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LIQUID WATER RESISTANT AND WATER VAPOR PERMEABLE GARMENTS COMPRISING HYDROPHOBIC
TREATED NONWOVEN MADE FROM NANOFIBERS

CROSS REFERENCE TO RELATED APPLICATION

5 This application claims priority under 35 U.S.C. § 1 19 from U.S.

Provisional Application Serial No. 61/010,504 (filed January 8,2008), the

disclosure of which is incorporated by reference herein for all purposes as if fully

set forth.

0

FIELD OF THE INVENTION

This invention relates to garments with controlled moisture vapor

and liquid water management capability. The invention as claimed and

disclosed has particular applications in water repellent outerwear.

5

BACKGROUND OF THE INVENTION

Protective garments for wear in rain and other wet conditions

should keep the wearer dry by preventing the leakage of water into the

garment (i.e., "waterproof) and by allowing perspiration to evaporate from

0 the wearer to the atmosphere (i.e., "breathable").

Fabrics treated with silicone, fluorocarbon, and other water

repellants usually allow evaporation of perspiration but are only marginally

waterproof; they allow water to leak through under very low pressures and

usually leak spontaneously when rubbed or mechanically flexed. Rain

5 garments must withstand the impingement pressure of falling and wind

blown rain and the pressures that are generated in folds and creases in

the garment.

It is widely recognized that garments must be moisture vapor

permeable, or breathable, to be comfortable. Two factors that contribute

0 to the level of comfort of a garment include the amount of air that does or

does not pass through a garment as well as the amount of perspiration

transmitted from inside to outside so that the undergarments do not

become wet and so natural evaporative cooling effects can be achieved.



However, even recent developments in breathable fabric articles using

microporous films tend to limit liquid penetration at the expense of

moisture vapor transmission and air permeability.

Breathable materials that permit evaporation of perspiration have

tended to wet through from the rain, thus they are not truly waterproof.

Oilskins, polyurethane coated fabrics, polyvinyl chloride films and other

materials are waterproof but do not allow satisfactory evaporation of

perspiration.

Many waterproof structures currently available comprise a

multilayer fabric structure that employs the use of a hydrophobic coating.

This fabric structure can be made of a woven fabric layer, a nanoweb-type

microporous layer, and another woven or knit layer. The microporous

layer is the functional layer of the construction that provides the

appropriate air permeability and moisture vapor transmission rate

necessary for the targeted application. For examples of such structures,

see U.S. patent numbers 5,217,782; 4,535,008; 4,560,61 1 and 5,204,1 56.

Clothing provides protection from hazards in the environment. The

degree of protection clothing imparts is dependent upon the effectiveness

of the barrier characteristics of the clothing. Microporous films have been

used in barrier materials to achieve extremely high hydrostatic head liquid

barrier properties, but at the expense of breathability, such that their air

permeabilities are unacceptably low, rendering fabrics containing such

films uncomfortable for the wearer.

The present invention is directed towards a layered material for a

garment that provides an improved combination of high liquid water

resistance and high vapor transmission rate.

SUMMARY OF THE INVENTION

In one embodiment, the present invention is directed to a

waterproof, breathable garment having the ability to pass moisture vapor

while protecting the wearer from water comprising a composite fabric, the

composite fabric comprising a fabric layer; and a porous coated nanofiber

layer comprising at least one porous layer of polymeric nanofibers having



a number average diameter between about 50 nm to about 1000 nm, the

coated nanofiber layer having a basis weight of between about 1 g/m2 and

about 100 g/m2 and a contact angle of a drop of water on the surface of

the coated nanofiber layer of greater than 145°; wherein a coating on the

surface of the nanofibers comprises a fluorocarbon polymeric moiety and

a resin binder or extender; and wherein the coated nanofiber layer has a

Frazier air permeability of between about 0.5 m3/min/m2 and about 8

m3/min/m 2, an MVTR of greater than about 500 g/m2/day and a hydrostatic

head of at least about 50 cmwc.

In another embodiment, the present invention is directed to a

process for producing a water repellent garment comprising a fabric

having a hydrostatic resistance of greater than 50 centimeters of water, an

MVTR of at least 500 g/m2/day and an air permeability between about 0.5

m3/min/m 2 and about 8 m3/min/m2, the process comprising providing a

layer of polymeric nanofibers having a number average diameter between

about 50 nm to about 1000 nm, a basis weight of between about 1 g/m2

and about 100 g/m2; subjecting the nanofiber layer to a repellent treatment

by contacting the nanofiber layer with a liquid containing a fluorocarbon

polymeric moiety and a resin binder or extender; and bonding the treated

nanofiber layer with a fabric layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of a coated nanofiber web layer useful in

the garment of the invention.

DETAILED DESCRIPTION

The terms "nanofiber layer," "nanofiber web layer," "nanofiber web"

and "nanoweb" are used interchangeably herein to refer to a nonwoven

that comprises nanofibers.

The term "nanofibers" as used herein refers to fibers having a

number average diameter less than about 1000 nm, even less than about

800 nm, even between about 50 nm and 500 nm, and even between about

100 and 400 nm. In the case of non-round cross-sectional nanofibers, the



term "diameter" as used herein refers to the greatest cross-sectional

dimension.

The term "nonwoven" means a web including a multitude of

randomly distributed fibers. The fibers generally can be bonded to each

other or can be unbonded. The fibers can be staple fibers or continuous

fibers. The fibers can comprise a single material or a multitude of

materials, either as a combination of different fibers or as a combination of

similar fibers each comprised of different materials.

"Meltblown fibers" are fibers formed by extruding a molten

thermoplastic material through a plurality of fine, usually circular, die

capillaries as molten threads or filaments into converging, usually hot and

high velocity, gas, such as disclosed, for example, in U.S. Pat. Nos.

3,849,241 to Buntin et al., 4,526,733 to Lau, and 5,1 60,746 to Dodge, Il et

al., all of which are hereby incorporated herein by this reference.

Meltblown fibers may be continuous or discontinuous.

"Calendering" is the process of passing a web through a nip

between two rolls. The rolls may be in contact with each other, or there

may be a fixed or variable gap between the roll surfaces. Advantageously

the nip is formed between a soft roll and a hard roll. The "soft roll" is a roll

that deforms under the pressure applied to keep two rolls in a calender

together. The "hard roll" is a roll with a surface in which no deformation

that has a significant effect on the process or product occurs under the

pressure of the process. An "unpatterned" roll is one which has a smooth

surface within the capability of the process used to manufacture them.

There are no points or patterns to deliberately produce a pattern on the

web as it passed through the nip, unlike a point bonding roll.

By "garment" is meant any item that is worn by the user to cover or

protect some region of the user's body from weather or other factors in the

environment outside the body. For example coats, jackets, pants, hats,

gloves, shoes, socks, and shirts are all considered garments under this

definition.



The term "outer" when used to describe the location of a layer

refers to the face of the garment that faces away from the wearer. The

term "inner" refers to the user facing side of the garment.

In one embodiment, the invention is directed to a waterproof

garment having the ability to simultaneously maintain a high MVTR and a

high resistance to liquid water penetration, interchangeably referred to

herein as "hydrostatic head," "hydrohead," and "liquid water resistance."

The garment contains a nanofiber layer of at least one porous layer of

polymeric nanofibers having a basis weight of between about 1 g/m2 and

about 100 g/m2. The polymeric nanofibers are coated by means of a

repellent treatment containing a fluorocarbon polymeric moiety and a resin

binder or extender which is soluble in water and/or other solvents.

The repellent treatment forms a coating on the surface of the

polymeric nanofibers (referred to herein interchangeably as "the treated

nanofibers" and "the coated nanofibers"). The coating forms concave

menisci at the intersections of the nanofibers such that the menisci are

formed within the pores of the nanofiber layer. By "concave meniscus" is

meant a formation of the coating that is bounded, when the pore is viewed

in two dimensions, by a generally U-shaped border between two

intersecting nanofibers. For simplicity, the menisci are discussed herein in

two-dimensional terms. As depicted in Figure 1, the central base portion 3

of the U bridges or straddles the intersection of the nanofibers and the leg

portions 4 of the U asymptotically approach the nanofibers until reaching

the diameter of the coated nanofibers. The presence of the menisci

formed within the pores of the nanofiber layer result in more rounded

pores as compared with an equivalent uncoated nanofiber layer. The

presence of more rounded pores results in higher levels of hydrostatic

head and water repellency of the nanofiber layer. The water repellency of

the coated nanofiber layer is indicated by a high contact angle of a drop of

water on the surface of the nanofiber layer of greater than 145°, even

greater than 147° and even greater than 149°.

The invention further comprises a garment comprising a composite

of a first fabric layer adjacent to and in a face-to-face relationship with the



coated nanofiber layer, and optionally a second fabric layer adjacent to

and in a face-to-face relationship with the nanofiber layer and on the

opposite side of the nanofiber layer to the first fabric layer.

The garment of the invention further has a Frazier air permeability

of between about 0.5 m3/min/m2 and about 8 m3/min/m2, and an MVTR per

ASTM E-96B method of greater than about 500 g/m2/day and a hydrostatic

head of at least about 50 centimeters of water column (cmwc).

The nonwoven web includes primarily or exclusively nanofibers,

advantageously produced by electrospinning, such as by classical

electrospinning or electroblowing, both generally solution spinning

processes, and in certain circumstances by meltblowing processes or

other suitable processes. Classical electrospinning is a technique

illustrated in U.S. Patent No. 4,1 27,706, incorporated herein in its entirety,

wherein a high voltage is applied to a polymer in solution to create

nanofibers and nonwoven mats. The nonwoven web may also comprise

melt blown fibers.

The "electroblowing" process for producing nanowebs is disclosed

in PCT Patent Publication No. WO 03/080905, incorporated herein by

reference in its entirety. A stream of polymeric solution comprising a

polymer and a solvent is fed from a storage tank to a series of spinning

nozzles within a spinneret, to which a high voltage is applied and through

which the polymeric solution is discharged. Meanwhile, compressed air

that is optionally heated is issued from air nozzles disposed in the sides of

or at the periphery of the spinning nozzle. The air is directed generally

downward as a blowing gas stream which envelopes and forwards the

newly issued polymeric solution and aids in the formation of the fibrous

web, which is collected on a grounded porous collection belt above a

vacuum chamber. The electroblowing process permits formation of

commercial sizes and quantities of nanowebs at basis weights in excess

of about 1 gsm, even as high as about 40 gsm or greater, in a relatively

short time period.

A fabric layer can be used as a collection substrate in the process

for forming the nanofiber webs, by arranging the fabric layer on the



nanofiber web collector to collect and combine the nanofiber web spun on

the substrate. The resulting combined web/fabric layer can be used in the

garment of the invention.

Polymer materials that can be used in forming the nanowebs of the

invention are not particularly limited and include both addition polymer and

condensation polymer materials such as, polyacetals, polyamides,

polyesters, polyolefins, cellulose ethers and esters, polyalkylene sulfides,

polyarylene oxides, polysulfones, modified polysulfone polymers and

mixtures thereof. Preferred materials that fall within these generic classes

include, poly (vinylchloride), polymethylmethacrylate (and other acrylic

resins), polystyrene, and copolymers thereof (including ABA type block

copolymers), poly (vinylidene fluoride), poly (vinylidene chloride),

polyvinylalcohol in various degrees of hydrolysis (87% to 99.5%) in

crosslinked and non-crosslinked forms. Preferred addition polymers tend

to be glassy (a T g greater than room temperature). This is the case for

polyvinylchloride and polymethylmethacrylate, polystyrene polymer

compositions or alloys or low in crystallinity for polyvinylidene fluoride and

polyvinylalcohol materials. One preferred class of polyamide

condensation polymers are nylon materials, such as nylon-6, nylon-6, 6,

nylon 6, 6-6,1 0 and the like. When the polymer nanowebs of the invention

are formed by meltblowing, any thermoplastic polymer capable of being

meltblown into nanofibers can be used, including, polyesters such as poly

(ethylene terephthalate) and polyamides, such as the nylon polymers

listed above.

The coating on the nanofiber layer is formed by treating the

nanofiber layer in a bath containing a fluorocarbon polymeric moiety and a

resin binder or extender which is soluble in water and/or other solvents

such as, for instance, acetic acid esters, ketones, diols and glycolethers.

Such resins and extenders include blocked isocyanates, melamine

formaldehyde resin, phenol formaldehyde resin, urea formaldehyde resin,

emulsions of paraffin wax and melamine resin, silicone resins, acrylic

monomers and polymers, including methyl methacrylate and N-methylol

acrylamide, emulsions of paraffin wax and zirconium-based salts, and



emulsions of paraffin wax and aluminum-based salts. The resin binders

and extenders can be crosslinkable or self-crosslinking. In a preferred

embodiment, a melamine formaldehyde resin is included in an aqueous

bath and the ratio of the fluorocarbon polymeric moiety to the melamine

formaldehyde resin is between about 2:1 to about 4:1 , even about 3:1 .

The fluorocarbon polymeric moiety can be one of the Zonyl® line of

surfactants available from E . I . du Pont de Nemours & Co., Wilmington,

Delaware (DuPont). An example of a suitable melamine formaldehyde

resin is Berset® 2003 available from Bercen, Inc., Cranston, Rhode Island.

When the coating material is applied in an extremely thin layer, little if any

change in the air permeability properties of the underlying web is caused.

The nanoweb can be immersed in a dispersion containing the coating

material and then dried. The nanoweb can also be treated by any

conventional repellent treatment means such as dip/squeeze, spray

application, gravure roll application, sponge application, kiss roll

application and the like. Preferably, the resulting coating on the

nanofibers contains at least 2000 ppm fluorine. The coating renders the

nanoweb hydrophobic and/or oleophobic.

The as-spun nanofiber layer of the present invention can be

calendered in order to impart the desired physical properties to the fabric

of the invention. The nanofiber layer can be calendered either prior to or

subsequent to the repellent treatment (also referred to as the "hydrophobic

coating treatment") described above. Alternatively, the coated nanofiber

layer can be calendered together with the fabric layer in order to thermally

bond the two layers together. The nanoweb can be fed into a calender nip

between two unpatterned rolls in which one roll is an unpatterned soft roll

and one roll is an unpatterned hard roll, and the temperature of the hard

roll is maintained at a temperature that is between the T , herein defined

as the temperature at which the polymer undergoes a transition from

glassy to rubbery state, and the Tom, herein defined as the temperature of

the onset of melting of the polymer, such that the nanofibers of the

nanoweb are at a plasticized state when passing through the calender nip.

The composition and hardness of the rolls can be varied to yield the



desired end use properties of the fabric. In one embodiment of the

invention, one roll is a hard metal, such as stainless steel, and the other a

soft-metal or polymer-coated roll or a composite roll having a hardness

less than Rockwell B 70. The residence time of the web in the nip

between the two rolls is controlled by the line speed of the web, preferably

between about 1 m/min and about 50 m/min, and the footprint between the

two rolls is the MD distance that the web travels in contact with both rolls

simultaneously. The footprint is controlled by the pressure exerted at the

nip between the two rolls and is measured generally in force per linear CD

dimension of roll, and is preferably between about 1 mm and about 30

mm.

Further, the nanoweb can be stretched, optionally while being

heated to a temperature that is between the T and the lowest Tom of the

nanofiber polymer. The stretching can take place either before and/or

after the web is fed to the calender rolls and in either or both the machine

direction or cross direction.

A wide variety of natural and synthetic fabrics are known and may

be used as the fabric layer or layers in the present invention, for example,

for constructing garments, such as sportswear, rugged outerwear and

outdoor gear, protective clothing, etc. (for example, gloves, aprons, chaps,

pants, boots, gators, shirts, jackets, coats, socks, shoes, undergarments,

vests, waders, hats, gauntlets, sleeping bags, tents, etc.). Typically,

vestments designed for use as rugged outerwear have been constructed

of relatively loosely-woven fabrics made from natural and/or synthetic

fibers having a relatively low strength or tenacity (for example, nylon,

cotton, wool, silk, polyester, polyacrylic, polyolefin, etc.). Each fiber can

have a tensile strength or tenacity of less than about 8 grams per denier

(gpd), more typically less than about 5 gpd, and in some cases below

about 3 gpd. Such materials can have a variety of beneficial properties,

for example, dyeability, breathability, lightness, comfort, and in some

instances, abrasion-resistance. Alternatively, high tenacity fibers can be

employed, having a tenacity greater than about 8 grams per denier (gpd),

more typically greater than about 10 gpd. Such fibers include aramid



fibers, oxazole fibers, polyolefin fibers, carbon fibers, titanium fibers and

steel fibers.

Nonwoven fabrics can alternatively be used as the outer fabric layer

and optional inner fabric layer. Examples of nonwoven fabrics include

spunbonded webs, melt blown webs, multi-directional, multi-layer carded

webs, air-laid webs, wet-laid webs, spunlaced webs and composite webs

comprising more than one nonwoven sheet. Suitable spunbonded webs

comprise polyolefin fibers, particularly polyethylene or polypropylene. The

polyolefin fibers may contain minor amounts of other comonomer units.

As used herein, the term "spunbonded web" means nonwoven web

formed of filaments which have been extruded, drawn, and deposited on a

continuous collection surface. Bonding can be accomplished by any of

several methods including point or pattern bonding, calendering or passing

the nonwoven fabric through a saturated-steam chamber at an elevated

pressure. An example of a suitable spunbonded polyolefin sheet material

is flash spun polyethylene available under the trade name Tyvek® from E.

I . du Pont de Nemours and Company.

Different weaving structures and different weaving densities may be

used to provide several alternative woven fabrics as a component of the

invention. Weaving structures such as plain woven structures, reinforced

plain woven structures (with double or multiple warps and/or wefts), twill

woven structures, reinforced twill woven structures (with double or multiple

warps and/or wefts), satin woven structures, reinforced satin woven

structures (with double or multiple warps and/or wefts), knits, felts, fleeces

and needlepunched structures may be used. Stretch woven structures,

ripstops, dobby weaves, and jacquard weaves are also suitable for use in

the present invention.

The nanoweb is bonded to the fabric layers over some fraction of its

surface and can be bonded to the fabric layer by any means known to one

skilled in the art, for example adhesively, thermally, using an ultrasonic

field or by solvent bonding. In one embodiment the nanoweb is bonded

adhesively using a solution of a polymeric adhesive such as a

polyurethane and allowing the solvent to evaporate. In a further



embodiment, when the nanoweb is solution spun directly onto a fabric

layer and residual electrospinning solvent is used to achieve solvent

bonding.

EXAMPLES

Hydrostatic head or "hydrohead" (ISO 8 11) is a convenient

measure of the ability of a fabric to prevent water penetration. It is

presented as the pressure, in centimeters of water column (cmwc),

required to force liquid water through a fabric. It is known that hydrohead

depends inversely on pore size. Lower pore size produces higher

hydrohead and higher pore size produces lower hydrohead. A ramp rate

of 60 cmwc per minute was used in the measurements below.

Frazier Air Permeability was measured according to ASTM D737.

In this measurement, a pressure difference of 124.5 N/m2 (0.5 inches of

water column) is applied to a suitably clamped fabric sample and the

resultant air flow rate is measured and reported in units of m3/min/m2.

Moisture Vapor Transmission Rate ("MVTR") was measured

according to ASTM E96 B and is reported in units of g/m2/day.

Contact Angle was measured for a water droplet at rest on the

surface of a sample using video contact angle equipment VCA2500xe,

manufactured by Advanced Surface Technologies Products (Billerica,

Massachusetts).

Unless otherwise specified, fluorosurfactant treatment was by

means of a dip and squeeze method including hexanol at 0.6 wt% as a

wetting agent, in a 400 g water bath where both sides of the nanoweb are

fully submerged in the bath. The nanoweb was then dried in an oven at

140 C for three minutes.

Comparative Example 1

A nanofiber layer made from nylon 6, 6 with a basis weight of 13

gsm (grams per square meter) was treated with a telomehc fluorocarbon

polymeric moiety (Zonyl® 7040, Du Pont, Wilmington, DE) at 4.6 wt%

solids (as received) in a water bath. The Zonyl® (commercially available



from E. I . du Pont de Nemours and Company) was applied using a dip and

squeeze method where both sides of the construction are fully submerged

in the bath. The wet pick-up of the repellent treatment liquid was 104 wt%

based on the weight of the nanofiber layer. The coating on the resulting

nanofiber layer had a fluorine content of 301 0 ppm. The nanofiber layer

was then placed in an electrically heated oven at a temperature of 140 C

with a residence time of 3 minutes.

The treated nanofiber layer was then placed under a mesh support

screen, with two gaskets on either side at the edge in a test clamp. This

screen was used to keep the nanoweb from bulging while applying

hydrostatic pressure. The hydrohead, Frazier air permeability and MVTR

of the nanofiber layer were measured and the measurements given in

Table 1.

A water drop was dispensed from a syringe onto two samples of the

nanofiber layer and 3 contact angle measurements were made for each

sample. The measurements are given in Table 1.

Example 1

A nanofiber layer was produced and treated with Zonyl® 7040 in

the same manner as described above with the exception of the addition of

a melamine formaldehyde resin (Berset® 2003, available from Bercen,

Inc., Cranston, Rhode Island) to the bath. The ratio of the Zonyl® 7040 to

the melamine formaldehyde resin was approximately 3:1 .

The treated nanofiber layer was placed in a test clamp and

properties measured as in Comparative Example 1. The hydrohead,

Frazier air permeability and MVTR of the nanofiber layer were measured

and the measurements given in Table 1.

Two samples of the nanofiber layer were prepared and 3 contact

angle measurements were made for each sample as in Comparative

Example 1. The measurements are given in Table 1.



Table 1

As can be seen from the data, the inclusion of the melamine

formaldehyde resin in the treatment bath significantly increases the

hydrohead and the water repellency of the nanofiber layer without

adversely affecting the MVTR.



CLAIMS

We claim:

1. A waterproof, breathable garment having the ability to pass

moisture vapor while protecting the wearer from water comprising a

composite fabric comprising:

a fabric layer; and

a porous coated nanofiber layer comprising at least one porous

layer of polymeric nanofibers having a number average diameter between

about 50 nm to about 1000 nm, the coated nanofiber layer having a basis

weight of between about 1 g/m2 and about 100 g/m2;

wherein a coating on the surface of the nanofibers comprises a

fluorocarbon polymeric moiety and a resin binder or extender; and

wherein the coated nanofiber layer has a Frazier air permeability of

between about 0.5 m3/min/m2 and about 8 m3/min/m2, an MVTR of greater

than about 500 g/m2/day and a hydrostatic head of at least about 50

cmwc.

2 . The garment of claim 1 wherein the resin binder or extender is

selected from the group consisting of blocked isocyanates, melamine

formaldehyde resin, phenol formaldehyde resin, urea formaldehyde resin,

emulsions of paraffin wax and melamine resin, acrylic monomers and

polymers, silicone resins, emulsions of paraffin wax and zirconium-based

salts and emulsions of paraffin wax and aluminum-based salts.

3 . The garment of claim 1 wherein the contact angle of a drop of water

on the surface of the coated nanofiber layer is greater than 145°.

4 . The garment of claim 1 wherein the contact angle of a drop of water

on the surface of the coated nanofiber layer is greater than 147°.

5 . The garment of claim 1 wherein the coated nanofiber layer and the

fabric layer are bonded to each other over a fraction of their surfaces.



6 . The garment of claim 5 wherein a solvent-based adhesive is used

to bond the layers.

7 . The garment of claim 6 wherein the nanofiber layer is solvent spun

directly onto the surface of the fabric layer and residual solvent from the

electrospinning process is used to bond the layers.

8 . The garment of claim 1 wherein the nanofiber layer comprises

nanofibers of a polymer selected from the group consisting of polyacetals,

polyamides, polyesters, cellulose ethers, cellulose esters, polyalkylene

sulfides, polyarylene oxides, polysulfones, modified polysulfone polymers

and combinations thereof.

9 . The garment of claim 1 wherein the nanofiber layer comprises

nanofibers of a polymer selected from the group consisting of

poly(vinylchloride), polymethylmethacrylate, polystyrene, and copolymers

thereof, poly(vinylidene fluoride), poly(vinylidene chloride), polyvinylalcohol

in crosslinked and non-crosslinked forms.

10 . The garment of claim 8 wherein the polymer is selected from the

group consisting of nylon-6, nylon-6, 6, and nylon 6, 6-6, 10.

11. The garment of claim 1 wherein the fabric layer is woven from a

material selected from the group consisting of nylon, cotton, wool, silk,

polyester, polyacrylic, polyolefin, and combinations.

12 . The garment of claim 1 wherein the fabric layer is woven from fibers

that have a tenacity of less than about 8 gpd.

13 . The garment of claim 1 wherein the fabric layer is woven from high

tenacity fibers selected from the group consisting of aramid fibers, oxazole

fibers, polyolefin fibers, carbon fibers, titanium fibers and steel fibers.



14. The garment of claim 1 wherein the coating forms concave menisci

at the intersections of nanofibers within the pores of the nanofiber layer.

15 . A process for producing a water repellent garment comprising a

fabric having a hydrostatic resistance of greater than 50 centimeters of

water, an MVTR of at least 500 g/m2/day and an air permeability between

about 0.5 m3/min/m 2 and about 8 m3/min/m 2, the process comprising:

a . providing a layer of polymeric nanofibers having a number

average diameter between about 50 nm to about 1000 nm, a basis

weight of between about 1 g/m2 and about 100 g/m2;

b. subjecting the nanofiber layer to a repellent treatment by

contacting the nanofiber layer with a liquid containing a

fluorocarbon polymeric moiety and a resin binder or extender; and

c . bonding the treated nanofiber layer with a fabric layer.

16 . The process of claim 15 wherein the ratio of the fluorocarbon

polymeric moiety to the resin binder or extender is between about 2:1 to

about 4:1 .

17 . The process of claim 15 wherein the repellent treatment is carried

out by a means selected from dip/squeeze, spray application, gravure roll

application, sponge application and kiss roll application.

18 . The process of claim 15 further comprising calendering the

nanofiber layer prior to subjecting the nanofiber layer to the repellent

treatment.

19 . The process of claim 18 further comprising calendering the

nanofiber layer after subjecting the nanofiber layer to the repellent

treatment and before bonding the nanofiber layer with the fabric layer.



20. The process of claim 18 further comprising calendering the

nanofiber layer and the fabric layer together after subjecting the nanofiber

layer to the repellent treatment.

2 1 . The process of claim 15 wherein the resin binder or extender is

selected from the group consisting of blocked isocyanates, melamine

formaldehyde resin, phenol formaldehyde resin, urea formaldehyde resin,

emulsions of paraffin wax and melamine resin, acrylic monomers and

polymers, silicone resins, emulsions of paraffin wax and zirconium-based

salts and emulsions of paraffin wax and aluminum-based salts.

22. The garment of claim 1 wherein the fabric layer is a nonwoven

fabric.
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