Office de la Propriete Canadian CA 2282896 C 2004/04/06

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 282 896
g'rngL%?rri]ciesgaenada ﬁ?:luagt?;%/aﬁ;da (12) BREVET CANADIEN
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1999/09/17 (51) CL.Int.%/Int.CI.° F16J 3/02, B29C 45/14, B32B 25/08

(41) Mise a la disp. pub./Open to Public Insp.: 2000/03/23 (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2004/04/06 FINGAR, RICHARD E., JR., US;

BENDER, MICHAEL J., US
30) Priorité/Priority: 1998/09/23 (09/159,059) US
(30) Priorite/Friority ( 059) (73) Propriétaire/Owner:

SAINT-GOBAIN PERFORMANCE PLASTICS
CORPORATION, US

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : DIAPHRAGME DE POMPE ET METHODE DE FABRICATION CONNEXE
54) Title: PUMP DIAPHRAGM AND METHOD FOR MAKING THE SAME

14
18 16
12 | t
( 17 1
10

(57) Abrége/Abstract:

A composite pump diaphragm 10 includes a layer 12 fabricated from annealed polytetrafluoroethylene (PTFE) bonded to a layer
14 fabricated from an unreinforced thermoplastic elastomer Iincluding ethylene-propylene terpolymer (EPDM) and
polypropylene. The diaphragm 10 Is fabricated by chemically etching the PTFE layer 12, coating a surface thereof with a
polyurethane adhesive, superimposing the layer 14 with layer 12 under heat and pressure, and allowing the superimposed
layers to cure.
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ABSTRACT

4 A composite pump diaphragm 10 inc%udes a layer 12
fabricated from annealed polytetrafluoroethylene (PTFE)
bonded to a layer 14 fabricated from an unreinforced
thermoplastic elastomer including ethylene-propylene

8 terpolymer (EPDM) and polypropylene. The diaphragm 10 is
fabricated by chemically etching the PTFE layer 12, coating
a surface thereof with a polyurethane adhesive,
superimposing the laver 14 with layer 12 under heat and

12 pressure, and allowing the superimposed layers to cure.
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PUMP DIAPHRAGM AND METHOD FOR MAKING THE SAME

This invention relates to dliaphragms for use in pumps and
valves, and more particularly to a diaphragm including a solid
polytetrafluoroethylene layer adhered to a thermoplastic

elastomeric laver.

Diaphragm pumps are used 1n pumplng a wlde variety of
materials especially when the materials are abrasive, have high
viscosity, or consist of slurrilies that might damage other pump
designs. These pumps are often air driven which 1s
advantageous in pumping flammable liquids or 1n environments
where electrically driven equipment could otherwilise be
hazardous. However, electrically or otherwlise mechanilcally
driven designs also find wide utility. Due to the wlde nature
of different materials these pumps are used toO move, a
correspondingly wide variety of materials are used in their
construction. These include plastics and metals. For the same
reason the critical driving member, i.e., the pump diaphragm,
typically must be manufactured in a varlety of materials.

Chemically resistant layers, such as those made otf

polytetrafluoroethylene (PTFE), are widely used 1n 1ndustry to

protect sensitive parts of machinery or equlpment from the

corrosive effects of acids or other chemicals. One such use 1is
in two piece pump diaphragms commonly used with air or

electrically driven diaphragm pumps. In the two piece
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diaphragms, an outer PTFE overlay dlaphragm is commonly used to

protect an inner rubber diaphragm from materials that would

cause rapld failure of the rubber part alone. In some other
cases, the PTFE provides the sole matefial of construction of
the diaphragm.

such two piece dilaphragms commonly utilize a PTFE layer
and a thermoset material such as neoprene. While the PTFE
layer tends to protect the diaphragm from corrosive effects of
some materials, the thermoset rubber material 1s subject to
failure due to other factors such as exposure to relatively low
temperatures, tearing and abrasion. Moreover, conventional
thermosetting elastomers may be relatively difficult and/or
expensive to process, and provide 1nferior performance relative
to thermoplastic elastomers or thermoplastic rubbers.

However, thermoplastic elastomers or rubbers tend to be
difficult to bond to PTFE, and tend to delaminate when
subjected to repeated flexure, such as experienced 1n pump
diaphragm applications.

Thus, a need exists for a composite diaphragm and a method
for making such a diaphragm, that utilizes a layer of PTFE

bonded to a thermoplastic elastomer.

SUMMARY OF THE INVENTION

According to an embodiment of this invention, a method of

fabricating a composite diaphragm includes the steps of:

(a) providing a first layer of polytetrafluoroethylene;

2
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(b) annealing the first layer;

(c) chemically etching a surface of the first laver;

(d) applying an adhesive to the surface of the first
layer;

(e) providing a second layer of a thermoplastic elastomer;

(f) placing the second layer 1n superposed engagement with
the first laver, wherein the adhesive contacts both the first
layer and the second laver;

(g) applying heat to the superposed first layver and second
layer; and

(h) applying pressure to the superposed first layer and
second layer wherein the first layer 1s bonded to the second
layver to form an integral composite diaphragm.

In a particular example of this aspect, the thermoplastic
elastomer includes a blend of about 25 to 85 parts by weight of
crystalline thermoplastic polyolefin resin and about 75 to
about 15 parts by welght of vulcanized monoolefin copolymer
rubber.

In another aspect of the present i1nvention, a composlite
diaphragm includes a first layer of polytetrafluoroethylene;

~—

and a second layer of an unreinforced thermoplastic elastomeric

blend of a thermoplastic matérial and a fully vulcanized
thermoset elastomer.

The above and other features and advantages of this
invention will be more readily apparent from a reading of the
following detailed description of wvarious aspects of the

invention taken in conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a plan view of a diaphrggm of the subject

invention; and

Fig. 2 1s a cross-sectional view taken along 2-2 of Fig.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the figures set forth in the accompanying
Drawilings, the i1illustrative embodiments of the present invention
will be described in detail hereinbelow. For clarity of
exposition, like features shown in the accompanying Drawings
shall be i1ndicated with like reference numerals.

As shown 1n Figs. 1 and 2, the present invention is a
composite pump diaphragm 10 including a laver 12 fabricated
from polytetrafluoroethylene (PTFE) bonded to a layer 14
fabricated from a thermoplastic elastomer including ethylene-
propylene terpolymer (EPDM) and polypropylene. The diaphragm
10 1s fabricated by chemically etching the PTFE laver 12,

coating a surface thereof with a bonding agent such as an

adhesive sold under the trademark Chemlock® by Lord

Corporation of Erie PA.

Referring now to the drawings 1n detail, as shown 1in the

Figs., diaphragm 10 1s a generally disk shaped device which may

SNt s e . . . .. . . .
wliers wmmmm‘“.mnmmwm\-uwﬁ ' ' e . . D R L L e Y .»-“‘qmwmmmb.m‘mm”.h,.".'»... - . et . . . s oeee s - .o R LR P LA R TS N T U T T 0 LU LT FEL TS ' L PO A PV st 2 8



12

16

20

24

Docket No.: 0—-35460

CA 02282896 1999-09-17

be provided with substantially any geometry desired for
particular pump applications. As shown 1n Fig. 1, the
diaphragm has a substantially circular perimeter 15 of
predetermined diameter, with a center hole 16 adapted for
engagement with a central shaft of a pump (not shown). The
diaphragm 10 also includes an annular, concavo-convex flexure
or displacement portion 18 (Figs. 1 and 2). This flexure
portion 18 of the diaphragm 1s defined as that portion of the
diaphragm that reciprocally flexes as the diaphragm 1s used.
As shown, the surfaces of each layer 12 and 14 are
substantially smooth, rather than being formed wilith annular or
radial ribs as utilized in prior art diaphragms. Moreover,
lavers 12 and 14 are bonded directly to one another i1n surface
to surface engagement without the use o0f i1ntermediate
reinforcing layers such as fabric and the like. The present
invention thus utilizes substantially smooth, unreinforced
layers of PTFE and thermoplastic elastomer, which are
respectively bonded directly to one another 1n surface to
surface engagement, as will be discussed in greater detail
hereinbelow. As used herein, the term “smooth” as used 1n
conjunction with a layer of material, means a layer which 1s
not provided with either annular or radially extending ribs.
Similarly, the term “unreinforced” as used herein refers to a
layer of material which is neither reinforced by ribs, nor by a

fabric or cloth material laminated thereto.
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As shown 1in Fig. 2, diaphragm 10 includes a layer 12 of

PTFE which 1s secured to a layer 14 of a thermoplastic

elastomer. The PTFE

laver 12 may be a layer of dense PTFE.

4 Examples of full density PTFE i1nclude skived and sliced PTFE.
The PTFE material provides the composite diaphragm with an
lnert outside surface to 1ncrease the durability and chemical

resistance of the diaphragm 10. The solid PTFE layer has an

8 1nside surface 17 which 1s adhered to the thermoplastic

elastomer layer 14. Prior to assembly onto layer 14,

layer 12
1s heat-treated or annealed by heating to 1ts gel point (i.e.
approximately 620-630 degrees F (326-332 degrees C)) followed

12 by quenching. In a preferred embodiment layver 12 1s heated to
about 700-730 degrees F (371-387 degrees C) and then quenched
in a chilled mold to resolidify the PTFE. The mold 1s sized
and shaped to provide the layer 12 with 1ts desired,

16 predetermined geometry, 1ncluding the concavo-convex
displacement portion 18. Preferred quenching temperatures are
in a range of between about 50-90 degrees F (10-32 degrees C).

During this quenching operation, the mold applies a pressure of

20 between about 250-750 psi (1.7-5.2 MPa). This annealing

operation serves to modify the crystalline structure (1.e.

reduce the crystallinity) of the PTFE to improve the flex life

of laver 12.

24 As used herein, the term “anneal” 1is defined as any
process capable of producing a directly or indirectly
measurable reduction in crystallinity of PTFE layer 12,

relative to untreated PTFE. One example of an indirect measure
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of crystallinity 1s measurement of specific gravity. The
crystallinity of the PTFE layer 1s generally proportional to
the specific gravity of the material. As the crystallinity and
4 specific gravity are reduced, the flex’life of the material
improves. In a preferred embodiment, the annealed PTFE layer
12 of the present invention has a specific gravity equal to or

less than about 2.15, as measured by ASTM test method D-792.

Although a preferred annealing process has been disclosed,
any other process capable of reducing the crystallinity of PTFE
laver 12 may be utilized. For example, various parameters of

12- the annealing process disclosed herein including the rate at
which the material 1is cooled after heating, and/or temperature
and duration of the heating step, may be modified without

departing from the spirit and scope of the present i1nvention.

16 The inside surface 17 of layer 12 is then etched by a

suitable chemical etchant to increase the surface energy of the

*J

PTFE and thereby increase its adherence to the layer 14.
Examples of suitable etchants include alkalil naphthahates or

20 ammonianates such as sodium ammonianate and sodium napthalene.
The ammonianates are preferred etchants for use 1n the present
invention as they have been shown to provide a better bond than
the napthanates.

24 After etching, a bonding agent is applilied to the etched
surface to the PTFE laver 12. A preferred bonding agent 1s a

mixture of 2 weight percent of amino silane monomer 1in methyl
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isobutyl ketone (MIBK) such as sold under the trademark

Chemlock® 487B by Lord Corporation of Erie, PA.
Layer 14 may be substantially any thermoplastic elastomer,
4 (thermoplastic rubber) such as styrene-butadliene block

copolymers (YSBR), styrene-isoprene rubber (YSIR),

vinylacetate-ethylene copolymers (YEAM), polyolefins (YEPM) and

YAU, YEU and YACM. In a preferred embodiment, layer 14 1is

-
e

8 fabricated from a thermoplastic elastomeric blend ¢of a

thermoplastic material such as a thermopiastic polyolefin resin
and a fully cured or vulcanized thermoset elastomer such as a

vulcanized monoolefin co-polymer rubber. Such a materlal 1s

12 digclosed in U.S. Patent No. 4,130,535,

For example, the thermoplastic elastomer may ilnclude a

blend of about 25 to 85 parts by welght of crystalline

e

16 thermoplastic polyolefin resin and about 75 to about 15 parts

ey

by weight of vulcanized monoolefin copolymer rubber. In a more

the resin is polypropylene and the rubber 1s

specific example,

EPDM rubber, in the proportions of about 25-75 parts by welght

=g 3

20 of polypropylene and about /5-2Z5 parts by weight of EPDM

rubber.
An example of such a thermoplastic rubber is & blend of
EPDM (ethylene-propylene terpolymer)} and a polypropyléne sold

74 under the trademark Santoprene® registered to Monsanto Company

and exclusively licensed to Advanced Elastomer Systems, L.P.,

of St. Louis MO. Santoprene® thermoplastic rubber 1s
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avallable 1n several grades ranging from a durometer or

hardness ot 55 Shore A to 50 Shore D, naving flexural

modull ranging from between 7 and 350 MPa as get forth

in a technical bulletin entitled Santoprene@®

Thermoplastic Rubber, published by Advanced Elastomer

Systems, L.P. Preferred grades cf Santoprene®
thermoplastic rubber for use in the present invention
range from a durometer of 73 Shore A to 40 Shore D,
having flexural modull ranging from 24 to 140 MPa,

regspectively.

The thermoplastic layer 14 is mated i1n a superimposed
manner with the etched and adhesive coated 1nside surface 17 ot

PTFE layer 12. Heat and pressure are then applied to the

another. The lavers are preferably neated to a temperature
which is near or within the conventional melt processing range
of the layer 14 to facilitate forming and bonding of the
material. For example, where a Santoprene® thermoplastic
rubber having a melt processing temperature of about 380
degrees F (193 degrees C) 1s used, the layers 12 and 14 are
heated to a temperature of approximately 375 to 38> degrees F

" ]
pr—

(190 degrees C to 196 degrees C) under pressure of

approximately 250-500 psi (1.7-35 MFa).
The application of heat and pressure may be accomplished

by clamping the layers between heated platens of a clamp or
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press. In a similar alternative, the layers may be heated
followed by compression in an unheated clamp or press.

Moreover, 1n a preferred embodiment, layer 14 may be
formed by injection molding the thermoglastic rubber onto the
etched and adhesive coated PTFE layer 12. This approach is
particularly advantageous as 1t tends to provide a laminant of
consistent quality nominally without air bubbles which are
generally problematic in other heat/pressure formed laminates.
The present 1nvention facilitates use of this injection molding
technique by 1ts lack of fabric or similar reinforcements,
since such reinforcement tends to complicate the 1njection
molding process.

As shown, the completed diaphragm 10 may be provided with
any sultable physical dimensions, with PTFE layer 12 having a

thickness t (Fig. 2) and thermoplastic layer 14 having a

thickness tl. Diaphragms 10 formed as described hereinabove
have been shown to be resistant to cracking and delamination to
provide a useful life which i1s superior to similar prilor art
devices. This superior useful life 1s surprising since PTFE
has been known to crack and fail i1n prior art diaphragms used

in pumping applications. This superior life 1s particularly

+d

surprising since the PTFE layer 12 of the present invention has
substantially smooth surfaces, as discussed hereilnabove,
without having any radially or concentrically orlented ribs or
other reinforcement as taught in the prior art. These
advantages appear to be imparted by annealing (1.e. reduciling

the crystallinity of) the PTFE prior to lamination with layer

10
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14. Moreover, 1t has been found that stresses generated during
flexing of conventional reinforced diaphragms tend to
concentrate at the reinforcements (i.e. fibers and/or ribs),
leading to stress fractures and ultima?e failure of these
diaphragms. Contrariwise, the present invention reduces such
stress concentrations by use of the aforementioned smooth
layers to effectively distribute the stresses generated by
diaphragm flexure for improved flex life. Additional factors
which appear to contribute to the long useful life of the
present invention include the elasticity of the thermoplastic
elastomer, and the bond achieved by use of the ammonlanate
etchant. The improved consistency provided by the 1njection

molding process also appears to advantageously affect the

useful life of the diaphragm 10.

The following illustrative examples are 1ntended to
demonstrate certain aspects of the present invention. It 1s to

be understood that these examples should not be construed as

limiting.

EXAMPLES

Example 1

A diaphragm 10 was fabricated substantially as shown 1in
Figs. 1 and 2, with a perimeter 15 having a diameter of 7/./°
inches (20cm), a PTFE layer 12 having a thickness t within a

range of about .030 to .060 inches (0.07 to 0.l5cm) and a

11
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Santoprene® thermoplastic rubber layer 14 having a thickness

£l of .130 1nches (0.33cm). The PTFE layer 12 was heated to
700 degrees F (371 degrees C) until fully gelled and then

4 quenched 1in a mold at 65 degrees F (18,degrees C) and 300 psi
(2.0 MPa). The layer 12 was then etched and coated with
Chemlock 487B and mated with layer 14. The layers 12 and 14
were heated to 350 to 400 degrees F (176-204 degrees C),

8 malntained at this temperature for between 2 and 10 minutes,
and compressed at between 500-750 psi
(3.4 and 5.2 MPa). The diaphragm was then allowed to cure at
ampblent temperature for 24 hours. The resulting diaphragm 10

12 was tested 1n a pumping application in which water within a
range of from 105 to 112 degrees F was pumped at between 96 and
102 psi (0.66 and 0.70 Mpa) at a cycle rate of 340 to 375
cycles per minute. The diliaphragm operated for 25 million

16 cycles with no rupture of the PTFE laver.

Example 2 (Control)

20 Four diaphragms were fabricated with a layer of

elastomeric material other than Santoprene® with a PTFE laver

mechanlically fastened thereto. These samples were tested 1n
the manner described i1n Example 1. All of the diaphragms

24 failed at between 8,000,000 and 9,000,000 cycles.

Example 3

12
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A diaphragm 10 was fabricated substantially as shown in

Figs. 1 and 2, with perimeter 17 having a diameter of

approximately 8.125 inches (20.6cm), PTFE layer 12 having a

thickness £ of 0.030 inches (0.07cm), and Santoprene® layer 14

having a thickness of .110 inches (0.28cm). The PTFE layer 12
was heated to gel and then quenched in the manner described in
Example 1. It was then etched with sodium ammonianate and
coated with Chemlock 487B. A layer 14 was then injection
molded onto layer 12 at a temperature within a range of about
375 to 385 degrees F (1380 degrees C to 196 degrees C) at a
conventional injection molding pressure. The layvers were cured
at ambient temperature for 24 hours. This diaphragm was tested
1n actual pumping conditions substantially as described in

Example 1 and completed 30 million cycles without rupture of

the PTFE laver.

Example 4

Four diaphragms were fabricated substantially as described

in Example 3, utilizing black and naturally pigmented

Santoprene® materials of Shore 73A, 80A and 87A hardnesses

(1.e. Santoprene® 101-73A, 101-80A, 101-87A, 201-73A, 201-80A

and 201-87A, respectively). These diaphragms were tested in
actual pumping conditions substantially as described in Example

1 and completed at least 25,000,000 cycles without rupture of

the PTFE lavyer.

13
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Example 5

Two diaphragms 10 were fabricated substantially as

described 1n Example 3, with a layer 14 fabricated from

Santoprene® 203-40D (naturally pigmented with a hardness of 40

Shore D) and 271-40D (food grade material with a hardness of 40
Shore D). These diaphragms were tested in actual pumping
condltions substantially as described in Example 1 and
completed at least 20,000,000 cycles with no rupture of the

PTFE lavyer.

Example 6

A diaphragm 10 1s fabricated substantially as described in
Example 3 with a perimeter 17 having a diameter of
approximately 12 inches (30.5 cm). This diaphragm is expected
to complete at least 20,000,000 cycles in actual pumping

conditions without rupture of the PTFE laver.

Having thus described the invention, what is claimed is:

14
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The embodiments of the invention in which an

exclusive property or privilege 1s claimed are defined as

follows:

1. A method of fabricating a composite diaphragm

comprising the steps of:
providing a first laver of polytetrafluoro-

(a)
ethylene;

(b)

annealing the first layer by heating the first
laver to its gel point and then quenching the first

10 laver:;
(c)

(d)

first lavyer;
providing a second layer of a thermoplastic

etching a surface of the first layer;
applying an adhesive to the surface of the

(e)

15 elastomer;

(£)
engagement with the first layer, wherein the adhesive

contacts both the first layer and the second layer;
applying heat to the superposed first layer and

disposing the second layer 1in superposed

(g)

20 second layer; and
(h) applying pressure to the superposed first layer

and second layer wherein the first layer 1s bonded to the
second layer to form an integral composite diaphragm.

first layer

25 2 . The method of ¢laim 1, wherein the

has a specific gravity less than or egqual to 2.15.

~hod of c¢laim 1, wherein the second layer

3. The me:
is substantially smooth.

The method of c¢laim 1, wherein salid steps (e)

4 .
further comprise the steps cof injection molding

30 and (f)
the second layer ontco the first layer.

5
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5. The method of claim 1, wherein the thermo-
plastic elastomer comprises a blend of a thermoplastic

material and fully vulcanized thermosst elastomer.

6 . The method of c¢laim 5, wherein the thermo-
plastic elastomer further comprises a blend of about 25
to 85 parts by weight of crystalline thermoplastic
polyolefin resin and about 75 to aboub 15 parts by weight

of vulcanized monoolefin copolymer rubber.

7. The method of claim 6, wherein the resgsin is

polypropylene and the rubber is EPDM rubber, in the
proportions of about 25-75H parts by weight of
polypropylene and about 75-25 parts by weight of EPDM
rubber. '

8 . The method of claim 1, wherein the
thermoplastic elastomer has a durometer within a range of
from 55 Shore A to 50 Shore D. |

9, The method of claim 8, wherein the
thermoplastic elastomer has a durometer within a range of
from 73 Shore A to 40 Shore D.

10. The method of cliaim 1, wherein said heating

step further comprises heating the first layer to a

temperature of at least substantially 620 degrees F (326
degrees C) .

11. The method of cliaim 10, wherein said heating

i

step further comprises heating the first layer to 700

degrees F (371 degrees C).

12. The method of claim 1, wherein saild Quenching

step further comprises the step of quenching the first

16
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layer at a temperature within a range of 50-90 degrees F

(10-32 degrees C).

13. The method of claim 1, wherelin said quenching

step further comprises the gtep of molding the first

'''''

laver.

14. The method of claim 1, wherein gaid quenching

step further comprises the step of molding the first
layer in a mold disposed at a guenching temperature, at a

pressure within a range of 1.7 to 5.2 MPa.

15. The method of c¢laim 1, wherein the adhesive

comprises a composition of about 2 weight percent of

amino sillane monomer and about 98 welght percent methyl

1sobutyl ketone.

16. The method of claim 1, wherein said chemically

etching step (c) further comprisegs applying an alkall

ammonianate to the surface of said PTFE laver.

17 . The method cof claim 16, wherein the alkali

ammonlanate comprises sodium ammonianate .

18. A composilite diaphragm comprlsing:

a first laver of annealed polyvtetrafluoro-
ethylene, having been annealed by neating to its gel
temperature in a moid, and guenching; and

a second laver of an unreinforced thermoplastic
elastomeric blend of a thermoplastic material and a fully

vulcanized thermoset elastomer.

19. The composite diaphragm of claim 18, wherein
sald first layer has a speclfic gravity less than or

equal to 2.1%5.
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20. The composite diaphragm of ¢laim 18, wherein
sald thermoplastic elastomeric blend further comprises a
blend of about 25 to 85 parts by weight of crystalline
thermoplastic polyolefin resin and about 75 to about 15
parts by weight of vulcanized monooleiin copolymer
rubber. |

21. The composite diaphragm of claim 20, wherein
sald resin 1s polypropylene and salid rubber 1s EPDM
rubber, in the proportions of about 25-75 parts by welight

of polypropylene and about 7%-25 parts by weight of EPDM

rubber.

22. The composite diaphragm of claim 18, wherein
said thermoplastic elastomeric blend has a durometer

within a range of from 5% Shore A to 50 Shore D.

23. The composite diaphragm of «laim 22, wherein
salid thermoplastic elastomeric blend has a durometer

within a range of from 73 Shore A to 40 Shore D.

24 . The composite diaphragm of claim 18, wherein

said first layer is annealed by heating to a temperature

within a range of from about 3226 degrees C to 387 degrees
C.

25. The composite diaphragm of claim 18, wherein
said second layer is injection molded onto said first

laver.

26. The composite diaphragm of claim 18, wherein
said first layer and said second layer are bonded to one

another by an adhesive.

18
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27. The composlite diaphragm of <laim 26, wherein
said adhesive further comprises a composition of about 2
welght percent of amino silane monomer and about 98

weight percent methyl isobutyl ketone.

28. The composite diaphragm of <laim 18, wherein

said first layer is etched with an ammonianate etchant.

29. A composite diaphragm fcrmed by the process of:

(a) providing a first layer of polytetrafluoro-

ethylene;
(b} annealing the first layer by heating the first

laver to i1ts gel point and then guenching the first

layer;

(c) chemically etching a surface of said first
layer;

(d) applying an adhesive to the surface of said
first layer;

(e) providing a second layer of an unreinforced
thermoplastic elastomer; |

(f) disposing salid second layer in superposed
engagement with said first layer; |

(g) applying heat to said superpcsed first layer
and second layer; and

(h) applying pressure to said superposed first
layer and second layer, wherein sald first layer 1is
bonded to said second laver to form an integral composilite

diaphragm.

30. A composite diaphragm comprising:

a first layer of polytetrafluoroethylene; and

a second layer cf an unreinforced thermoplastic
elastomeric blend of about 51 to &% parts by weight of

crystalline thermoplastic polyolefin resin and about 49

19
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to about 15 parts by weight of vulcanized monoolefin

copolymer rubber.

31. A composite diaphragm comprising:
a first lavyer cof polytetratiuorocethylene;

a second layer of an unreinlorced thermoplastic

elastomeric blend of a thermoplastic material and a fully
vulcanized thermoset elastomer;

said first layer and sald second laver being
bonded to one another by an adhesive including a
composition of about 2 weight percent of amino silane
monomeYy and about 98 welght percent methyl iscbutyl

ketone.

32. A composite diaphragm comprising:

a first layer of etched
polytetrafluorcethylene, having been etched with an
ammonianate etchant; and

a second layer of an unreinforced thermoplastic
elastomeric blend of a thermoplastic material and a fully

vulcanlzed thermoset elastomer.

33. A method of fabricating a composlite diaphragm

comprising the steps of:

(a) providing a first layer of polytetrafluoro-
ethylene;

(b) annealing the first layer;

(c) chemically etching a surface of the first
layer; |

‘ (d) applying an adhesive to the surface of the

first layer, the adhesive including a composition of
about 2 weight percent of amino silane monomer and about
98 weight percent methyl isobutyl Ketone;

(e) providing a second layer of a thermoplastic

elastomer;
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(f) disposing the second layer in superposed
engagement with the first layer, whereln the adhesive
contacts both the first layer and the second layer;

(g) applying heat to the superposed first layer and

S second layer; and

(h) applying pressure to the superposed first lavyer
and second layer wherein the first laver 1s bonded to the

second layer to form an integral composite diaphragm.

34. A method of fabkricating a composite diaphragm
10 comprising the steps of:
(a) providing a first layer of polytetratluocro-
ethylene;
(b) annealing the first layer;
(c) chemically etching a surface of the first layer
15 by applying an ammonianate etchant to the surface of said
PTFE lavyer;

(d) applying an adhesive to the surface of the
first layer;
(e) providing a second layer of a thermoplastic

20 elastomer:;

(f) disposing the second layer in superposed

S 2

engagement with the first layer, wherein the adhesive

contacts both the first layer and tne second layer;
(g) applying heat to the superposed first layer and
25 second layer; and

(h) applving pressure to the superposed first layer
and second layer wherein the first layer 1s bonded to the

second layer to form an integral composite diaphragm.
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