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l (54) Title: DIELECTRIC COMPOSITE WITH REINFORCED ELASTOMER AND INTEGRATED ELECTRODE

(57) Abstract: The present disclosure is directed to dielectric elastomeric composites that include a retainable processing membrane, an 
elastomer material, and an electrically conductive material. The elastomer layer may be partially imbibed into the retainable processing 
membrane. The retainable processing membrane may be porous. The retainable processing membrane is compacted in the transverse 
direction, machine direction, or in both directions prior to the application of an elastomer material and an electrically conductive 
material. The compaction of the retainable processing membrane may form structured folds or folded fibrils in the membrane, giving 
the retainable processing membrane a low modulus and flexibility. In some embodiments, the dielectric composites are positioned in a 
stacked configuration. Alternatively, the dielectric elastomeric composites may have a wound configuration. The dielectric composites 
have a total thickness less than about 170 pm. The dielectric elastomeric composites may be used, for example, in dielectric elastomer 
actuators, sensors, and in energy harvesting.
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DIELECTRIC COMPOSITE WITH REINFORCED 

ELASTOMER AND INTEGRATED ELECTRODE

FIELD

[0001] The present disclosure relates generally to dielectric composites, and 

more specifically, to a dielectric elastomeric composite that has an integrated 

electrode, an elastomer material, and a retainable processing layer.

BACKGROUND

[0002] Dielectric elastomeric actuators (DEAs) have potential in a variety of 

applications. However, technical challenges remain that need to be overcome before 

reliable products can be commercially produced. One challenge is to produce thin 

elastomeric films (e.g., 100 pm thickness or less) for DEA applications where voltages 

are driven significantly lower than 2000 volts, or even lower than 600 volts. In order 

to achieve such voltages, elastomeric films with thicknesses lower than 50 pm need 

to be made reliably, without defects, and be able to be handled downstream. Such 

elastomers are typically difficult to manufacture and not easy to handle in roll-to-roll 

processing. As such, these materials may require the use of less desirable batch 

processing techniques.

[0003] There remains a need for a dielectric elastomeric composite that is thin, 

strong, and suitable for production using techniques associated with continuous roll- 

to-roll processing.

SUMMARY

[0004] One embodiment relates to a dielectric elastomeric composite that 

includes a compacted porous membrane, an elastomer material that at least partially 

penetrates the compacted porous membrane, and an electrically conductive material 

that is positioned on the elastomer material. The dielectric composite has a thickness 

that is less than about 170 pm. In some embodiments, the compacted porous 

membrane may be transversely compacted, compacted in the machine direction, or 

compacted in both directions, either sequentially or simultaneously. In exemplary 

embodiments, the compacted porous membrane is a compacted fluoropolymer 

membrane (e.g., a compacted expanded polytetrafluoroethylene membrane). The 

elastomer material may have a thickness from about 0.1 pm to about 100 pm, the 

electrically conductive material may have a thickness from about 1 nm to about 20 pm, 
1
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and the compacted porous membrane may have a thickness from about 0.1 pm to 

about 50 pm. In some embodiments, the dielectric composite may have a stacked or 

a wound configuration.

[0005] Another embodiment relates to a dielectric elastomeric composite that 

includes a compacted porous membrane, an electrically conductive material 

positioned on the compacted porous membrane, and an elastomer material. The 

elastomer material encompasses the electrically conductive material and at least 

partially penetrates the compacted porous membrane. The compacted porous 

membrane may be a compacted fluoropolymer membrane. The porous membrane 

may be transversely compacted, compacted in the machine direction, or compacted 

in both directions, either sequentially or simultaneously. In some embodiments, the 

compacted porous membrane is a compacted expanded polytetrafluoroethylene 

membrane. The elastomer material may have a thickness from about 0.1 pm to about 

100 pm, the electrically conductive material may have a thickness from about 1 nm to 

about 20 pm, and the compacted porous membrane may have a thickness from about 

0.1 pm to about 50 pm. The dielectric composite may have a thickness that is less 

than about 170 pm. In some embodiments, the dielectric composite may have a 

stacked or a wound configuration.

[0006] A further embodiment relates to a dielectric elastomeric composite that 

includes a first elastomer material, a second elastomer material, and a compacted 

porous membrane sandwiched therebetween. A first electrically conductive material 

and a second electrically conductive material are positioned on the first and second 

elastomer material, respectively. The compacted porous membrane may be a 

compacted fluoropolymer membrane. In some embodiments, the compacted porous 

membrane is a compacted expanded polytetrafluoroethylene membrane. The 

compacted porous membrane may be transversely compacted, compacted in the 

machine direction, or compacted in both directions, either sequentially or 

simultaneously. The first and second elastomer materials may each have a thickness 

from about 0.1 pm to about 100 pm, the first and second electrically conductive 

materials may each have a thickness from about 1 nm to about 20 pm, and the 

compacted porous membrane may have a thickness from about 0.1 pm to about 50 

pm. The dielectric elastomeric composite may have a thickness that is less than about 

170 pm.
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[0007] Another embodiment relates to a method of making a dielectric 

elastomeric composite that includes compacting a porous membrane, applying a first 

elastomer material to a first side of the compacted porous membrane, applying a 

second elastomer material to a second side of the compacted porous membrane, 

positioning a first electrically conductive material on the first elastomer material and 

positioning a second electrically conductive material on the second elastomer material 

opposing the compacted porous membrane. The compacted porous membrane may 

be transversely compacted, compacted in the machine direction, or compacted in both 

directions, either sequentially or simultaneously. The compacted porous membrane 

may be a compacted fluoropolymer membrane. In some embodiments, the 

compacted porous membrane is a compacted expanded polytetrafluoroethylene 

membrane. The first and second elastomer materials may each have a thickness from 

about 0.1 pm to about 100 pm, the first and second electrically conductive materials 

may each have a thickness from about 1 nm to about 20 pm, and the compacted 

porous membrane may have a thickness from about 0.1 pm to about 50 pm. The 

dielectric composite may have a thickness that is less than about 170 pm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings are included to provide a further 

understanding of the disclosure and are incorporated in and constitute a part of this 

specification, illustrate embodiments, and together with the description serve to 

explain the principles of the disclosure.

[0009] FIG. 1 is a schematic illustration of the cross-section of a dielectric 

composite that includes a retainable processing layer, an elastomer layer, and an 

electrically conductive layer positioned on the elastomer according to at least one 

embodiment;

[00010] FIG. 2A is a schematic illustration of the cross-section of a stacked 

dielectric elastomer composite assembly that includes the dielectric composite of FIG. 

1 according to at least one embodiment;

[00011] FIG. 2B is schematic illustration of the top view of the dielectric 

composite of FIG. 1 depicting the pattern of the electrically conductive material 

according to at least one embodiment;

[00012] FIG. 3 is a schematic illustration of the cross-section of an electrically 

conductive 5-layer composite including a centrally located retainable processing layer, 
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two elastomer layers, and two electrically conductive layer according to at least one 

embodiment;

[00013] FIG. 4 is a schematic illustration of the top view of the electrically 

conductive 5-layer composite of FIG. 3 having thereon an electrically conductive 

material on both sides according to at least one embodiment;

[00014] FIG. 5 is a schematic illustration of the top-view of two stacked dielectric 

composites with different electrode orientations according to at least one embodiment;

[00015] FIG. 6 is a schematic illustration of the cross-section of the stacked 

dielectric elastomer composite assembly of Example 4 according to at least one 

embodiment;

[00016] FIG. 7A is a schematic illustration depicting the construction of a 

metallized compacted porous film coated with an elastomeric film according to at least 

one embodiment;

[00017] FIG. 7B is a scanning electron micrograph of the surface of the 

metallized ePTFE membrane of Example 2 to at least one embodiment;

[00018] FIG. 8 is a schematic illustration of a 3-layer composite film according 

to at least one embodiment;

[00019] FIG. 9 is an image of the top view of the sample of Example 3 showing 

the top aluminum strip according to at least one embodiment;

[00020] FIG. 10 is a graphical illustration of the results of the Laser Triangulation 

Measurement Technique of the sample of Example 3 according to at least one 

embodiment;

[00021] FIG. 11 is the measurement set for the Laser Triangulation 

Measurement Technique of FIG. 10 according to at least one embodiment;

[00022] FIG. 12 is a schematic illustration of the cross-section of the dielectric 

composite of Example 4 according to at least one embodiment;

[00023] FIG. 13 is a schematic illustration of the top view of the dielectric 

composite of FIG. 12 showing 2 layers of graphite nanoparticles with a mirrored 

electrode pattern according to at least one embodiment;

[00024] FIG. 14 is a schematic illustration of the top view and cross-section of 

a wrapped composite tube according to at least one embodiment;

[00025] FIG. 15 is a graphical illustration depicting the force of the compacted 

ePTFE vs. a non-compacted ePTFE according to at least one embodiment;

4
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[00026] FIG. 16 is a graphical illustration depicting the force of a dielectric 

composite containing a compacted ePTFE film vs. an elastomer film according to at 

least one embodiment;

[00027] FIG. 17 is a schematic illustration of the reinforced elastomer composite 

of Example 7 according to at least one embodiment; and

[00028] FIG. 18 is a schematic illustration of the cross-section of a compacted 

expanded polytetrafluoroethylene (ePTFE) membrane with an elastomer material 

partially penetrating the ePTFE membrane according to at least one embodiment.

DETAILED DESCRIPTION

[00029] Persons skilled in the art will readily appreciate that various aspects of 

the present disclosure can be realized by any number of methods and apparatus 

configured to perform the intended functions. It should also be noted that the 

accompanying figures referred to herein are not necessarily drawn to scale, and may 

be exaggerated to illustrate various aspects of the present disclosure, and in that 

regard, the figures should not be construed as limiting. The terms “compacted porous 

membrane” and “retainable processing membrane” may be used interchangeably 

herein. In addition, the terms “dielectric elastomeric composite” and “dielectric 

composite” may be interchangeably used herein.

[00030] The present invention is directed to dielectric elastomeric composites 

that include a retainable processing membrane, an elastomer material, and an 

electrically conductive material. The elastomer material may be partially or fully 

penetrated into the retainable processing membrane. In exemplary embodiments, the 

retainable processing membrane is porous. In some embodiments, the dielectric 

composites may be positioned in a stacked configuration to form a multilayer stack 

actuator. Alternatively, the dielectric composites may have a wound configuration. 

The dielectric elastomeric composites may have a total thickness of less than about 

170 pm, less than about 150 pm, less than about 125 pm, less than about 100 pm, 

less than about 50 pm, less than about 40 pm, less than about 40 pm, less than about 

30 pm, less than about 25 pm, less than about 20 pm, less than about 15 pm, less 

than about 10 pm, or less than about 5 pm.

[00031] As discussed above, the dielectric composite may include a retainable 

processing membrane, an electrically conductive material, and an elastomer layer. In 

the embodiments discussed herein, the retainable processing membrane may have a 
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thickness from about 0.1 pm to about 50 pm, from about 0.1 pm to about 40 pm, from 

about 0.1 pm to about 30 pm, from about 0.1 pm to about 25 pm, from about 0.1 pm 

to about 15 pm, or from about 0.1 pm to about 10 pm. Advantageously, the retainable 

processing membrane is retained in the end product without limiting actuation 

performance of the dielectric elastomeric composite. The retainable processing 

membrane also reduces the risk of the dielectric composite thinning and cracking due 

to over-tensioning or creep during use. As a result, the retainable processing 

membrane increases both the integrity and the lifetime of the dielectric elastomeric 

composite. In addition, the retainable processing membrane may provide an 

increased actuation in low modulus direction when showing anisotropic material 

properties. Further, the retainable processing membrane has a lower tear resistance 

and increased sensitivity for sensors due to an anisotropic behavior.

[00032] In the embodiments described herein, the retainable processing 

membrane is compacted in one or more of the transverse direction or machine 

direction prior to the application of an elastomer material or an electrically conductive 

material. It is to be understood that the compaction is not limited to one direction, it 

may be done in the transverse direction, machine direction, or in both directions, either 

sequentially or simultaneously. In one exemplary embodiment, the retainable 

processing membrane is compacted in the transverse direction prior to the application 

of an elastomer and an electrically conductive material. The retainable processing 

membrane during compaction forms macro-structured folds and/or micro-folded fibrils 

in the membrane, giving the retainable processing membrane low modulus and 

flexibility. The compacted retainable processing membrane (e.g., compacted porous 

membrane) may also or alternatively demonstrate out-of-plane geometries such as 

wrinkles or folds in the membrane, such as, but not limited to, the methods described 

in EP3061598 A1 to Zaggl et al. and US Patent No. 9,849,629 to Zaggl, et al. 

Additionally, the compaction of the retainable processing membrane increases the 

density of the membrane, which results in a reduction in the inner pore volume. It is 

to be noted that heat shrinkage or solvent shrinkage or other suitable method may 

alternatively be used to non-mechanically “compact” the retainable processing 

membrane. Because the retainable processing membrane is not removed prior to 

use, the strength provided by the retainable processing membrane allows for planar 

processing for a multilayer stack actuator or for roll-to-roll processing. The retainable 
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processing membrane may have a modulus from about 0.2 MPa to 5 MPa in the 

compacted direction and greater than about 5 MPa in the non-compacted direction.

[00033] In at least one embodiment, the retainable processing membrane is a 

porous fluoropolymer membrane. In at least one exemplary embodiment, the 

retainable processing (fluoropolymer) membrane is a polytetrafluoroethylene (PTFE) 

membrane or an expanded polytetrafluoroethylene (ePTFE) membrane. Expanded 

polytetrafluoroethylene (ePTFE) membranes prepared in accordance with the 

methods described in U.S. Patent No. 7,306,729 to Bacino et al., U.S. Patent No. 

3,953,566 to Gore, U.S. Patent No. 5,476,589 to Bacino, or U.S. Patent No. 5,183,545 

to Branca etal. may be used herein.

[00034] It is to be understood that throughout the application, the term “PTFE” is 

utilized herein for convenience and is meant to include not only 

polytetrafluoroethylene, but also expanded PTFE, expanded modified PTFE, and 

expanded copolymers of PTFE, such as described in U.S. Patent No. 5,708,044 to 

Branca, U.S. Patent No. 6,541,589 to Baillie, U.S. Patent No. 7,531,611 to Sabol et 

al., U.S. Patent No. 8,637,144 to Ford, and U.S. Patent No. 9,139,669 to Xu et al.

[00035] The porous fluoropolymer membrane may also include a polymer 

material that includes a functional tetrafluoroethylene (TFE) copolymer material where 

the functional TFE copolymer material includes a functional copolymer of TFE and 

PSVE (perfluorosulfonyl vinyl ether), or TFE with another suitable functional monomer, 

such as, but not limited to, vinylidene fluoride (VDF), vinyl acetate, or vinyl alcohol. A 

functional TFE copolymer material may be prepared, for example, according to the 

methods described in U.S. Patent No. 9,139,707 to Xu et al. or U.S. Patent No. 

8,658,707 to Xu etal.

[00036] In other embodiments, the retainable processing membrane may 

include, but is not limited to, expanded polyethylene membranes, porous 

polypropylene membranes, and electrospun nanofiber membranes.

[00037] As discussed above, the dielectric composite also includes an 

electrically conductive material. The electrically conductive material includes, but is 

not limited to, electrically conductive metals (e.g., aluminum, silver, and platinum), 

electrically conductive polymers, electrically conductive inks, and fine powders of 

conductive materials (e.g., nanoparticles of graphite or carbon black). The electrically 

conductive material may be applied to the retainable processing membrane or 

elastomer layer by known deposition and coating methods. Non-limiting examples 

7
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include quenched thermal evaporation, vapor deposition, spray coating, slot die 

coating, knife-over-roll coating, Mayer bar coating, gravure printing, screen printing, 

and roller coating. The electrically conductive material may have a thickness from 

about 1 nm to about 20 pm, from about 1 nm to about 15 pm, from about 1 nm to about 

10 pm, or from about 1 nm to about 5 pm.

[00038] The electrically conductive material is partially or fully distributed on 

either the surface of the compacted retainable processing membrane or elastomer 

layer. Additionally, the electrically conductive material may be applied in such a 

manner that the material forms a pattern (e.g., circles, squares, lines, or grids) on the 

surface of the retainable processing membrane or the elastomer material. In some 

embodiments, the electrically conductive material forms a monolithic (e.g., continuous) 

coating on the surface. In another embodiment, the electrically conductive material at 

least partially penetrates the thickness of the retainable processing membrane. The 

depth of penetration may be substantially the same throughout the retainable 

processing membrane. In some embodiments, though, the partial penetration depth 

varies in the retainable processing membrane or elastomer layer. The porosity of the 

retainable processing membrane facilitates the penetration of the electrically 

conductive material into the membrane.

[00039] The dielectric composite also includes an elastomer material. Suitable 

elastomeric materials include, but are not limited to silicones, fluorosilicones, 

fluoroelastomers, polyurethanes, nitrile rubber, neoprene rubber, natural rubber, butyl 

rubber, and acrylics. The thickness of the elastomer material may be from about 0.1 

pm to about 100 pm, from about 0.1 pm to about 90 pm, from about 0.1 pm to about 

80 pm, from about 0.1 pm to about 70 pm, from about 0.1 pm to about 60 pm, from 

about 0.1 pm to about 50 pm, from about 0.1 pm to about 40 pm, from about 0.1 pm 

to about 30 pm, from about 0.1 pm to about 25 pm, from about 0.1 pm to about 15 pm, 

or from about 0.1 pm to about 10 pm. It is to be appreciated that the thickness of the 

elastomer material includes the elastomer material present on the surface and the 

portion of the elastomer material which has penetrated the retainable processing 

membrane. It is also to be appreciated that the materials and methods described 

herein are applicable to all embodiments of the present disclosure.

[00040] In one embodiment depicted schematically in FIG. 1, the dielectric 

composite 100 includes a retainable processing membrane 10, an elastomer material 

20, and an electrically conductive material 30. In exemplary embodiments, the 

8
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retainable processing membrane 10 is compacted in the transverse direction. An 

elastomer material 20 is applied to the compacted retainable processing membrane 

10. In the embodiment shown in FIG. 1, the elastomer material 20 is partially 

penetrated into the thickness of the retainable processing membrane 10 (penetration 

region 15). The partial penetration of the elastomer material 20 into the retainable 

processing membrane 10 permits better integration of the elastomer material into the 

dielectric composite 200 and helps to retain the integrity of the dielectric composite 

200. The porosity of the retainable processing membrane 10 permits the elastomer 

20 to penetrate the surface of the membrane 10. An electrically conductive material 

30 is applied to the surface of the elastomer material 20.

[00041] Dielectric composites 100 may be positioned on top of each other in a 

stacked configuration as shown in FIG. 2A to form a stacked dielectric elastomer 

composite assembly 150. FIG. 2B is a top view of the stacked dielectric elastomer 

composite assembly 150 showing the patterned electrically conductive material 30 

(e.g. graphite nanoparticles) on the elastomer material 20. The retainable processing 

membrane 10, the elastomer material 20, and the electrically conductive material may 

or may not be the same as the retainable processing membrane 10A, the elastomer 

material 20A, and the electrically conductive material 30A, respectively, in the stacked 

dielectric elastomer composite 250. It is to be appreciated, however, that the materials 

10A, 20A, and 30A, individually, act in a similar manner to its respective counterpart. 

The total number of dielectric composites present in the stacked dielectric elastomer 

composite assembly 150 is not particularly limited, and depends on the desired end 

use. Non-limiting uses for the dielectric elastomer composites described herein 

include soft robotics, artificial muscle, haptic feedback in automotive user interfaces or 

consumer electronics, prosthetics, fluid control, energy harvesting, wearable sensors, 

tunable or adaptive optics, such as optical positioners, speakers, active braille 

displays, and membrane pumps. The stacked dielectric elastomer composite 

assembly 150 may include 2, 5, 10, 50, 100, 250, 500, 750, or even 1000 or more 

dielectric composites 100.

[00042] FIG. 3 depicts an embodiment of a 5-layered dielectric elastomeric 

composite 200. In this embodiment, a first elastomer layer 20 is applied to a first side 

of a retainable processing membrane 10 and a second elastomer layer 20A is applied 

to a second, opposing side of the retainable processing membrane 10. A first 

electrically conductive material 30 is then positioned on the first elastomer layer 20.

9
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Similarly, a second electrically conductive material 30A is positioned on the second 

elastomer material 30. In this embodiment, neither the first or second elastomer layer 

20, 20A penetrate the retainable processing membrane 10. The electrically 

conductive materials 30, 30A may be applied in a pattern, such as, for example, the 

pattern depicted in FIG. 4.

[00043] In another embodiment, dielectric composites as described herein may 

be formed into a dielectric wrapped composite tube. As described in detail in Example 

4 and schematically illustrated in FIG. 12, two (or more) dielectric composites 300 

containing a retainable processing membrane 10, an elastomeric material 20 partially 

penetrating into the retainable processing membrane 10, and an electrically 

conductive material 30 on the surface of the elastomer material 20 and having different 

electrode orientation (such as is depicted in FIG. 5) are stacked (as illustrated in FIG. 

6) to form a stacked dielectric elastomer composite assembly 350. It is to be 

appreciated that the electrode orientation may be different from that depicted in FIG. 

12 and still fall within the purview of the invention. The stacked assembly 350 is 

wrapped around a circular member, such as a metal core (not depicted). Once fully 

wound, the wrapped composite tube 500 is removed from the circular member, such 

as is depicted in FIG. 14. No adhesive is needed to bond the layers together during 

the wrapping process at least due to the tension provided in the wrapping process.

[00044] The present disclosure also relates to a metallized compacted porous 

film coated with an elastomer material. Turning to FIG. 7A, a thin metallized layer or 

coating 40 is deposited onto a retainable processing membrane 10 such as by 

brushing or vapor deposition. The metallized retainable processing member is then 

compacted in the transverse direction (in the direction of arrows 60). An elastomer 

material 20 is applied to the metallized layer 40 of the retainable processing member 

10 such that the elastomer material 20 partially penetrates the retainable processing 

member 10 and encompasses the metallized layer 40. It is to be appreciated that the 

metallized layer (i.e., the electrically conductive layer) may be encompassed by the 

elastomer material so long as the metallized layer (electrically conductive layer) may 

be contacted.

[00045] The invention of this application has been described above both 

generically and with regard to specific embodiments. It will be apparent to those skilled 

in the art that various modifications and variations can be made in the embodiments 

without departing from the scope of the disclosure. Thus, it is intended that the 

10
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embodiments cover the modifications and variations of this invention provided they 

come within the scope of the appended claims and their equivalents.

EXAMPLES

[00046] Example 1

[00047] An expanded polytetrafluoroethylene (ePTFE) membrane was made 

generally in accordance with the teachings of US Patent No. 7,306,729 to Bacino et 

al. The ePTFE membrane had an average mass/area of 0.5 g/m2 and an average 

thickness of about 0.6 pm. The ePTFE membrane was compacted in the transverse 

direction (TD) as is taught in Example 4A of EP3061598 A1 to Zaggl et al. The 

processing ratio was 100% at room temperature (approximately 20°C) and 2 m/min 

speed setting. The modulus testing was conducted utilizing a Zwick Roell Z005 

Tensile Tester (Georgia, USA) with the following parameters: measurement speed: 

508 mm/min; clamping length: 82.55 mm; sample width: 6 mm. After processing, the 

modulus of the ePTFE membrane in the TD was reduced significantly, as is shown in 

FIG. 15 and in Table 1.

Table 1

Compacted 

ePTFE

ePTFE

Force at 25 % 
elongation

0.018 N 0.126 N

Force at 50 % 
elongation

0.029 N 0.238 N

Force at 100 % 
elongation

0.062 N 0.400 N

[00048] The compacted porous ePTFE membrane was positioned on a 

polyethylene terephthalate (PET) release layer (HOSTAPHAN® RNK 50, 

MITSUBISHI POLYESTER FILM GmbH, Wiesbaden, Germany) prior to coating. The 

ePTFE membrane/release layer stack was placed on a glass plate which was then 

inserted into an automatic film applicator (model ZAA 2300, Zehntner GmbH Testing 

Instruments, Sissach, Switzerland).

11
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[00049] An elastomer was obtained by providing a pourable, addition-curing, 

two-component silicone rubber (ELASTOSIL® P7670, (Wacker Chemie AG, 

MOnchen, Germany)) and mixing components A and B of the silicone rubber in a ratio 

of 1:1 using a SPEEDMIXER™ DAC 150.1 FVZ-K (FlackTek Inc., Landrum, SC) at 

1500 rpm and 20 seconds mixing time. The mixed components were poured onto the 

compacted porous ePTFE membrane sitting on the PET release liner. A universal 

applicator, type ZUA 2000 (Zehntner GmbH Testing Instruments) was used to equally 

distribute a thin elastomer film on the ePTFE membrane using a speed of 5 mm/s at 

20°C.

[00050] The gap of the applicator was set to a 50 pm distance from the PET 

release layer. The elastomer film was cured at room temperature (approximately 

20°C) for 24 hours. FIG. 18 is a schematic illustration depicting the elastomer on the 

compacted porous ePTFE membrane with high penetration of the elastomer into the 

ePTFE membrane. The resulting ePTFE membrane/elastomer had a thickness of 

about 30 pm.

[00051] To form an electrode on the elastomer/compacted porous film 

composite (and thus form a dielectric composite), graphite nanopowder (type CP- 

0019-HP; loLiTec-lonic Liquids Technologies GmbH, Heilbronn, Germany) was 

applied via a brushing technique in a patterned configuration using a lasercut mask of 

the PET release layer (HOSTAPHAN® RNK 50 (MITSUBISHI POLYESTER FILM 

GmbH)). FIG. 1 is a schematic illustration of the cross section of the dielectric 

composite. FIG. 2B is a top view of FIG. 1 depicting the pattern of the graphite 

nanopowder.

[00052] To form a multilayer composite material, two of the dielectric 

composites (as depicted in FIG. 1) were stacked as schematically illustrated in FIG. 

2A (cross-section) and FIG. 2B (top view). A pressure roller was used to press both 

composite layers together so that there was no air gap between the electrode and the 

compacted porous ePTFE film.
[00053] Example 2

[00054] An ePTFE membrane was made generally in accordance with the 

teachings of US Patent No. 7,306,729 to Bacino, et al. The ePTFE membrane had an 

average mass/area of 0.5 g/m2 and an average thickness of about 0.6 pm.

[00055] The ePTFE membrane was mounted in a metal frame having an inner 

diameter of 5 cm. A sufficient amount of platinum was deposited on the surface of the 
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ePTFE membrane to form an electrically conductive layer using a Gressington Sputter 

Coater, type 108 auto (Cressington Scientific Instruments UK, Watford, UK) with the 

parameters of 10 mA and 20 seconds.

[00056] The metallized ePTFE membrane was removed from the frame and 

positioned on a stretched silicone sheet. The ePTFE/silicone sheet was compacted 

biaxially to the original material as is taught in EP3061598 A1 to Zaggl et al. The 

processing ratio was set to 25% biaxial compaction. The metallized compacted 

porous ePTFE membrane was placed on a polyethylene terephthalate (PET) release 

liner with a pressure sensitive acrylic adhesive (Duplocoll MP6001B (Lohmann GmbH 

& Co. KG) prior to coating. The ePTFE membrane/release layer stack was placed on 

a glass plate which was then inserted into an automatic film applicator (model ZAA 

2300, Zehntner GmbH Testing Instruments).

[00057] An elastomer was obtained by providing a liquid, two-component 

silicone rubber (ELASTOSIL® LR3003/03 Wacker Chemie AG) and mixing 

components A and B of the silicone rubber in a ratio of 1:1 using a SPEEDMIXER™, 

DAC 150.1 FVZ-K (FlackTek Inc.) at 2000 rpm and 25 seconds mixing time. The 

mixed components were poured onto the metallized compacted porous ePTFE 

membrane sitting on the PET release liner. A universal applicator, type ZUA 2000 

(Zehntner GmbH Testing Instruments) was used to equally distribute a thin film on the 

ePTFE membrane using a speed of 5 mm/s at room temperature.

[00058] The gap of the applicator was set to a 50 pm distance from the PET 

release layer. The elastomer film was cured at 150°C for 5 minutes. FIG. 7A is a 

schematic illustration depicting the making of a metallized compacted porous film 

coated with an elastomeric film. FIG. 7B is a scanning electron micrograph of the 

surface of the metallized ePTFE membrane.
[00059] Example 3

[00060] An ePTFE membrane generally in accordance with the teachings of US 

Patent No. 7,306,729 to Bacino, et al. The ePTFE membrane had an average 

mass/area of 0.5 g/m2 and an average thickness of about 0.6 pm. The ePTFE 

membrane was compacted in the transverse direction of the original material as is 

taught in Example 4A of EP3061598 A1 to Zaggl et al. The processing ratio was 100% 

at 20°C and 2 m/min speed setting.

[00061] The compacted porous ePTFE membrane was slightly pressed with a 

rubber roller on an acrylic tape on craft paper release liner (VHB) (type VHB 9460 (3M
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Deutschland GmbH, Neuss, Germany)) having a thickness of 50 pm to apply a layer 

of VHB tape on one side of the ePTFE membrane. A second layer of VHB tape was 

applied on the other side of the compacted porous ePTFE membrane in the same 

manner. The craft paper release liners were gently removed to obtain a 3-layer 

composite film. The strength of the compacted porous ePTFE film was beneficial so 

as to not rupture the delicate 3-layer composite film when the release liners were 

removed. A 3-layer composite film (acrylic tape/ePTFE membrane/acrylic tape) is thus 

formed. To form an electrode on the 3-layer composite film, graphite nanopowder, 

type CP-0019-HP (loLiTec-lonic Liquids Technologies GmbH) was applied via a 

brushing technique in a patterned configuration on both sides of the composite.

[00062] A portion of the electrically conductive 3-layer composite was cut out 

and contacted with thin aluminum foil strips on the small rectangular ends of the 

applied electrode pattern (both front and back sides) using a silver ink, type Acheson 

Silver Dag 1415 (Agar Scientific Ltd., Essex, UK). FIG. 9 is an image of the top view 

of the sample showing the top aluminum strip 35 bonded to electrically conductive 

material 30 of the 3-layer composite as well as the pattern of the graphite nanoparticles 

that were placed using a lasercut mask of a PET release layer (HOSTAPHAN® RNK 

50, MITSUBISHI POLYESTER FILM GmbH).

[00063] The 3-layer composite was then characterized by Laser Triangulation 

Measurement Technique at different Voltages (see “ Dielektrische 

Elastomerstapelaktoren fur ein peristaltisches Fluidfordersystem", Dipl. Ing. Lotz; 

Dissertationsschrift; Technische Universitat Darmstadt, 2010, Darmstadt, Germany). 

The components used include Keyence LK-H022 Ultra High-Speed/High-Accuracy 

Laser Displacement Sensor (Keyence Corp., Itasca, IL) and high voltage supply FUG 

Series MCP 35-2000 (FuG Elektronik GmbH, Schechen, Germany). The 

measurement set is illustrated in FIG. 11. The results are graphically depicted in FIG. 

10. Signal OUT 1 and OUT 2 are corresponding to the two laser signals, Laser 1 and 

Laser 2. Signal OUT 3 represents the sum of OUT 1 and OUT 2 and shows an 

actuation at 600 volts (V), independent from the voltage polarization.
[00064] Example 4

[00065] An ePTFE membrane was made generally in accordance with the 

teachings of US Patent No. 7,306,729 to Bacino, etal. The ePTFE membrane had an 

average mass/area of 0.5 g/m2 and a thickness of about 0.6 pm. The ePTFE 

membrane was compacted in the transverse direction (TD) to the original material as 
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is taught in Example 4A of EP3061598 A1 to Zaggl et al. The processing ratio was 

100% at room temperature and 2 m/min speed setting. After processing, the modulus 

of the ePTFE membrane in the TD was significantly reduced. The reduction in TD 

was similar to that shown in Table 1 and FIG. 15.

[00066] The compacted porous ePTFE membrane was positioned on a PET 

release layer (HOSTAPHAN® RNK 50, MITSUBISHI POLYESTER FILM GmbH)) 

prior coating. The ePTFE membrane/PET stack was positioned on a glass plate which 

was then inserted into an automatic film applicator (model ZAA 2300 (Zehntner GmbH 

Testing Instruments)).

[00067] An elastomer was obtained by providing a pourable, addition-curing, 

two-component silicone rubber (ELASTOSIL® P7670, Wacker Chemie AG) and 

mixing components A and B of the silicone rubber in a ratio of 1:1 using a 

SPEEDMIXER™ DAC 150.1 FVZ-K (FlackTek Inc.) at 1500 rpm and 20 seconds 

mixing time. The mixed components were poured onto the compacted porous ePTFE 

membrane sitting on the PET release liner. A universal applicator, type ZUA 2000 

(Zehntner GmbH Testing Instruments) was used to equally distribute a thin elastomer 

film on the ePTFE membrane using a speed of 5 mm/s at room temperature 

(approximately 20°C).

[00068] The gap of the applicator was set to a 50 pm distance from the PET 

release layer. The elastomer film was cured at room temperature for 24 hours. FIG. 

18 is a schematic illustration of such an elastomer on a compacted porous ePTFE 

membrane with a high penetration of the elastomer into the ePTFE membrane. The 

resulting ePTFE membrane/elastomer had a thickness of about 30 pm.

[00069] To form an electrode on the elastomer/compacted porous film 

composite, graphite nanopowder (type CP-0019-HP; loLiTec-lonic Liquids 

Technologies GmbH) was applied via a brushing technique in a patterned 

configuration using a lasercut mask of a PET release layer (HOSTAPHAN® RNK 50, 

MITSUBISHI POLYESTER FILM, GmbH).

[00070] To form a multilayer composite material, two of the dielectric 

composites with different electrode orientations as depicted in FIG. 5 were stacked as 

illustrated in FIG. 6. It is to be noted that the orientations of the electrodes are not 

visible in this cross-section. FIG. 6 is included to illustrate the positioning of the 

compacted porous ePTFE membrane (10), elastomer films (20), and graphite 

nanopowder (30). A pressure roller was used to press both composite layers together 
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so that there was no air gap between the electrode and the compacted porous ePTFE 

film.

[00071] After forming the stacked multilayer composite material, aluminum 

strips 70, 70A were applied on both sides of the composite material to contact both 

electrodes (see FIG. 13).

[00072] The composite material with the aluminum strips was rolled on a 20 

millimeter (mm) diameter metal core that was covered by a tube-shaped textile on top, 

to be able to remove the wrapped composite tube from the metal core.

[00073] The composite material was wrapped under tension on the metal core 

while rotating the core and applying back tension on the composite material with a 

mechanical break. The dielectric wrapped composite tube was removed from the 

metal core and the inner textile tube layer was removed. There was no further 

adhesive used to bond the layers together during the wrapping process.

[00074] The dielectric wrapped composite tube was contacted on both 

aluminum strips as schematically depicted in FIG. 14 and a voltage of 600V was 

applied. A movement of the wrapped composite tube in 90° of the wrapping direction 

was observed.
[00075] Example 5

[00076] An expanded polytetrafluoroethylene (ePTFE) membrane was made 

generally in accordance with the teachings of US Patent No. 7,306,729 to Bacino et 

al. The ePTFE membrane had an average mass/area of 0.5 g/m2 and an average 

thickness of about 0.6 pm. The ePTFE membrane was compacted in the machine 

(MD) as is taught in EP3061598 A1 to Zaggl et al. The processing ratio was 66% at 

room temperature (approximately 20°C) and 2 m/min speed setting. During the 

process, the membrane was placed to a PET release liner coated with pressure 

sensitive acrylic adhesive (Duplocoll MP6001B (Lohmann GmbH & Co. KG)). An 

elastomer was obtained by providing a pourable, addition-curing, two-component 

silicone rubber (ELASTOSIL® RT620, Wacker Chemie AG) and mixing components 

A and B of the silicone rubber in a ratio of 1:1 using a SPEEDMIXER™ DAC 150.1 

FVZ-K (FlackTek Inc.) at 1500 rpm and 20 seconds mixing time. The mixed 

components were poured onto the compacted porous ePTFE membrane sitting on the 

PET release liner. A universal applicator, type ZUA 2000 (Zehntner GmbH Testing 

Instruments) was used to equally distribute a thin elastomer film on the ePTFE 

membrane using a speed of 5 mm/s at room temperature (approximately 20°C). The 
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gap of the applicator was set to a 150 pm distance from the PET release layer. The 

elastomer film was cured at room temperature for 24 hours. The ePTFE membrane 

is the “dielectric composite” shown in FIG. 16. FIG. 16 is a graphical illustration that 

depicts a tensile test of a dielectric composite compared to a non reinforced silicone 

film.

[00077] Additionally, a second sample was prepared without the membrane 

precursor. The silicone was poured directly on a PET release layer (HOSTAPHAN® 

RNK 50, MITSUBISHI POLYESTER FILM GmbH, Wiesbaden, Germany). A universal 

applicator, type ZUA 2000 (Zehntner GmbH Testing Instruments) was used to equally 

distribute a thin elastomer film on the ePTFE membrane using a speed of 5 mm/s at 

room temperature (approximately 20°C). The gap of the applicator was set to a 150 

pm distance from the PET release layer. The elastomer film was cured at room 

temperature for 24 hours. This sample is depicted “elastomer” in the graph shown in 

FIG. 16.

[00078] The samples were tested with a Zwick Roell Z005 Tensile Tester 

(Georgia, USA). The sample width was 12 mm, clamping length was 50 mm, and the 

sample thickness was measured as 140 pm for both samples. The samples were 

tested with a speed of 20 in/min at a temperature of 25°C. The increase in force was 

calculated by dividing the force of the dielectric composite by the force of the 

elastomer. The results are graphically illustrated in FIG. 16.
[00079] Example 6

[00080] An ePTFE membrane was made generally in accordance with the 

teachings of US Patent No. 7,306,729 to Bacino, etal. The ePTFE membrane had an 

average mass/area of 0.5 g/m2 and a thickness of about 0.6 pm. The ePTFE 

membrane was compacted in the transverse direction (TD) as is taught in Example 4A 

of EP3061598. A 20 pm silicone film (ELASTOSIL® FILM 2030 250/20) was 

treated with plasma in an atmosphere of air at a speed of 3 m/min and a power of 2 

kW.

[00081] An elastomer was obtained by providing a pourable, addition-curing, 

two-component silicone rubber (ELASTOSIL® LR3003/03, Wacker Chemie AG) and 

mixing components A and B of the silicone rubber in a ratio of 1:1 using a 

SPEEDMIXER™ DAC 150.1 FVZ-K (FlackTek Inc.) at 1500 rpm and 20 seconds 

mixing time. Next, a pattern of uncured silicone was gravure coated using a micro 

gravure roller that contained 120 pyramid shaped structures per 10 mm on the treated 
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silicone film continuously at a speed of 1 m/min. The transversely compacted ePTFE 

membrane that was transversely compacted was applied via slight tension onto the 

uncured silicone. The wet silicone penetrated into the ePTFE membrane and the 

silicone layer was then cured in an oven (BC dryer; Coatema Coating Machinery 

GmbH, Dormagen, Germany) at a temperature of 160°C. The total thickness of the 

resulting reinforced composite was 21 pm. The reinforced composite is schematically 

depicted in FIG. 17, with reference numeral 10 representing the compacted ePTFE, 

reference numeral 50 representing the treated silicone film, reference numeral 60 

representing the untreated gravure coated silicone, and reference numeral 20 

representing the silicone elastomer layer.
[00082] Example 7

[00083] An expanded polytetrafluoroethylene (ePTFE) membrane was made 

generally in accordance with the teachings of US Patent No. 3,953,566 to Gore. The 

ePTFE membrane had a thickness of 3 pm and an areal weight of 2.5 g/m2. The 

ePTFE membrane was compacted 1.5:1 in the transverse direction. The transversely 

compacted porous ePTFE membrane was placed on a polyethylene terephthalate 

(PET) release liner with a pressure sensitive acrylic adhesive (Janus® PET1120, Rib 

GmbH) prior to coating. An elastomer was obtained by providing a pourable, addition

curing, two component silicone rubber (ELASTOSIL® P7684/60, Wacker Chemie AG) 

and mixing components A and B of the silicone rubber in a ratio of 1:1 in-line using a 

static mixer. The elastomer was applied via slot die coating and at least partially 

penetrated into the porous compacted ePTFE membrane structure. The dielectric 

composite was thendried in an oven (BC dryer; Coatema Coating Machinery GmbH, 

Dormagen, Germany) at 160°C. An average thickness of 49.5 pm was achieved for 

the dielectric composite.

[00084] To measure the actuation of the film, a single sheet was cut from the 

continuous roll with a length in the machine direction (MD) of 24 cm and a width in the 

transverse direction (TD) of 10 cm. An electrode material (ELASTOSIL® LR3162, 

Wacker Chemie AG) was applied on both sides of the material. Subsequently, the 

material was folded six times in the MD direction to reduce the length from 24 cm to 4 

cm. The folded structure was then clamped on both ends while the top clamps 

contained the electrical connections to both of the electrodes. The bottom clamps 

contained a weight of 100 g to remove any residual wrinkles in the composite. The 

electrodes were then connected to a high voltage power supply. At a voltage of 1500 
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V, an actuation strain of 0.76 mm (average over 5 samples) was detected. When 

calculating the expected actuation by taking the Young’s Modulus of the elastomeric 

material (0.42 MPa) and a permittivity of approximately 3.0 estimating an isotropic 

material, a difference of the measured value to the calculated value of 19 % was 

recognized. It was concluded that this improvement was achieved due to the 

anisotropic properties of the material that was made in this Example.

[00085] For testing the dielectric composite in sensor applications, a life time 

study was conducted. Sensors were prepared by using the dielectric composite and 

applying an electrode material (ELASTOSIL® LR3162, Wacker Chemie AG). 5 layers 

of dielectric composite were used for each sensor. While applying a cyclic strain of a 

minimum of 17% and a maximum of 54%, the capacitance was measured. After 

700,000 cycles, a small nick with a depth of 1 mm was made into the sensors to test 

the tear growth properties. The sensors survived more than 100,000 cycles after the 

nick was put into the sensors (then failure occurred) compared to non reinforced 

dielectric composites, which failed more quickly (at about 100 cycles). It was 

concluded that the reinforcement layer prohibits rapid failure after applying any defect.

[00086] The disclosure may be further defined by the following numbered 

statements:

1. A dielectric composite comprising: 

a compacted porous membrane;

an elastomer material at least partially penetrating said compacted porous 

membrane; and

an electrically conductive material positioned on said elastomer layer.

2. The composite of statement 1, wherein said dielectric composite has a 

thickness less than about 100 pm.

3. The composite of any preceding statement, wherein said compacted porous 

membrane is transversely compacted, compacted in the machine direction, or 

both.

4. The composite of any preceding statement, wherein said elastomer material 

comprises a member selected from silicones, fluorosilicones, fluoroelastomers, 
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polyurethanes, nitrile rubber, neoprene rubber, natural rubber, butyl rubber and 

acrylics.

5. The composite of any preceding statement, wherein said electrically 

conductive material comprises a member selected from an electrically conductive 

metal, an electrically conductive polymer, electrically conductive inks, carbon 

black particles and graphite particles.

6. The composite of any preceding statement, wherein said elastomer material 

has a thickness from about 0.1 pm to about 100 pm.

7. The composite of any preceding statement, wherein said electrically 

conductive material has a thickness from about 1 nm to about 20 pm.

8. The composite of any preceding statement, wherein said compacted porous 

membrane has a thickness from about 0.1 pm to about 50 pm.

9. The composite of any preceding statement, wherein said compacted porous 

membrane comprises a compacted expanded polytetrafluorethylene membrane.

10. The composite of any preceding statement, wherein said compacted porous 

membrane comprises an expanded polytetrafluoroethylene (ePTFE) membrane, 

an expanded modified PTFE membrane, expanded copolymers of PTFE, an 

expanded polyethylene membrane, a porous polypropylene membrane, an 

electrospun nanofiber membrane and combinations thereof.

11 The composite of any preceding statement in a stacked configuration.

12. The composite of any preceding statement in a wound configuration.

13. A dielectric composite comprising:

a compacted porous membrane;

an electrically conductive material positioned on said compacted porous 

membrane, and
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an elastomer material encompassing said electrically conductive material 

and at least partially penetrating said compacted porous membrane.

14. The composite of statement 13, wherein said dielectric composite has a 

thickness less than about 100 pm.

15. The composite of any one of statements 13 and 14, wherein said compacted 

porous membrane is transversely compacted, compacted in the machine 

direction, or both.

16. The composite of any one of statements 13 to 15, wherein said elastomer 

material comprises a member selected from silicones, fluorosilicones, 

polyurethanes, nitrile rubber, neoprene rubber, natural rubber, butyl rubber and 

acrylics.

17. The composite of any one of statements 13 to 16, wherein said electrically 

conductive material comprises a member selected from an electrically 

conductive metal, an electrically conductive polymer, electrically conductive inks, 

carbon black particles and graphite particles.

18. The composite of any one of statements 13 to 17, wherein said elastomer 

material has a thickness from about 0.1 pm to about 100 pm.

19. The composite of any one of statements 13 to 18, wherein said electrically 

conductive material has a thickness from about 1 nm to about 20 pm.

20. The composite of any one of statements 13 to 19, wherein said compacted 

porous membrane has a thickness from about 0.1 pm to about 50 pm.

21. The composite of any one of statements 13 to 20, wherein said compacted 

porous membrane comprises a compacted expanded polytetrafluoroethylene 

membrane.
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22. The composite of any one of statements 13 to 21, wherein said compacted 

porous membrane comprises an expanded polytetrafluoroethylene (ePTFE) 

membrane, an expanded modified PTFE membrane, expanded copolymers of 

PTFE, an expanded polyethylene membrane, a porous polypropylene 

membrane, an electrospun nanofiber membrane and combinations thereof.

23. The composite of any one of statements 13 to 22 in a stacked configuration.

24. The composite of any one of statements 13 to 22 in a wound configuration.

25. A dielectric composite comprising:

a compacted porous membrane having a first side and a second side;

a first elastomer material positioned on said first side of said compacted 

porous membrane;

a second elastomer material positioned on said second side of said 

compacted porous membrane;

a first electrically conductive material positioned on said first elastomer layer 

opposing said compacted porous membrane; and

a second electrically conductive material positioned on said second 

elastomer layer opposing said compacted porous membrane.

26. The composite of statement 25, wherein said dielectric composite has a 

thickness less than about 100 pm.

27. The composite of any one of statements 25 and 26, wherein said compacted 

porous membrane is transversely compacted, compacted in the machine 

direction, or both.

28. The composite of any one of statements 25 to 27, wherein said first and 

second elastomer materials comprise a member selected from silicones, 

fluorosilicones, fluoroelastomers, polyurethanes, nitrile rubber, neoprene rubber, 

natural rubber, butyl rubber and acrylics.
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29. The composite of any one of statements 25 to 28, wherein said first and 

second electrically conductive materials comprise a member selected from an 

electrically conductive metal, an electrically conductive polymer, electrically 

conductive inks, carbon black particles and graphite particles.

30. The composite of any one of statements 25 to 29, wherein each said first and 

second elastomer material has a thickness from about 0.1 pm to about 100 pm.

31. The composite of any one of statements 25 to 30, wherein each said first and 

second electrically conductive material has a thickness from about 1 nm to about 

20 pm.

32. The composite of any one of statements 25 to 31, wherein said compacted 

porous membrane has a thickness from about 0.1 pm to about 50 pm.

33. The composite of any one of statements 25 to 32, wherein said compacted 

porous membrane comprises a compacted expanded polytetrafluoroethylene 

membrane.

34. The composite of any one of statements 25 to 33, wherein said compacted 

porous membrane comprises an expanded polytetrafluoroethylene (ePTFE) 

membrane, an expanded modified PTFE membrane, expanded copolymers of 

PTFE, an expanded polyethylene membrane, a porous polypropylene membrane, 

an electrospun nanofiber membrane and combinations thereof.

35. A method of making a dielectric composite comprising:

compacting a porous membrane;

applying an elastomer material to a first surface of said compacted porous 

membrane such that said elastomer material at least partially penetrates said 

first surface of said compacted porous membrane; and

positioning an electrically conductive material on a second surface of said 

elastomer material opposing said porous membrane.

23



WO 2018/185183 PCT/EP2018/058643

36. The method of statement 35, wherein said compacted porous membrane is 

transversely compacted, compacted in the machine direction, or both.

37. The method of any one of statements 35 to 36, wherein said dielectric 

composite has a thickness less than about 100 pm.

38. The method of any one of statements 35 to 37, wherein said compacted 

porous membrane comprises an expanded polytetrafluoroethylene (ePTFE) 

membrane, an expanded modified PTFE membrane, expanded copolymers of 

PTFE, an expanded polyethylene membrane, a porous polypropylene membrane, 

an electrospun nanofiber membrane and combinations thereof.

39. The method of any one of statements 35 to 38, wherein said compacted 

porous membrane comprises a compacted expanded polytetrafluoroethylene 

membrane.

40. The method of any one of statements 35 to 39, wherein said compacted 

porous membrane has a thickness from about 0.1 pm to about 50 pm.

41. The method of any one of statements 35 to 40, wherein said electrically 

conductive material comprises a member selected from an electrically conductive 

metal, an electrically conductive polymer, electrically conductive inks, carbon 

black particles and graphite particles.

42. The method of any one of statements 35 to 41, wherein said electrically 

conductive material has a thickness from about 1 nm to about 20 pm.

43. The method of any one of statements 35 to 42, wherein said elastomer 

material has a thickness from about 1 pm to about 100 pm.

44. A method of making a dielectric composite comprising:

compacting a porous membrane;

applying a first elastomer material to a first side of said compacted porous 

membrane;
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applying a second elastomer material to a second side of said compacted 

porous membrane,

positioning a first electrically conductive material on said first elastomer 

material opposing said compacted porous membrane; and

positioning a second electrically conductive material on said second 

elastomer material opposing said compacted porous membrane.

45. The method of statement 44, wherein said compacted porous membrane 

comprises an expanded polytetrafluoroethylene (ePTFE) membrane, an 

expanded modified PTFE membrane, expanded copolymers of PTFE, an 

expanded polyethylene membrane, a porous polypropylene membrane, an 

electrospun nanofiber membrane and combinations thereof.

46. The method of any one of statements 44 to 45, wherein said compacted 

porous membrane comprises a compacted expanded polytetrafluoroethylene 

membrane.

47. The method of any one of statements 44 to 46, wherein said compacted 

porous membrane has a thickness from about 0.1 pm to about 50 pm.

48. The method of any one of statements 44 to 47, wherein said electrically 

conductive material comprises a member selected from an electrically conductive 

metal, an electrically conductive polymer, electrically conductive inks, carbon 

black particles and graphite particles.

49. The method of any one of statements 44 to 48, wherein said electrically 

conductive material has a thickness from about 1 nm to about 20 pm.

50. The method of any one of statements 44 to 49, wherein said elastomer 

material has a thickness from about 1 pm to about 100 pm.

51. The method of any one of statements 44 to 50, wherein said dielectric 

composite has a thickness less than about 100 pm.
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52. The method of any one of statements 44 to 51, wherein said compacted 

porous membrane is transversely compacted, compacted in the machine 

direction, or both.

[00087] The invention of this application has been described above both 

generically and with regard to specific embodiments. It will be apparent to those skilled 

in the art that various modifications and variations can be made in the embodiments 

without departing from the scope of the disclosure. Thus, it is intended that the 

embodiments cover the modifications and variations of this invention provided they 

come within the scope of the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A dielectric composite comprising:

a compacted porous membrane;

an elastomer material at least partially penetrating said compacted porous 

membrane; and

an electrically conductive material positioned on said elastomer layer.

2. The composite of claim 1, wherein said dielectric composite has a total 

thickness less than about 170 pm.

3. The composite of claim 1, wherein said compacted porous membrane is 

transversely compacted, compacted in the machine direction, or compacted in both 

the transverse and machine direction.

4. The composite of claim 1, wherein said elastomer material comprises a 

member selected from silicones, fluorosilicones, fluoroelastomers, polyurethanes, 

nitrile rubber, neoprene rubber, natural rubber, butyl rubber and acrylics.

5. The composite of claim 1, wherein said electrically conductive material 

comprises a member selected from an electrically conductive metal, an electrically 

conductive polymer, electrically conductive inks, carbon black particles, graphite 

particles and combinations thereof.

6. The composite of any preceding claim, wherein said elastomer material has a 

thickness from about 0.1 pm to about 100 pm, wherein said electrically conductive 

material has a thickness from about 1 nm to about 20 pm, and wherein said compacted 

porous membrane has a thickness from about 0.1 pm to about 50 pm.

7. The composite of claim 1, wherein said compacted porous membrane 

comprises a compacted expanded polytetrafluorethylene membrane.
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8. The composite of claim 1, wherein said compacted porous membrane 

comprises an expanded polytetrafluoroethylene (ePTFE) membrane, an expanded 

modified PTFE membrane, expanded copolymers of PTFE, an expanded polyethylene 

membrane, a porous polypropylene membrane, an electrospun nanofiber membrane 

and combinations thereof.

9. The composite of claim 1 in a stacked configuration.

10. The composite of claim 1 in a wound configuration.

11. A dielectric composite comprising:

a compacted porous membrane;

an electrically conductive material positioned on said compacted porous 

membrane; and

an elastomer material encompassing said electrically conductive material and 

at least partially penetrating said compacted porous membrane.

12. The composite of claim 11, wherein said dielectric composite has a thickness 

less than about 170 pm.

13. The composite of claim 11, wherein said compacted porous membrane is 

transversely compacted, compacted in the machine direction, or compacted in both 

the transverse and machine direction.

14. The composite of any claim 11, wherein said elastomer material comprises a 

member selected from silicones, fluorosilicones, polyurethanes, nitrile rubber, 

neoprene rubber, natural rubber, butyl rubber and acrylics.

15. The composite of claim 11, wherein said electrically conductive material 

comprises a member selected from an electrically conductive metal, an electrically 

conductive polymer, electrically conductive inks, carbon black particles, graphite 

particles and combinations thereof.
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16. The composite of claim 11, wherein said elastomer material has a thickness 

from about 0.1 pm to about 100 pm, wherein said electrically conductive material has 

a thickness from about 1 nm to about 20 pm, and wherein said compacted porous 

membrane has a thickness from about 0.1 pm to about 50 pm.

17. The composite of claim 11, wherein said compacted porous membrane 

comprises a compacted expanded polytetrafluoroethylene membrane.

18. The composite of claim 11, wherein said compacted porous membrane 

comprises an expanded polytetrafluoroethylene (ePTFE) membrane, an expanded 

modified PTFE membrane, expanded copolymers of PTFE, an expanded polyethylene 

membrane, a porous polypropylene membrane, an electrospun nanofiber membrane 

and combinations thereof.

19. The composite of claim 11 in a stacked configuration.

20. The composite of any claim 11 in a wound configuration.

21. A dielectric composite comprising:

a compacted porous membrane having a first side and a second side;

a first elastomer material positioned on said first side of said compacted porous 

membrane;

a second elastomer material positioned on said second side of said compacted 

porous membrane;

a first electrically conductive material positioned on said first elastomer layer 

opposing said compacted porous membrane; and

a second electrically conductive material positioned on said second elastomer 

layer opposing said compacted porous membrane.

22. The composite of claim 21, wherein said dielectric composite has a thickness 

less than about 170 pm.
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23. The composite of claim 21, wherein said compacted porous membrane is 

transversely compacted, compacted in the machine direction, or compacted in both 

the machine and transverse direction.

24. The composite of claim 21, wherein said first and second elastomer materials 

comprise a member selected from silicones, fluorosilicones, polyurethanes, nitrile 

rubber, neoprene rubber, natural rubber, butyl rubber and acrylics.

25. The composite of claim 21, wherein said first and second electrically conductive 

materials comprise a member selected from an electrically conductive metal, an 

electrically conductive polymer, electrically conductive inks, carbon black particles, 

graphite particles and combinations thereof.

26. The composite of claim 21, wherein each said first and second elastomer 

material has a thickness from about 0.1 pm to about 100 pm, wherein each said first 

and second electrically conductive material has a thickness from about 1 nm to about 

20 pm, and wherein said compacted porous membrane has a thickness from about 

0.1 pm to about 50 pm.

27. The composite of any claim 21, wherein said compacted porous membrane 

comprises a compacted expanded polytetrafluoroethylene membrane.

28. The composite of claim 21, wherein said compacted porous membrane 

comprises an expanded polytetrafluoroethylene (ePTFE) membrane, an expanded 

modified PTFE membrane, expanded copolymers of PTFE, an expanded polyethylene 

membrane, a porous polypropylene membrane, an electrospun nanofiber membrane 

and combinations thereof.
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