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ABSTRACT 

Disclosed are self-cooling pouches useful as containers for 
beverages and other liquids. Such pouches comprise a 
porous matrix as an element of the pouch body to e?cect the 
cooling of the pouch and a liquid contained therein by 
pervaporation of the liquid. 
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SELF-COOLING CONTAINER FOR LIQUIDS 

RELATED APPLICATION DATA 

[0001] This application is a continuation of US. Ser. No. 
10/1453,863 Which claims priority under 35 U.S.C. §119(e) 
to US. Provisional Application Ser. No. 60/ 1388,609, ?led 
Jun. 3, 2002, and Which is also a continuation-in-part of US. 
Ser. No. 10/1162,119, ?led Jun. 3, 2002, Which is a con 
tinuation of US. Ser. No. 08/1933,639 ?led Sep. 19, 1997, 
noW US. Pat. No. 6,398,048. 

FIELD OF THE INVENTION 

[0002] This invention relates to a device and method of 
construction of a container or closure used to cool a liquid 
by means of pervaporation. 

BACKGROUND OF THE RELATED ART 

[0003] Evaporative cooling of both dwellings and Water 
originated in Ancient Egypt and subsequently spread east 
Ward through the Middle-East and Iran, to the north of India, 
WestWard across north Africa to southern Spain and other 
regions suffering from a hot and dry climate. In the initial 
use of this process non-glaZed clay pots Were used for 
centuries for the storage of Water With the added side bene?t 
of cooling the liquid Water contents by absorbing and 
Wicking the Water to the outer clay surface folloWed by the 
evaporation of the Water from this surface. Unfortunately, 
evaporation directly from the outer clay surface eventually 
lead to scale formation and reduced cooling e?iciency as the 
minerals build up on this surface reducing the liquid per 
meability and loWering the liquid vapor pressure. 

[0004] Other methods based on heat transfer reduction 
from the environment to the liquid have been used. Methods 
that have been used include vacuum and air gap thermoses, 
and foam insulative jackets. Additional devices using ice, 
froZen cold packs or sticks have been used to compensate for 
heating by surrounding environment and the return of the 
liquid in the container to ambient temperature. In all these 
cases the design of the system necessitates that the liquid 
contents, a separate chamber and/or the shell of the bottle be 
cooled leading to excessive Weight in addition to a liquid 
volume displacement loss in the container. In all of these 
methods, the temperature of the liquid Will equilibrate and 
eventually return to the ambient temperature. 

[0005] Pervaporation (PV) is de?ned as a combination of 
matrix vapor permeation and evaporation. From 1987 on, 
membrane pervaporation has gained Wide acceptance by the 
chemical industry for the separation and recovery of liquid 
mixtures (Chemical Engineering Progress, pp. 45-52, July 
1992). The technique is characterized by the introduction of 
a barrier matrix betWeen a liquid and a gaseous phase. A 
liquid is in intimate contact With one side of the matrix. Mass 
transfer of vapor occurs selectively to the gas side of the 
matrix resulting in the loss of liquid or the loss of select 
volatile liquid components and the loss of evaporative latent 
heat. The process is termed pervaporation because of the 
unique combination of vapor “permeation” through the 
porous matrix and the liquid to vapor phase change “vapor 
iZation”. Without heat added to the liquid, the temperature 
falls due to the latent heat of vaporiZation until an equilib 
rium temperature is reached Where the heat absorbed from 
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the environment is equal to the latent heat lost due to liquid 
evaporation at the matrix surface or Within the pores. 

[0006] US. Pat. No. 5,946,931 illustrates the use of an 
evaporative cooling PTFE membrane device using a stream 
of ?uid in a laminar ?oW pro?le above a membrane in order 
to cool an attached device or environment. US. Pat. No. 
4,824,741 illustrates the use of a pervaporative cooling 
matrix to cool the surface of the plate of an electrochemical 
cell. The moist plate may be made from uncatalyZed PTFE 
bonded electrode material,a suitable porous sintered poWder, 
porous ?bers, or even a porous polymer ?lm. US. Pat. No. 
4,007,601 demonstrates the use of evaporative cooling in a 
circulating porous holloW heat exchanger to obtain a cooled 
?uid. 

SUMMARY OF THE INVENTION 

[0007] Disclosed herein is a simpli?ed pervaporative cool 
ing system for beverage and liquid containers that does not 
use mechanical pumps to supply liquid to the pervaporative 
matrix surface and does not rely on vacuum to enhance the 
cooling e?iciency as in the prior art referenced above. A 
container is de?ned as any apparatus or enclosure that holds 
liquid Whether it is open or closed to the external environ 
ment. One embodiment of this invention utiliZes a pervapo 
rative matrix that preferably forms part of the container body 
or housing and comprises betWeen 5 to 100% of the total 
surface area of the container or housing. The liquid contents 
of the container are cooled directly at the surrounding 
liquid/membrane interface due to the latent heat of evapo 
ration of the Water. The resulting liquid vapor is lost through 
the matrix to the surrounding environment or to a collector 
or trap such as may comprise an absorbent material. Pre 
ferred containers include bottles, jars, carboys and pouches. 
The containers may, in some embodiments, be fabricated 
into larger structures, including housings, dispensers, and 
garments. 

[0008] In one embodiment, there is provided a pervapo 
ratively cooled container, comprising a container body com 
prising one or more Walls, Wherein at least a portion of said 
one or more Walls comprises a pervaporative matrix, said 
matrix comprising a porous hydrophobic material, Wherein 
said matrix alloWs for the passage of small quantities of a 
volatile liquid vapor through the matrix, the evaporation of 
Which cools the container, including any contents Within the 
container. In one embodiment, there is provided a pervapo 
ratively cooled tube or straW, comprising an elongated 
holloW tubular structure comprising an outer pervaporative 
layer comprising a hydrophobic material coextensive With a 
porous internal layer comprising a hydrophilic material, the 
internal layer de?ning a lumen through Which a liquid can 
pass. In one embodiment, the tubular structure is formed 
from a hydrophobic porous tube in Which the inner surface 
of the tube has been chemically treated to be hydrophilic, 
thus forming the internal layer. 

[0009] In one embodiment, there is provided a cooling 
jacket for a container, comprising a jacket body comprising 
an outer layer comprising a hydrophobic porous material; 
and an inner layer coextensive With said outer layer and in 
?uid communication With said outer layer, said inner layer 
being adapted to hold a volatile liquid Wherein said jacket 
body is shaped to alloW the inner layer to contact at least a 
portion of a container. 
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[0010] In a preferred embodiment, the containers and 
cooling jackets may further comprise a regenerable or 
disposable outer layer, directly adjacent to or in contact With 
the pervaporative layer, comprising a desiccant, absorbent 
material or other substance that absorbs or adsorbs the 
moisture or other ?uid resulting from pervaporation. 

[0011] In one embodiment, there is provided a cooling 
garment comprising at least tWo layers: an outer layer 
comprising a pervaporative material comprising a hydro 
phobic pervaporative laminate; an optional middle layer 
comprising a thin support liquid barrier layer for the per 
vaporative layer; and an inner layer; Wherein the outer layer 
is in ?uid communication With a body of coolant liquid, and 
the inner layer is in thermal contact With the Wearer of the 
garment. The Wearer of the garment is cooled by the 
pervaporation of the coolant liquid through the pervapora 
tive material of the outer layer. In a preferred embodiment, 
the cooling garment is incorporated or integrated into a piece 
of clothing such as a protective garment or suit. The garment 
may further comprise a tube in ?uid communication With the 
body of coolant liquid that alloWs the Wearer of the garment 
to orally consume coolant liquid, preferably Water. In a 
preferred embodiment, the garment further comprises a 
regenerable or disposable outer layer comprising a desiccant 
or an absorbent material that absorbs the moisture or other 
?uid resulting from pervaporation. 

[0012] In preferred embodiments, one or more of the 
folloWing may also be present: the garment is in thermal 
contact either by direct contact With the skin or contact 
through a piece of fabric or material, such fabric or material 
being Worn by the Wearer of the garment and/or being part 
of the garment itself; the outer layer is pleated to increase 
surface area for pervaporation; the middle layer is a barrier 
to potentially haZardous biological or chemical materials; 
and the inner layer comprises patterned or serpentine regions 
formed by a heat sealing process. 

[0013] In a related embodiment, the garment may further 
comprise or be in ?uid communication With a reservoir 
holding additional coolant liquid. The coolant can be fed 
into the interstices formed betWeen the pervaporative matrix 
and the middle layer from the reservoir by gravity or by 
Wicking. Preferred coolant liquids comprise Water, alcohols, 
and blends thereof. 

[0014] In related embodiments, containers such as bottles 
or backpacks comprising pervaporative material, as 
described beloW, are also provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIGS. 1A and 1B illustrate a bottle in plan and 
exploded vieW in Which a generally planar porous matrix 
may be Wrapped a round or pushed over a bottle body as a 
cylinder. 
[0016] FIG. 2 shoWs a partially exploded vieW of a 
multilayered structure according to one embodiment com 
prising a thin membrane layered betWeen tWo macroporous 
layers. 

[0017] FIGS. 3A, 3B, 3C and 3D, illustrates plan and cut 
aWay vieWs of embodiments in Which support ribs enhance 
the rigidity of a porous matrix. 

[0018] FIG. 4 shoWs a container comprising an outer 
porous insulative layer. This sleeve reduces direct radiative 
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Warming of the inner bottle surface, yet alloWs for the 
pervaporative ?ux and loss of latent heat. 

[0019] FIG. 5 illustrates one embodiment of container 
comprising a pleated matrix that serves as a method for 
increasing the effective cooling surface area of the container. 
This alloWs for a higher surface area and quicker liquid cool 
doWn time for the container. 

[0020] FIGS. 6A and 6B shoW one embodiment of a 
container in plan and cutaWay vieW comprising an adjust 
able sleeve to limit the extent of pervaporative ?ux and 
liquid loss from the container. This sleeve preferably also 
reduces direct radiative Warming of the inner bottle surface, 
yet alloWs for the pervaporative ?ux and loss of latent heat. 

[0021] FIG. 7 illustrates a cross section of a tWo-layer 
pervaporative sleeve comprising a sponge or sponge-like 
material that can be used With a container. 

[0022] FIG. 8 shoWs a cutaWay vieW of another embodi 
ment of pervaporative cooling jacket that is used on a central 
housing containing a liquid, such as a carbonated beverage. 

[0023] FIG. 9 is a graph of time versus cooling pertaining 
to pervaporative cooling equilibrium using a variety of 
porous matrices. 

[0024] FIG. 10 illustrates one embodiment of a pervapo 
ratively-cooled drinking cup. 

[0025] FIGS. 11A, 11B and 11C illustrate one embodi 
ment of pervaporative cooling storage container (eg a 
cooler) having a pervaporative body shell and pervaporative 
lid. 

[0026] FIG. 12 illustrates a preferred liquid dispensing 
reservoir comprising pervaporative matrix. 

[0027] FIG. 13 illustrates one embodiment of a hydration 
backpack comprising a pleated pervaporatively-cooled res 
ervoir ?lled With liquid. 

[0028] FIG. 14 illustrates a pervaporatively-cooled drink 
ing pouch in an optional porous Webbed strap-on holder. In 
addition an internally Wettable pervaporatively-cooled tube 
is shoWn, Which can be used for immediately-chilled drink 
ing or dispensing in connection With the illustrated pouch or 
With other containers. 

[0029] FIG. 15 illustrates a pervaporatively-cooled jacket 
according to one embodiment. 

[0030] Although the ?gures illustrate preferred embodi 
ments they are intended to be merely exemplary and repre 
sentative of certain embodiments. To that end, several ?g 
ures contain optional features that need not be included in 
any particular embodiment of the invention and the shape, 
type, or particular con?guration of container or closure 
illustrated should not be taken as limiting on the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] Disclosed herein are containers and enclosures that 
use pervaporative cooling to cool a liquid or item residing in 
such container or enclosure. In preferred embodiments, the 
containers are comprised of porous vent materials, also 
called porous matrices. In one embodiment, the container 
forms part of a pervaporatively-cooled garment. Porous 
matrices may be made of any of a Wide variety of materials, 
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including, but not limited to, plastics, elastomers, metals, 
glass, and ceramics. Combinations of plastics, elastomers, 
metals, glasses, or ceramics may also be used. The combi 
nations may be intimate, such as from blending of tWo or 
more components to become co-sintered, or may be layered, 
such as from laminate structures derived from tWo or more 

materials. Combinations of different plastics, elastomers, 
metals, glasses, or ceramics can also be co-sintered or 
fabricated into laminate structures for use in pervaporative 
containers. Preferred plastics for porous vent materials 
include, but are not limited to thermoplastic polymers, 
thermoset elastomers, and thermoplastic elastomers. Pre 
ferred thermoplastic polymers include, but are not limited to, 
loW density polyethylene (LDPE), linear loW density poly 
ethylene (LLDPE), medium density polyethylene (MDPE), 
high-density polyethylene (HDPE), ultra-high molecular 
Weight polyethylene (UHMWPE), polypropylene (PP) and 
its copolymers, polymethylpentene (PMP), polybutylene 
terephthalate (PBT); polyethyleneterephthalate (PET), poly 
ethyleneterephthalate glycol modi?ed (PETG), polyethere 
therketone (PEEK), ethylenevinylacetate (EVA), polyethyl 
enevinylalcohol (EVOH), polyacetal, polyacrylonitrile 
(PAN), poly(acrylonitrile-butadiene-styrene) (ABS), poly 
(acrylonitrile-styrene-acrylate (AES), poly(acrylonirile-eth 
ylene-propylene-styrene) (ASA), polyacrylates, poly 
methacrylates, polymethylmethacrylate (PMMA), 
polyvinylchloride (PVC), chlorinatedpolyvinylchloride 
(CPVC), polyvinyldichloride (PVDC) ?uorinated ethyl 
enepropylene (FEP), polyvinyl?uoride (PVF), polyviny 
lidine?uoride (PVDF), polytetra?uoroethylene (PTFE), 
polyester, cellulosics, polyethylenetetra?uoroethylene 
(ETFE), polyper?uoroalkoxyethylene (PFA), nylon 6 (N6), 
polyamide, polyimide, polycarbonate polyetheretherketone 
(PEEK), polystyrene (PS), polysulfone, and polyethersul 
fone (PES). Preferred thermoset elastomers include sty 
renebutadiene, polybutadiene (BR), ethylene-propylene, 
acrylonitrile-butadiene (NBR), polyisoprene, polychloro 
prene, silicone, ?uorosilicone, urethanes, hydrogenated 
nitrile rubber (HNBR), polynorborene (PNR), butyl rubber 
(IIR) to include chlorobutyl (CIIR) and bromobutyl (BIIR), 
?uoroelastomers such as Viton®, KalreZ®, Fluorel®, and 
chloro sulfonated polyethylene. Preferred thermoplastic elas 
tomer (TPE) categories include thermoplastic ole?ns (TPO) 
including those commercially available as Dex?ex® and 
Indure®; elastomeric PVC blends and alloys; styrenic block 
copolymers (SBC) includingstyrene-butadiene-styrene 
(SBS), styrene-isoprene-styrene (SIS), styrene-ethylene/bu 
tylenestyrene (SEBS), and styrene-ethylene-propylene-sty 
rene (SEPS), some commercially available SBCs include 
those sold under the trademarks Kraton®, Dyna?ex®, and 
Chronopren®; thermoplastic vulcaniZate (TPV, also knoWn 
as dynamically vulcaniZed alloys) including those commer 
cially available under the trademarks Versalloy®, Santo 
prene® and Sarlink®; thermoplastic polyurethane(TPU) 
including those commercially available under the trade 
marks ChronoThane®, Versollan®, and Texrin®, copolyes 
ter thermoplastic elastomers (COPE) including those com 
mercially available as Ecdel®; and polyether block 
copolyamide (COPA) including those commercially avail 
able under the trademark PEBAX®. Preferred metals for 
porous materials include stainless steel, aluminum, Zinc, 
copper and alloys thereof. Preferred glass and ceramics for 
porous materials include quartz, borosilicate, aluminosili 
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cate, sodium aluminosilicate preferably in the form of sin 
tered particles or ?bers derived from said materials. 

[0032] Apreferred method of making macroporous plastic 
is by a process knoWn as sintering, Wherein poWdered or 
granular thermoplastic polymers are subjected to the action 
of heat and pressure to cause partial agglomeration of the 
granules and formation of a cohesive macroporous sheet or 
part. The macroporous material comprises a netWork of 
interconnected macropores that form a random tortuous path 
through the sheet. Typically, the void volume or percent 
porosity of a macroporous sheet is from 30 to 65% depend 
ing on the conditions of sintering although it may be greater 
or lesser than the stated range depending on the speci?c 
method of manufacturer. Due to the adjustment of chemical 
or physical properties, the surface tension of a macroporous 
matrix can be tailored to repel or absorb liquids, but air and 
vapors can readily pass through. By example, US. Pat. No. 
3,051,993 to Goldman, herein incorporated by reference in 
its entirety, discloses the details of making a macroporous 
plastic from polyethylene. Porous plastics, including 
macroporous plastics, suitable for making a pervaporatively 
cooled container in accordance With preferred embodiments, 
can be manufactured in sheets or molded to speci?cation and 
is available for purchase from a number of sources. Porex 
Corporation (Fairbum, Ga., USA.) is one such source, and 
provides porous plastic under the trademark, POREX®. 
Porous plastic sold under the name POREX® can be pur 
chased in sheets or molded to speci?cation from any one of 
the thermoplastic polymers previously described. The aver 
age porosity of such POREX® materials can vary from 
about 1 to 350 microns depending on the siZe of polymer 
granules used and the conditions employed during sintering. 
GenPore® (Reading, Pa., USA.) is another manufacturer of 
porous plastic products, With pore siZes ranging from 5 t o 
1000 microns. MA Industries Inc. (Peachtree City, Ga., 
U.S.A.) also manufactures porous plastic products. Porvair 
Technology Ltd (Wrexham, North Wales, UK.) is another 
manufacturer of porous products supplying both porous 
plastic (range of 5 to 200 um pore siZe) under brand name 
Vyon® and porous metal media under the trade name 
Sinter?o®. 

[0033] The basic siZe, thickness and porosity of the plastic 
chosen to make a pervaporative matrix may be determined 
by calculating the amount of vapor that must pass through 
the vent in a given period of time (How rate) and the heat 
transfer rate from the environment back into the liquid. The 
?ux rate (How rate per unit area) of a given macroporous 
plastic varies depending on factors including the pore siZe, 
percent porosity, and cross sectional thickness of the matrix 
and is generally expressed in terms of volume per unit time 
per unit area. To achieve a suf?cient degree of pervaporative 
cooling, the How rate of vapor through the matrix should be 
such that the thermodynamic heat removed from the liquid 
initially at room temperature due to vaporization is greater 
than the heat absorbed from the environment. During the 
pervaporative process the container liquid temperature cools 
until the heat loss of the liquid due to vaporiZation of the 
liquid contents through the matrix matches the heat gain 
from the surrounding environment. 

[0034] In common usage, “Macroporosity” generally 
refers to the overall void volume of a material or its 
macrostructure. The term. “Macroporous” is generally used 
to classify a material’s individual pores that are considered 
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large. The term “Microporosity” generally refers to the 
individual pore sizes or distribution of pore siZes that 
constitute the microstructure of a porous material. The term 
“Microporous” is generally used to classify a material’s 
individual pores that are considered small. For purposes of 
the disclosure herein, pore siZe (diameter) is classi?ed 
according to the International Union of Pure and Applied 
Chemistry (IUPAC) Subcommittee of Macromolecular Ter 
minology, de?nitions of terms drafted on Feb. 26, 2002. This 
standard divides pore siZe classi?cation into three catego 
ries: Microporous (<0.002mm), Mesoporous (0.002 to 
0050mm) and Macroporous(>0.050mm). Also for the pur 
poses of this disclosure herein, void volume Will be dis 
cussed in terms of the “Percent Porosity” of the material. 
Both macroporous and mesoporous materials, With pore 
siZes of 0.05 mm or less, can be used for pervaporative 
cooling. Preferred methods for fabrication include casting or 
stretching membranes of such materials. Preferred porous 
materials include those in Which the pores on opposite 
surfaces (What Will become the interior and exterior sur 
faces) are interconnected such that the tWo sides are in 
communication With each other. Such interconnections are 
preferably not, hoWever, straight through as to create a 
single cylindrical tube through Which material passes; 
instead a netWork of pores creates a tortuous path. 

[0035] For a single layer pervaporative matrix, the porous 
materials are preferably macroporous With pore siZes greater 
than or equal to 0.05 pm, preferably about 0.1 to 500 pm or 

about 0.5 to 10 um including 0.25, 0.5, 1, 5, 15, 20, 40, 60, 
80, 100, 150, 200, 250, 300, 350, 400, and 450 pm. In one 
embodiment the matrix materials used in conjunction With 
the pervaporative containers are betWeen 0.1 and 100 um 
preferably betWeen 0.5 and 75 um. The percent porosity 
(percent open area) of the materials are preferably about 10 
to 90%, preferably 30 to 75% or 50 to 70%, including 20%, 
40%, 60%, and 80%. The thickness of the porous materials 
preferably ranges from 0.025 to 7 mm, including betWeen 1 
and 3 mm. Preferred thickness for matrix materials used in 
pervaporative containers are about 0.05 to 5 mm and about 
0.1 to 3.0 mm, including 0.2, 0.3, 0.5, 0.7, 1.0, 1.25, 1.5, 
1.75, 2.0, and 2.5 mm. Other embodiments may have values 
for the above parameters above or beloW those set forth 
above. For single layer matrices, it is preferred that the 
material be hydrophobic or have a hydrophobic coating. For 
the values set forth in this paragraph, as Well as elseWhere 
in the speci?cation, the stated ranges include as the values 
contained betWeen the values speci?cally mentioned. In 
other embodiments, materials can have one or more prop 
erties having values lying outside the disclosed ranges. The 
matrix material can be derived from plastic, elastomers, 
glass, metal, or combinations thereof. Some preferred matrix 
materials, including thermoplastic polymers, thermoset elas 
tomers, thermoplastic elastomers, metals, glass and ceramics 
are as detailed above. Matrix materials may be purchased 
from commercial sources, or they may be made according to 
a variety oftechniques. US. Pat. No. 4,076,656 to White et 
al. details one technique in Which porogens are added to 
molten or dissolved materials, Which can be leached out With 
a solvent, or extracted With supercritical ?uids after the 
material sets and is in its ?nal form. US. Pat. No. 5,262,444 
to Rusincovitch et al. details another technique to create 
porous material by introducing porogens that evolve into 
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gases after processing a material, to leave behind a porous 
structure. These patents are hereby incorporated by refer 
ence in their entireties. 

[0036] Although many pervaporative matrix materials dis 
cussed herein are hydrophobic, Oleophobic pervaporative 
materials may also be used When the pervaporation liquid is 
an organic liquid such as alcohol. Commodity plastic mate 
rials such as nylon, polysulfone, and the cellulosics are 
available in hydrophilic grades. These hydrophilic materials 
can be milled into particles and sintered using techniques 
knoWn to those familiar in the art to produce hydrophilic 
porous materials With high liquid ?ux rates. Porous hydro 
philic plastic, including macroporous plastic can be manu 
factured in sheets or molded to speci?cation and is available 
f or purchase from a number of sources, including Porex 
Corporation. Porous hydrophilic ?ber materials can range in 
pore siZe from 20 to 120 pm with percent porosity ranging 
from 25 to 80 for the pore volume. Moreover, hydrophobia 
porous materials can be rendered hydrophilic by one or more 
treatment processes familiar to those skilled in the art 
including, but not limited to, plasma etching, chemical 
etching, impregnation With Wetting agents, or application of 
hydrophilic coatings. In addition, a masking process can be 
used in conjunction With one or more treatment processes to 
selectively pattern a hydrophobic porous material With 
regions of hydrophilicity With high liquid ?ux rates, if 
desired. For example, multilayered porous constructs con 
taining tWo or more thin layers of porous material can be 
laminated to make thicker layers using techniques familiar 
to those in the art. Multilayered constructs may be used to 
obtain a mechanical and physically superior matrix as pre 
viously observed in our tests. For instance, combining a 
sintered macroporous matrix of polyethylene With a thin 
layer of expanded PTFE on the liquid side of the container 
increases the hydrophobicity and liquid breakthrough pres 
sure of Water from 5 psi to over 30 psi, yet the layered matrix 
still maintains a similar pervaporative ?ux to that obtained 
using porous polyethylene alone. Thickness of laminates 
preferably ranges from about 0.025 to 7000 pm with average 
pore siZes, percent porosity and other properties preferably 
as described above. Pervaporative matrix materials may also 
be derived from porous materials made from blends. In a 
preferred embodiment the porous materials comprise a ?u 
orinated resin including, but not limited to, polyvinyl?uo 
ride (PVF), polyvinylidine?uoride (PVDF), polytetra?uoro 
ethylene (PTFE), polyethylenetetra?uoroethylene (ETFE), 
?uorinated ethylene propylene (FEP), polyper?uoroalkoxy 
ethylene (PFA) and/or ?uorinated additives such as Zonyl®, 
blended With selected polyole?n or other resins, preferably 
those selected from the series of polyethylenes (LLDPE, 
LDPE, MDPE, HDPE, UHMWPE) polypropylene, polyes 
ters, polycarbonates, ABS, acrylics, styrene polymethylpen 
tene (PMP), polybutylene terephthalate (PBT); polyethyl 
eneterephthalate (PET), polyetheretherketone (PEEK), 
ethylenevinylacetate (EVA), polyacetal, poly(acrylonitrileb 
utadiene-styrene) (ABS), poly(acrylonitrile-styrene-acry 
late) (AES), poly(acrylonirileethylene-propylene-styrene) 
(ASA), polyesters, polyacrylates, polymethacrylates, poly 
methylmethacrylate (PMMA), polyvinylchloride (PVC), 
polyvinyldichloride (PVDC), nylon 6 (N6), polyamide, 
polyimide, polycarbonate, polystyrene, and polyethersul 
fone (PES). Elastomers may also be used alone or in blends. 
Preferred elastomers include those of the thermoset type 
such as styrene-butadiene, polybutadiene (BR), ethylene 




















