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Figure 1 
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Figure 4 
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TABLE 1 

SILICONE REINFORCE- VOLUME % TENSILE ELONGATIO MODULUS HARDNESS TEAR 
SAMPLE GRADE mam SOURCE SILICONE STRENGTH (PSI) N (%) (@ 25%, PSI) (SHORE A) (PF!) 

A PDMS Unreinforced as 2,700 195 1,430 as 000 

D GE RTV s15 Resin a0 3100 ‘ 190 2,470 as 110 

E GE RTV 00a Fumed Silica an 3,500 250 2,500 05 ~ 850 

F GE PDMS Unireinforced 100 200 50 w 40 o 

a GE RTV s15 Resin 100 1,050 125 as 54 0 

H GE RTV sea Fumed Silica 100 900 320 02 4a 137 
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TABLE 2 

SAMPLES SILICONE GRADE PTFE GRADE VOLUME % SILICONE TUBING LIFE (HRS.) 

| GE RTV 615 Gore ePTFE 940 21400 

N GE RTV 615 DuPont 63 I ' 94.5 025 

0 GE RTV 615 lCl CD123 94.5 750 

L GE RTV 615 None 100 7.0 

M GE RTV 863 None 100 70 
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TABLE 3 

SAMPLES SILICONE GRADE VOLUME % SlLlCONE % REBOUND LOSS TUBING LIFE (mast) 

Q GE RTV 615 93 2,4 1,250 

R Dow Coming RTV 4010 so ' ‘ 34 136 

8 Heat Cured Rubber 100 244 68 
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TABLE 4 

CHANGE IN HARDNESS 

% VOLUME CHANGE % TENSILE CHANGE ‘I. ELONGATION CHANGE (POINTS) 
SOLVENT SAMPLE AA SAMPLE BB SAMPLE AA SAMPLE BB SAMPLE AA SAMPLE BB SAMPLE AA SAMPLE BB 

Hexane 3 159 -3 5 - -2 ~41 -2 ~20 

Toluene 3 114 -3 *2 O -55 Q -17 

Telrahydroiuran 7 129 -1 0 -5 -61 -1 -22 

Silicone Oil 0 11 -5 -1 7 <21 -1 ‘3 

Periiuoro Ether 93 3 —10 9 >16 4 -9 0 

ASTM Fuel 0 4 145 -1 -1a -1 -80 -1 -2a 

Gasoline 4 155 -9 -14 10 -75 0 »22 

Gear Oil 0 6 -5 -a 0 -a2 1 0 j 

.. ii 1, - 1 0 4; -2 1o -14 o -1 

Methy Ethyl Ketone 5 61 -a -11 ~10 -5a 0 -12 

Acetone 4 23 -1 0 '9 -25 -2 0 

Hydrochloric Acid 0 1 -3 —19 5 -71 0 -3 

Sulfuric Acid -4 Degraded -11 I" , 4 4 31 Degraded -7 Degraded 

Nitric Acid 2 0 -1 -29 1 -63 1 0 

Sodium Hydroxide 0 2 2 -21 47 ~71 0 1 
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TABLE 5 

OXYGEN 
VOLUME % ELASTOMER PERMEABILITY COMPOSITE MEMBRANE 

SAMPLE ELASTOMER GRADE (cm'lseclatm) THICKNESS (mils) THICKNESS (mils) 

FF’ 80 GE RTV 863 1.14 X 10*‘ 3.0 10 

G6 94 DC 036679 1.09 x 1D43 2.5 0.75 

HH 80 GE RTV 615 461x10“ 3.5 3.5 

ll 91 GE RTV615 354x104i 1.1 0.5 

JJ 97 SIFEL‘ 610 7.49 x10" 3.0 0.5 
* Material was porous through 112 the thickness direction and resulted in leak through. and thus, above the detection limit of the cell. 
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TABLE 6 

VOLUME 0F STRESS T0 SEAL STRESS TO SEAL STRESS TO SEAL 
SAMPLE MATERIAL ELASTOMER AT 30 PSI AT 60 PSI AT 100 PSI 

KK Elastomer Composite 80 110 120 240 

LL Silicone Rubber 100 110 140 170 

MM ePTFE 0 200 ‘ 300 450 
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FLEXURE ENDURANT COMPOSITE ELASTOMER 
COMPOSITIONS 

RELATED APPLICATIONS 

[0001] The present application is a regular application 
based on co-pending US. Provisional Patent Application 
No. 60/074,703 ?led Feb. 13, 1998. 

FIELD OF THE INVENTION 

[0002] A ?exure endurant composition of elastomer rein 
forced With a continuous phase of microporous, expanded 
polytetra?uoroethylene (ePTFE). 

BACKGROUND OF THE INVENTION 

[0003] Silicone elastomers can be fabricated into many 
forms for use, illustratively, in the medical, electrical, and 
chemical industries. Articles such as peristaltic pump tubes, 
pump diaphragms, belloWs, baby bottle nipples, Wire and 
cable sheaths, gaskets, and O-rings, for example, are com 
monly made from silicone elastomers. Many of these 
articles, moreover, are used in applications that require 
repeated ?exing. For example, peristaltic pumps are used to 
transport liquids and pastes through an elastomeric tube in 
Which the tube is squeeZed betWeen a set of rotating rollers 
and a ?xed pump housing. Silicone elastomers are fre 
quently used for peristaltic pump tubing. Upon repeated 
?exure, hoWever, the silicone rubber tubing develops cracks 
in the side Wall and ruptures catastrophically. The problem 
is exacerbated When pumping ?uids at elevated pressures 
and temperatures, leading to even shorter pump tubing life. 
Clearly, a more durable substance is needed for these 
purposes. 

[0004] Silicones are a class of inherently ?exible polymers 
With organosilicon-oxygen repeating units Which undergo 
bond rotation With little resistance. As a result, silicones 
possess excellent loW temperature properties; hoWever, their 
Weak intermolecular and intramolecular polymer interac 
tions result in poor tear strength and toughness. As a result, 
silicone elastomers are often reinforced With either particu 
late inorganic ?llers or soluble silicone resin ?llers. Inor 
ganic ?llers, such as fumed silica, for example, are knoWn 
to increase the tensile strength of dimethyl silicones by a 
factor of ten. Even the best silicone elastomers, hoWever, are 
still limited to approximately 1,300 psi tensile strength 
(ASTM D-412) and 250 ppi tear strength (ASTM D-624 die 
B). Natural rubber, on the other hand, has signi?cantly 
higher tensile and tear properties; hoWever, it lacks many of 
the useful silicone elastomer attributes of loW temperature 
?exibility, loW dielectric loss, oZone resistance, loW extract 
ables, and radiation resistance. Thus, the need for an 
improved class of reinforced silicone elastomers that com 
bine the strength and toughness of natural rubber With the 
useful attributes of silicone rubber continues to be unsatis 
?ed. 

[0005] Polytetra?uoroethylene (PTFE) is a polymer With 
excellent chemical inertness coupled With high strength. In 
US. Pat. Nos. 3,953,566; 3,962,153; 4,096,227; and 4,187, 
390, Gore teaches the lubrication of PTFE poWder and 
subsequent expansion of the PTFE into a microstructure 
characteriZed by nodes interconnected by ?brils. In these 
patents, Gore teaches the use of non-reactive ?uids such as 
kerosene, naphtha, or mineral spirits as the lubricating ?uid 
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to aid in the extrusion of PTFE ?ne poWder. The PTFE is 
extruded into a tape and dried to remove the non-reactive 
lubricant. Finally, the extrudate is expanded to produce a 
material that has both high porosity and high strength. 

[0006] Expanded PTFE (ePTFE) has also been prepared 
using reactive lubricants, as seen in Mitchell (US. Pat. No. 
4,764,560), and Tu (EP 256,748; US. Pat. No. 5,071,609). 
Reactive lubricants consist of uncured silicone and option 
ally a solvent such as kerosene, naphtha, or mineral spirits. 
The PTFE ?ne poWder is lubricated, extruded, and 
expanded. During the expansion process, the silicone cures 
in situ to form an interpenetrating polymer netWork (IPN) of 
PTFE and silicone elastomer. Such expanded structures have 
residual porosity, high strength, and moderate resilience. 
Mitchell (US. Pat. No. 4,764,560; US. Pat. No. 4,891,407; 
WO 87/02996) and Dillon (US. Pat. No. 4,832,009; WO 
9117205), for example, teach the use of heat curable dim 
ethylsilicone to produce a porous microstructure of inter 
penetrating matrices in cured form With moisture vapor 
transmission properties for use as bandages for severe burn 
victims. The amount of curable silicone suggested in Mitch 
ell’s ’560 and ’407 patents can range from as little as 1 part 
by Weight per 100 parts of PTFE to as much 150 parts of 
silicone per 100 parts of PTFE. Using Mitchell, hoWever, it 
is not feasible to expand paste extruded tape having more 
than 20 Weight percent silicone into a microstructure of 
interpenetrating matrices in cured form due to the lack of 
interconnection betWeen nodes and ?brils Which results in 
poor extrudate green strength. Thus, the compositions 
described by Mitchell possessed little elasticity due to their 
relatively high volume fraction of PTFE When compared to 
the present invention. 

[0007] Tu (US. Pat. No. 4,816,339) also describes the use 
of reactive and unreactive lubricants for the preparation of 
radially asymmetric vascular grafts having an elastomer 
content ranging from 5 to 120 Weight percent ratio of 
elastomer relative to PTFE. Tu teaches the use of ?uoroelas 
tomers, silicone elastomers, and others. A typical process 
used for producing a multi-layer PTFE/elastomer implant 
included blending the PTFE ?ne poWder With the solvated 
elastomer, preforming a multilayered billet, extruding out of 
a die, curing the elastomer, expanding the composite, and 
forming an optional elastomeric polymer coating layer via a 
dip or spray coating operation. Other tubular prostheses 
have been developed by Mano (US. Pat. No. 4,304,010) 
Which comprise a porous tubing of PTFE having a micro 
structure composed of ?brils and nodes connected to one 
another by the ?brils, the ?brils being radially distributed, 
and a porous coating of an elastomer bound to the outside 
surface of said PTFE tubing. The prosthesis can be vacuum 
impregnated With elastomer solution to provide a coating 
thickness of betWeen 20 and 500 microns. The prosthesis has 
improved suture tear resistance When compared to previous 
art. 

[0008] Tomoda (US. Pat. No. 4,133,927) teaches the 
lamination of ePTFE to an elastomer substrate Wherein the 
porous sheet of ePTFE forms a layer having a thickness of 
about 0.05 mm or more on the surface of the elastomer 
substrate. The composite is formed by superimposing the 
porous ?lm or sheet on a vulcaniZable rubber elastomer 
substrate and subjecting the material to heat and pressure 
suf?cient to affect vulcaniZation of the rubber and adhesion 
betWeen the porous PTFE and the elastomer substrate. In the 
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case of ?uorine-containing rubber, the resulting composite 
exhibits excellent chemical resistance. Tomoda does not 
teach the use of multiple layers of ePTFE to form a com 
posite that is capable of transferring stress on a molecular 
level throughout the bulk. 

[0009] For many years, silicone elastomers have been 
modi?ed With PTFE poWder to increase their lubricity, 
thermal stability, and tear strength. Safford (US. Pat. No. 
2,710,290) teaches the use of a minor portion of solid PTFE 
dispersed throughout the silicone to form randomly distrib 
uted ?brils. He shoWs that the PTFE particles Were elon 
gated in situ Within the silicone matrix by means of shear 
deformation action. As a result, the tear strength, as mea 
sured by ASTM D-624 (die B), Was increased from 65 ppi 
to 230 ppi. Konkle teaches in US. Pat. No. 2,927,908 that 
PTFE can be used to increase tensile and tear strength in heat 
curable ?uorinated organopolysiloxane elastomers. These 
composites Were also characteriZed as fuel and oil resistant. 
These examples of PTFE particles dispersed into silicone 
rubber are limited to less than 25 Weight percent due to the 
dif?culty in processing of the rubber and deterioration of the 
physical properties of the vulcaniZate. Unlike the present 
invention, PTFE poWder ?lled elastomers lack the continu 
ous layer of ePTFE Whose microstructure can be character 
iZed by nodes interconnected by ?brils, and thus have 
inferior ?exure resistance. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to provide a 
composite elastomer With superior ?exure endurance 
Wherein the ratio of elastomer to ePTFE ranges from 1:1 to 
50:1 on a volume basis. 

[0011] Another object of the present invention is to pro 
vide a chemical resistant ?uoroelastomer for applications 
that require ?exure in the presence of aggressive chemicals. 

[0012] Still another object of the present invention is to 
provide a reinforced elastomer useful for pump components, 
diaphragms, gaskets, seals, o-rings, belts, tubes, and bel 
loWs. 

[0013] The present invention relates to ?ex endurant elas 
tomer compositions based on elastomers reinforced With a 
continuous phase of microporous or expanded polytetra?uo 
roethylene (ePTFE). More particularly, the invention relates 
to a mixture of ingredients comprising (1) a liquid elastomer 
convertible to a cured, solid elastic state and (2) a minor 
portion of ePTFE having a continuous microstructure char 
acteriZed by nodes interconnected by ?brils. 

[0014] There are also provided methods for fabricating 
these ?ex endurant composites of an elastomer and ePTFE. 
The processes involve coating ePTFE material With liquid 
elastomer, Wrapping the impregnated material around a 
mandrel, and, optionally, applying heat and/or pressure to 
vulcaniZe the elastomer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1. Scanning electron micrograph (SEM) of 
ePTFE at 5,000 times magni?cation shoWing the continuous 
microstructure characteriZed by nodes interconnected by 
?brils. 

[0016] FIGS. 2A, 2B and 2C are schematic representa 
tions of gravure coating processes for impregnating ePTFE 
With liquid elastomer. 
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[0017] FIG. 3. Flexure endurance of silicone/ePTFE com 
posite elastomer versus silicone rubber and ePTFE GORE 
TEX® GR® sheeting using ASTM D2176-69. 

[0018] FIG. 4. SEM of elastomer composite having a 
silicone content of 90 volume %. 

[0019] FIG. 5. Pressure handling capability of silicone/ 
ePTFE composite elastomer compared to silicone rubber 
and thermoplastic elastomer, sold under the trademark 
MARPRENE®. 

[0020] FIG. 6. FloW rate as a function of time for silicone/ 
ePTFE composite elastomer pump tubing versus extruded 
silicone heat cured rubber pump tubing. 

[0021] FIG. 7. Schematic representation of bloW molding 
tool used to fabricate elastomer composite belloWs. 

[0022] FIG. 8. Illustration of multicavity mold With com 
posite elastomer release ?lm used to replicate molded parts. 

[0023] Table 1. Physical properties of silicone/ePTFE 
composite elastomers versus pure components. 

[0024] Table 2. Peristaltic pump tubing life of silicone/ 
ePTFE composite elastomers versus PTFE poWder ?lled 
silicone rubber. 

[0025] Table 3. Summary of pump tubing life of silicone/ 
ePTFE composite elastomer versus solvent imbibed tubing 
and commercial silicone rubber tubing. 

[0026] Table 4. Summary of the effects of various chemi 
cals on the physical properties of both the ?uoroelastomer 
composites and the methyl silicone composites. 

[0027] Table 5. Conformable ?lm compositions using 
dimethylsilicone, tri?uoropropylmethylsilicone, and per 
?uoropolyether elastomers With expanded PTFE membrane. 

[0028] Table 6. Water sealability of silicone, ePTFE, and 
composite elastomer gaskets at various applied pressures. 

DESCRIPTION OF THE INVENTION 

[0029] The compositions of the present invention provide 
superior ?exure endurant elastomer composites. The use of 
expanded PTFE provides a microstructure of nodes inter 
connected by ?brils that serve to distribute stress from one 
part of the elastomer to another, on a molecular level. This 
composite is formed in the folloWing manner: 

[0030] First, an expanded PTFE (ePTFE) material is pro 
duced, such as through the methods described in US. Pat. 
No. 3,953,566 to Gore. For instance, the ePTFE membrane 
may be formed from a mixture of PTFE resin (having a 
crystallinity of about 95% or above) and a liquid lubricant 
(eg a solvent of naphtha, White oil, mineral spirits, or the 
like). The mixture is thoroughly blended and then formed 
into a pellet. The pellet is extruded into a tape using a 
ram-type extruder. Subsequently, the lubricant may then be 
removed through evaporation in an oven. The resulting tape 
may then be subjected to either uniaxial or biaxial stretching 
at a temperature of less than 327° C. to impart the desired 
amount of porosity and other properties to the membrane. 
Stretching may be performed through one or more steps. The 
resulting membrane may then be subjected to a sintering 
temperature above 345° C. (i.e. the melting temperature of 
PTFE) to amorphously lock the membrane in its expanded 
orientation. The result is a porous structure, as shoW by the 
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scanning electron micrograph (SEM) in FIG. 1, Which 
depicts the polymeric nodes, interconnected by ?brils. Typi 
cal properties of a structure comprise an average ?bril length 
betWeen nodes of 0.05 to 30 microns (preferably betWeen 
0.2 and 30 microns), and a void volume of 20 to 90%. As 
should be evident from the folloWing description, the precise 
properties and dimensions of ePTFE structures employed 
With the present invention are a function of the application. 
Particulate ?llers can also be incorporated into the ePTFE 
structure as taught by Gore (US. Pat. No. 4,096,227; US. 
Pat. No. 4,187,390). Fillers, such as fumed silica, provide an 
active site for either covalent linking of the elastomer to the 
ePTFE or for hydrogen bonding of the elastomer to the ?ller. 
The general membrane properties suitable for use With the 
present invention should include medium to high porosity, 
and Wettability by various solvents, such as methylene 
chloride, toluene, and/or acetone. 

[0031] Substrate material made through one of the above 
described methods and suitable for use in the present inven 
tion is commercially available in a Wide variety of forms 
from a number of sources, including under the trademark 
GORE-TEX® from W.L. Gore & Associates, Inc., Newark, 
Del. 

[0032] The elastomers used in the present invention may 
be natural or synthetic in origin. Examples of common 
synthetic elastomers include silicones, urethanes, nitrile 
rubber, styrene-butadiene-styrene (SBR), chloroprene, phos 
phaZenes, ?uoroelastomers, per?uoroelastomers, per?uo 
ropolyether elastomers, having a rubbery elastic modulus of 
less than 107 Pa. In a preferred embodiment of this inven 
tion, solventless liquid elastomers can be used that simplify 
processing and are more environmentally acceptable. Such 
liquid elastomers are commercially available in a Wide 
variety of forms from a number of sources, including under 
the trademark SILASTIC® from DoW Corning Corporation, 
Midland, Mich. and as a series of room temperature vulca 
niZates (RTV) from General Electric Silicones, Waterford, 
NY. A series of liquid per?uoro polyether elastomers are 
available under the trademark SIFEL® from Shin Etsu 
Chemical, Tokyo, Japan. 
[0033] The organosilicone elastomer component can be 
cured using various mechanisms; hoWever, hydrosilylation 
reactions betWeen vinyl and hydride functional polymers is 
the preferred approach and Will be referred to as an addition 
cure system in this application. These elastomers are pref 
erably formulated to be solventless, liquid materials in the 
uncured state at room temperature. Addition cure elastomers 
typically consist of linear polymer, reinforcing agent, 
crosslinker, catalyst, inhibitor, and, optionally, an adhesion 
promoter. 

[0034] Linear silicone polymers used in this invention 
have viscosities up to 1,000,000 cps or more at 25° C. and 
are, preferably, functionaliZed With dimethylvinyl groups at 
the ends of the polymer chains and/or vinylmethyl siloxane 
repeat units in the polymer backbone. Solventless coating 
techniques can be employed if the polymer viscosity is 
maintained betWeen 10 and 100,000 cps at 25° C. and, 
especially, When the viscosity is betWeen 1,000 and 50,000 
cps at 25° C. 

[0035] Reinforcing and/or extending agents include 
insoluble particulate ?llers such as fumed silica, precipitated 
silica, ground quartZ and carbon black. These ?llers are 
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preferably treated With silane coupling agents to render them 
hydrophobic and thus more compatible With the silicone 
base polymer. Soluble reinforcing agents include polyorga 
nosiloxane resins of the type disclosed by Modic (US. Pat. 
No. 3,436,366) and Nelson (US. Pat. No. 3,284,406). Sili 
cone resins are hyperbranched copolymers of one or more of 
M (trimethyl siloxy), D (dimethyl siloxy), or T (methyl 
siloxy) units condensed With Q (silicate) units. Also, one or 
more of the M, D, or T units could be functionaliZed With 
vinyl, hydride, tri?uoropropyl, phenyl, or other alkyl groups. 
Preferred compositions are MDQ resins With vinyl function 
ality on either the M or the D siloxane units. The use of these 
soluble resins often permits the formulation of solventless 
materials that are reinforced but are not thixotropic as in the 
fumed silica reinforced materials. Polyorganosiloxane resin 
materials admixed With linear polymers are preferably for 
mulated to have viscosities beloW 100,000 cps for solvent 
less application. High viscosity materials can be employed 
With the use of solvents. 

[0036] Crosslinkers such as organohydrogen polysilox 
anes can be used in the instant invention in either linear or 
resinous form. Linear crosslinkers are preferably function 
aliZed With dimethylhydrogen groups at the ends of the 
polymer chains and/or methylhydrogen siloxane repeat units 
in the polymer backbone. The polyorganosiloxane resin 
crosslinkers are hyperbranched copolymers of one or more 
of M, D, or T units condensed With Q units. One or more of 
the M, D, or T units could be functionaliZed With vinyl, 
hydride, tri?uoropropyl, phenyl, or other alkyl group. Both 
the linear and resinous crosslinkers have viscosities betWeen 
25 and 10,000 cps at 25° C., With a preferred range betWeen 
50 and 1,000 cps at 25° C. 

[0037] Inhibitors used to control the cure rate of addition 
cure RTVs at either room temperature or elevated tempera 
tures include polymethylvinylcyclosiloxane having three to 
six methylvinylsiloxane units per molecule. Another class of 
preferred inhibitors are the acetylenic compounds (US. Pat. 
No. 3,445,420), particularly 2-methyl-3-butyn-2-ol. 

[0038] Catalysts for the addition cure elastomers include 
precious metals such as platinum, rhodium, palladium, and 
others. These precious metals can be solubiliZed or com 
plexed in solution as taught by Karstedt in US. Pat. No. 
3,814,730, by Ashby in US. Pat. No. 3,159,601, and Lam 
oreaux in US. Pat. No. 3,220,970. A preferred catalyst for 
addition cure elastomers is platinum solubiliZed in vinyl 
functional silicone polymer at a level of betWeen 0.5 and 50 
Wppm platinum in the ?nal elastomer. Organic peroxides can 
be used to crosslink vinyl containing elastomers. Preferred 
peroxides include benZoyl peroxides, dicumyl peroxide, 
di-t-butyl peroxide, and others familiar to one skilled in the 
art. 

[0039] Condensation cure elastomers can also be 
employed in the described invention. These elastomers are 
formed from the condensation of hydrolyZable silicone 
polymers such as hydroxyl functional dimethyl siloxane. 
Catalysts used to crosslink these elastomers include tin and 
titanium based compounds. Preferable condensation cata 
lysts include dibutyl tin dilaurate and dibutyl tin oxide. 

[0040] Polyorganosilicone materials can be formulated to 
be either one or multicomponent in nature. Apreferred tWo 
component system includes an “A” and a “B” side. The “A” 
preferably includes the linear polymer, reinforcing agent, 
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and catalyst. The “B” side preferably includes the linear 
polymer, reinforcing agent, inhibitor, crosslinker, and 
optionally a silane coupling agent. These systems are com 
mercially available in various ratios of “A” to “B” including, 
but not limited to 10:1, 9:1, and 1:1. In some cases, a one 
part material can be formulated to include the linear poly 
mer, reinforcing agent, crosslinker, inhibitor, catalyst, and, 
optionally, a silane coupling agent With the selection of an 
appropriate inhibitor. 

[0041] The per?uoro polyether based SIFEL® elastomers 
involve the hydrosilylation betWeen vinyl and hydride func 
tional polymers With per?uoro polyether repeating units for 
the backbone as taught in Us. Pat. Nos. 5,288,829; 5,554, 
779; 5,314,981; and 5,292,848. These elastomers are pref 
erably formulated to be solventless, liquid materials in the 
uncured state at room temperature. These per?uoro poly 
ether based RTVs consist of linear polymer, crosslinker, 
catalyst, inhibitor, and, optionally, reinforcing materials and 
adhesion promoter(s). 

[0042] Once suitable ePTFE and elastomer precursor 
materials are obtained, the folloWing processing can be 
performed to produce the composite material of the present 
invention. The ePTFE membrane can be coated by any one 
of a variety of methods including gravure coating to impreg 
nate the porous structure With elastomer, as shoWn sche 
matically in FIGS. 2A, 2B and 2C. The ePTFE membrane 
is paid out onto a gravure roll (A), Whereupon it is Wetted 
With liquid elastomer. The liquid is driven into the porous 
structure With the application of pressure by means of rubber 
roll (B) pressing against the gravure roll Optionally, the 
impregnated membrane can be further conveyed, as shoWn 
in FIG. 2B, to either a chrome roll (C) to chrome roll (D) 
gap for the application of a top coat of liquid elastomer, or 
as shoWn in FIG. 2C, to a rubber roll (B) to chrome roll (C) 
nip. The coating thickness can be varied to produce com 
posites of desired elastomer content. The coated structure is 
then either taken up in the uncured state around a cylindrical 
mandrel to a desired Wall thickness or passed through a 
convection oven to cure the ePTFE reinforced elastomer 
membrane. In the uncured state, the elastomer impregnated 
ePTFE can either be vulcaniZed around a mandrel to form a 
tubular article, such as pump tubing, or removed from the 
mandrel by cutting along the longitudinal axis to produce a 
?at sheet of uncured material. The uncured material can then 
be die cut to produce preforms for compression molding into 
articles of complex shape such as a diaphragm, O-ring, 
gasket, etc. Another approach is to take up the coated 
membrane onto a mandrel and slice the material into tapes 
of desired Width. The tapes can then be Wrapped around a 
mandrel using ?lament Winding techniques to generate three 
dimensional objects of irregular shape and unlimited length. 

[0043] The ratio of elastomer to expanded PTFE should be 
sufficient to render the article elastomeric Without adversely 
affecting ?exure endurance. Compositions too lean in elas 
tomer provide articles that behave in a plastic-like manner. 
They often exhibit considerable creep, hysteresis, and lack 
of resilience or rebound. Compositions that are too rich in 
elastomer do not bene?t from the microstructure of nodes 
interconnected With ?brils that provide the unique ?ex life 
and strength of the instant invention. Thus, the composition 
most suitable for maximum fatigue life ranges from approxi 
mately 1:1 elastomer to PTFE to approximately 50:1 elas 
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tomer to PTFE by volume. More preferably the ratio ranges 
from 4:1 to 25:1 elastomer to PTFE by volume. 

[0044] Elastomeric articles can be fabricated from these 
composites by any number of molding techniques including 
compression molding, bloW molding, extruding, and lami 
nating. The preferred addition cure elastomers can be heat 
cured to accelerate fabrication. Articles such as pump dia 
phragms, O-rings, gaskets, dosing valves, tubes and other 
shaped articles can be readily formed by molding multilay 
ered preforms. 

[0045] The present invention comprises a composite in 
Which the composite has a plurality of expanded PTFE 
layers. The PTFE layers are impregnated With at least one 
elastomer and the impregnated PTFE layers are adhered 
together by layers of elastomer. The ratio of a thickness of 
an elastomer layer to a thickness of an impregnated 
expanded PTFE layer is 6.5:1 or less. The at least one 
elastomer and the layers of elastomer each independently 
comprise a natural or synthetic elastomer and can be at least 
one of a methyl silicone, a phenyl silicone, a ?uorosilicone, 
a ?uoroelastomer, a per?uoroelastomer, a per?uoro poly 
ether elastomer, or combinations thereof. 

[0046] In the present composite articles, the volume ratio 
of elastomer to expanded PTFE is at least 80%. The 
expanded PTFE can include at least one ?ller, Wherein the 
at least one ?ller can be, for example, fumed silica, precipi 
tated silica, colloidal silica or carbon black. 

[0047] In some possible embodiments the expanded PTFE 
layers can be plasma treated or the expanded PTFE layers 
can contain a silane coupling agent. 

[0048] The present composite materials can be used to 
make gaskets, o-rings, belloWs and pump diaphragms. 

[0049] The present invention further comprises a compos 
ite tube in Which the tube comprises a plurality of expanded 
PTFE layers. The expanded PTFE layers are impregnated 
With at least one elastomer and the impregnated layers are 
adhered together by layers of elastomer. The ratio of the 
thickness of an elastomer layer to the thickness of an 
impregnated expanded PTFE layer is 6.5 :1 or less. The tube 
can have a diameter of elongation of less than 35% of the 
original diameter When subjected to 125 psi internal pressure 
at 25° C. 

[0050] The at least one elastomer and the layers of elas 
tomer each independently can comprise a natural or syn 
thetic elastomer or can be an organosilicone such as, for 
example, a methyl silicone, a phenyl silicone, a ?uorosili 
cone, a ?uoroelastomer, a per?uoroelastomer, a per?uoro 
polyether elastomer, or combinations thereof. The volume 
ratio of elastomer to expanded PTFE is at least 80%. The 
expanded PTFE used to make the tubes may include at least 
one ?ller such as, for example, fumed silica, colloidal silica, 
carbon black, or combinations thereof. The expanded PTFE 
layers of the tube can include a plasma treatment and can 
also have a silane coupling agent treatment thereon. The 
tube made in accordance With this invention can be operated 
in a peristaltic pump for at least 100 hours at 200 rpm at a 
pressure of at least 30 psi. 

[0051] In a speci?c embodiment of the present tube, the 
tube comprises at least 31 layers of expanded PTFE in Which 
the layers are impregnated With at least one organosilicone 
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elastomer. The impregnated layers are adhered together by 
layers of organosilicone elastomer in Which the ratio of the 
thickness of an elastomer layer to the thickness of an 
impregnated expanded PTFE layer is 6.5 :1 or less. 

[0052] The present tubes are non-contaminating, steam 
steriliZable and can be operated in a peristaltic pump for at 
least 100 hours at 200 rpm at a pressure of at least 30 psi. 

[0053] The present composite articles can comprise a 
plurality of expanded PTFE membrane layers in Which the 
layers have a thickness of betWeen about 0.2 mil and about 
3.5 mil and the layers are impregnated With at least one 
elastomer. The impregnated layers are adhered together by 
layers of elastomer and the volume ratio of elastomer to 
expanded PTFE in the article is at least 3:1. The at least one 
elastomer and the layers of elastomer each independently 
can comprise a natural or synthetic elastomer or can be an 
organosilicone such as, for example, a methyl silicone or a 
phenyl silicone, a ?uorosilicone, a ?uoroelastomer, a per 
?uoroelastomer, a per?uoro polyether elastomer, or combi 
nations thereof. The expanded PTFE of the composite article 
can include at least one ?ller, such as, for example, fumed 
silica, colloidal silica, carbon black, or combinations 
thereof, and the expanded PTFE layers can have a plasma 
treatment thereon and/or the expanded PTFE layers can 
include a silane coupling agent. 

[0054] Tubes made from the composite article previously 
described can have a diameter elongation of less than 35% 
of the original diameter When subjected to 125 psi internal 
pressure at 25° C. 

[0055] The composite articles can be used to make gas 
kets, O-rings, belloWs and pump diaphragms. 

[0056] The present invention can be better understood 
from the folloWing examples and comparisons. It should be 
understood that the scope of this invention is not limited by 
these speci?c examples. 

[0057] All patents and references cited, herein in this 
application, are expressly incorporated into this application 
by reference thereto. 

EXAMPLE 1 

[0058] ePTFE membrane (GORE-TEX©) membrane, 
produced by W.L. Gore & Associates, Inc., NeWark, Del.), 
Was coated With liquid silicone (See FIG. 2A) using a 
gravure roll (A) and a rubber roll (B) held at a pressure of 
90 psi. The membrane Was 1.5 mils thick, 30“ Wide, and Was 
obtained as a continuous roll. The membrane had a density 
of 0.44 g/cc and a mean pore siZe Was 0.25 microns. The 
liquid silicone Was prepared as a mixture of 725 gm of 0t, 00 
vinyidimethyl endcapped dimethyl siloxane polymer (1,000 
cps), 9.6 gm of tetrakis (dimethylsiloxy) silane crosslinker, 
1.3 gm of 1-ethynyl-1-cyclohexanol inhibitor, and 1.75 gm 
of platinum catalyst (1 Weight % platinum in vinyl end 
capped dimethylsilicone oil). No reinforcing agent Was 
employed. 

[0059] The membrane Was coated at room temperature at 
a speed of 5 feet per minute and taken up onto a 3.5 inch 
mandrel until a Wall thickness of 90 mils Was obtained. No 
top coating of silicone Was employed. Next, the uncured 
composite Was slit doWn the length of the mandrel and the 
material and laid open as a sheet. Preforms, measuring 5“ 
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Wide><5“ long><0.090“ thick, Were die-cut from the sheet and 
compression molded in a ?at plaque mold at 125° C. using 
30,000 lbs of load to prepare 0.075“ thick sheets of cured 
composite elastomer. 

[0060] The ?exure endurance of the above silicone/ePTFE 
composite elastomer Was compared to the ?exure endurance 
of the best available constituent materials: silicone rubber 
and ePTFE sheeting. Commercial silicone rubber (LIM® 
6745 liquid silicone elastomer produced by General Electric 
Silicones, Waterford, NY.) and ePTFE gasket sheeting 
(GORE-TEX® GR Sheet®, produced by W.L. Gore & 
Associates, Inc., NeWark, Del.) Were characteriZed using a 
?exure endurance apparatus, as discussed in the ASTM 
D2176-69 method. The specimens, measuring 0.600“ Wide, 
0.075“ thick, and 6“ long, Were secured in the test apparatus, 
loaded With a 2 Kg mass, and ?exed at a rate of 66 
cycles/minute over a 180 degree arc. 

[0061] FIG. 3 illustrates the dramatic difference in ?exure 
resistance of the composite elastomer, “Sample A”, When 
compared With the ePTFE sheeting, “Sample B”, and the 
commercial silicone rubber, “Sample C”. The composite 
elastomer lasted over 40 million cycles (still in test) com 
pared to 15 million cycles for the ePTFE sheeting and 0.5 
million cycles for the silicone rubber. This surprising syn 
ergistic effect of the composite being superior to the indi 
vidual components appears to be related to the ability of the 
composite to transfer stress from one point to another on a 
molecular level throughout the continuous microstructure of 
nodes interconnected by ?brils. 

EXAMPLE 2 

[0062] Aseries of three composites Were prepared in sheet 
form to compare their physical properties With the pure 
silicone elastomer precursors. First, the composite from 
example 1 (“Sample A”) Was prepared. Second, composite 
elastomer, “Sample D”, Was prepared using the method of 
Example 1, and utiliZed RTV 615 (General Electric Sili 
cones, Waterford, N.Y.) as the liquid silicone elastomer. The 
third composite, “Sample E”, Was prepared using the 
method of Example 1, and utiliZed RTV 863 (General 
Electric Silicones, Waterford, N.Y.) as the liquid silicone 
elastomer. Table 1 summariZes the ASTM D-412 tensile 
strength, elongation to break, and 25% modulus With the 
pure silicone “Sample F”, RTV 615 (“Sample G”), and RTV 
863 (“Sample H”). Also included is the ASTM D-2240 
Shore A hardness and the ASTM D-624 die B tear strength 
values for all the materials. 

[0063] For the ASTM D-412 measurement for tensile 
strength, dumbbell specimens Were ?rst cut from 0.075“ 
compression molded sheets using ASTM D-412 method 
“C”. Samples Were then tested in tension using an Instron 
tensile machine (Model 5567) operating at a strain rate of 
20“/min., all at room temperature. 

[0064] For the ASTM D-624 measurement for tear 
strength, specimens Were ?rst cut from 0.075 “ compression 
molded sheets using ASTM D-624 die “B”. Samples Were 
then tested using an Instron tensile machine (Model 5567) 
operating at a strain rate of 20“/min., all at room tempera 
ture. 

[0065] For the ASTM D-2240 measurement for durometer 
hardness, specimens from the ASTM D-412 test Were 
















