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ABSTRACT

Composites of polytetrafluoroethylene and a structural material (polymer, metal, ceramic,
leather, or wood) are bonded with a cured admixture of tetratluoroethylene-hexatluoropropylene-
vinylidene fluoride terpolymer, polyethylene-oxide-modified silicone polymer coupling agent,
and oxygen-radical-containing copolymer (epoxy polymer, phenoxy polymer, or hydroxylated
diamine-diepoxide derivative copolymer). The bonded surface of the polytetrafluoroethylene
portion of the composite is etched (chemical etching, electron-beam etching, laser etching, or
plasma etching) prior to application of uncured admixture. The composites are useful in making

items such as seals, gaskets, chemically-resistant hoses, o-rings, and pump diaphragms.
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POLYTETRAFLUOROETHYLENE COMPOSITES
INTRODUCTION

[0001] This invention relates to composites comprising polytetrafluoroethylene. In
particular, the present invention relates to a composition for bonding polytetrafluoroethylene
articles into composites, to methods for preparing a surface of a polytetrafluoroethylene article
for use with a bonding composition, and to composites formed by use of bonding composition as
coating upon the prepared surface of a polytetrafluoroethylene article.

[0002] Polytetrafluoroethylene materials are well known for their remarkably low
adhesion to many items such as food, metal, and fluid materials. Polytetrafluoroethylene
materials also provide benefits in chemically resistant surfaces and components. Teflon™
polytetrafluoroethylene (Dupont Corporation) and Halon™ polytetrafluoroethylene (Allied
Chemical Corporation) are two well-established commercial/industrial product families in this
regard.

[0003] While polytetrafluoroethylene is not fragile, its use must take into account a
modest robustness in environments where mechanical stress is asserted against an article made
from it. In this regard, polytetrafluoroethylene is frequently bonded to a structural material (such
as steel) in items such as cookware. In many sealing applications, a polytetrafluoroethylene
component is protectively mechanically pressed or held into a desired position without adhesive
attachment to a structural material.

[0004] The innate challenge in bonding polytetrafluoroethylene to a structural
material is the very property of polytetrafluoroethylene that makes it so useful — it doesn’t
“stick” to many materials. In one attempt to solve this problem, metals are adhered to
polytetrafluoroethylene by chemically etching a surface of the polytetrafluoroethylene article and
bonding the chemically etched surface of the polytetrafluoroethylene to the metal through use of
a coupling agent (such as a silane coupling agent). However, there remains a need for effective
methods for adhering metallic and non-metallic structural articles to polytetrafluoroethylene.

These and other needs are achieved with the present invention.

SUMMARY
[0005]  The invention provides a composite, comprising:

(a) a polytetrafluoroethylene portion having an etched surface; and
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(b)  a structural material portion (made of polymer, metal, ceramic, leather, or wood)
bonded to the etched surface at an interface, the interface comprising a cured
admixture of from about 10 to about 90 weight percent tetratluoroethylene-
hexafluoropropylene-vinylidene fluoride terpolymer, from about 0.01 to about 1
weight percent polyethylene-oxide-modified silicone polymer coupling agent, and
an oxygen-radical-containing copolymer (an epoxy polymer, phenoxy polymer, or
hydroxylated diamine-diepoxide derivative copolymer), and having less than
about 5, preferably less than about 1, weight percent water
[0006] In a further aspect, the invention provides an aqueous admixture of:
(a) from about 10 to about 90 weight percent fluoropolymer aqueous emulsion
having from about 20 to about 60 weight percent tetrafluoroethylene-
hexafluoropropylene-vinylidene fluoride emulsified terpolymer, a pH from about
6 to about 10, a specific gravity from about 1.1 to about 1.5 grams per milliliter,
and a viscosity from about 4 to about 12 Mega Pascal Seconds; and
(b)  oxygen-radical-containing copolymer aqueous solution in remainder, the oxygen-
radical-containing copolymer aqueous solution having
(1)  from about 20 to about 60 weight percent of the oxygen-radical-containing
copolymer with a softening temperature of from about 25 to about 180
degrees Centigrade, a specific gravity from about 1.1 to about 1.5 grams
per milliliter, and an estimated equivalent molecular weight from about
100 to about 10,000, and

(2) from about 0.01 to about 1 weight percent polyethylene-oxide-moditied
silcone polymer coupling agent having a wax melting temperature of from
about 25 to about 50 degrees Centigrade.

[0007] In yet a further aspect of the invention, a method of making a composite 1s

provided by:

(a) admixing an aqueous admixture of from about 10 to about 90 weight percent of
the above-described fluoropolymer aqueous emulsion with a remainder of the
above-described oxygen-radical-containing copolymer aqueous solution;

(b)  etching a surface of a polytetrafluoroethylene article to provide an etched surface;
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(¢) saturatively distributing the aqueous admixture onto the etched surface;

(d)  positioning a structural material article (polymer, metal, ceramic, leather, or wood
) against the aqueous admixture on the etched surface so that the aqueous
admixture fluidly fills an interface between the structural material article and the
etched surface; and

(e) curing the aqueous admixture in the interface to bond the structural material

article to the etched surface.

[0008] In yet a further aspect of the invention, a method for etching an article made
of polytetrafluoroethylene, is provided though:

(a) generating a bombardment beam (using a plasma beam, an electron-beam, or a

laser beam); and

(b)  etching a surface of the article with the bombardment beam, the bombardment

beam energizing the surface with sufficient energy for dislodging a plurality of
fluoride atoms from the polytetrafluoroethylene of the surface and thereby
generating  residual  fluoroethylenic  free  radical  moieties In
polytetrafluoroethylene polymeric chains of the surface upon conclusion of the
etching.

[0009] In various embodiments, the structural material is any of a polyester
thermoplastic elastomer, polyamide thermoplastic elastomer, thermoplastic urethane elastomer,
fluoroelastomer, ethylene acrylic rubber thermoplastic vulcamizate, acrylic acid ester
rubber/polyacrylate rubber thermoplastic vulcanizate, silicone-thermoplastic vulcanizate,
polyether-block co-polyamide polymer, ethylene-propylene-diamine monomer rubber /
polypropylene thermoplastic vulcanizate, polyamide, polyester, polyolefin, polyphenylene-
sulfide, polyether-ether ketone, polyamide-imide, polysulfone, thermoplastic urethane,
acrylonitrile-butadiene-styrene, polyvinyl chloride, polymethylmethacrylate, polycarbonate,
polybutene, cellulosic plastic, polyacrylate, a polyacetal, or a combination of these.

[0010] In one embodiment, an inert particulate i1s admixed in one of the above
polymeric materials. This inert particulate is any of calcium carbonate, carbon black, graphite,

silica fume, kaolin, magnetizable ferrite powder, metal fiber, carbon nanotubes, carbon fiber,
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glass fiber, fiberglass fiber, microspheres, polyimide powder, molybdenum sulfide powder, brass
powder, or a combination of these maternals.

[0011] In one embodiment, the structural material is a metal such as steel, carbon
steel, stainless steel, or aluminum.

[0012] In one embodiment, the polytetrafluoroethylene surface is prepared by
sodium-ammonia solution etching or sodium-naphthalene solution etching.

[0013] In one embodiment, the structural material portion is bonded to the etched
surface by use any of calendaring, pultrusion, multilayer extrusion, or co-injection molding.

[0014] In one embodiment, a composite according to the above (or made by the
above) is a seal, a gasket, an o-ring, a hose for chemical and/or fuel handling, or a diaphragm in a
diaphragm pump.

[0015] Further areas of applicability will become apparent from the detailed
description provided hereinafter. It should be understood that the detailed description and
specific examples, while indicating embodiments of the invention, are intended for purposes of

illustration only and are not intended to limit the scope of the invention.

DESCRIPTION

[0016] The following definitions and non-limiting guidelines must be considered in
reviewing the description of this invention set forth herein.

[0017] The headings (such as “Introduction” and “Summary”) and sub-headings
(such as “Amplification”) used herein are intended only for general organization of topics within
the disclosure of the invention, and are not intended to limit the disclosure of the invention or
any aspect thereof. In particular, subject matter disclosed in the “Introduction” may include
aspects of technology within the scope of the invention, and may not constitute a recitation of
prior art. Subject matter disclosed in the “Summary” is not an exhaustive or complete disclosure
of the entire scope of the invention or any embodiments thereof.

[0018] The citation of references herein does not constitute an admission that those
references are prior art or have any relevance to the patentability of the invention disclosed
herein. All references cited in the Description section of this specification are hereby

incorporated by reference in their entirety.




CA 02502128 2005-03-23

[0019] The description and specific examples, while indicating embodiments of the
invention, are intended for purposes of illustration only and are not intended to limit the scope of
the invention. Moreover, recitation of multiple embodiments having stated features is not
intended to exclude other embodiments having additional features, or other embodiments
incorporating different combinations the stated of features.

[0020] As used herein, the words “preferred” and “preferably” refer to embodiments
of the invention that afford certain benefits, under certain circumstances. However, other
embodiments may also be preferred, under the same or other circumstances. Furthermore, the
recitation of one or more preferred embodiments does not imply that other embodiments are not
useful, and is not intended to exclude other embodiments from the scope of the invention.

[0021] As used herein, the word ‘include,” and its variants, 1s intended to be non-
limiting, such that recitation of items in a list is not to the exclusion of other like items that may
also be useful in the materials, compositions, devices, and methods of this invention.

[0022] In many situations, the design of a composite material reflects both

mechanical design and materials design considerations. In this regard, improvements In

materials frequently are intertwined with improvements in mechanical design. Embodiments of
the present invention include approaches to making composites that enable improvements in
material design to be fully exploited by enabling manufacture of a composite where a portion
made of polytetrafluoroethylene (PTFE) is comprehensively bonded to a structural matenal in
the composite. Furthermore, embodiments describe an approach to bonding admixture
manufacture and polytetrafluoroethylene surface preparation that enable improvements in
material design to be fully exploited by providing the materials and techniques needed to achieve
the new composites.

[0023] The examples and other embodiments described herein are exemplary and not
intended to be limiting in describing the full scope of compositions and methods of this
invention. Equivalent changes, modifications and variations of specific embodiments, materials,

compositions and methods may be made within the scope of the present invention, with

substantially similar results.

[0024] Respective to nomenclature, unless reasonably clear from the context of

usage, the terms “polymer”, “plastic”, and “resin” are generally used in essentially overlapping
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reference to organic materials of large molecular weight. In this regard, the term polymer may
apply either to a single molecule, to a material predominantly composed of randomly intermixed
individual polymer molecules, or to a significantly distingﬁished polymeric molecular type
dispersed within a medium (such as in an emulsion).

[0025] Without limiting the mechanism, composition or utility of the present
invention, Essentially, a bonding material for adhering an item made of PTFE to another
structural item (to a second item made of non-PTFE polymer, leather, wood, ceramic, or metal)
provides a “handle” to “link” with free radical bonds in the PTFE surface to be bonded. The
number of these free radical bonds in the PTFE surface can be dramatically increased if the
surface is etched to remove a substantial proportion of the fluorine radicals from the PTFE
chains in the surface. The bonding material also provides a “handle” that links to the (second)
structural material; this is usually less difficult than linking to PTFE because most structural
materials have enough surface tension to “stick” to at least some generally adhesive polymers.
Finally, the bonding material needs to be internally coherent so that the “handles™ to the PTFE
part of the composite and the “handles” to the structural material part of the composite are
themselves held directly or indirectly in close proximity. Since the bonding material is generally
spread as a coating onto the components to be joined into the composite, it is convenient for the
bonding material to be in the initial form of a liquid having a viscosity that facilitates the
spreading or coating operation.

[0026] In one embodiment, the structural material portion of a composite (the
structural material article made of non-PTFE polymer, wood, leather, ceramic, or metal) is
bonded to an etched surface of the PTFE portion of the composite (the PTFE article) at an
interface essentially filled with cured admixture of from about 10 to about 90 weight percent
(preferably from about 20 to about 60 weight percent; more preferably about 50 weight percent)
tetraﬂuotoethylene-hexaﬂuoropropylene-vinylidene fluoride terpolymer, from about 0.01 to
about 1 weight percent polyethylene-oxide-modified silicone polymer coupling agent, not more
than about 5 weight percent water, and a remainder of oxygen-radical-containing copolymer.
Preferably the interface comprises less than one percent water. In this regard, the oxygen-

radical-containing copolymer has at least one “oxy” or -O- radical (oxygen atom radical having

2 bonds attached to two respective other atoms) in the characteristic polymer molecule. In this

6




CA 02502128 2005-03-23

regard, the oxygen-radical-containing copolymer molecule is, in one embodiment, a cured epoxy
polymer or cured phenoxy where the “oxy” radical provides a link between two other carbon
atoms in the polymer chain. In another embodiment, the oxygen-radical-containing copolymer is
a hydroxylated diamine-diepoxide derivative copolymer molecule, where the “oxy” radical is in
hydroxyl radicals of the polymer chain. In such a copolymer molecule, each of the two nitrogen
radicals of a diamine is, for example, connected to two separate hydroxylated carbon chain
moieties in the general matrix of the crosslinked polymer macromolecule.

[0027] The cured admixture (of from about 10 to about 90 weight percent
tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride terpolymer, from about 0.01 to
about 1 weight percent polyethylene-oxide-modified silicone polymer coupling agent, not more
than about 5 weight percent water, and a remainder of oxygen-radical-containing copolymer)
results from dewatering and curing of an aqueous admixture that was coated onto the etched
surface and then cured. This aqueous admixture is admixed from about 10 to about 90 weight
percent (preferably from about 20 to about 60 weight percent; more preferably about 50 weight
percent) fluoropolymer aqueous emulsion and a remainder of oxygen-radical-containing
copolymer aqueous solution.

[0028] The fluoropolymer aqueous emulsion has from about 20 to about 60 weight
percent (preferably from about 46.5 to about 51.5 weight percent) tetrafluoroethylene-
hexafluoropropylene-vinylidene fluoride emulsified terpolymer, a pH from about 6 to about 10
(preferably from about 8 to about 9), a specific gravity from about 1.1 to about 1.5 grams per
milliliter, and a viscosity from about 4 to about 12 Mega Pascal Seconds (preferably from about
9 to about 10 Mega Pascal Seconds). One source of this is THV Fluorothermoplastic from
Dyneon LLC (Oakdale, Minnesota) under the product identifier THV-350C. THV-350C
provides fluoropolymer aqueous emulsion having tetrafluoroethylene-hexafluoropropylene-
vinylidene fluoride terpolymer from about 46.5 to about 51.5 weight percent, a pH from about 8
to about 9, and a viscosity from about 9 to about 10 Mega Pascal Seconds.

[0029] Turning now to the oxygen-radical-containing copolymer aqueous solution
with is admixed with the fluoropolymer aqueous emulsion to form the aqueous admixture, the

oxygen-radical-containing copolymer aqueous solution has
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(1) from about 20 to about 60 weight percent oxygen-radical-containing
copolymer having a softening temperature of from about 25 to about 180 degrees Centigrade
(preferably from about 65 to about 155 degrees Centigrade), a specific gravity from about 1.1 to
about 1.5 grams per milliliter, and an estimated equivalent molecular weight from about 100 to
about 10,000 (preferably from about 450 to about 3000), The oxygen-radical-containing
copolymer is, in various embodiments, any of an epoxy polymer, a phenoxy polymer, or a
hydroxylated diamine-diepoxide derivative copolymer, and

(2) from about 0.01 to about 1 weight percent (preferably from about 0.05 to
about 0.5 weight percent) polyethylene-oxide-modified silcone polymer coupling agent having a
wax melting temperature of from about 25 to about 50 degrees Centigrade (preferably from
about 25 to about 45 degrees Centigrade).

[0030] One embodiment of an epoxy-polymer-based oxygen-radical-containing
copolymer aqueous solution is Chemlock™ aqueous epoxy silane solution from Lord
Corporation. Another embodiment is made by blending an epoxy resin (such as any of GT 7071,
GT 7072, GT 7014, GT 6097, or GT 6609 epoxy resins from Ciba Corporation) with CoatOSi|™
2400 polyethylene-oxide modified silicone copolymer coupling agent from Crompton
Corporation. Estimated equivalent molecular weights for GT 7071, GT 7072, GT 7014, GT
6097, and GT 6609 epoxy resins vary progressively from about 450 (GT 7071) to about 2,800

(GT 6609).
[0031] In other embodiments, the oxygen-radical-containing copolymer 1s

alternatively a hydroxylated diamine-diepoxide derivative copolymer or a phenoxy. In the case
of a phenoxy, the estimated equivalent molecular weight is as high as 10,000. In each
embodiment of a composite, the particular physical properties of the oxygen-radical-containing
copolymer and polyethylene-oxide-modified silcone polymer coupling agent are pinpointed to
provide efficacy with the particular material used for the support component.

[0032] In alternative embodiments, the structural material portion respectively 1s
made of a polymer of any of polyester thermoplastic elastomer (such as Dupont’s Hytrel™
polyester elastomer), polyamide thermoplastic elastomer (such as Atofina’s Pebax™ polyamide

thermoplastic elastomer), thermoplastic urethane elastomer, fluoroelastomer, ethylene acrylic

rubber thermoplastic vulcanizate (such as a Dupont experimental AEM-TPV also commonly
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known as ETPV), acrylic acid ester rubber/polyacrylate rubber thermoplastic vulcanizate (such
as Zeon Chemical’s Zeotherm™ acrylic acid ester rubber/polyacrylate rubber thermoplastic
vulcanizate), silicone-thermoplastic vulcanizate (such as a Dow Corning experimental VMQ-
TPV also commonly known as TPSiV), polyether-block co-polyamide polymer (such as
Modified Polymer Components’ Pebax™ polyether-block co-polyamide resin), ethylene-
propylene-diamine monomer rubber / polypropylene thermoplastic vulcanizate (such as
Advanced Elastomeric System’s Santoprene™ vulcanizate), polyamide, polyester, polyolefin,
polyphenylene-sulfide, polyether-ether ketone, polyamide-imide, polysulfone, thermoplastic
urethane, acrylonitrile-butadiene-styrene, polyvinyl chloride, polymethylmethacrylate,
polycarbonate, polybutene, cellulosic plastic, polyacrylate, or polyacetal. Polymers made of
combinations of these are used in other embodiments.

[0033] In alternative embodiments, inert particulate is admixed with the polymer.
These inert particulates are preferably selected from the group consisting of calcium carbonate,
carbon black, graphite, silica fume, kaolin, magnetizable ferrite powder, metal fiber, carbon
nanotubes, carbon fiber, glass fiber, fiberglass fiber, microspheres, polyimide powder,
molybdenum sulfide powder, brass powder, and mixtures thereof.  Polymers having
combinations of these additives are used in other embodiments.

[0034] In yet further embodiments, the structural material portion is made of any of
steel, carbon steel, stainless steel, or aluminum.

[0035] Turning now to the process by which a polytetrafluoroethylene portion and a
structural material portion are bonded together into a composite, a surface of the
polytetrafluoroethylene portion (article) is etched to generate residual tluoroethylenic free radical
moieties in polytetrafluoroethylene polymeric chains of the surface. This 1s achieved in one
embodiment by chemical etching, and, in another embodiment, the etching 1s achieved with a
beam bombardment approach. In the case of chemical etching, sodium-ammonia solution
etching or sodium-naphthalene solution etching is used. In the case of beam bombardment, any
of plasma bombardment etching, electron-beam etching, and laser etching is used.

[0036] In beam bombardment embodiments, any of a plasma beam, an electron-
beam, or a laser beam is generated and then applied to the PTFE surface with sufficient energy

for dislodging a plurality of fluoride atoms from the polytetrafluoroethylene of the surface so that
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residual fluoroethylenic free radical moieties are generated in polytetrafluoroethylene polymeric
chains of the surface.

[0037] After the surface is etched, an embodiment of an aqueous admixture as
described above is saturatively distributed onto the etched surface. Saturative distribution of the
aqueous admixture involves both coating the aqueous admixture on the generally etched surface
and then, very importantly, providing conditions to enable the aqueous admixture to
comprehensively penetrate to achieve contact with the available bonds of the residual
fluoroethylenic free radical moieties generated by the etching. In this regard, the aqueous
admixture, in one embodiment, is heated; in another embodiment, the aqueous admixture is
pressurized against the etched surface; in yet another embodiment, the aqueous admixture is
pressurized against the etched surface and also heated.

[0038] In one embodiment, the aqueous admixture is coated on the etched surface to
provide an aqueous admixture coating having from about 0.0005 to about 0.01 inches thickness
(preferably from about 0.0005 to about 0.005 inches thickness). The aqueous admixture coating
is then pressurized against the etched surface (in one embodiment by “squeezing” the aqueous
admixture between the PTFE surface and the structural material portion) for at least 3 minutes at
from about 0.5 to about 10 pounds per square inch pressure and from about 25 to about 100
degrees Centigrade temperature.

[0039] The solids content of the admixture is preferably at least about 1%, preferably
from about 10% to about 90%, preferably from about 20% to about 50% by weight of admixture.
The solids content may be adjusted, as necessary, before or after coating in the etched surface.
In one embodiment, the water in the aqueous admixture i1s diminished as a result of heat and
pressure application over time in the saturative distribution operation. In an alternative
embodiment a process such as vacuum evaporation is used to diminish water after the saturative
distribution operation.

[0040] If the structural material portion has not yet been positioned against the
residual dewatered aqueous admixture, it is now so positioned. In this regard, the structural
material article is positioned against the (residual, if dewatered) aqueous admixture on the etched

surface so that the aqueous admixture fluidly fills the interface between the structural material
article and the etched surface.

10
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[0041] The residual dewatered aqueous admixture (aqueous admixture having at least
about 1 weight percent solids) coating is then cured. In this regard, tetrafluoroethylene-
hexafluoropropylene-vinylidene fluoride terpolymer has a melting temperature and the etched
surface and residual aqueous admixture on the etched surface are heated to at least that melting
temperature for a time sufficient for curing the various polymers so that they bond to both the
PTFE portion and the structural matenal portion of the composite.

[0042] In one embodiment, cured admixture is achieved by heating under pressure
such that the etched surface and the residual (dewatered) aqueous admixture on the etched
surface are sustained at temperature of at least 190 degrees Centigrade and at a pressure of at
least 75 pounds per square inch for a time period of at least 10 minutes.

[0043] In alternative embodiments, positioning of the structural material portion
against the residual dewatered aqueous admixture is achieved by various respective processes.
Traditional processes such a calendaring, pultrusion, multilayer extrusion, and co-injection
molding are used in alternative process embodiments to achieve manufacture of the desired
composite. In the case of calendaring, the positioning and dewatering steps are substantively
combined and then pressure and temperature are further adjusted to effect curing and bonding.

[0044] In one embodiment of pultrusion, a PTFE pipe-form is etched and then coated
with the aqueous admixture, the aqueous admixture is saturatively distributed in a pressure
chamber, the water is adjusted (removed) through vacuum distillation, and the PTFE pipe-form
with saturatively distributed and dewatered residual aqueous admixture is propelled through a
pultrusion die to acquire an outside coating of (polymeric) structural material which is then cured
along with the curing of the admixture.

[0045] In one embodiment of co-injection molding, a PTFE article is coated with the
aqueous admixture, the aqueous admixture 1s saturatively distributed in a pressure chamber, the
water is adjusted (removed) through vacuum distillation, and the PTFE article with saturatively
distributed and dewatered residual aqueous admixture is placed into an injection mold.
Structural material is then injected against the residual aqueous admixture and held under
pressure until both it and the residual aqueous admixture have cured.

[0046] One application of the embodiments is for making a seal for a rotating shaft.

A composite of PTFE and Hytrel™ polyester are joined into a composite according to the above,

11
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and a contact surface for contacting the shaft in dynamic rotation is machined into the PTFE
portion of the composite. In operation, the Hytrel™ polyester structurally stabilizes the
composite as the PTFE shaft contact surface lightly bears against the rotating shatft.

[0047]
for a diaphragm pump with a robust laminar sheet being bonded to a PTFE sheet. In operation,

A second application of the embodiments if for making a laminate diaphragm

the polytetrafluoroethylene article provides a contact surface for interfacing to fluid pumped by
the pump, and the robust laminar sheet provides dimensional strength to protect the PTFE sheet

from stretching or tearing.

[0048] Yet other applications are for gaskets, o-rings, and items such as a hose for

handling chemicals or fuels where the inner lining of the hose has the chemical resistance
properties of a PTFE “lining”.
EXAMPLES

[0049] A mixture of THV emulsion (Dyneon THV-340C) in aqueous base and
epoxy-based aqueous silane solution is formulated to evaluate bonding of etched PTFE and
Hytrel™ type TPE (2022HS grade, polyester-based TPE from DuPont) samples. The epoxy-
based aqueous silane solution is prepared by combining epoxy resin (Vantico™ GT grades from
Ciba) and polyethylene oxide (PEO) modified silicone copolymer as a coupling agent for the
silicone to the epoxy. The 50/50 (on a weight basis) mixture of THV emulsion and epoxy- based
silicone solution is applied both to a surface of etched PTFE and to a surface of a Hytrel™
sample. Eight samples of etched PTFE specimens independently etched either by chemical
means (sodium ammonia and sodium naphthalene) or by physical mean (plasma) on the bonding
surface of PTFE are prepared.

[0050] Application of wet adhesive is controlled to provide a total (wet) adhesive
layer thickness of about 1.5 mils between the etched PTFE and Hytrel™ surfaces after they are
combined 1into a composite sample.

[0051] Each (composite) PTFE-adhesive-TPE sample is placed in a 60 degrees C
oven with a 5 Ib weight on top of the combined part for 5 minutes so that (1) the adhesive layer
dries with the PTFE and Hytrel™ parts in position for the composite, and (2) the adhesive layer
is uniformly distributed along the contours of the interfacing sample surfaces. Each composite

sample is then placed between two heated plates, set at about 190 °C, in a hydraulic press. A
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constant pressure of 75 psi is then applied to the composite part by the hydraulic press. The
residence time in the press is at 75 psi and 190 °C is about 10 minutes.

[0052] Adhesion strength is tested manually using a “hand pull.” The test results are
summarized in Table 1. In interpreting the results of Table 1, a “Weak Bond” 1dentifies a result
where the composite separates at its interface in response to a relatively low impulse force
against the bond; a “Partial Bond” identifies a result where the composite is robust under a
steadily increased pull, but the composite separates when a strong acute impulse is exerted
against the bond; a “Strong Bond” identifies a result where the composite is robust under both a
steadily increased pull and a strong acute impulse. It is also to be noted that Sample A is a
benchmark sample etched for a relatively brief time respective to the potential range of times

normally used for sodium naphthalene etching ot PTFE.

Table 1

Sample Etching Type Etching Medium Results l

Chemical Etch Sodium Partial Bond
Naphthalene

Chemical Etch Sodium Ammonia Partial Bond

Chemical Etch Sodium Ammonia | Weak Bond
Chemical Etch Sodium Ammonia | Partial Bond
Chemical Etch Sodium Ammonia | Strong Bond
Chemical Etch Sodium Ammonia | Partial Bond
Chemical Etch Sodium Ammonia | Partial Bond
Physical Etch Plasma Beam Weak to Partial

Bond |

II

13
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[0053] Generally speaking, this adhesive formulation shows effectiveness in bonding
sodium ammonia etched PTFE to Hytrel™ type TPE.

[0054] The examples and other embodiments described herein are exemplary and not
intended to be limiting in describing the full scope of compositions and methods of this
invention. Equivalent changes, modifications and variations of specific embodiments, materials,
compositions and methods may be made within the scope of the present invention, with

substantially similar results.
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What is claimed is:

A composite, comprising:

(a) a polytetrafluoroethylene portion having an etched surface; and

(b) a structural material portion bonded to said etched surface at an interface, said
interface comprising a cured admixture of from about 10 to about 90 weight
percent tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride terpolymer,
from about 0.01 to about 1 weight percent polyethylene-oxide-modified silicone
polymer coupling agent, and an oxygen-radical-containing copolymer, and having
less than about 5 weight percent water, and;

wherein said structural material portion made of a material selected from the group

consisting of polymer, metal, ceramic, leather, and wood; and

wherein said oxygen-radical-containing copolymer 1s an oxygen-radical-containing

copolymer selected from the group consisting of epoxy polymer, phenoxy polymer, and

hydroxylated diamine-diepoxide derivative copolymer.

The composite of Claim 1 wherein said tetrafluoroethylene-hexatluoropropylene-
vinylidene fluoride terpolymer has a melting temperature and said cured admixture 1s
derived by:

(a) saturatively distributing an aqueous admixture of from about 10 to about 90 weight
percent fluoropolymer aqueous emulsion and a remainder of oxygen-radical-
containing copolymer aqueous solution onto said etched surtace; and

(b) heating said etched surface and said aqueous admixture on said etched surface to a

temperature of at least said melting temperature;
wherein said fluoropolymer aqueous emulsion has from about 20 to about 60 weight
percent tetrafluoroethylene-hexafluoropropylene-vinylidene  fluoride = emulsitfied
terpolymer, a pH from about 6 to about 10, a specific gravity from about 1.1 to about 1.5

grams per milliliter, and a viscosity from about 4 to about 12 Mega Pascal Seconds; and

wherein said oxygen-radical-containing copolymer aqueous solution has
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(1) from about 20 to about 60 weight percent oxygen-radical-containing
copolymer having a softening temperature of from about 25 to about 180
degrees Centigrade, a specific gravity from about 1.1 to about 1.5 grams
per milliliter, and an estimated equivalent molecular weight from about
100 to about 10,000 , wherein said oxygen-radical-containing copolymer
iIs an oxygen-radical-containing copolymer selected from the group
consisting of epoxy polymer, phenoxy polymer, and hydroxylated
diamine-diepoxide derivative copolymer, and

(2) from about 0.01 to about 1 weight percent polyethylene-oxide-modified
silcone polymer coupling agent having a wax melting temperature of from

about 25 to about 50 degrees Centigrade.

The composite of Claim 1 wherein said structural material portion comprises a polymer
selected from the group consisting of polyester thermoplastic elastomer, polyamide
thermoplastic elastomer, thermoplastic urethane elastomer, fluoroelastomer, ethylene
acrylic rubber thermoplastic vulcanizate, acrylic acid ester rubber/polyacrylate rubber
thermoplastic vulcanizate, silicone-thermoplastic vulcanizate, polyether-block co-
polyamide polymer,ethylene-propylene-diamine monomer rubber / polypropylene
thermoplastic vulcanizate, polyamide, polyester, polyolefin, polyphenylene-sulfide,
polyether-ether ketone, polyamide-imide, polysulfone, thermoplastic urethane,
acrylonitrile-butadiene-styrene, polyvinyl chloride, polymethylmethacrylate,
polycarbonate, polybutene, cellulosic plastic, polyacrylate, polyacetal, and combinations

thereof.

The composite of Claim 3 further comprising inert particulate admixed in said polymer,
wherein said inert particulate is selected from the group consisting of calcium carbonate,
carbon black, graphite, silica fume, kaolin, magnetizable ferrite powder, metal fiber,
carbon nanotubes, carbon fiber, glass fiber, fiberglass fiber, microspheres, polyimide

powder, molybdenum powder, brass powder, and combinations thereof.
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The composite of Claim 1 wherein said metal is a metal selected from the group

consisting of steel, carbon steel, stainless steel, and aluminum.

The composite of Claim 1 wherein said etched surface is prepared by an etching process
selected from the group consisting of sodium-ammonia solution etching, sodium-

naphthalene solution etching, plasma bombardment etching, electron-beam etching, and

laser etching.

The composite of Claim 2 wherein said saturatively distributing comprises:

(1) coating said etched surface with said aqueous admixture to provide an aqueous
admixture coating having from about 0.0005 to about 0.01 inches thickness; and

(2) pressurizing said aqueous admixture coating against said etched surface for at least
3 minutes at from about 0.5 to about 10 pounds per square inch pressure and from

about 25 to about 100 degrees Centigrade temperature.

The composite of Claim 1 wherein said structural material portion is bonded to said
etched surface by use on any process selected from the group consisting of calendaring,

pultrusion, multilayer extrusion, and co-injection molding.

The composite of Claim 2 wherein said tetrafluoroethylene-hexafluoropropylene-
vinylidene fluoride terpolymer is from about 46.5 to about 51.5 weight percent of said

fluoropolymer aqueous emulsion.

The composite of Claim 2 wherein said pH is from about 8 to about 9.

The composite of Claim 2 wherein said viscosity is from about 9 to about 10 Mega Pascal

Seconds.

The composite of Claim 2 wherein said coupling agent is from about 0.05 to about 1.5

weight percent of said oxygen-radical-containing copolymer aqueous solution.
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The composite of Claim 2 wherein said fluoropolymer aqueous emulsion 1s from about

20 to about 60 weight percent of said aqueous admixture.

The composite of Claim 1 wherein said tetrafluoroethylene-hexafluoropropylene-
vinylidene fluoride terpolymer is from about 20 to about 60 weight percent of said cured

admixture.
The composite of Claim 2 wherein said fluoropolymer aqueous emulsion is about 50

weight percent of said aqueous admixture.

The composite of Claim 1 wherein said tetrafluoroethylene-hexafluoropropylene-

vinylidene fluoride terpolymer is about 50 weight percent of said cured admixture.

The composite of Claim 7 wherein said coating is about 0.0015 inches thick.

The composite of Claim 2 wherein said heating sustains said etched surface and said
aqueous admixture on said etched surface at a temperature of at least 190 degrees

Centigrade and at a pressure of at least 75 pounds per square inch for at least 10 minutes.

The composite of Claim 2 wherein said adjusting water further comprises vacuum

evaporation of water from said aqueous admixture on said etched surface.

The composite of Claim 1 wherein said composite is a seal having a dynamic contact

surface as one surface of said polytetrafluoroethylene portion.

The composite of Claim 1 wherein said composite is any of a laminate diaphragm in a

diaphragm pump, a gasket, an o-ring, and a hose.
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A composition, comprising an aqueous admixture of:
(a) from about 10 to about 90 weight percent fluoropolymer aqueous emulsion having
from about 20 to about 60 weight percent tetrafluoroethylene-
hexafluoropropylene-vinylidene fluoride emulsified terpolymer, a pH from about
6 to about 10, a specific gravity from about 1.1 to about 1.5 grams per milliliter,
and a viscosity from about 4 to about 12 Mega Pascal Seconds; and
(b) oxygen-radical-containing copolymer aqueous solution in remainder, said oxygen-
radical-containing copolymer aqueous solution having
(1) from about 20 to about 60 weight percent oxygen-radical-containing
copolymer having a softening temperature of from about 25 to about 180
degrees Centigrade, a specific gravity from about 1.1 to about 1.5 grams
per milliliter, and an estimated equivalent molecular weight from about
100 to about 10,000 , wherein said oxygen-radical-containing copolymer
is an oxygen-radical-containing copolymer selected from the group
consisting of epoxy polymer, phenoxy polymer, and hydroxylated
diamine-diepoxide derivative copolymer, and

(2) from about 0.01 to about 1 weight percent polyethylene-oxide-modified
silcone polymer coupling agent having a wax melting temperature of from

about 25 to about 50 degrees Centigrade.

The composition of Claim 22 wherein said tetratluoroethylene-hexatluoropropylene-

vinylidene fluoride terpolymer is from about 46.5 to about 51.5 weight percent of said

fluoropolymer aqueous emulsion.
The composition of Claim 22 wherein said pH is from about 8 to about 9.

The composition of Claim 22 wherein said viscosity 1s from about 9 to about 10 Mega

Pascal Seconds.
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The composition of Claim 22 wherein said coupling agent 1s from about 0.05 to about 1.5

weight percent of said oxygen-radical-containing copolymer aqueous solution.

The composition of Claim 22 wherein said fluoropolymer aqueous emulsion is from

about 20 to about 60 weight percent of said aqueous admixture.

The composition of Claim 22 wherein said fluoropolymer aqueous emulsion is about 50

weight percent of said aqueous admixture.

A method for making a composition, comprising admixing
(a) fluoropolymer aqueous emulsion having from about 20 to about 60 weight percent
tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride emulsified
terpolymer, a pH from about 6 to about 10, a specific gravity from about 1.1 to
about 1.5 grams per milliliter, and a viscosity from about 4 to about 12 Mega
Pascal Seconds; and
(b) oxygen-radical-containing copolymer aqueous solution, said oxygen-radical-
containing copolymer aqueous solution having
(1) from about 20 to about 60 weight percent oxygen-radical-containing
copolymer having a softening temperature of from about 25 to about 180
degrees Centigrade, a specific gravity from about 1.1 to about 1.5 grams
per milliliter, and an estimated equivalent molecular weight from about
100 to about 10,000 , wherein said oxygen-radical-containing copolymer
i1s an oxygen-radical-containing copolymer selected from the group
consisting of epoxy polymer, phenoxy polymer, and hydroxylated
diamine-diepoxide derivative copolymer, and
(2) from about 0.01 to about 1 weight percent polyethylene-oxide-modified
silcone polymer coupling agent having a wax melting temperature of from

about 25 to about 50 degrees Centigrade;

wherein said fluoropolymer aqueous emulsion provides from about 10 to about 90 weight

percent of said composition.
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The method of Claim 29 wherein said tetrafluoroethylene-hexafluoropropylene-
vinylidene fluoride terpolymer is from about 46.5 to about 51.5 weight percent of said

fluoropolymer aqueous emulsion.

The method of Claim 29 wherein said pH is from about 8 to about 9.

The method of Claim 29 wherein said viscosity 1s from about 9 to about 10 Mega Pascal

Seconds.

The method of Claim 29 wherein said coupling agent is from about 0.05 to about 1.5

weight percent of said oxygen-radical-containing copolymer aqueous solution.

The method of Claim 29 wherein said fluoropolymer aqueous emulsion is from about 20

to about 60 weight percent of said aqueous admixture.

The method of Claim 29 wherein said fluoropolymer aqueous emulsion is about 50

weight percent of said aqueous admixture.

A method of making a composite, comprising:

(@) admixing an aqueous admixture of from about 10 to about 90 weight percent
fluoropolymer aqueous emulsion and a remainder of oxygen-radical-containing
copolymer aqueous solution;

(b)  etching a surface of a polytetrafluoroethylene article to provide an etched surface;

(c) saturatively distributing said aqueous admixture onto said etched surface;

(d) positioning a structural material article against said aqueous admixture on said
etched surface so that said aqueous admixture fluidly fills an interface between
said structural material article and said etched surface, said structural material
portion made of a material selected from the group consisting of polymer, metal,

ceramic, leather, and wood; and
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()  curing said aqueous admixture in said interface to bond said structural material
article to said etched surface;
wherein said fluoropolymer aqueous emulsion has from about 20 to about 60 weight
percent tetrafluoroethylene-hexafluoropropylene-vinylidene  fluoride  emulsified
terpolymer, a pH from about 6 to about 10, a specific gravity from about 1.1 to about 1.5
grams per milliliter, and a viscosity from about 4 to about 12 Mega Pascal Seconds; and
wherein said oxygen-radical-containing copolymer aqueous solution has
(1) from about 20 to about 60 weight percent oxygen-radical-containing
copolymer having a softening temperature of from about 25 to about 180
degrees Centigrade, a specific gravity from about 1.1 to about 1.5 grams
per milliliter, and an estimated equivalent molecular weight from about
100 to about 10,000 , wherein said oxygen-radical-containing copolymer
is an oxygen-radical-containing copolymer selected from the group
consisting of epoxy polymer, phenoxy polymer, and hydroxylated
diamine-diepoxide derivative copolymer, and
(2)  from about 0.01 to about 1 weight percent polyethylene-oxide-modified
silcone polymer coupling agent having a wax melting point of from about

25 to about 45 degrees Centigrade.

The method of Claim 36 wherein said tetrafluoroethylene-hexafluoropropylene-
vinylidene fluoride terpolymer has a melting temperature and said curing further
comprises heating said etched surface and said aqueous admixture on said etched surface

to a temperature of at least said melting temperature.

The method of Claim 36 wherein said structural material article comprises a polymer
selected from the group consisting of polyester thermoplastic elastomer, polyamide
thermoplastic elastomer, thermoplastic urethane elastomer, fluoroelastomer, ethylene
acrylic rubber thermoplastic vulcanizate, acrylic acid ester rubber/polyacrylate rubber
thermoplastic vulcanizate, silicone-thermoplastic vulcanizate, polyether-block co-

polyamide polymer,ethylene-propylene-diamine monomer rubber / polypropylene
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thermoplastic vulcanizate, polyamide, polyester, polyolefin, polyphenylene-sulfide,
polyether-ether ketone, polyamide-imide, polysulfone, thermoplastic urethane,
acrylonitrile-butadiene-styrene, polyvinyl chloride, polymethylmethacrylate,
polycarbonate, polybutene, cellulosic plastic, polyacrylate, polyacetal, and combinations

thereof.

The method of Claim 38 further comprising inert particulate admixed in said polymer,
wherein said inert particulate is selected from the group consisting of calcium carbonate,
carbon black, graphite, silica fume, kaolin, magnetizable ferrite powder, metal fiber,
carbon nanotubes, carbon fiber, glass fiber, fiberglass fiber, microspheres, polyimide

powder, molybdenum sulfide powder, brass powder, and combinations thereof.

The method of Claim 36 wherein said metal 1s a metal selected from the group consisting

of steel, carbon steel, stainless steel, and aluminum.

The method of Claim 36 wherein said etching comprises an etching process selected from
the group consisting of sodium-ammonia solution etching, sodium-naphthalene solution

etching, plasma bombardment etching, electron-beam etching, and laser etching.

The method of Claim 36 wherein said saturatively distributing comprises:

(1)  coating said etched surface with said aqueous admixture to provide an aqueous
admixture coating having from about 0.0005 to about 0.01 inches thickness; and

(2) pressurizing said aqueous admixture coating against said etched surface for at
least 3 minutes at from about 0.5 to about 10 pounds per square inch pressure and

from about 25 to about 100 degrees Centigrade temperature.
The method of Claim 36 wherein said positioning further comprises any process selected

from the group consisting of calendaring, pultrusion, multilayer extrusion, and co-

injection molding.
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The method of Claim 36 wherein said tetrafluoroethylene-hexafluoropropylene-
vinylidene fluoride terpolymer is from about 46.5 to about 51.5 weight percent of said

fluoropolymer aqueous emulsion.

The method of Claim 36 wherein said pH 1s from about 8 to about 9.

The method of Claim 36 wherein said viscosity 1s from about 9 to about 10 Mega Pascal

Seconds.

The method of Claim 36 wherein said coupling agent is from about 0.05 to about 1.5

weight percent of said oxygen-radical-containing copolymer aqueous solution.

The method of Claim 36 wherein said fluoropolymer aqueous emulsion is from about 20

to about 60 weight percent of said aqueous admixture.

The method of Claim 36 wherein said fluoropolymer aqueous emulsion is about 50

weight percent of said aqueous admixture.

The method of Claim 42 wherein said coating is about 0.0015 inches thick.

The method of Claim 37 wherein said heating sustains said etched surface and said
aqueous admixture on said etched surface at a temperature of at least 190 degrees

Centigrade and at a pressure of at least 75 pounds per square inch for at least 10 minutes.

The method of Claim 36 wherein said adjusting water further comprises vacuum

evaporation of water from said aqueous admixture on said etched surface.

The method of Claim 36 wherein said composite 1s a seal and said method further

comprises machining a dynamic contact surface on said polytetrafluoroethylene article.
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The method of Claim 36 wherein said composite is any of a laminate diaphragm in a

diaphragm pump, a gasket, an o-ring, and a hose.

A composite made by a process, comprising:

(a) admixing an aqueous admixture of from about 10 to about 90 weight percent
fluoropolymer aqueous emulsion and a remainder of oxygen-radical-containing
copolymer aqueous solution;

(b)  etching a surface of a polytetrafluoroethylene article to provide an etched surface;

(¢) saturatively distributing said aqueous admixture onto said etched surface;

(d)  positioning a structural material article against said aqueous admixture on said
etched surface so that said aqueous admixture fluidly fills an interface between
sald structural material article and said etched surface, said structural material
portion made of a material selected from the group consisting of polymer, metal,
ceramic, leather, and wood; and

(€) curing said aqueous admixture in said interface to bond said structural material

article to said etched surface;

wherein said fluoropolymer aqueous emulsion has from about 20 to about 60 weight

percent  tetrafluoroethylene-hexafluoropropylene-vinylidene  fluoride  emulsified

terpolymer, a pH from about 6 to about 10, a specific gravity from about 1.1 to about 1.5

grams per milliliter, and a viscosity from about 4 to about 12 Mega Pascal Seconds; and

wherein said oxygen-radical-containing copolymer aqueous solution has

(1) from about 20 to about 60 weight percent oxygen-radical-containing copolymer
having a softening temperature of from about 25 to about 180 degrees Centigrade,
a specific gravity from about 1.1 to about 1.5 grams per milliliter, and an
estimated equivalent molecular weight from about 100 to about 10,000 , wherein
said oxygen-radical-containing copolymer 1s an oxygen-radical-containing
copolymer selected from the group consisting of epoxy polymer, phenoxy

polymer, and hydroxylated diamine-diepoxide derivative copolymer, and
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(2) from about 0.01 to about 1 weight percent polyethylene-oxide-modified silcone

polymer coupling agent having a wax melting point of from about 25 to about 45

degrees Centigrade.

The composite of Claim 55 wherein said tetrafluoroethylene-hexafluoropropylene-
vinylidene fluoride terpolymer has a melting temperature and said curing further
comprises heating said etched surface and said aqueous admixture on said etched surface

to a temperature of at least said melting temperature.

The composite of Claim 55 wherein said structural material article comprises a polymer
selected from the group consisting of polyester thermoplastic elastomer, polyamide
thermoplastic elastomer, thermoplastic urethane elastomer, fluoroelastomer, ethylene
acrylic rubber thermoplastic vulcanizate, acrylic acid ester rubber/polyacrylate rubber
thermoplastic vulcanizate, silicone-thermoplastic vulcanizate, polyether-block co-
polyamide polymer,ethylene-propylene-diamine monomer rubber / polypropylene
thermoplastic vulcanizate, polyamide, polyester, polyolefin, polyphenylene-sulfide,
polyether-ether ketone, polyamide-imide, polysulfone, thermoplastic urethane,
acrylonitrile-butadiene-styrene, polyvinyl chloride, polymethylmethacrylate,
polycarbonate, polybutene, cellulosic plastic, polyacrylate, polyacetal, and combinations

thereof.

The composite of Claim 57 further comprising inert particulate admixed in said polymer,
wherein said inert particulate is selected from the group consisting of calcium carbonate,

carbon black, graphite, silica fume, kaolin, magnetizable ferrite powder, metal fiber,
carbon nanotubes, carbon fiber, glass fiber, fiberglass fiber, microspheres, polyimide

powder, molybdenum sulfide powder, brass powder, and combinations thereof.

The composite of Claim 55 wherein said metal is a metal selected from the group

consisting of steel, carbon steel, stainless steel, and aluminum.
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The composite of Claim 55 wherein said etching comprises an etching process selected
from the group consisting of sodium-ammonia solution etching, sodium-naphthalene

solution etching, plasma bombardment etching, electron-beam etching, and laser etching.

The composite of Claim 55 wherein said saturatively distributing comprises:

(1)  coating said etched surface with said aqueous admixture to provide an aqueous
admixture coating having from about 0.0005 to about 0.01 inches thickness; and

(2)  pressurizing said aqueous admixture coating against said etched surface for at
least 3 minutes at from about 0.5 to about 10 pounds per square inch pressure and

from about 25 to about 100 degrees Centigrade temperature.

The composite of Claim 55 wherein said positioning further comprises any process
selected from the group consisting of calendaring, pultrusion, multilayer extrusion, and

co-injection molding.

The composite of Claim 55 wherein said tetrafluoroethylene-hexafluoropropylene-
vinylidene fluoride terpolymer is from about 46.5 to about 51.5 weight percent of said

fluoropolymer aqueous emulsion.

The composite of Claim 55 wherein said pH is from about 8 to about 9.

The composite of Claim 55 wherein said viscosity is from about 9 to about 10 Mega

Pascal Seconds.

The composite of Claim 355 wherein said coupling agent is from about 0.05 to about 1.5

weight percent of said oxygen-radical-containing copolymer aqueous solution.

The composite of Claim 55 wherein said fluoropolymer aqueous emulsion is from about

20 to about 60 weight percent of said aqueous admixture.
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The composite of Claim 55 wherein said fluoropolymer aqueous emulsion is about 50

weight percent of said aqueous admixture.

The composite of Claim 61 wherein said coating is about 0.0015 inches thick.

The composite of Claim 56 wherein said heating sustains said etched surface and said
aqueous admixture on said etched surface at a temperature of at least 190 degrees

Centigrade and at a pressure of at least 75 pounds per square inch for at least 10 minutes.

The composite of Claim 55 wherein said adjusting water further comprises vacuum

evaporation of water from said aqueous admixture on said etched surface.

The composite of Claim 55 wherein said composite is a seal and said process further

comprises machining a dynamic contact surface on said polytetrafluoroethylene article.

The composite of Claim 55 wherein said composite is any of a laminate diaphragm in a

diaphragm pump, a gasket, an o-ring, and a hose.

A seal made by a process, comprising:

(a) admixing an aqueous admixture of from about 10 to about 90 weight percent
fluoropolymer aqueous emulsion and a remainder of oxygen-radical-containing
copolymer aqueous solution;

(b)  etching a surface of a polytetrafluoroethylene article to provide an etched surface;

(c) saturatively distributing said aqueous admixture onto said etched surface;

(d)  positioning a structural material article against said aqueous admixture on said
etched surface so that said aqueous admixture fluidly fills an interface between
said structural material article and said etched surface, said structural material
portion made of a material selected from the group consisting of polymer, metal,

ceramic, leather, and wood;
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curing said aqueous admixture in said interface to bond said structural material
article to said etched surface; and
machining a dynamic contact surface on said polytetrafluoroethylene article to

complete said seal;

wherein said fluoropolymer aqueous emulsion has from about 20 to about 60 weight

percent

tetrafluoroethylene-hexafluoropropylene-vinylidene  fluoride = emulsitfied

terpolymer, a pH from about 6 to about 10, a specific gravity from about 1.1 to about 1.5

grams per milliliter, and a viscosity from about 4 to about 12 Mega Pascal Seconds; and

wherein said oxygen-radical-containing copolymer aqueous solution has

(1)

(2)

from about 20 to about 60 weight percent oxygen-radical-containing copolymer
having a softening temperature of from about 25 to about 180 degrees Centigrade,
a specific gravity from about 1.1 to about 1.5 grams per milliliter, and an
estimated equivalent molecular weight from about 100 to about 10,000 , wherein
said oxygen-radical-containing copolymer is an oxygen-radical-containing
copolymer selected from the group consisting of epoxy polymer, phenoxy
polymer, and hydroxylated diamine-diepoxide derivative copolymer, and

from about 0.01 to about 1 weight percent polyethylene-oxide-modified stlcone

polymer coupling agent having a wax melting point of from about 25 to about 45

degrees Centigrade.

A diaphragm pump diaphragm made by a process, comprising:

(a)

(b)
(€)
(d)

admixing an aqueous admixture of from about 10 to about 90 weight percent
fluoropolymer aqueous emulsion and a remainder of oxygen-radical-containing

copolymer aqueous solution;

etching a surface of a polytetrafluoroethylene sheet to provide an etched surtace;
saturatively distributing said aqueous admixture onto said etched surface;
positioning a polymeric sheet against said aqueous admixture on said etched

surface so that said aqueous admixture fluidly fills an interface between said

polymeric sheet and said etched surface; and
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(e) curing said aqueous admixture in said interface to bond said polymeric sheet to
said etched surface;

wherein said fluoropolymer aqueous emulsion has from about 20 to about 60 weight

percent tetrafluoroethylene-hexafluoropropylene-vinylidene  fluoride  emulsified

terpolymer, a pH from about 6 to about 10, a specific gravity from about 1.1 to about 1.5

grams per milliliter, and a viscosity from about 4 to about 12 Mega Pascal Seconds; and

wherein said oxygen-radical-containing copolymer aqueous solution has

(1) from about 20 to about 60 weight percent oxygen-radical-containing copolymer
having a softening temperature of from about 25 to about 180 degrees Centigrade,
a specific gravity from about 1.1 to about 1.5 grams per milliliter, and an
estimated equivalent molecular weight from about 100 to about 10,000 , wherein
said oxygen-radical-containing copolymer 1s an oxygen-radical-containing
copolymer selected from the group consisting of epoxy polymer, phenoxy
polymer, and hydroxylated diamine-diepoxide derivative copolymer, and

(2)  from about 0.01 to about 1 weight percent polyethylene-oxide-modified silcone

polymer coupling agent having a wax melting point of from about 25 to about 45

degrees Centigrade.

A method for etching an article made of polytetratfluoroethylene, comprising:

(a) generating a bombardment beam; and

(b) etching a surface of said article with said bombardment beam, said bombardment
beam energizing said surface with sufficient energy for dislodging a plurality of
fluoride atoms from said polytetrafluoroethylene of said surface and thereby
generating  residual fluoroethylenic free  radical moieties in

polytetrafluoroethylene polymeric chains of said surface upon conclusion of said

etching.

The method of Claim 76 wherein said generating generates a bombardment beam
selected from the group of bombardment beams of a plasma beam, an electron-beam, and

a laser beam.

30




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims

