 18% PTFE/82% Chemraz® mechanical mixture, assuming any
PTFE crystallites would have had a heat of fusion of 70 J/g. Both skin and core showed a 1°C depression in the
Chemraz® Tg.

Claims

1. A process for making a polymeric composition, comprising, diffusing into an elastomer in the form of a shaped
article, a free radical initiator, and at least one fluorinated olefin whose polymerization may be initiated by said free
radical initiator, and heating said elastomer to cause initiation of polymerization of said fluorinated olefin to a ther-
moplastic fluoropolymer.

2. The process as recited in Claim 1 wherein said elastomer is crosslinked.

3. The process as recited in Claim 1 wherein said elastomer is not crosslinked.

4. The process as recited in Claim 1 wherein said elastomer is swollen before or during the time when said free
radical initiator, or said fluorinated olefin, or said free radical initiator and said fluorinated olefin are diffused into
said elastomer.

5. The process as recited in Claim 4 wherein said heating is done when said elastomer is swollen.

6. The process as recited in Claim 4 wherein said elastomer is swollen with a highly fluorinated liquid.

7. The process as recited in Claim 1 wherein said elastomer is a fluorinated elastomer.

8. The process as recited in Claim 7 wherein said elastomer is made from at least two of: vinylidene fluoride, hex-
afluoropropylene, tetrafluoroethylene, perfluoro(methyl vinyl ether), perfluoro(ethyl vinyl ether), perfluoro(propyl
vinyl ether), vinyl fluoride, ethylene or propylene.

9. The process as recited in Claim 1 wherein said fluorinated olefin is one or more of tetrafluoroethylene (TFE),
hexafluoropropylene, vinylidene fluoride, chlorotrifluoroethylene, perfluoro(propyl vinyl ether), perfluoro(methyl vi-
nyl ether), perfluoro(ethyl vinyl ether), 3,3,3-trifluoropropene, or vinyl fluoride.

10. The process as recited in Claim 1 or 7 wherein said fluorinated olefin is tetrafluoroethylene.

11. The process as recited in Claim 1 wherein said polymerization is carried out in a bag.

12. A shaped part, comprising, an elastomer and a thermoplastic fluoropolymer, wherein the concentration of said
thermoplastic in said elastomer changes as the distance from the surface of said shaped part increases, and
wherein said thermoplastic fluoropolymer is 0.1 to 50 percent by weight of the total weight of said elastomer and
said thermoplastic fluoropolymer in said shaped part.

13. The shaped part as recited in Claim 12 wherein said thermoplastic fluoropolymer is polytetrafluoroethylene.

TABLE 4

Surface Skin Inner Core

O-Ring Sample Wt. % PTFE Chemraz® Tg PTFE Tm Chemraz® Tg PTFE Tm

Untreated None -18°C N.D. -18°C N.D.
Treated 18% -19°C 322°C 4 J/g -19°C N.D.

N.D. Not detected
J/g Heat of fusion in Joules/gram
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14. The shaped part as recited in Claim 12 wherein said elastomer is made from two or more of: vinylidene fluoride,
hexafluoropropylene, tetrafluoroethylene, perfluoro(methyl vinyl ether), perfluoro(ethyl vinyl ether), perfluoro(pro-
pyl vinyl ether), vinyl fluoride, ethylene or propylene.

15. The shaped part as recited in Claim 13 wherein said elastomer is made from: vinylidene fluoride, hexafluoropro-
pylene and optionally tetrafluoroethylene; tetrafluoroethylene and perfluoro(methyl vinyl ether); tetrafluoroethylene
and propylene.

16. The shaped part as recited in Claim 12 wherein said elastomer is crosslinked.

17. The shaped part as recited in Claim 12 wherein said elastomer is not crosslinked.

18. A shaped part, comprising, an elastomer and thermoplastic fluoropolymer, said thermoplastic fluoropolymer does
not have a melting point when said melting point is measured by differential scanning calorimetry, or said melting
point is shifted at least 30°C from its value when measured on thermoplastic fluoropolymer alone.

19. A shaped part, comprising an elastomer and thermoplastic fluoropolymer in which said thermoplastic fluoropolymer
is simultaneously present at a surface with a characteristic melting point, and is also present below the surface,
wherein said thermoplastic fluoropolymer below the surface does not have a melting point when said melting point
is measured by differential scanning calorimetry, or said melting point is shifted at least 30°C from its value when
measured on thermoplastic fluoropolymer alone.

20. A shaped part, comprising an elastomer and thermoplastic fluoropolymer, wherein the glass transition temperature
of said elastomer is shifted at least 10°C when compared to the glass transition temperature of said elastomer
alone.

Revendications

1. Procédé de fabrication d'une composition polymère comprenant la diffusion dans un élastomère sous la forme
d'une pièce façonnée, d'un initiateur de radicaux libres et au moins d'une oléfine fluorée dont la polymérisation
peut être initiée par ledit initiateur de radicaux libres et le chauffage dudit élastomère pour provoquer l'initiation de
la polymérisation de ladite oléfine fluorée en un fluoropolymère thermoplastique.

2. Procédé selon la revendication 1 dans lequel ledit élastomère est réticulé.

3. Procédé selon la revendication 1 dans lequel ledit élastomère n'est pas réticulé.

4. Procédé selon la revendication 1 dans lequel ledit élastomère est gonflé avant ou durant le temps où ledit initiateur
de radicaux libres, ou ladite oléfine fluorée, ou ledit initiateur de radicaux libres et ladite oléfine fluorée sont diffusés
dans ledit élastomère.

5. Procédé selon la revendication 4 dans lequel ledit chauffage est effectué quand ledit élastomère est gonflé.

6. Procédé selon la revendication 4 dans lequel ledit élastomère est gonflé avec un liquide hautement fluoré.

7. Procédé selon la revendication 1 dans lequel ledit élastomère est un élastomère fluoré.

8. Procédé selon la revendication 7 dans lequel ledit élastomère est constitué d'au moins deux des : fluorure de
vinylidène, hexafluoropropylène, tétrafluoroéthylène, perfluoro(méthylvinyléther), perfluoro(éthylvinyléther), per-
fluoro(propylvinyléther), fluorure de vinyle, éthylène ou propylène.

9. Procédé selon la revendication 1 dans lequel ladite oléfine fluorée est une ou plusieurs des tétrafluoroéthylène
(TFE), hexafluoropropylène, fluorure de vinylidène, chlorotrifluoroéthylène, perfluoro-(propylvinyléther), perfluoro
(méthylvinyléther), perfluoro(éthylvinyléther), 3,3, 3-trifluoropropène ou fluorure de vinyle.

10. Procédé selon la revendication 1 ou 7 dans lequel ladite oléfine fluorée est le tétrafluoroéthylène.
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11. Procédé selon la revendication 1 dans lequel ladite polymérisation est effectuée dans un sac.

12. Pièce façonnée, comprenant un élastomère et un fluoropolymère thermoplastique dans laquelle la concentration
dudit thermoplastique dans ledit élastomère change quand la distance à partir de la surface de la ladite pièce
façonnée augmente et dans laquelle ledit fluoropolymère thermoplastique est de 0,1 à 50% en poids du poids total
dudit élastomère et dudit fluoropolymère thermoplastique dans ladite pièce façonnée.

13. Pièce façonnée selon la revendication 12 dans laquelle ledit fluoropolymère thermoplastique est le polytétrafluo-
roéthylène.

14. Pièce façonnée selon la revendication 12 dans laquelle ledit élastomère est fait de deux ou plusieurs des : fluorure
de vinylidène, hexafluoropropylène, tétrafluoroéthylène, perfluoro(méthylvinyléther), perfluoro(éthylvinyléther),
perfluoro-(propylvinyléther), fluorure de vinyle, éthylène ou propylène.

15. Pièce façonnée selon la revendication 13 dans laquelle ledit élastomère est constitué de : fluorure de vinylidène,
hexafluoropropylène et facultativement tétrafluoroéthylène ; tétrafluoroéthylène et perfluoro(méthylvinyléther) ; té-
trafluoroéthylène et propylène.

16. Pièce façonnée selon la revendication 12 dans laquelle ledit élastomère est réticulé.

17. Pièce façonnée selon la revendication 12 dans laquelle ledit élastomère n'est pas réticulé.

18. Pièce façonnée comprenant un élastomère et un fluoropolymère thermoplastique, ledit fluoropolymère thermo-
plastique n'ayant pas de point de fusion quand ledit point de fusion est mesuré par calorimétrie par analyse diffé-
rentielle ou ledit point de fusion étant déplacé d'au moins 30°C à partir de sa valeur quand il est mesuré sur le
fluoropolymère thermoplastique seul.

19. Pièce façonnée comprenant un élastomère et un fluoropolymère thermoplastique, dans laquelle ledit fluoropoly-
mère thermoplastique est simultanément présent à la surface avec un point de fusion caractéristique et est aussi
présent sous la surface dans laquelle ledit fluoropolymère thermoplastique sous la surface n'a pas de point de
fusion quand ledit point de fusion est mesuré par calorimétrie par analyse différentielle ou ledit point de fusion est
déplacé d'au moins 30°C à partir de sa valeur quand il est mesuré sur le fluoropolymère thermoplastique seul.

20. Pièce façonnée comprenant un élastomère et un fluoropolymère thermoplastique dans laquelle la température de
transition vitreuse dudit élastomère est déplacée d'au moins 10°C par comparaison à la température de transition
vitreuse dudit élastomère seul.

Patentansprüche

1. Verfahren zur Herstellung einer polymeren Zusammensetzung, umfassend: in ein Elastomer in Form eines ge-
formten Artikels eindiffundieren lassen eines radikalischen Initiators und mindestens eines fluorierten Olefins, des-
sen Polymerisation durch den radikalischen Initiator gestartet werden kann; und erhitzen des Elastomers, um
einen Start der Polymerisation des fluorierten Olefins in ein thermoplastischen Polymer zu bewirken.

2. Verfahren nach Anspruch 1, bei welchem das Elastomer vernetzt ist.

3. Verfahren nach Anspruch 1, bei welchem das Elastomer nicht vernetzt ist.

4. Verfahren nach Anspruch 1, bei welchem das Elastomer vor oder während der Dauer gequollen ist, während der
der radikalische Initiator oder das fluorierte Olefin oder der radikalische Initiator und das fluorierte Olefin in das
Elastomer eindiffundiert werden.

5. Verfahren nach Anspruch 4, bei welchem das Erhitzen ausgeführt wird, wenn das Elastomer gequollen ist.

6. Verfahren nach Anspruch 4, bei welchem das Elastomer mit einer hochfluorierten Flüssigkeit gequollen wird.

7. Verfahren nach Anspruch 1, bei welchem das Elastomer ein fluoriertes Elastomer ist.
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8. Verfahren nach Anspruch 7, bei welchem das Elastomer hergestellt wird aus mindestens zwei der folgenden:
Vinylidenfluorid, Hexafluorpropylen, Tetrafluorethylen, Perfluor(methylvinylether), Perfluor(ethylvinylether), Perflu-
or(propylvinylether), Vinylfluorid, Ethylen oder Propylen.

9. Verfahren nach Anspruch 1, bei welchem das fluorierte Olefin eines oder mehrere der folgenden ist: Tetrafluore-
thylen (TFE), Hexafluorpropylen, Vinylidenfluorid, Chlortrifluorethylen, Perfluor(propylvinylether), Perfluor(methyl-
vinylether), Perfluor(ethylvinylether), 3,3,3-Trifluorpropylen oder Vinylfluorid.

10. Verfahren nach Anspruch 1 oder 7, bei welchem das fluorierte Olefin Tetrafluorethylen ist.

11. Verfahren nach Anspruch 1, bei welchem die Polymerisation in einem Beutel ausgeführt wird.

12. Geformtes Teil, aufweisend ein Elastomer und ein thermoplastisches Fluorpolymer, wobei sich die Konzentration
des thermoplastischen Kunststoffes in dem Elastomer mit zunehmender Entfernung von der Oberfläche des ge-
formten Teils ändert und wobei das thermoplastische Fluorpolymer 0,1% bis 50 Gewichtsprozent des Gesamtge-
wichts des Elastomers und des thermoplastischen Fluorpolymers ausmacht.

13. Geformtes Teil nach Anspruch 12, bei welchem das thermoplastische Fluorpolymer Polytetrafluorethylen ist.

14. Geformtes Teil nach Anspruch 12, bei welchem das Elastomer hergestellt ist aus zwei oder mehreren der folgen-
den: Vinylidenfluorid, Hexafluorpropylen, Tetrafluorethylen, Perfluor(methylvinylether), Perfluor(ethylvinylether),
Perfluor(propylvinylether), Vinylfluorid, Ethylen oder Propylen.

15. Geformtes Teil nach Anspruch 13, bei welchem das Elastomer hergestellt ist aus: Vinylidenfluorid, Hexafluorpro-
pylen und wahlweise Tetrafluorethylen; Tetrafluorethylen und Perfluor(methylvinylether); Tetrafluorethylen und
Propylen.

16. Geformtes Teil nach Anspruch 12, bei welchem das Elastomer vernetzt ist.

17. Geformtes Teil nach Anspruch 12, bei welchem das Elastomer nicht vernetzt ist.

18. Geformtes Teil, aufweisend ein Elastomer und ein thermoplastisches Fluorpolymer, wobei das thermoplastische
Fluorpolymer keinen Schmelzpunkt besitzt, wenn der Schmelzpunkt mit Hilfe der Differentialscanningkalorimetrie
gemessen wird, oder der Schmelzpunkt um mindestens 30° gegenüber seinem Wert verschoben ist, wenn an dem
thermoplastischen Fluorpolymer allein gemessen wird.

19. Geformtes Teil, aufweisend ein Elastomer und ein thermoplastisches Fluorpolymer, wobei das thermoplastische
Fluorpolymer gleichzeitig an der Oberfläche mit einem charakteristischen Schmelzpunkt vorliegt und ebenfalls
unterhalb der Oberfläche vorliegt, wobei das thermoplastische Fluorpolymer unterhalb der Oberfläche keinen
Schmelzpunkt hat, wenn der Schmelzpunkt mit Hilfe der Differentialscanningkalorimetrie gemessen wird oder der
Schmelzpunkt um mindestens 30° gegenüber seinem Wert verschoben ist, wenn an dem thermoplastischen Fluor-
polymer allein gemessen wird.

20. Geformtes Teil, aufweisend ein Elastomer und ein thermoplastisches Fluorpolymer, wobei die Glasübergangstem-
peratur des Elastomers mindestens um 10° im Vergleich zur Glasübergangstemperatur des Elastomers allein
verschoben ist
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