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(57) Abstract: The present disclosure provides articles of manufacture with improved mois¬
ture control as well as methods of making such articles. In some embodiments, provided
herein the article has a fabric with an outer hydrophobic surface and an inner surface with hy¬

drophobic and hydrophilic regions where the hydrophilic regions can form a pattern, allowing
moisture to collect and move through the pattern, and the hydrophobic regions prevent the
whole inner surface from becoming moist and the outer hydrophobic regions does not show
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may be patterned with hydrophilic patterns for partial absorption, and the entire outer surface
of the garment is hydrophobic, thereby preventing perspiration from being seen from outside
of the garment. Further provided herein are methods of making fabrics with improved mois¬
ture control including by printing or knitting.
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IMPROVED MOISTURE CONTROL FABRICS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of U.S. Provisional Patent Application Serial

No. 62/580,345, filed on November 1, 2017, which is hereby incorporated by reference in its

entirety.

STATEMENT OF GOVERNMENT SUPPORT

[0002] This invention was made with U.S. Government support under Small Business Innovation

Research (SBIR) Grant No. 1556133 awarded by the National Science Foundation of the United

States. The U.S. Government has certain rights in this invention.

FIELD OF THE INVENTION

[0003] The present disclosure relates to articles of manufacture with improved moisture control,

as well as methods related thereto.

BACKGROUND OF THE INVENTION

[0004] Perspiration is the primary means of thermoregulation for the human body, during which

sweat (mainly composed of water) is secreted through the skin and evaporation of the fluid

removes the heat from the surface underneath. During intensive activity, accumulated sweat can

drastically increase the humidity level surrounding the skin, which can result in a very

uncomfortable feeling unless sweat is efficiently removed. Moisture control fabrics can confine

the moisture distribution in the fabric structure for various applications. Among them, one

application is sweat-proof material that controls and prevents the moisture from showing on the

external surface.

[0005] There are many methods currently utilized to sweat-proof materials. Common methods

include the incorporation of a thin plastic film to prevent water movement across layers (e.g.

Thompson Tee, www.thompsontee.com), but thin plastic films tend to inhibit the air flow through

the materials and increase the rigidity of the fabric, which can cause wearer discomfort. An

alternative method to using plastic materials is the use of hydrophobic coatings (i.e.,

fluoropolymer, silicone, and wax) to prevent liquid movement through the material. Coatings and

fabric finishes provide a more breathable and comfortable alternative to plastic films. Technology



such as 3xDRY (Schoeller Textile, see WO2002075038A3) implements hydrophobic treatments

only on the outside surface of the material to prevent liquids from penetrating through the

thickness of the fabric. The outside coating allows perspiration or other liquids from the inside

surface to partially absorb through the thickness of the fabric but not become visible on the

outside of the garment. However, the inside of this fabric can reach full saturation and the

garment can cling to the wearer and cause discomfort.

[0006] Incorporating inherently hydrophobic materials into the overall structure is another

method to create sweat-proof materials. In some fabric products, like Silic™ and ThreadSmith™,

the fabric is completely non-absorbent {e.g., hydrophobic) and prevents liquid from passing

through the fabric. However, this technology leads to wearer discomfort due to perspiration

remaining on the skin surface.

[0007] Therefore, a need exists for articles with improved moisture control capacity. A fabric

structure with sweat-proof function that can prevent full saturation, reduce garment cling and

achieve quick drying properties would be ideal and largely improve wearer comfort. Such

articles would be able to control the movement of moisture {e.g., a bodily fluid, such as sweat)

from the inside to the outside to keep the outside dry while removing the moisture from the

surface of the skin and keeping the wearer comfortable. These articles can find use, e.g., in

fabrics for garments, sheets, and other accessories.

BRIEF SUMMARY OF THE INVENTION

[0008] To meet these and other demands, the present disclosure provides fabrics with

improved moisture control capacity, as well as garments and methods of making related thereto.

These fabrics have unique structures that control the movement of moisture, allowing the inner

surface to remove moisture and keeping the moisture from accumulating on the outer surface.

These properties provide fabrics that resist staining, reduce clinging to the body, and lessen

drying times, as compared with existing materials.

[0009] In certain aspects, the present disclosure provides a fabric, comprising: (a) an outer

surface comprising a hydrophobic material; and (b) an inner surface comprising: (i) one or more

first regions, wherein the one or more first regions each comprise a hydrophobic material, and (ii)

one or more second regions, wherein the one or more second regions each comprise a

hydrophilic material, wherein the one or more first regions and the one or more second regions



are different. In some embodiments, at least one of the one or more second regions is surrounded

by at least one of the one or more first regions. In some embodiments, each of the one or more

second regions is surrounded by one or more of the one or more first regions. In some

embodiments, the one or more second regions are adjacent to the one or more first regions. In

some embodiments, the one or more second regions are patterned in a geometric pattern or logo.

In some embodiments, the one or more second regions form a plurality of repeated shapes

surrounded by the one or more first regions. In some embodiments, the one or more second

regions form a lattice. In some embodiments, at least one of the one or more first regions is

surrounded by at least one of the one or more second regions. In some embodiments, each of the

one or more first regions is surrounded by the one or more of the one or more second regions. In

some embodiments, the one or more first regions are adjacent to the one or more second regions.

In some embodiments, the one or more first regions are patterned in a geometric pattern or logo.

In some embodiments, the one or more first regions are a plurality of repeated shapes surrounded

by the one or more second regions. In some embodiments, the one or more first regions form a

lattice. In some embodiments, the outer surface does not comprise the hydrophilic material of the

one or more second regions. In some embodiments, a collective surface area of the one or more

first regions and a collective surface area of the one or more second regions are substantially

equivalent. In some embodiments, the proportion of the collective surface area of the one or more

second regions to the surface area of the entire fabric is about 40% to about 95%. In some

embodiments, the fabric further comprises an intermediate layer, wherein the intermediate layer

is between the outer surface and the inner surface and affixed to one or both of the outer surface

and the inner surface. In some embodiments, the intermediate layer comprises a hydrophobic

material. In some embodiments, the intermediate layer comprises a hydrophilic material. In some

embodiments, at least a portion of the hydrophobic material of the inner surface is in contact with

at least a portion of the hydrophobic material of the outer surface. In some embodiments, the

inner surface is interconnected with or affixed to the outer surface. In some embodiments, the

inner surface is affixed to the outer surface by stitching, bonding, adhesion, lamination, or a

combination thereof. In some embodiments, the hydrophilic material of the second region

comprises 5% to 95% of the total thickness of the fabric. In some embodiments, the one or more

second regions comprise 15% to 85% of the inner surface (e .g., by surface area). In some

embodiments, the hydrophobic material of the outer surface resists a hydrostatic pressure of



about 150pa to about 3kpa. In some embodiments, the hydrophobic material of the one or more

first regions resists a hydrostatic pressure of about 150pa to about 3kpa. In some embodiments,

the hydrophobic materials of the outer surface and the one or more first regions are different. In

some embodiments, the hydrophobic materials of the outer surface and the one or more first

regions are the same. In some embodiments, the hydrophobic material of the outer surface, the

hydrophobic material of the one or more first regions, or both comprises a hydrophobic textile. In

some embodiments, the hydrophobic textile is natural fiber, a synthetic fiber, or a blend thereof.

In some embodiments, the hydrophobic textile is selected from the group consisting of

polypropylene, polydimethylsiloxane, a fluoropolymer, olefin, or a blend thereof. In some

embodiments, the hydrophobic material of the outer surface, the hydrophobic material of the one

or more first regions, or both comprises a porous material with a hydrophobic coating. In some

embodiments, the hydrophobic coating comprises fluoropolymer, silicone, hydrosilicone,

fluoroacrylate, or wax. In some embodiments, the porous material is a textile, foam, polymer, or

mesh. In some embodiments, the textile is a natural fiber, a synthetic fiber, or a blend thereof. In

some embodiments, the textile is selected from the group consisting of cotton, hemp, rayon,

coconut fiber, cellulose, wool, silk, bamboo, polyurethane, polypropylene, polyethylene, glass,

acetate, polyester, nylon, lyocell, modal, poly-paraphenylene terephthalamide, elastin fiber, and

any blend thereof. In some embodiments, the hydrophilic material of the one or more second

regions comprises a hydrophilic textile. In some embodiments, the hydrophilic textile is a natural

fiber, a synthetic fiber, or a blend thereof. In some embodiments, the hydrophilic textile is

selected from the group consisting of cotton, rayon, coconut fiber, cellulose, silk, bamboo, and

any blend thereof. In some embodiments, the hydrophilic material of the one or more second

regions comprises a porous material with a hydrophilic coating. In some embodiments, the

hydrophilic coating comprises hydrophilic silicone. In some embodiments, the porous material is

a textile. In some embodiments, the textile is a natural fiber, a synthetic fiber, or a blend thereof.

In some embodiments, the textile is selected from the group consisting of cotton, hemp, rayon,

coconut fiber, cellulose, wool, silk, bamboo, polyurethane, polypropylene, polyethylene, glass,

acetate, polyester, nylon, lyocell, modal, poly-paraphenylene terephthalamide, elastin fiber, and

any blend thereof. In some embodiments, the fabric is a component of bedding, footwear, seat

cover, outdoor gear, upholstery, or an accessory.



[0010] Further provided herein is a garment comprising a fabric according to any of the above

embodiments. In some embodiments, the inner layer is configured to face the skin of the wearer

of the garment. In some embodiments, the garment is a coat, a dress, a skirt, a sports bra,

undergarment, pant, short, or sock. In some embodiments, the garment is a shirt. In some

embodiments, the fabric is localized to one or more of an underarm area, a mid-back area, a

lower-back area, a front chest area, a stomach area, and a shoulder area of the garment. In some

embodiments, the one or more second regions form an interconnected lattice. In some

embodiments, the one or more first regions form an interconnected lattice. In some embodiments,

the fabric is localized to the mid-back area and/or to the lower-back area of the garment. In some

embodiments, the fabric is surrounded by a hydrophobic material of the garment.

[001 1] In certain aspects, the present disclosure provides a method of making a fabric, the

method comprising: (a) providing a hydrophilic material comprising an outer and an inner

surface; (b) screen printing a first hydrophobic material onto one or more portions of the inner

surface; and (c) screen printing a second hydrophobic material onto the outer surface to cover the

outer surface; thereby making a fabric comprising an outer surface comprising the second

hydrophobic material, and an inner surface comprising one or more first regions comprising the

first hydrophobic material, and one or more second regions comprising the hydrophilic material,

wherein the one or more first regions and the one or more second regions are different. In other

aspects, the present disclosure provides a method of making a fabric, the method comprising: (a)

providing a hydrophilic material comprising an outer and an inner surface; (b) screen printing a

first hydrophobic material onto one or more portions of the outer surface such that the first

hydrophobic material penetrates through the hydrophilic material to generate an inner surface

comprising one or more first regions comprising the first hydrophobic material and one or more

second regions comprising the hydrophilic material; and (c) screen printing a second

hydrophobic material onto the outer surface such that the second hydrophobic material penetrates

through the hydrophilic material to generate an outer surface comprising the second hydrophobic

material, thereby making a fabric comprising an outer surface comprising the second

hydrophobic material, and an inner surface comprising one or more first regions comprising the

first hydrophobic material, and one or more second regions comprising the hydrophilic material,

wherein the one or more first regions and the one or more second regions are different. In some

embodiments, the first and the second hydrophobic materials of the outer and inner surfaces



contact each other. In some embodiments, the outer surface comprises about 50% of the total

thickness of the fabric, and the inner surface comprises about 50% of the total thickness of the

fabric. In some embodiments, the ratio of the thickness of the outer surface to the thickness of the

inner surface is between about 0.1 to about 10. In some embodiments, the first and the second

hydrophobic materials are the same. In some embodiments, the first and the second hydrophobic

materials are different.

[0012] In other aspects, the present disclosure provides a method of making a fabric, the

method comprising: (a) providing a first, a second, and a third hydrophilic material, wherein each

of the first, second, and third hydrophilic materials comprises an outer and an inner surface;

(b) screen printing a hydrophobic material onto the outer surface of the first hydrophilic

material to cover the outer surface; (c) screen printing a hydrophobic material onto one or more

portions of the inner surface of the second hydrophilic material; (d) affixing the inner surface of

the first hydrophilic material to the third hydrophilic material; and (e) affixing the outer surface

of the second hydrophilic material to the third hydrophilic material; thereby making a fabric with

three layers comprising an outer surface comprising a hydrophobic material, a middle

hydrophilic layer, and an inner surface comprising one or more first regions comprising a

hydrophobic material and one or more second regions comprising a hydrophilic material,

wherein the one or more first regions and the one or more second regions are different. In some

embodiments, the first hydrophilic material, the second hydrophilic material, and the third

hydrophilic material comprise the same material. In some embodiments, the first hydrophilic

material, the second hydrophilic material, and the third hydrophilic material comprise different

hydrophilic materials. In some embodiments, the first hydrophilic material comprises about 30%

to about 45% of the total thickness of the fabric, the second hydrophilic material comprises about

30% to about 4 5% of the total thickness of the fabric, and the third hydrophilic material

comprises about 10%> to about 40% of the total thickness of the fabric. In some embodiments, the

ratio of the thickness of the first hydrophilic material to the thickness of the second hydrophilic

material is between about 0 .1 to about 10, and the ratio of the thickness of the second hydrophilic

material to the thickness of the third hydrophilic material is between about 1 to about 5 . In some

embodiments, the first and third hydrophilic materials and the second and third hydrophilic

materials are affixed by stitching, bonding, adhesion, lamination, or a combination thereof. In

some embodiments, the hydrophobic materials in (b) and (c) are the same. In some embodiments,



the hydrophobic materials in (b) and (c) are different. In some embodiments of any of the above

embodiments, a collective surface area of the one or more first regions and a collective surface

area of the one or more second regions are substantially equivalent.

[0013] In other aspects, the present disclosure provides a method of making a fabric, the

method comprising: (a) providing a hydrophobic material comprising an outer and an inner

surface; and (b) screen printing a hydrophilic material onto one or more portions of the inner

surface; thereby making a fabric comprising an outer surface comprising a hydrophobic material,

and an inner surface comprising one or more first regions comprising a hydrophobic material,

and one or more second regions comprising a hydrophilic material, wherein the one or more first

regions and the one or more second regions are different. In some embodiments, the outer surface

comprises about 50% of the total thickness of the fabric, and the inner surface comprises about

50% of the total thickness of the fabric. In some embodiments, the ratio of the thickness of the

outer surface to the thickness of the inner surface is between about 0.1 to about 10. In other

aspects, the present disclosure provides a method of making a fabric, the method comprising: (a)

providing a first hydrophobic material, a second hydrophobic material, and a first hydrophilic

material, wherein the first and second hydrophobic materials and the first hydrophilic material

each comprise an outer and an inner surface; (b) screen printing a second hydrophilic material

onto one or more portions of the inner surface of the second hydrophobic material; (c) affixing

the first hydrophilic material to the outer surface of the second hydrophobic material; and (d)

affixing the first hydrophilic material to the first hydrophobic material; thereby making a fabric

with three layers comprising an outer surface comprising a hydrophobic material, a middle

hydrophilic layer, and an inner surface comprising one or more first regions comprising a

hydrophobic material and one or more second regions comprising a hydrophilic material,

wherein the one or more first regions and the one or more second regions are different. In some

embodiments, the first hydrophilic material and the second hydrophobic material and the first

hydrophilic material and the first hydrophobic material are affixed by stitching, bonding,

adhesion, lamination, or a combination thereof. In some embodiments, the first hydrophobic

material comprises about 30% to about 45% of the total thickness of the fabric, the middle

hydrophilic layer comprises about 10% to about 40% of the total thickness of the fabric, and the

third hydrophobic material comprises about 30% to about 45% of the total thickness of the

fabric. In some embodiments, the ratio of the thickness of the first hydrophobic material to the



thickness of the second hydrophobic material is between about 0.1 to about 10, and the ratio of

the thickness of the second hydrophobic material to the thickness of the first hydrophilic material

is between about 1 to about 5 . In some embodiments of any of the above embodiments, a

collective surface area of the one or more first regions and a collective surface area of the one or

more second regions are substantially equivalent.

[0014] In other aspects, the present disclosure provides a method of making a fabric, the

method comprising: (a) providing a material comprising an outer and an inner surface; (b) screen

printing a hydrophobic material onto one or more first regions of the inner surface; (c) screen

printing a hydrophilic material onto one or more second regions of the inner surface, wherein the

one or more first regions and the one or more second regions are different; and (d) screen

printing a hydrophobic material onto the outer surface; thereby making a fabric comprising an

outer surface comprising a hydrophobic material, and comprising an inner surface comprising

one or more first regions comprising a hydrophobic material, and one or more second regions

comprising a hydrophilic material. In some embodiments, the hydrophobic materials of the outer

and inner surfaces contact each other. In some embodiments, the outer surface comprises about

50% of the total thickness of the fabric, and the inner surface comprises about 50% of the total

thickness of the fabric. In some embodiments, the ratio of the thickness of the outer surface to the

thickness of the inner surface is between about 0.1 to about 10. In other aspects, the present

disclosure provides a method of making a fabric, the method comprising: (a) providing a first

material, a second material, and a hydrophilic material, wherein each of the first and second

materials and the hydrophilic material comprise an inner and an outer surface; (b) screen printing

a hydrophobic material onto one or more first regions of the inner surface of the second material;

screen printing a hydrophilic material onto one or more second regions of the inner surface of the

second material, wherein the one or more first regions and the one or more second regions are

different; (d) screen printing a hydrophobic material onto the outer surface of the first material;

(e) affixing the hydrophilic material to the inner surface of the first material; and (f affixing the

hydrophilic material to the outer surface of the second material; thereby making a fabric with

three layers comprising an outer surface comprising a hydrophobic material, a middle

hydrophilic layer, and an inner surface comprising one or more first regions comprising a

hydrophobic material, and one or more second regions comprising a hydrophilic material,

wherein the one or more first regions and the one or more second regions are different. In some



embodiments, the hydrophobic materials in (b) and (d) comprise the same material. In some

embodiments, the hydrophobic materials in (b) and (d) comprise different materials. In some

embodiments, the first material comprises about 30% to about 45% of the total thickness of the

fabric, the hydrophilic material comprises about 10% to about 40% of the total thickness of the

fabric, and the second material comprises about 30% to about 45% of the total thickness of the

fabric. In some embodiments, the ratio of the thickness of the first material to the thickness of the

second material is between about 0.1 to about 10, and the ratio of the thickness of the second

material to the thickness of the hydrophilic material is between about 1 to about 5 . In some

embodiments, the first and hydrophilic materials and the second and hydrophilic materials are

affixed by stitching, bonding, adhesion, lamination, or a combination thereof. In some

embodiments of any of the above, a collective surface area of the one or more first regions and a

collective surface area of the one or more second regions are substantially equivalent.

[0015] In other aspects, the present disclosure provides a method of making a fabric, the

method comprising; (a) knitting an outer layer of the fabric using a hydrophobic yarn; (b)

knitting a first region of an inner layer of the fabric using a hydrophilic yarn; and (c) knitting a

second region of the inner layer of the fabric using a hydrophobic yarn; thereby making a fabric

comprising an outer surface comprising a hydrophobic material, and an inner surface comprising

one or more first regions comprising a hydrophobic material, and one or more second regions

comprising a hydrophilic material, wherein the one or more first regions and the one or more

second regions are different. In some embodiments, the knitting of one or more of (a), (b), and

(c) is warp knitting. In some embodiments, the knitting of one or more of (a), (b), and (c) is weft

knitting. In some embodiments, the inner layer and the outer layer are connected using a

hydrophobic tie-in yarn. In some embodiments, the inner layer is connected to the outer layer

across their entire surfaces. In some embodiments, the inner layer is connected to the outer layer

with individual loops at one or more discrete points. In some embodiments, the one or more

discrete points are at one or more edges of the fabric. In some embodiments, a double needle

circular knitting machine is used to knit a multi-layered structure, wherein the outer layer is knit

on the dial using hydrophobic yarns; the inner layer is knit on the cylinder; each course of the

inner layer uses either hydrophobic or hydrophilic yarns; the courses of the inner layer alternate

hydrophobic and hydrophilic yarns to produce a pattern; and a hydrophobic tie-in yarn is used to

connect the inner and outer fabric layers. In some embodiments, the first region of the inner layer



and the second region of the inner layer of the fabric are knitted in alternating fashion.

[0016] In other aspects, the present disclosure provides a method of making a fabric, the

method comprising: (a) weaving hydrophilic and hydrophobic yarns together to form a pattern

with interspersed hydrophilic and hydrophobic portions; and (b) applying a hydrophobic coating

to an outer surface of the woven pattern, thereby making a fabric comprising an outer layer

comprising a hydrophobic material and an inner layer comprising a hydrophobic region

interspersed with hydrophilic regions. In other aspects, the present disclosure provides a method

of making a fabric, the method comprising: (a) providing a hydrophobic material; (b) providing a

fabric comprising an inner surface comprising one or more first regions comprising a

hydrophobic material and one or more second regions comprising a hydrophilic material,

wherein the one or more first regions and the one or more second regions are different; and (c)

affixing the hydrophobic material to the fabric, thereby making a fabric comprising an outer

surface comprising a hydrophobic material, and an inner surface comprising one or more first

regions comprising a hydrophobic material and one or more second regions comprising a

hydrophilic material. In some embodiments of any of the above embodiments, the hydrophobic

material is affixed to the fabric by stitching, bonding, adhesion, lamination, or a combination

thereof.

[0017] In other aspects, the present disclosure provides a method of making a fabric, the

method comprising: (a) providing a hydrophobic material and a hydrophilic material; (b)

providing a fabric comprising an inner surface comprising one or more first regions comprising a

hydrophobic material and one or more second regions comprising a hydrophilic material,

wherein the one or more first regions and the one or more second regions are different; (c)

affixing the hydrophobic material to the hydrophilic material; and (e) affixing the hydrophilic

material to the fabric; thereby making a fabric comprising an outer surface comprising a

hydrophobic material, and an inner surface comprising one or more first regions comprising a

hydrophobic material and one or more second regions comprising a hydrophilic material. In

some embodiments, the hydrophobic material and the fabric and the hydrophilic material and the

fabric are affixed by stitching, bonding, adhesion, lamination, or a combination thereof. In some

embodiments, the hydrophobic material of the outer surface, the hydrophobic material of the one

or more first regions, or both comprises a hydrophobic textile. In some embodiments, the

hydrophobic textile is natural fiber, a synthetic fiber, or a blend thereof.



[0018] In some embodiments of any of the above embodiments, the hydrophobic textile is

selected from the group consisting of polypropylene, polydimethylsiloxane, a fluoropolymer,

olefin, or a blend thereof. In some embodiments, the hydrophobic material of the outer surface,

the hydrophobic material of the one or more first regions, or both comprises a porous material

with a hydrophobic coating. In some embodiments, the hydrophobic coating comprises

fluoropolymer, silicone, hydrosilicone, fluoroacrylate, or wax. In some embodiments, the porous

material is a textile, foam, polymer, or mesh. In some embodiments, the textile is a natural fiber,

a synthetic fiber, or a blend thereof. In some embodiments, the textile is selected from the group

consisting of cotton, hemp, rayon, coconut fiber, cellulose, wool, silk, bamboo, polyurethane,

polypropylene, polyethylene, glass, acetate, polyester, nylon, lyocell, modal, poly-paraphenylene

terephthal amide, elastin fiber, and any blend thereof.

[0019] In some embodiments of any of the above embodiments, the hydrophilic material of

the one or more second regions comprises a hydrophilic textile. In some embodiments, the

hydrophilic textile is a natural fiber, a synthetic fiber, or a blend thereof. In some embodiments,

the hydrophilic textile is selected from the group consisting of cotton, rayon, coconut fiber,

cellulose, silk, bamboo, and any blend thereof. In some embodiments, the hydrophilic material of

the one or more second regions comprises a porous material with a hydrophilic coating. In some

embodiments, the hydrophilic coating comprises hydrophilic silicone. In some embodiments, the

porous material is a textile. In some embodiments, the textile is a natural fiber, a synthetic fiber,

or a blend thereof. In some embodiments, the textile is selected from the group consisting of

cotton, hemp, rayon, coconut fiber, cellulose, wool, silk, bamboo, polyurethane, polypropylene,

polyethylene, glass, acetate, polyester, nylon, lyocell, modal, poly-paraphenylene

terephthal amide, elastin fiber, and any blend thereof.

[0020] In some embodiments of any of the above embodiments, the fabric is a component of

bedding, footwear, a seat cover, outdoor gear, upholstery, or accessory.

[0021] In other aspects, the present disclosure provides a fabric made by the method

according to any one of the above embodiments.

[0022] In other aspects, the present disclosure provides a garment comprising the fabric made

by the method according to any one of the above embodiments. In some embodiments, the inner

layer is configured to face the skin of a wearer of the garment. In some embodiments, the



garment is a sports bra, undergarment, shirt, undershirt, coat, dress, skirt, pant, short, or sock.

[0023] It is to be understood that one, some, or all of the properties of the various

embodiments described above and herein can be combined to form other embodiments of the

present invention. These and other aspects of the present disclosure will become apparent to one

of skill in the art. These and other embodiments of the present disclosure are further described

by the detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIGS. 1A & IB show inner surfaces of fabrics with improved moisture control, in

accordance with some embodiments.

[0025] FIG. 2 shows a cross-sectional view of a fabric with improved moisture control, in

accordance with some embodiments.

[0026] FIGS. 3A-3D show cross-sectional views of a multi-layered fabric with improved

moisture control, in accordance with some embodiments.

[0027] FIGS. 4A-4F show patterns on the inside of a fabric with improved moisture control, in

accordance with some embodiments.

[0028] FIG. 5A shows the front of a garment with improved moisture control, in accordance with

some embodiments. FIG. 5B shows the back of the garment.

[0029] FIG. 6A shows a garment with a hydrophobic barrier surrounding a pattern, in

accordance with some embodiments. FIG. 6B shows droplet formation at the hydrophobic

barrier.

[0030] FIGS.7A-7F illustrate two exemplary processes for producing fabrics with improved

moisture management by printing, in accordance with some embodiments. FIGS. 7A & 7B show

top (FIG. 7A) and cross-sectional views (FIG. 7B) of step 700 in the first process. FIGS. 7C &

7D show top (FIG. 7C) and cross-sectional views (FIG. 7D) of step 720 in the first process.

FIGS. 7E & 7F show top (FIG. 7E) and cross-sectional views (FIG. 7F) of step 740 in the

second process.

[0031] FIGS. 8A-8C illustrates an exemplary process for producing fabrics with improved

moisture management by knitting, in accordance with some embodiments.



[0032] FIG. 9 illustrates an exemplary process for producing fabrics with improved moisture

management by weaving, in accordance with some embodiments.

[0033] FIGS. 10A-10F illustrate exemplary patterns in which the shaded areas indicate

hydrophilic regions and the white areas indicate hydrophobic regions.

[0034] FIG. 10G illustrates a control pattern in which the shaded area indicates a hydrophilic

region.

[0035] FIG. 11 demonstrates the maximum saturation test results of exemplary patterns of the

present disclosure (FIGS. 10A-10F), in accordance with some of the embodiments, as compared

to a control pattern (FIG. 10G). 10A refers to the pattern shown in FIG. 10A, 10B refers to the

pattern shown in FIG. 10B, C refers to the pattern shown in FIG. IOC, 10D refers to the pattern

shown in FIG. 10D, 10E refers to the pattern shown in FIG. 10E, 10F refers to the pattern shown

in FIG. 10F, and M refers to the pattern shown in FIG. 10G.

[0036] FIG. 12 demonstrates the under saturation dry time test results of exemplary patterns of

the present disclosure (FIGS. 10D-10F), in accordance with some of the embodiments, as

compared to a control pattern (FIG. 10G). 10D refers to the pattern shown in FIG. 10D, 10E

refers to the pattern shown in FIG. 10E, 10F refers to the pattern shown in FIG. 10F, and M

refers to the pattern shown in FIG. 10G.

[0037] FIGS. 13A-13F demonstrate the improved moisture control of an exemplary pattern of

the present disclosure (FIG. 10F), in accordance with some of the embodiments, as compared to a

control pattern (FIG. 10G). Design 10F refers to the pattern shown in FIG. 10F, and M refers to

the pattern shown in FIG. 10G.

[0038] FIGS. 14A-14C illustrate exemplary evaluations of a fabric with improved moisture

control, in accordance with some embodiments.

DETAILED DESCRIPTION

I. Articles with Improved Moisture Control

[0039] Certain aspects of the present disclosure relate to articles of manufacture with improved

moisture control. In some embodiments, an article of the present disclosure comprises a fabric

with an outer hydrophobic surface and an inner surface with hydrophobic and hydrophilic

regions. For example, the hydrophilic regions can form a connected pattern, allowing moisture to



collect and move through the pattern, while the hydrophobic regions prevent the whole inner

surface from becoming moist, and the outer hydrophobic region does not show moisture. Without

wishing to be bound to theory, it is thought that such a structure allows for fabrics and other

materials to conduct a fluid (e.g., sweat or another bodily fluid) along regions on the inside of the

fabric while keeping some regions on the inside of the fabric dry, as well as keeping the entirety

of the outside of the fabric completely dry, no matter how much fluid is absorbed or removed by

the fabric internally. By using an inner surface patterned with hydrophobic and hydrophilic

regions, the fabrics of the present disclosure are further thought to provide a means of absorbing

perspiration without full saturation on the internal surface of the fabric. This structure is thought

to mitigate and/or eliminate problems with existing materials that rely upon external hydrophobic

barriers and internal non-patterned hydrophilic surfaces or entirely hydrophobic materials (e.g., to

prevent the appearance of moisture on the outer surface of a garment), such as accumulation of

wetness throughout inner hydrophilic layers and on the wearer's skin. For example, the fabrics of

the present disclosure can reduce cling to the wearer's body when used in a garment as well as

facilitate quicker drying of a garment. Without wishing to be bound by theory, it is also thought

that such a structure can resist staining (e.g., from beverages or condiments) because the outside

of the fabric has a continuous and completely hydrophobic surface that repels and resists liquid

absorption by the fabric.

[0040] In some embodiments, the articles of the present disclosure comprise fabrics with an outer

surface comprising a hydrophobic material; and an inner surface comprising: one or more first

regions comprising a hydrophobic material, and one or more second regions comprising a

hydrophilic material. In some embodiments, the one or more first regions and the one or more

second regions are different. The terms "outer" and "inner" as used herein refer to an outer

surface facing an external environment (e.g., rain or sun) and an inner surface facing an element

or area to be shielded by the article from the external environment, such as a wearer's skin,

interior space, or dry material. For example, if the article is part of a garment diaper, pad, wound

dressing, bed sheet, or the like, the outer direction faces the external environment and the inner

direction faces the skin of the wearer. If the article is part of a piece of outdoor gear, the outer

direction faces the external environment and the inner direction faces the user while the gear is in

use.



[0041] In some embodiments, at least one of the one or more second regions (e.g., comprising a

hydrophilic material) is surrounded by at least one of the one or more first regions (e.g.,

comprising a hydrophobic material). In other embodiments, each of the one or more second

regions is surrounded by one or more of the one or more first regions. In further embodiments,

the one or more second regions are adjacent to the one or more first regions. This concept is

illustrated in FIG. 1A.

[0042] The inner surface of exemplary fabric 100 with a pattern of discrete (i.e. not connected)

shapes is shown in FIG. 1A. Fabric 100 includes a pattern on the inner surface with regions 102

and 104. The inner surface pattern comprises hydrophobic region 102 surrounding multiple

hydrophilic regions 104. The regions 104 are individual diamonds that are distributed at regular

intervals over the inner surface of fabric 100. Each of the hydrophilic regions 104 is surrounded

by the hydrophobic region 102. In addition, each of the hydrophilic regions 104 is adjacent to the

hydrophobic region 102. In this example, moisture in contact with one or more of the hydrophilic

region(s) 104 will be absorbed into the structure, while moisture in contact with the hydrophobic

region 102 will either roll off of the material or migrate to one or more of the hydrophilic

region(s) 104.

[0043] In some embodiments, at least one of the one or more first regions (e.g., comprising a

hydrophobic material) is surrounded by at least one of the one or more second regions (e.g.,

comprising a hydrophilic material). In other embodiments, each of the one or more first regions is

surrounded by the one or more second regions. In further embodiments, the one or more first

regions are adjacent to the one or more second regions. This concept is illustrated in FIG. IB,

wherein the connected hydrophilic second regions form a fluidic flow network. This network

utilizes capillary forces of water, surface tension gradients, and downward gravitational forces,

and can be patterned such that liquid can be moved away from source points. Further, the larger

hydrophilic area creates a greater surface area of evaporation per same amount of perspiration,

while the interspersed hydrophobic areas also reduce dry time.

[0044] The inner surface of exemplary fabric 110 is shown in FIG. IB. Fabric 110 includes a

pattern on the inner surface with regions 112 and 114. The inner surface pattern comprises one

hydrophilic region 112 surrounding multiple hydrophobic regions 114. The regions 114 are

individual diamonds that are distributed at intervals over the inner surface of fabric 110. Each of



the hydrophobic regions 114 is surrounded by the hydrophilic region 112. In addition, each of the

hydrophobic regions 114 is adjacent to the hydrophilic region 112. In this example, the connected

hydrophilic region 112 will direct liquid movement, and the adjacent hydrophobic regions 114

will facilitate quicker drying times.

[0045] In some embodiments, at least a portion of the one or more hydrophobic regions is in

contact with at least a portion of the hydrophobic material of the outer surface. In other

embodiments, the outer surface excludes or does not comprise the hydrophilic material of the one

or more second regions of the inner surface. This concept is illustrated in FIG. 2 .

[0046] FIG. 2 shows a cross-section of exemplary fabric 200, including an inner B surface with

regions 202 and 204, and an outer A surface with region 206. Region 202 comprises a

hydrophobic material of the present disclosure, and region 204 comprises a hydrophilic material

of the present disclosure. The hydrophobic regions 202 of the inner B surface are in contact with

portions of the hydrophobic 206 outer A surface. Although the hydrophilic regions 204 of the

inner surface are also in contact with outer surface 206, the 204 regions do not completely

penetrate fabric 200, and therefore are not included in the outer surface 206. In this exemplary

fabric 200, the hydrophilic regions 204 comprise about 50% of the total thickness of the fabric,

and the hydrophobic outer surface 206 comprises the remaining about 50% of the total thickness

of the fabric.

[0047] In some embodiments, the inner surface of the fabric is interconnected with or affixed to

the outer surface of the fabric. In some embodiments, the fabric is composed of two layers,

wherein the first layer (e.g., an outer surface) faces the external environment and the second layer

(e.g., an inner surface) faces the skin of the wearer. In some embodiments the inner and outer

surface are affixed across their entire surfaces. In other embodiments, the inner and outer surfaces

are affixed around the edges, allowing some separation and movement in the areas where the

surfaces are not affixed. In further embodiments the inner and outer surfaces are affixed at one or

more points, which can be regularly spaced, irregularly spaced, spaced close together, spaced far

apart, etc. Any suitable means for affixing known in the art can be used. In some embodiments,

the inner surface or layer is affixed to the outer surface or layer by stitching, bonding, adhesion,

lamination, or a combination thereof. Both affixing around the edges and affixing at discrete

points allows some separation of the surfaces and movement in the areas where the surfaces are



not affixed. Without wishing to be bound by theory, it is thought that fabrics composed of

separate layers provide enhanced moisture control performance.

[0048] FIG. 3A shows a cross-section of exemplary fabric 300 with two layers. Layer 302 is

hydrophobic, making the outer A surface of the fabric hydrophobic. The second layer has both

hydrophobic regions 304 and hydrophilic regions 306 on the inner B surface. Both regions 304

and 306 penetrate the second layer and are in contact with the hydrophobic first layer 302. In this

example, the two layers are affixed across their entire surfaces at affixture 308.

[0049] Another exemplary fabric 310 is illustrated in FIG. 3B. The first layer 312 is

hydrophobic, making the outer A surface of the fabric hydrophobic. The second, inner B layer has

hydrophobic regions 314, hydrophilic regions 316, and hydrophilic region 318. In this example,

the two layers are affixed across their entire surfaces. The regions 314 and 316 are present on the

inner surface of the second layer, and penetrate partially through the thickness of the fabric.

Region 318 is on the entirety of the outer surface of the second layer, and also penetrates partially

through the thickness of the fabric. Neither of the materials of 316 and 318 are included in

hydrophobic layer 312. The regions 316 form an interconnected area with the region 318 that

results in patterned channels of hydrophilic areas in the second layer. In this example, these

channels spread moisture away from the source point, allow movement of moisture throughout

the fabric to prevent areas of high moisture density, and facilitate quicker drying times. The

hydrophobic regions 314 are also in contact with the region 318, and the first hydrophobic layer

312 is only in contact with the region 318 of the second layer. In some embodiments, the first

layer 312 of the fabric is hydrophobic (optionally, entirely hydrophobic). In some embodiments,

the second layer of the fabric has patterned hydrophilic regions comprising regions 316 on the

inner surface of the second layer connected to region 318 on the outer surface of the second layer.

In some embodiments, the partial absorption on the inner surface of the second layer allows

moisture to spread away from the source point and toward the hydrophilic outer surface of the

second layer. Without wishing to be bound by theory, it is thought that this movement of

moisture through the second layer and along connected channels both prevents areas of high

moisture density on the second layer and helps facilitate quicker drying times.

[0050] FIG. 3C shows a cross-section of exemplary fabric 320 with two layers affixed around

the edges at locations 324a and 324b, but free to move (i.e. separate) everywhere else. The first



layer 322 comprises a hydrophobic material, making the outer A surface of the fabric

hydrophobic. The second layer includes both hydrophobic regions 326 and hydrophilic regions

328 on the inner B surface. Both regions 326 and 328 penetrate the second layer only partially,

e .g., about halfway. The regions 326 connect to the outer surface of the second layer to form a

larger hydrophobic region. The outer surface of the second layer is hydrophobic (optionally,

entirely hydrophobic), and this outer surface is in contact with the inner surface of the first layer.

[0051] FIG. 3D shows a cross-section of exemplary fabric 330 with two layers where each layer

is composed of more than one piece of fabric. The two layers are affixed around the edges at

locations 340a and 340b such that the seam 334 (where the hydrophobic first piece of the layer

332 is joined to the hydrophobic second piece of the layer 336) is not aligned to the seam 338

(where the first piece of the layer 342 is joined to the second piece of the layer 344). The two

pieces 342 and 344 of the second layer have both hydrophobic regions 346 and hydrophilic

regions 348 on the inner B surface. Both regions 346 and 348 penetrate the second layer only

partially, e .g., about halfway. In some embodiments, the regions 346 connect to the outer A

surface of the second layer (e.g., 332 and 336) to form a larger hydrophobic region. The outer

surface of the second layer is hydrophobic (optionally, entirely hydrophobic), and this outer

surface is in contact with the inner surface of the first layer.

[0052] In some embodiments, the fabric further comprises an intermediate layer between the

outer surface and the inner surface. In other embodiments, the intermediate layer is affixed to one

or both of the outer surface and the inner surface. In further embodiments, the intermediate layer

comprises a hydrophobic material of the present disclosure. In some embodiments, the

intermediate layer comprises a hydrophilic material of the present disclosure. In these

embodiments, the intermediate layer can also be used to achieve desired feel and/or loft of the

fabric.

[0053] In some embodiments, one or more second hydrophilic regions of the present disclosure

(e.g., a hydrophilic portion of an inner surface of the present disclosure) form a plurality of

repeated shapes. In some embodiments, one or more second hydrophilic regions of the present

disclosure (e.g., a hydrophilic portion of an inner surface of the present disclosure) are surrounded

by the one or more first hydrophobic regions (e.g., hydrophobic portions of an inner surface of the

present disclosure). An exemplary configuration using this concept is illustrated in FIG. 4A.



FIG. 4A shows a pattern in which hydrophilic regions (e.g., hydrophilic portions of an inner

surface of the present disclosure) form a pattern of repeated circles. In some embodiments, each

circle is surrounded by the hydrophobic region.

[0054] In some embodiments, the one or more hydrophilic second regions (e.g., hydrophilic

portions of an inner surface of the present disclosure) form a lattice. As used herein, a "lattice"

refers to any interconnected combination of shapes wherein the shapes and the connections

comprise the same material (e.g., a hydrophilic material of the present disclosure). Exemplary

configurations using this concept are illustrated in FIGS. 4B & 4D. FIG. 4B shows a pattern in

which the hydrophilic regions form a lattice with angled connections, wherein the spaces within

the lattice are parallelograms, and in which the spaces within the lattice are filled by the

hydrophobic regions. The lattice is also surrounded by a further hydrophobic region. FIG. 4D

shows a pattern in which the hydrophilic regions form a lattice with perpendicular connections,

wherein the spaces within the lattice are squares, and in which the spaces within the lattice are

filled by the hydrophobic regions. The lattice is also surrounded by a further hydrophobic region.

These exemplary lattice patterns are one way in which hydrophilic second regions can be

patterned to form a fluidic flow network, which moves liquid away from source points, creates a

greater surface area of evaporation per same amount of perspiration, and thus reduces dry time.

[0055] In other embodiments, the one or more first hydrophobic regions (e.g., hydrophobic

portions of an inner surface of the present disclosure) form a plurality of repeated shapes. In

some embodiments, the one or more first hydrophobic regions (e.g., hydrophobic portions of an

inner surface of the present disclosure) are surrounded by the one or more second hydrophilic

regions (e.g., a hydrophilic portion of an inner surface of the present disclosure).

[0056] In some embodiments, the one or more hydrophobic first regions (e.g., hydrophobic

portions of an inner surface of the present disclosure) form a lattice. An exemplary pattern using

this concept is illustrated in FIG. 4C. FIG. 4C shows a pattern in which the hydrophobic regions

form a lattice with angled connections, wherein the spaces within the lattice are parallelograms,

and in which the spaces within the lattice are filled by the hydrophilic regions. The lattice is also

surrounded by a further hydrophilic region. In some embodiments, the one or more first

hydrophobic regions of the inner surface of the fabric are patterned in a geometric pattern or logo.

A variety of patterns can suitably be used to pattern the materials described above, including,



without limitation, patterns with multiple shapes, widths, angles, connective channels with

uniform or non-uniform thicknesses, and/or multiple widths, radii, angles, or curvatures. For

example, in some embodiments, a material of the present disclosure has hydrophilic connective

channels with uniform or non-uniform thicknesses, and/or multiple widths, radii, angles, or

curvatures.

[0057] In some embodiments, the one or more second hydrophilic regions of the inner surface of

the fabric are patterned in a geometric pattern, logo, text, or other design. Exemplary

configurations using this concept are illustrated by FIGS. 4E & 4F. FIG. 4E shows a radially

symmetric pattern of hydrophilic channels that are connected at the center, and surrounded by the

hydrophobic region. Without wishing to be bound by theory, it is thought that this type of pattern

can facilitate moisture movement away from an area of dense perspiration to dryer areas. FIG. 4F

shows a laterally symmetric pattern of hydrophilic regions using both connected channels and

discrete shapes. The spaces between the hydrophilic regions are filled by the hydrophobic

regions, and the pattern is surrounded by a further hydrophobic region.

[0058] A variety of hydrophobic materials can suitably be used as described above, e.g., in any of

the materials described as "hydrophobic" herein, such as the outer surface or one or more regions

of the inner surface of a fabric of the present disclosure. In some embodiments, a hydrophobic

material of the present disclosure comprises polypropylene, polydimethylsiloxane (PDMS),

fluoro-polymer (including without limitation a polymer made from tetrafluoroethylene-, vinyl

fluoride-, perfluoroether-, vinylidene fluoride-, or chlorotrifluoroethylene-based monomers, such

as polytetrafluoroethylene or PTFE), olefin, or a blend thereof. In some embodiments,

hydrophobicity of the hydrophobic material can be achieved through a hydrophobic and/or liquid-

repellent coating (e.g., a fluoropolymer, silicone, hydrosilicone, fluoroacrylate, or wax) or using

inherent hydrophobic fibers, including polypropylene, PDMS, PTFE, etc. For example, a

hydrophobic material of the present disclosure can comprise a porous material of the present

disclosure with a hydrophobic coating (e.g., on an outer surface and/or hydrophobic portion of an

inner surface). Such porous materials can include, without limitation, a mesh, a foam, a polymer,

or a textile of the present disclosure. In some embodiments, the textile includes without limitation

a natural fiber, a synthetic fiber, or a blend thereof. For example, in some embodiments, a textile

of the present disclosure can include without limitation cotton, hemp, linen, rayon, coconut fiber,

cellulose, wool, silk, bamboo, polyurethane, polypropylene, polyethylene, glass, acetate,



polyester, nylon, lyocell, modal, poly-paraphenylene, terephthalamide, elastin fiber, and/or any

blend thereof.

[0059] A variety of hydrophilic materials can suitably be used as described above, e.g., in any of

the materials described as "hydrophilic" herein, such as one or more regions of the inner surface

of a fabric of the present disclosure. In some embodiments, a hydrophilic material of the present

disclosure is a textile. In some embodiments, the textile includes without limitation a natural

fiber, a synthetic fiber, or a blend thereof. For example, in some embodiments, a textile of the

present disclosure can include without limitation cotton, rayon, coconut fiber, cellulose, silk,

bamboo, and/or any blend thereof. In some embodiments, hydrophilicity of the hydrophilic

material can be achieved through a hydrophilic and/or liquid-absorbent coating (e.g., hydrophilic

silicone). For example, a hydrophilic material of the present disclosure can comprise a porous

material of the present disclosure with a hydrophilic coating on at least one region of the inner

surface, e.g., as described above. Such porous materials can include, without limitation, a textile

of the present disclosure. In some embodiments, the textile includes without limitation a natural

fiber, a synthetic fiber, or a blend thereof. For example, in some embodiments, a textile of the

present disclosure can include without limitation cotton, hemp, linen, rayon, coconut fiber,

cellulose, wool, silk, bamboo, polyurethane, polypropylene, polyethylene, glass, acetate,

polyester, nylon, lyocell, modal, poly-paraphenylene, terephthalamide, elastin fiber, and/or any

blend thereof.

[0060] In some embodiments, and as described in greater detail in section II below, a

hydrophobic material of the present disclosure includes a hydrophobic yarn. Materials that can be

used for hydrophobic yarns include without limitation inherently hydrophobic fibers (e.g., contact

angle of material is higher than 90 degrees), including polypropylene, polydimethylsiloxane and

fluoropolymer. Suitable materials can also include yarns or textiles modified by water/oil

repellent coatings (e.g. fluoropolymer, silicone, wax), including treated natural and synthetic

yarns, and blends. In some embodiments, the textile is selected from the group consisting of

cotton, hemp, rayon, coconut fiber, cellulose, wool, silk, bamboo, polyurethane, polypropylene,

polyethylene, glass, acetate, polyester, nylon, elastin fiber, and any blend thereof.

[0061] In some embodiments, and as described in greater detail in section II below, a hydrophilic

material of the present disclosure includes a hydrophilic yarn. Materials that can be used for



hydrophilic yarns include without limitation inherently hydrophilic fibers, including cotton,

cellulose, rayon, coconut fiber, silk, bamboo. Suitable materials can also include hydrophilic

treated natural and synthetic yarns, including natural and synthetic yarns and blends. In some

embodiments, the textile is selected from the group consisting of wool, silk, bamboo,

polyurethane, polypropylene, polyethylene, glass, acetate, polyester, elastin fiber, and any blend

thereof.

[0062] As described above, in some embodiments, a fabric of the present disclosure can comprise

an outer hydrophobic surface, and an inner surface with one or more first hydrophobic regions

and one or more second hydrophilic regions. In some embodiments, a hydrophilic material of the

one or more second regions will not resist a hydrostatic pressure (equal to Opa). In some

embodiments, a hydrophobic material of the present disclosure is able to resist a hydrostatic

pressure of greater than Opa.

[0063] In some embodiments, hydrophobicity can refer to the hydrostatic pressure able to be

resisted by the material. In some embodiments, a hydrophobic material of the present disclosure

(e.g., on an outer surface and/or hydrophobic portion of an inner surface) resists a hydrostatic

pressure of greater than or equal to about 150pa, greater than or equal to about 200pa, greater

than or equal to about 250pa, greater than or equal to about 300pa, greater than or equal to about

350pa, greater than or equal to about 400pa, greater than or equal to about 450pa, greater than or

equal to about 500pa, greater than or equal to about 600pa, greater than or equal to about 700pa,

greater than or equal to about 800pa, greater than or equal to about 900pa, greater than or equal

to about lkpa, greater than or equal to about 1.5 kpa, greater than or equal to about 2 kpa, greater

than or equal to about 2.5 kpa, or greater than or equal to about 3 kpa. In some embodiments, a

hydrophobic material of the present disclosure (e.g., on an outer surface and/or hydrophobic

portion of an inner surface) resists a hydrostatic pressure of less than or equal to about 3kpa, less

than or equal to about 2.5kpa, less than or equal to about 2kpa, less than or equal to about 1.5kpa,

less than or equal to about lkpa, less than or equal to about 900pa, less than or equal to about

800pa, less than or equal to about 700pa, less than or equal to about 600pa, less than or equal to

about 500pa, less than or equal to about 450pa, less than or equal to about 400pa, less than or

equal to about 350pa, less than or equal to about 300pa, less than or equal to about 250pa, less

than or equal to about 200pa, or less than or equal to about 150pa. For example, in some

embodiments, a hydrophobic material of the present disclosure (e.g., on an outer surface and/or



hydrophobic portion of an inner surface) resists a hydrostatic pressure less than about any of the

following hydrostatic pressures (in pa): 3000, 2500, 2000, 1500, 1000, 900, 800, 700, 600, 500,

400, 300, 250, 200, or 150. In some embodiments, a hydrophobic material of the present

disclosure (e.g., on an outer surface and/or hydrophobic portion of an inner surface) resists a

hydrostatic pressure greater than about any of the following hydrostatic pressures (in pa): 125,

150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000, or 2500. That is, the

hydrophobic material of the present disclosure (e.g., on an outer surface and/or hydrophobic

portion of an inner surface) can resist a hydrostatic pressure of any of a range of hydrostatic

pressures having an upper limit of 3000, 2500, 2000, 1500, 1000, 900, 800, 700, 600, 500, 400,

300, 250, 200, or 150 pa and an independently selected lower limit of 125, 150, 200, 250, 300,

400, 500, 600, 700, 800, 900, 1000, 1500, 2000, or 2500pa, wherein the lower limit is less than

the upper limit. For example, in some embodiments, a hydrophobic material of the present

disclosure (e.g., on an outer surface and/or hydrophobic portion of an inner surface) resists a

hydrostatic pressure of between about 500pa and about 3000pa. Techniques for measuring

hydrostatic pressure resistance are known in the art. For example, a standard technique is the use

of a hydrostatic head tester. The device applies an increasing value of water pressure on a fabric

sample, and the maximum hydrostatic pressure is recorded when water penetrates through the

sample and leakage happens.

[0064] In some embodiments, the hydrophilic material of a second region of the present

disclosure (e.g., a hydrophilic portion of an inner surface of the present disclosure, such as

regions 204, 306, 3 16, 328, and/or 348 as described supra) comprises 5% to 95% of the total

thickness of the fabric. In some embodiments, a hydrophilic material of the present disclosure

comprises a percentage of the total thickness of the fabric greater than or equal to about 5%,

greater than or equal to about 10%, greater than or equal to about 15%, greater than or equal to

about 20%, greater than or equal to about 25%, greater than or equal to about 30%, greater than

or equal to about 35%, greater than or equal to about 40%, greater than or equal to about 45%,

greater than or equal to about 50%, greater than or equal to about 55%, greater than or equal to

about 60% , greater than or equal to about 65%, greater than or equal to about 70%, greater than

or equal to about 75%, greater than or equal to about 80%, greater than or equal to about 85%,

greater than or equal to about 90%, or greater than or equal to about 95%. In some embodiments,

a hydrophilic material of the present disclosure comprises a percentage of the total thickness of



the fabric less than or equal to about 95%, less than or equal to about 90%, less than or equal to

about 85%o, less than or equal to about 80%>, less than or equal to about 75%, less than or equal to

about 7 0% , less than or equal to about 65%>, less than or equal to about 60%>, less than or equal to

about 55%o, less than or equal to about 50%, less than or equal to about 45%, less than or equal to

about 4 0% , less than or equal to about 3 5%, less than or equal to about 30%, less than or equal to

about 25%o, less than or equal to about 20%, less than or equal to about 15%, less than or equal to

about 10 % , or less than or equal to about 5%. For example, in some embodiments, a hydrophilic

material of the present disclosure comprises a percentage of the total thickness of the fabric less

than about any of the following percentages: 95%, 85%, 75%, 65%, 55%, 45%, 3 5%, 25%, 15%,

or 10 % . In some embodiments, a hydrophilic material of the present disclosure comprises a

percentage of the total thickness of the fabric less than about any of the following percentages:

5%, 10%, 15%, 25%, 3 5%, 45%, 55%, 65%, 75%, 85%, or 90%. That is, the hydrophilic

material of the present disclosure comprises the total thickness of the fabric of any of a range of

percentages having an upper limit of 95%, 85%, 75%, 65%, 55%, 45%, 3 5%, 25%, 15%, or 10%

and an independently selected lower limit of 5%, 10%, 15%, 25%, 3 5%, 45%, 55%, 65%, 75%,

85%o, or 9 0% , wherein the lower limit is less than the upper limit.

[0065] In some embodiments, the hydrophobic material of the outer surface is the same as the

hydrophobic material of the one or more first regions of the inner surface. In some embodiments,

the hydrophobic material of the outer surface is different from the hydrophobic material of the

one or more first regions of the inner surface.

[0066] In some embodiments, the collective area of the hydrophilic second region(s) of the inner

surface comprises less than about 85%, less than about 75%, less than about 65%, less than about

55%o, less than about 45%, less than about 3 5%, less than about 25%, or less than about 15% of

the surface area of the inner surface. In some embodiments, the collective area of the hydrophilic

second region(s) of the inner surface comprises greater than about 15%, greater than about 25%,

greater than about 3 5%, greater than about 45%, greater than about 55%, greater than about 65%,

greater than about 75%, or greater than about 85% of the surface area of the inner surface. For

example, in some embodiments, the collective area of the hydrophilic second region(s) of the

inner surface comprises less than: 85%, 75%, 65%, 55%, 45%, 3 5%, 25%, or 20% of the surface

area of the inner surface. In some embodiments, the collective area of the hydrophilic second

region(s) of the inner surface comprises greater than: 15%, 25%, 3 5%, 45%, 55%, 65%, 75%, or



80% of the surface area of the inner surface. That is, the collective area of the hydrophilic second

region(s) of the inner surface comprises any of a range of percentages having an upper limit of

85%, 75%, 65%, 55%, 45%, 35%, 25%, or 20% and an independently selected lower limit of

15%, 25%, 35%, 45%, 55%, 65%, 75%, or 80%, wherein the lower limit is less than the upper

limit. For example, in some embodiments, the collective area of the hydrophilic second region(s)

of the inner surface comprises a percentage between about 15%> and about 85%> of the surface

area of the inner surface.

[0067] In some embodiments, the collective area of the hydrophobic first region(s) of the inner

surface comprises less than about 85%>, less than about 75%, less than about 65%>, less than about

55% , less than about 45%, less than about 35%, less than about 25%, or less than about 15% of

the surface area of the inner surface. In some embodiments, the collective area of the hydrophobic

first region(s) of the inner surface comprises greater than about 15%, greater than about 25%,

greater than about 35%, greater than about 45%, greater than about 55%, greater than about 65%,

greater than about 75%, or greater than about 85% of the surface area of the inner surface. For

example, in some embodiments, the collective area of the hydrophobic first region(s) of the inner

surface comprises less than: 85%, 75%, 65%, 55%, 45%, 35%, 25%, or 20% of the surface area

of the inner surface. In some embodiments, the collective area of the hydrophobic first region(s)

of the inner surface comprises greater than: 15%, 25%, 35%, 45%, 55%, 65%, 75%, or 80% of

the surface area of the inner surface. That is, the collective area of the hydrophobic first region(s)

of the inner surface comprises any of a range of percentages having an upper limit of 85%, 75%,

65%, 55%, 45%, 35%, 25%, or 20% and an independently selected lower limit of 15%, 25%,

3 5% , 4 5% , 55% , 6 5% , 75%, or 80%, wherein the lower limit is less than the upper limit. For

example, in some embodiments, the collective area of the hydrophobic first region(s) of the inner

surface comprises a percentage between about 15% and about 85% of the surface area of the

inner surface.

[0068] In some embodiments, the collective surface area of the hydrophilic regions and the

collective surface of the hydrophobic regions of the inner surface of a fabric of the present

disclosure are substantially equivalent, i.e. each region comprises about 50% of the surface area

of the inner surface of the fabric. Exemplary patterns using this concept are illustrated in the

patterns shown in FIGS. 10A-10F, each of which contains substantially similar hydrophobic and

hydrophilic surface areas despite their multiple different patterns.



[0069] In some embodiments, the proportion of the collective area of the one or more hydrophilic

regions (e.g., the one or more second regions of the inner surface) to the surface area of the inner

and outer surfaces of the fabric (i.e. the total surface area of the fabric) comprises a percentage

between about 40% and about 95% of the surface area of the inner surface. In some

embodiments, the proportion of the collective area of the one or more hydrophilic regions to the

total surface area of the fabric is less than about 95%, less than about 90%, less than about 85%>,

less than about 80%>, less than about 75%, less than about 70%, less than about 65%, less than

about 60% , less than about 55%, less than about 50%, less than about 45%, or less than about

4 0% . In some embodiments, the proportion of the collective area of the one or more hydrophilic

regions to the total surface area of the fabric is greater than about 40%, greater than about 45%,

greater than about 55%, greater than about 65%, greater than about 75%, greater than about 85%,

or greater than about 95%. For example, in some embodiments, the proportion of the collective

area of the one or more hydrophilic regions to the total surface area of the fabric comprises less

than: 95%, 85%, 75%, 65%, 55%, or 45%. In some embodiments, the proportion of the collective

area of the one or more hydrophilic regions to the total surface area of the fabric comprises

greater than: 40%, 45%, 55%, 65%, 75%, 85%, or 90%. That is, the proportion of the collective

area of the one or more hydrophilic regions to the total surface area of the fabric comprises any of

a range of percentages having an upper limit of 95%, 85%, 75%, 65%, 55%, or 45% and an

independently selected lower limit of 40%, 45%, 55%, 65%, 75%, 85%, or 90%, wherein the

lower limit is less than the upper limit. In some embodiments, the surface area of each of the

hydrophilic regions is added together to provide a total of the collective area, and this total is then

divided by the surface area of the inner surface of the fabric to provide a percentage of the

collective area of the one or more hydrophilic regions (e.g., the one or more second regions of the

inner surface).

[0070] The fabrics described herein can find use in a variety of applications, either as the entire

material for an item, or as a subset thereof. In some embodiments, a fabric of the present

disclosure can be a component of bedding, footwear, seat covers, outdoor gear, upholstery, or an

accessory. Further provided herein are garments comprising any of the fabrics of the present

disclosure. In some embodiments, the fabric described herein is used in a garment, and the inner

surface of the fabric faces the skin of the wearer of the garment. In some embodiments, the entire

inner surface of the garment is patterned with hydrophilic patterns for partial absorption, and the



entire outer surface of the garment is hydrophobic, thereby preventing the appearance of

perspiration on the outside of the garment. In some embodiments, the garment includes at least a

portion of the following items, without limitation: a coat, a dress, a skirt, a sports bra, an

undergarment, a pant, a short, or a sock. In some embodiments, the garment is a shirt. In some

embodiments, the fabric is used in the shirt at one or more of an underarm area, a mid-back area,

a lower-back area, a front chest area, a stomach area, and a shoulder area.

[0071] In some embodiments, a fabric described herein is used for localized treatment of a shirt

in the mid-back area and/or the lower-back area. In some embodiments, the treatment is localized

to areas of higher sweat production.

[0072] Exemplary treatments of a shirt 500 are illustrated in FIGS. 5A & 5B. FIG. 5A illustrates

the front view of a shirt 500 with a fabric of the present disclosure (e.g., as illustrated in FIGS.

1A-4F or otherwise described herein) in the left front region 502 and in the right front region 504.

FIG. 5B illustrates the back view of a shirt with a fabric of the present disclosure (e.g., as

illustrated in FIGS. 1-4F or otherwise described herein) in the mid-back region 506.

Advantageously, these treatments provide moisture control in areas of high accumulation of

perspiration.

[0073] In some embodiments, a fabric described herein is used for localized treatment of a shirt

such that the fabric is surrounded by a hydrophobic boundary or barrier to prevent liquid from

spreading beyond the treated area. In some embodiments, the fabric used in the garment is

patterned so the one or more hydrophobic first regions form an interconnected lattice.

[0074] One exemplary treatment of a shirt 600 in accordance with this embodiment is illustrated

in FIG. 6A. The shirt 600 is locally treated with a fabric that is surrounded (e.g., entirely) by the

hydrophobic boundary 602. The fabric is patterned with a hydrophobic lattice 604 that contains

hydrophilic regions 606, and is also entirely surrounded by hydrophilic region 606. In this

example, moisture that accumulates in hydrophilic regions 606 is contained by hydrophobic

boundary 602. In some embodiments, the fabric used in the garment is patterned so the one or

more hydrophilic second regions form an interconnected lattice.

[0075] The hydrophobic boundary can facilitate different types of moisture spreading control. In

a low moisture setting, moisture can remain absorbed inside the hydrophobic boundary until it

evaporates, whereas in a high moisture setting, moisture can accumulate at the hydrophobic



barrier and eventually drip off of the material. This process is illustrated in FIG. 6B. The shirt

610 is treated with a fabric that is patterned with a hydrophilic lattice 614. The hydrophilic lattice

contains hydrophobic regions 612, and is also surrounded by a hydrophobic boundary 616. When

a sufficient amount of moisture is absorbed by hydrophilic lattice 614, the moisture will

accumulate at hydrophobic boundary 616, and form moisture droplets 618 that will drip off of the

material. For example, in a high perspiration setting, perspiration accumulates at the hydrophobic

boundary and then drips off the material.

II. Methods of Making Articles with Improved Moisture Management

[0076] Certain aspects of the present disclosure relate to methods of making an article or fabric

having improved moisture management. Exemplary methods of making these articles are set

forth below, but the skilled artisan will appreciate that various fabrication methods and materials

known in the art can be used to manufacture the articles of the present disclosure, depending upon

the specific configuration of the article, without departing from the scope of the present

disclosure. Any of the materials, patterns, and affixtures described supra can find use in the

methods of the present disclosure.

[0077] In some embodiments, a method of making a fabric includes: (a) providing a hydrophilic

material comprising an outer and an inner surface, the inner surface comprising one or more first

regions and one or more second regions; (b) screen printing a first hydrophobic material onto one

or more first regions of the inner surface of the hydrophilic material; and (c) screen printing a

second hydrophobic material onto the outer surface of the hydrophilic material to cover the outer

surface. Thus, the fabric includes an outer surface comprising a hydrophobic material and an

inner surface comprising one or more first regions comprising the first hydrophobic materials and

one or more second regions comprising the hydrophilic material, wherein the one or more first

regions and the one or more second regions are different. In some embodiments, the one or more

hydrophobic first regions of the inner surface are in contact with at least a portion of the

hydrophobic material of the outer surface. Any of the patterns, outer surfaces, inner surfaces and

regions thereof, and materials described supra can be used.

[0078] Exemplary process 700 for making a fabric of the present disclosure is illustrated in

FIGS. 7A-7D. As shown in FIG. 7A, process 700 starts with hydrophilic material 702. Material

702 can be any of the exemplary hydrophilic materials described herein or otherwise known in



the art. To begin process 700, material 702 is laid flat such that one surface (designated as "C" in

FIG. 7A) moves in direction E and is facing the roller 710 which has the rolling direction D .

Screen roller 710 is then used to put down enough hydrophobic material to penetrate material

702. The hydrophobic material can be any of the exemplary materials described herein. In this

example, the mesh size of the screen, viscosity of ink, and/or pressure is used such that the

hydrophobic material penetrates halfway through the thickness of the hydrophilic material 702, as

shown in FIG. 7B. In some embodiments, one or more these factors can be varied to increase or

decrease penetration. For example, in some embodiments, lower mesh size, lower ink viscosity,

and/or higher pressure can result in greater penetration of the material into the fabric. In this

example, roller 710 does not have a pattern, so it completely covers the material surface with a

controlled layer of hydrophobic material 704. A close-up, cross-sectional view of process 700 is

provided in FIG. 7B.

[0079] Exemplary process 720 for making a fabric of the present disclosure is illustrated in

FIGS. 7C & 7D. As shown in FIG. 7C, in some embodiments, process 720 is conducted using

the material 702 after process 700 is completed (e.g., a drying step follows process 700, and then

the material 702 is turned over so that the opposite surface faces the roller, here designated as

"F"). In process 720, a screen roller 730 is used to apply a hydrophobic material to the back

surface "F" in such a way that a pattern is formed. In this example, the pattern is a hydrophilic

lattice comprising the hydrophilic material, wherein the spaces of the lattice are filled with

regions 722 of the applied hydrophobic material. In some embodiments, the hydrophobic material

of process 720 is the same as that of process 700. In other embodiments, the hydrophobic

material of process 720 is a different hydrophobic material. FIG. 7D shows a cross-sectional

view of process 720. In this example, a mesh size of screen, viscosity of ink, and/or pressure is

used such that the hydrophobic material penetrates over halfway through the thickness of the

hydrophilic material 702 such that regions 722 (deposited by roller 730 in process 720) overlap

with region 704 (deposited by roller 710 in process 700). In this example, the overlap of regions

722 and 704 ensures that hydrophilic regions remain isolated on the inner surface. Without

wishing to be bound by theory, it is thought that this isolation can prevent absorbed liquid from

moving parallel to the material surfaces. In some embodiments, one or more of these factors can

be varied to increase or decrease penetration. Thus, after processes 700 and 720, a material is

generated having an outer hydrophobic surface (e.g., 704), and an inner surface with one or more



hydrophilic regions remaining from the original hydrophilic material 702 and one or more applied

hydrophobic regions (e.g., 722). In some embodiments, region 704 comprises about 50% of the

total thickness of the finished material, and region 722 comprises about 70% of the total thickness

of the finished material.

[0080] In some embodiments, a method of making a fabric includes: (a) providing a hydrophilic

material comprising an outer and an inner surface, the outer surface comprising one or more first

regions and one or more second regions; (b) screen printing a first hydrophobic material onto one

or more first regions of the outer surface of the hydrophilic material such that the first

hydrophobic material penetrates through the hydrophilic material to generate an inner surface

comprising one or more first regions comprising the first hydrophobic material and one or more

second regions comprising the hydrophilic material; and (c) screen printing a second hydrophobic

material onto the outer surface of the hydrophilic material such that the second hydrophobic

material penetrates through the hydrophilic material to generate an outer surface comprising the

second hydrophobic material. Thus, the fabric includes an outer surface comprising a

hydrophobic material and an inner surface comprising one or more first regions comprising the

first hydrophobic materials and one or more second regions comprising the hydrophilic material,

wherein the one or more first regions and the one or more second regions are different. In some

embodiments, the one or more hydrophobic first regions of the inner surface are in contact with at

least a portion of the hydrophobic material of the outer surface. In some embodiments, the first

and the second hydrophobic materials are the same. In other embodiments, the first and the

second hydrophobic materials are different. Any of the patterns, outer surfaces, inner surfaces

and regions thereof, and materials described supra can be used.

[0081] Exemplary process 740 for making a fabric of the present disclosure is illustrated in

FIGS. 7E & 7F. As shown in FIG. 7E, process 740 starts with hydrophilic material 742.

Material 742 can be any of the exemplary hydrophilic materials described herein or otherwise

known in the art. To begin process 740, material 742 is laid flat such that one surface (designated

as "G" in FIG. 7E) is facing the roller and moves in direction E . Screen roller 750 (in the roller

direction D) is used to apply a hydrophobic material to the front "G" surface of fabric 742 in such

a way that a pattern is formed. In this example, the pattern is a hydrophilic lattice comprising the

hydrophilic material, wherein the spaces of the lattice are filled with regions 744 of the applied

hydrophobic material. In this example, a mesh size of screen, viscosity of ink, and/or pressure is



used such that the hydrophobic material penetrates entirely through the thickness of the

hydrophilic material 742. To continue process 740, screen roller 760 (in the roller direction D) is

then used to apply a hydrophobic material to the front "G" surface of fabric 742. In this example,

roller 760 is patterned such that the pattern fills in the hydrophilic lattice left by roller 750. Unlike

for roller 750, however, for roller 760, a mesh size of screen, viscosity of ink, and/or pressure is

used such that the hydrophobic material penetrates halfway through the thickness of the

hydrophilic material 742. This creates a surface that includes region 746 comprising the

hydrophobic material deposited through roller 760. The hydrophobic material can be any of the

exemplary materials described herein. In some embodiments, the hydrophobic material deposited

by roller 750 is the same as the hydrophobic material deposited by roller 760. In other

embodiments, the hydrophobic material deposited by roller 760 is a different material. A close-

up, cross-sectional view of process 740 is provided in FIG. 7F. Thus, after process 740, a

material is generated having an outer hydrophobic surface (e.g., 746), and an inner surface with

one or more hydrophilic regions remaining from the original hydrophilic material 742 and one or

more applied hydrophobic regions (e.g., 744).

[0082] Some printing methods use various thickeners to keep the ink from migrating and to

maintain a clear or well-defined print. In printing in general, there are a number of variables

which can be controlled by one of ordinary skill in the art. Some variables such as print paste

viscosity, amount of print paste applied, roller/wiper pressure, speeds, mesh size of the screen,

etc., can be used to control the depth of penetration of the print paste. One way to control depth of

ink penetration is to adjust the printing parameters so that the print paste can penetrate through

the fabric without merging together.

[0083] In some embodiments, the outer surface comprises about 50% of the total thickness of the

fabric, and the inner surface comprises about 50% of the total thickness of the fabric. In some

embodiments, the ratio of the thickness of the outer surface to the thickness of the inner surface is

between about 0.1 to about 10. Any of the patterns, outer surfaces, inner surfaces and regions

thereof, and materials described supra can be used.

[0084] There are currently several many methods of textile printing available, including without

limitation flatbed printing, rotary printing, inkjet printing, and so forth. Any hydrophilic material

of the present disclosure, including but not limited to cotton, treated polyester, nylon, silk,



bamboo fibers in woven, knitted or non-woven structure, can be used as the material substrate or

hydrophilic material (e.g., 702, 742). Any of the hydrophobic coatings described herein, such as

fluorochemicals, silicones, waxes or other similar materials, can be used to create hydrophobic

regions (e.g., 704, 722, 744, 746).

[0085] In some embodiments, a method of making a fabric of the present disclosure includes: (a)

providing a hydrophobic material comprising an outer and an inner surface, the inner surface

comprising one or more first regions and one or more second regions; and (b) screen printing a

hydrophilic material onto one or more first regions of the inner surface. Thus, the fabric includes

an outer surface comprising the hydrophobic material and an inner surface comprising one or

more first regions comprising the hydrophobic material and one or more second regions

comprising the printed hydrophilic material, wherein the one or more first regions and the one or

more second regions are different. In some embodiments, the outer surface comprises about 50%

of the total thickness of the fabric, and the inner surface comprises about 50% of the total

thickness of the fabric. In some embodiments, the ratio of the thickness of the outer surface to the

thickness of the inner surface is between about 0.1 to about 10. Any of the patterns, outer

surfaces, inner surfaces and regions thereof, and materials described supra can be used.

[0086] In some embodiments, a method of making a fabric of the present disclosure includes: (a)

providing a material comprising an outer and an inner surface, the inner surface having one or

more first regions and one or more second regions; (b) screen printing a hydrophobic material

onto one or more first regions of the inner surface; (c) screen printing a hydrophilic material onto

one or more second regions of the inner surface, wherein the first regions and the second regions

are different; and (d) screen printing a hydrophobic material onto the outer surface. Thus, the

fabric includes an outer surface comprising a hydrophobic material and an inner surface

comprising one or more first regions comprising a hydrophobic material and one or more second

regions comprising a hydrophilic material, wherein the one or more first regions and the one or

more second regions are different. Without wishing to be bound by theory, it is thought that

printing both hydrophilic and hydrophobic materials onto the same inner surface achieves greater

wettability contrast. In some embodiments, the hydrophobic materials of the outer and inner

surfaces contact each other. In some embodiments, the outer surface comprises about 50% of the

total thickness of the fabric, and the inner surface comprises about 50% of the total thickness of

the fabric. In some embodiments, the ratio of the thickness of the outer surface to the thickness of



the inner surface is between about 0.1 to about 10. Any of the patterns, outer surfaces, inner

surfaces and regions thereof, and materials described supra can be used.

[0087] In some embodiments, a fabric of the present disclosure has three layers. A variety of

methods, e.g., as described infra, can be used to generate these fabrics. In some embodiments,

the three-layered fabrics comprise an outer surface comprising a hydrophobic material, a middle

hydrophilic layer, and an inner surface comprising one or more regions comprising a hydrophobic

material and one or more different regions comprising a hydrophilic material.

[0088] In some embodiments, a method of making a fabric with three layers includes: (a)

providing a first, a second, and a third hydrophilic material, wherein each of the first, second, and

third hydrophilic materials comprise an outer and an inner surface, the inner surface of the second

hydrophilic comprising one or more first regions and one or more second regions; (b) screen

printing a hydrophobic material onto the outer surface of the first hydrophilic material to cover

the outer surface; (c) screen printing a hydrophobic material onto one or more first regions of the

inner surface of the second hydrophilic material, (d) affixing the inner surface of the first

hydrophilic material to the third hydrophilic material; and (e) affixing the outer surface of the

second hydrophilic material to the third hydrophilic material. Thus, the three-layered fabric

includes an outer surface comprising a hydrophobic material, a middle hydrophilic layer, and an

inner surface comprising one or more first regions comprising the first hydrophobic materials and

one or more second regions comprising the hydrophilic material, wherein the one or more first

regions and one or more second regions are different. In some embodiments, the first, second, and

third hydrophilic materials comprise the same material. In some embodiments, the first, second,

and third hydrophilic materials comprise different materials. In some embodiments, the

hydrophobic materials in (b) and (c) are the same. In some embodiments, the hydrophobic

materials in (b) and (c) are different. Any of the patterns, outer surfaces, inner surfaces and

regions thereof, affixtures, and materials described supra can be used. The process described in

(b) is similar to process 700 in FIGS. 7A & 7B, while the process described in (c) is similar to

process 720 in FIGS. 7C & 7D, except that in this embodiment two different materials are

printed (unlike the one material 702 that is used in both processes 700 and 720).

[0089] In some embodiments, the first hydrophilic material comprises about 30% to about 45%,

the second hydrophilic material comprises about 30% to about 45%, and the third hydrophilic



material comprises about 10% to about 40% of the total thickness of the fabric. In some

embodiments, the ratio of the thickness of the first hydrophilic material to the thickness of the

second hydrophilic material is between about 0.1 to about 10, and the ratio of the thickness of the

second hydrophilic material to the thickness of the third hydrophilic material is between about 1

to about 5 .

[0090] In some embodiments, a method of making a fabric with three layers includes: (a)

providing a first hydrophobic material, a second hydrophobic material, and a first hydrophilic

materials, wherein each of the first and second hydrophobic materials and the first hydrophilic

material comprise an inner and an outer surface the inner surface of the second hydrophobic

material comprising one or more first regions and one or more second regions; (b) screen

printing a second hydrophilic material onto one or more first regions of the inner surface of the

second hydrophobic material; (c) affixing the first hydrophilic material to the outer surface of the

second hydrophobic material; and (d) affixing the first hydrophilic material to the first

hydrophobic material. Thus, the three-layered fabric includes an outer surface comprising a

hydrophobic material, a middle hydrophilic layer, and an inner surface comprising one or more

first regions comprising the first hydrophobic materials and one or more second regions

comprising the hydrophilic material, wherein the one or more first regions and the one or more

second regions are different. Any of the patterns, outer surfaces, inner surfaces and regions

thereof, affixtures, and materials described supra can be used. In some embodiments, the first

hydrophobic material comprises about 30% to about 45%, the middle hydrophilic material

comprises about 10% to about 40%, and the second hydrophobic material comprises about 30%

to about 4 5% of the total thickness of the fabric. In some embodiments, the ratio of the thickness

of the first hydrophobic material to the thickness of the second hydrophobic material is between

about 0.1 to about 10, and the ratio of the thickness of the second hydrophilic material to the

thickness of the first hydrophilic material is between about 1 to about 5 .

[0091] In some embodiments, a method of making a fabric with three layers includes: (a)

providing a first material, a second material, and a hydrophilic material, wherein each of the first

and second materials and the hydrophilic material comprise an inner and an outer surface wherein

the inner surface of the second material comprises one or more first regions and one or more

second regions; (b) screen printing a hydrophobic material onto one or more first regions of the

inner surface of the second material; (c) screen printing a hydrophilic material onto one or more



second regions of the inner surface of the second material; (d) screen printing a hydrophobic

material onto the outer surface of the first material; (e) affixing the hydrophilic material to the

inner surface of the first material; and (f) affixing the hydrophilic material to the outer surface of

the second material. Thus, the three-layered fabric includes an outer surface comprising a

hydrophobic material, a middle hydrophilic layer, and an inner surface comprising one or more

first regions comprising the first hydrophobic materials and one or more second regions

comprising the hydrophilic material, wherein the one or more first regions and the one or more

second regions are different. In some embodiments, the hydrophobic materials in (b) and (d) are

the same. In some embodiments, the hydrophobic materials in (b) and (d) are different. Any of the

patterns, outer surfaces, inner surfaces and regions thereof, affixtures, and materials described

supra can be used. In some embodiments, the first material comprises about 30% to about 45%,

the hydrophilic material comprises about 10% to about 40%, and the second material comprises

about 30% to about 45% of the total thickness of the fabric. In some embodiments, the ratio of

the thickness of the first material to the thickness of the second material is between about 0.1 to

about 10, and the ratio of the thickness of the second material to the thickness of the hydrophilic

material is between about 1 to about 5 .

[0092] Alternatively, a fabric of the present disclosure can be fabricated by knitting. In some

embodiments, a method of making a fabric includes: (a) knitting an outer layer of the fabric using

a hydrophobic yarn; (b) knitting a first region of the inner layer of the fabric using a hydrophobic

yarn; and (c) knitting a second region of the inner layer of the fabric using a hydrophobic yarn.

Thus, a fabric is made comprising an outer surface comprising a hydrophobic material, and an

inner surface comprising one or more first regions comprising the first hydrophobic materials and

one or more second regions comprising the hydrophilic material, wherein the one or more first

regions and the one or more second regions are different.

[0093] Various types of knitting can be used in the methods of the present disclosure in any

combination. In some embodiments, one or more of the outer layer, first region of the inner layer,

and second region of the inner layer are knitted by warp knitting. In some embodiments, one or

more of the outer layer, first region of the inner layer, and second region of the inner layer are

knitted by weft knitting. In some embodiments, the first region of the inner layer and the second

region of the inner layer are knitted in alternating fashion. In some embodiments, the inner layer

and the outer layer are connected using a hydrophobic tie-in yarn. In some embodiments, the



inner layer and the outer layer are connected across their entire surfaces, while in other

embodiments, the hydrophobic tie-in yarn connects the inner and outer layers with individual

loops at one or more discrete points (e.g., at one or more edges of the fabric).

[0094] In some embodiments, a double needle circular knitting machine is used to knit a multi-

layered structure with an outer layer that is knit on the dial using hydrophobic yarns, and an inner

layer that is knit on the cylinder wherein each course uses either hydrophobic or hydrophilic

yarns that are alternated to produce a pattern. In some embodiments, hydrophobic tie-in yarn is

used to connect the outer layer to the inner layer. In some embodiments, the first region of the

inner layer and the second region of the inner layer are knitted in alternating fashion.

[0095] An exemplary knitting diagram for producing a fabric of the present disclosure using a

double needle circular knitting machine is provided in FIGS. 8A, 8B and 8C . I n F I G 8 A ,

the FEED panels show the stitch pattern, cylinder is shown as H and dial as J . Loops in the

diagram indicate a knit stitch, and the directionality of the loop indicates in which layer the knit

stitch is made. Loops facing down, as in FEED 3, indicate stitches made on the dial that form the

outer layer of the fabric (i.e., the layer facing away from the wearer when the fabric of the present

disclosure forms part of a garment). Loops facing up, as in FEED 4, indicate stitches made on the

cylinder that form the inner layer of the fabric (i.e., the layer in contact with the skin of the wearer

when the fabric of the present disclosure forms part of a garment). When loops are depicted as

alternating down and up between the dial and the cylinder, the stitches depicted are the tie-in

stitches that keep the inner and outer layers of the fabric together without an obvious gap in

between. In this example, FEEDS 14, 16, 20, and 22 are all knitted on the cylinder with

hydrophilic yarns, while the remaining FEEDS 1-13, 15, 17-19 and 2 1 all use hydrophobic yarns.

As a result, the inner surface of a fabric (the visible surface of the inner layer) produced using this

diagram appears as depicted in the Visual Knit Diagram shown in FIG. 8B. Here, a pattern of

hydrophobic regions (seen here as white lines) alternating with hydrophilic regions (seen here as

shaded lines) is shown. In contrast, the outer surface A of the fabric (the visible surface of the

outer layer) only has a hydrophobic region. The cross-section of a fabric produced using this

diagram is shown in the Vertical Cross-Section shown in FIG. 8C, which shows that the outer A

layer (and by extension the outer surface) is hydrophobic, while the inner B layer has an

alternating pattern of hydrophobic and hydrophilic regions.



[0096] In some embodiments, a method of making a fabric includes: (a) weaving hydrophilic and

hydrophobic yarns together to form a pattern with interspersed hydrophilic and hydrophobic

regions; and (b) applying a hydrophobic coating to an outer surface of the woven fabric. Thus, a

fabric is produced which comprises an outer layer comprising hydrophobic material and an inner

layer comprising a hydrophobic region interspersed with hydrophilic regions. Weave patterns can

include, without limitation, a simple plain weave or a complicated jacquard weave. An example

of a weave pattern is depicted in FIG. 9, which illustrates a fabric section 900 with a weave

pattern of interspersed hydrophilic yarns 902 and hydrophobic yarns 904. In some embodiments,

an automated weaving machine can be used to weave the fabric. Automated weaving machines

can include, without limitation, rapier, jacquard, shuttle, projectile, water jet, and air jet. In some

embodiments, a hand loom can be used to weave the fabric.

[0097] In some embodiments, a method of making a fabric includes: (a) providing a hydrophobic

material; (b) providing a fabric comprising an inner surface comprising one or more first regions

comprising a hydrophobic material and one or more second regions comprising a hydrophilic

material, wherein the one or more first regions and the one or more second regions are different;

and (c) affixing the hydrophobic material to the fabric. Thus, a fabric is produced comprising an

outer surface comprising a hydrophobic material and an inner surface comprising one or more

first regions comprising a hydrophobic material and one or more second regions comprising a

hydrophilic material. Any of the patterns, outer surfaces, inner surfaces and regions thereof,

affixtures, and materials described supra can be used. For example, the hydrophobic material can

be affixed to the fabric by one or more of: stitching, bonding, adhesion, lamination, or a

combination thereof.

[0098] In some embodiments, a method of making a fabric includes: (a) providing a hydrophobic

material and a hydrophilic material; (b) providing a fabric comprising an inner surface

comprising one or more first regions comprising a hydrophobic material and one or more second

regions comprising a hydrophilic material, wherein the one or more first regions and the one or

more second regions are different; (c) affixing the hydrophobic material to the hydrophilic

material; and (d) affixing the hydrophilic material to the fabric. Thus, a fabric is produced

comprising an outer surface comprising a hydrophobic material and an inner surface comprising

one or more first regions comprising a hydrophobic material and one or more second regions

comprising a hydrophilic material. Any of the patterns, outer surfaces, inner surfaces and regions



thereof, affixtures, and materials described supra can be used. For example, the hydrophobic

material and/or hydrophilic materials can be affixed by one or more of: stitching, bonding,

adhesion, lamination, or a combination thereof.

EXAMPLES

[0099] The present disclosure will be more fully understood by reference to the following

example. It should not, however, be construed as limiting the scope of the present disclosure. It is

understood that the examples and embodiments described herein are for illustrative purposes only

and that various modifications or changes in light thereof will be suggested to persons skilled in

the art and are to be included within the spirit and purview of this application and scope of the

appended claims.

Example 1: Moisture control behavior comparison

[0100] Various patterns were examined for their moisture control properties, as shown in FIGS.

10A-10G. All six patterned samples (for experimental patterns, see FIGS. 10A-10F) had

partially hydrophobic inner surfaces, completely hydrophobic outer surfaces, and identical

hydrophilic surface areas (samples were 10 cm by 10 cm cut from 100% polyester interlock,

machine screen-printed with a high viscosity hydrophobic ink using an 160 mesh size screen on

the inner and outer surfaces to pattern a 50 cm2 inner surface area). Three patterns (FIGS. 10A-

10C) were designed to have isolated hydrophilic areas, while the other three patterns (FIGS.

10D-10F) were designed to have connected hydrophilic areas that allowed moisture to move over

the whole hydrophilic surface area of the pattern. The control pattern sample (see FIG. 10G) had

a completely hydrophilic inner surface and a completely hydrophobic outer surface {see, e.g.,

Schoeller 3XDry® technology; sample was 10 cm by 10 cm cut from 100% polyester interlock,

machine screen-printed with a high viscosity hydrophobic ink using an 160 mesh size screen on

the outer surface to pattern a 100cm2 inner surface area). Some patterns (FIGS. 10D-10F)

showed improved moisture control properties as compared to other patterns (FIGS. lOA-lOC) or

a control pattern (FIG. 10G), as demonstrated below.

[0101] The samples were evaluated using two dry time testing protocols: 1) maximum saturation,

and 2) under- saturation with a fixed volume. For both protocols, the samples were attached to a

wire mesh frame and placed vertically to simulate the vertical drying environment of a garment

on a body. Samples were initially weighed dry, and then weighed after water exposure. These two



measurements were used to calculate wet pick up (WPU), which is the ratio of the weight of the

water picked up to the initial weight of the dry fabric. Periodic measurements were taken as the

samples dried until the samples reached their initial dry weight, and these measurements were

used to calculate total dry time. Initial WPU and total dry time were measured and calculated for

each sample.

[0102] For the maximum saturation protocol, all samples were submerged in distilled water for 5

minutes to achieve complete saturation. Then the samples were removed from the water and hung

vertically for 1 minute to allow excess water to drain. At 1 minute, the weight of each sample was

recorded, and this measurement was used to calculate initial WPU. Further weight measurements

were taken as the samples dried in an average environment of 45% relative humidity and 21.8°C,

and these measurements were used in recording and calculating total dry time.

[0103] FIGS. 11 & 12 demonstrate the improved moisture control behavior of some exemplary

patterns on the inner surface of an exemplary fabric as disclosed herein. The results from the

maximum saturation protocol showed that hydrophobic regions on the inner surface tend to

reduce the dry time of the fabric, and that pattern type affects the dry time of the fabric. FIG. 11

shows the Maximum Saturation Test Results where the average drying times K in minutes for the

patterned samples L (for patterns, see FIGS. 10A-10F, Control C) ranged from 68.7±10.5

minutes (sample pattern shown in FIG. 10F) to 111.0±12.3 minutes (sample pattern shown in

FIG.10C), and most patterned samples dried faster than the control pattern sample (control

pattern shown in FIG. 10G), which took an average of 101.5±9.0 minutes to dry. Those samples

with patterns designed to have isolated hydrophilic areas (sample patterns shown in FIGS.10A-

10C) showed a correlation between the pattern design and initial wet pick up WPU, which

affected the dry time K . For example, the average WPU of the sample with pattern A, which had

large isolated hydrophilic areas (sample pattern shown in FIG.10A), was 61.5%, whereas the

average WPU of the sample with pattern C, which had small isolated hydrophilic areas (sample

pattern shown in FIG. IOC), was 81.5%. This higher average WPU correlated with a longer

drying time K, and the sample with pattern IOC (sample pattern shown in FIG. IOC) was the only

one of the six patterned samples to have a longer dry time (9.38% longer dry time, 27.1% lower

initial WPU) than the control pattern sample (control pattern shown in FIG. 10G). Those samples

with patterns designed to have connected hydrophilic areas (sample patterns shown in FIGS.

10D-10F) showed lower initial WPU and faster dry times K than the samples with patterns



designed to have isolated hydrophilic areas (sample patterns shown in FIGS. lOA-lOC). The

sample with pattern 10F (sample pattern shown in FIG. 10F) dried the fastest; it was 14.8% faster

to dry than the sample with pattern 10D (sample pattern shown in FIG. 10D) with only 2.5% less

initial WPU. In comparison to the control pattern sample (sample pattern shown in FIG. 10G),

the sample with pattern 10F (sample pattern shown in FIG. 10F) dried 32.8 minutes (32.3%)

faster.

[0104] These results suggest that isolated hydrophilic areas are able to reduce drying times when

they are larger, as in patterns 10A and 10B (shown in FIGS. 10A & 10B), but are not effective in

reducing drying time when isolated hydrophilic areas are small, as in pattern IOC (shown in FIG.

IOC). These results also indicate that connected hydrophilic areas (shown in FIGS. 10D-10F)

help to reduce the dry times of the fabrics at the same wet pick up. Overall, the results show that

patterning inner surfaces with hydrophilic areas is advantageous in reducing drying time.

[0105] For the under- saturation protocol the Under Saturation Dry Time Results are shown in

FIG 12, 7 droplets (0.23 mL) of water were placed on the center of the inner surface of samples

with patterns 10D - 10F (sample patterns shown in FIGS. 10D-10F) and the control pattern

sample M (control pattern shown in FIG. 10G) by pipet. The samples were left horizontal for 1

minute, after which they were weighed, and this measurement was used to calculate initial WPU.

Then the samples were hung vertically, measurements were taken periodically from 1 minute

until the samples returned to their initial dry weight, and these measurements were used in

recording and calculating total dry time.

[0106] The results from the under- saturation protocol showed that at low saturation levels, an

increased number of connected hydrophilic areas made the drying rate faster (see FIG. 12). The

average drying times K (in minutes) for the patterned samples (sample patterns shown in FIGS.

10D-10F) ranged from 26.1 = =1.3 minutes (sample pattern shown in FIG. 10F) to 34.4±2.6

minutes (sample pattern shown in FIG.10D), and all patterned samples dried faster than the

control pattern sample (control pattern shown in FIG. 10G), which took an average of 35.0±2.3

minutes to dry. The sample with pattern 10F (sample pattern shown in FIG. 10F) dried the fastest

of the three patterned samples, and 25.4% faster than the control pattern sample (control pattern

shown in FIG. 10G). Overall, the results showed that patterning inner surfaces with connected

hydrophilic areas is advantageous in reducing drying time K .



[0107] The drying process of the sample with pattern 10F as compared to the drying process of

the control pattern sample during the under-saturation protocol was imaged over the course of 40

minutes and is shown in FIGS. 13A-13F. The initial image FIG. 13A shows the restricted area of

moisture on the sample with pattern 10F (sample pattern shown in FIG. 10F) just after droplet

application, as well as the spot on the control pattern sample (control pattern shown in FIG. 10G)

that resulted from droplet application for one (1) minute. In the following images (FIG. 13B

(results after two (2) minutes), FIG. 13C (results after three (3) minutes), FIG. 13D (results after

four (4) minutes), FIG. 13E (results after five (5) minutes), FIG. 13F (results after forty (40)

minutes), the spread of the moisture through the connected hydrophilic areas can be seen on the

sample with pattern 10F (sample pattern shown in FIG. 10F), whereas the control pattern (control

pattern shown in FIG. 10G) sample spot remains the same size. In the final image (FIG. 13F),

the sample with pattern 10F (sample pattern shown in FIG. 10F) appears dry, while the control

pattern sample (control pattern shown in FIG. 10G) remains wet. These results demonstrate that

moisture spreads further away from the source point and dries faster when a fabric is patterned

with connected hydrophilic areas.

[0108] In summary, the results demonstrate the unique properties of the improved moisture

control behavior of some exemplary patterns on the inner surface of an exemplary fabric

disclosed herein, as compared to existing fabrics. Most of the samples patterned with the

exemplary patterns disclosed herein were able to pick up less moisture initially and were able to

dry faster in the maximum saturation test than the control pattern sample. Furthermore, the

samples patterned with the exemplary patterns disclosed herein were able to dry faster than the

control pattern sample when the same amount of moisture was initially applied in the under-

saturation test. These results indicate that the application of patterned hydrophilic areas

interspersed with patterned hydrophobic areas on the inner surface of a material, in particular

when applied in a pattern wherein the hydrophilic areas are connected, results in faster drying

times and therefore improved moisture control.

Example 2 : Wear trial on human body

[0109] A wear trial was conducted by a male athlete wearing a prototype shirt 1400 (100%

cotton, single jersey knit fabric, fabric weight 150g/m2) that was treated with the improved

moisture control fabric of the present disclosure on the inside of a shirt on one side 1410. The



prototype shirt was constructed using a cotton t-shirt. First, the right sleeve of the t-shirt was

removed. Second, the outer surface of the right sleeve and the right side of the shirt were covered

by a completely hydrophobic coating to about 50% penetration. Third, the coated t-shirt and

sleeve were sent through an oven to dry the coating. Fourth, the t-shirt and the sleeve were turned

inside out and printed with a hydrophobic pattern (similar to the one depicted in FIG. 4B)

surrounded by a hydrophobic barrier (similar to hydrophobic barriers/boundaries 602 and 616

illustrated in FIGS.6A & 6B). Fifth, the printed t-shirt and sleeve were sent through an oven to

completely cure the coatings. Finally, the sleeve was sewn back onto the t-shirt, and the t-shirt

was turned right-side out again.

[01 10] In order to test the shirt, the athlete played an outdoor game of competitive basketball for

approximately 1 hour. Pictures were taken during and after the test. During the test, the fabric

performed well, maintaining a dry outer surface in the treated area 1410 (FIG.14A) while the

surface of the non-treated fabric region 1420 became wet. After the test, the shirt was removed

and turned inside out. In the treated region 1410, only the patterned hydrophilic regions 1415

were found to be wet, while the surrounding area remained dry (FIG. 14B). In the untreated

region 1420, the inside of the shirt was as wet as the outside of the shirt (FIG. 14B). These results

validate the improved moisture control properties of the fabrics disclosed herein under actual use

conditions.

[01 11] A second wear trial was conducted by a male athlete wearing a prototype shirt (100%

cotton, single jersey knit, fabric weight 150g/m2) as an undershirt under a woven cotton dress

shirt 1450. As in the first wear trial, one armpit of the undershirt is composed of a two-layer

structure of the improved moisture control fabric 1410 (as shown in FIG. 14C). The other armpit

of the undershirt was composed of the same two-layer structure made of the same fabrics, but

without the improved moisture control treatment. In order to test the undershirt, the athlete first

ran on a treadmill for 10 minutes, then walked quickly on the treadmill for 25 minutes. At the end

of the test, pictures were taken to compare the wetness at the armpits of the dress shirt. In the

treated region 1460, the armpit remained dry, whereas in the untreated region 1470, the armpit

became wet and this resulted in a clear dark mark in the armpit region of the dress shirt.

[01 12] Although the foregoing descriptions and examples have been described in some detail by

way of illustration and example for purposes of clarity of understanding, the descriptions and



examples should not be construed as limiting the scope of the present disclosure.



CLAIMS
What is claimed is:

1. A fabric, comprising:

(a) an outer surface comprising a hydrophobic material; and

(b) an inner surface comprising:

(i) one or more first regions, wherein the one or more first regions each comprise

a hydrophobic material, and

(ii) one or more second regions, wherein the one or more second regions each

comprise a hydrophilic material,

wherein the one or more first regions and the one or more second regions are different.

2 . The fabric of claim 1, wherein at least one of the one or more second regions is surrounded

by at least one of the one or more first regions.

3 . The fabric of claim 2, wherein each of the one or more second regions is surrounded by one

or more of the one or more first regions.

4 . The fabric of any one of claims 1-3, wherein the one or more second regions are adjacent to

the one or more first regions.

5 . The fabric of any one of claims 1-4, wherein the one or more second regions are patterned in

a geometric pattern or logo.

6 . The fabric of any one of claims 1-5, wherein the one or more second regions form a plurality

of repeated shapes surrounded by the one or more first regions.

7 . The fabric of any one of claims 1-5, wherein the one or more second regions form a lattice.

8 . The fabric of claim 1, wherein at least one of the one or more first regions is surrounded by

at least one of the one or more second regions.

9 . The fabric of claim 8, wherein each of the one or more first regions is surrounded by the one

or more of the one or more second regions.

10. The fabric of any one of claims 1 and 8-9, wherein the one or more first regions are adjacent

to the one or more second regions.

11 . The fabric of any one of claims 1 and 8-10, wherein the one or more first regions are



patterned in a geometric pattern or logo.

12. The fabric of any one of claims 1 and 8-1 1, wherein the one or more first regions are a

plurality of repeated shapes surrounded by the one or more second regions.

13. The fabric of any one of claims 1 and 8-1 1, wherein the one or more first regions form a

lattice.

14. The fabric of any one of claims 1-13, wherein the outer surface does not comprise the

hydrophilic material of the one or more second regions.

15. The fabric of any one of claims 1-14, wherein a collective surface area of the one or more

first regions and a collective surface area of the one or more second regions are substantially

equivalent.

16. The fabric of any one of claims 1-14, wherein the proportion of the collective surface area of

the one or more second regions to the surface area of the entire fabric is about 40% to about

95%.

17. The fabric of any one of claims 1-16, further comprising an intermediate layer, wherein the

intermediate layer is between the outer surface and the inner surface and affixed to one or

both of the outer surface and the inner surface.

18. The fabric of claim 17, wherein the intermediate layer comprises a hydrophobic material.

19. The fabric of claim 17, wherein the intermediate layer comprises a hydrophilic material.

20. The fabric of any one of claims 1-16, wherein at least a portion of the hydrophobic material

of the inner surface is in contact with at least a portion of the hydrophobic material of the

outer surface.

21. The fabric of any one of claims 1-20, wherein the inner surface is interconnected with or

affixed to the outer surface.

22. The fabric of claim 21, wherein the inner surface is affixed to the outer surface by stitching,

bonding, adhesion, lamination, or a combination thereof.

23. The fabric of any one of claims 1-22, wherein the hydrophilic material of the second region

comprises 5% to 95% of the total thickness of the fabric.



24. The fabric of any one of claims 1-23, wherein the one or more second regions comprise 15%

to 85% of the inner surface.

25. The fabric of any one of claims 1-24, wherein the hydrophobic material of the outer surface

resists a hydrostatic pressure of about 150pa to about 3kpa.

26. The fabric of any one of claims 1-25, wherein the hydrophobic material of the one or more

first regions resists a hydrostatic pressure of about 150pa to about 3kpa.

27. The fabric of any one of claims 1-26, wherein the hydrophobic materials of the outer surface

and the one or more first regions are different.

28. The fabric of any one of claims 1-26, wherein the hydrophobic materials of the outer surface

and the one or more first regions are the same.

29. The fabric of any one of claims 1-28, wherein at least one of the hydrophobic material of the

outer surface and the hydrophobic material of the one or more first regions comprises a

hydrophobic textile.

30. The fabric of claim 29, wherein the hydrophobic textile is natural fiber, a synthetic fiber, or a

blend thereof.

31. The fabric of claim 30, wherein the hydrophobic textile is selected from the group consisting

of polypropylene, polydimethylsiloxane, a fluoropolymer, olefin, or a blend thereof.

32. The fabric of any one of claims 1-28, wherein at least one of the hydrophobic material of the

outer surface and the hydrophobic material of the one or more first regions comprises a

porous material with a hydrophobic coating.

33. The fabric of claim 32, wherein the hydrophobic coating comprises fluoropolymer, silicone,

hydrosilicone, fluoroacrylate, or wax.

34. The fabric of claim 32 or claim 33, wherein the porous material is a textile, foam, polymer,

or mesh.

35. The fabric of claim 34, wherein the textile is a natural fiber, a synthetic fiber, or a blend

thereof.

36. The fabric of claim 35, wherein the textile is selected from the group consisting of cotton,

hemp, rayon, coconut fiber, cellulose, wool, silk, bamboo, polyurethane, polypropylene,



polyethylene, glass, acetate, polyester, nylon, lyocell, modal, poly-paraphenylene

terephthal amide, elastin fiber, and any blend thereof.

37. The fabric of any one of claims 1-36, wherein the hydrophilic material of the one or more

second regions comprises a hydrophilic textile.

38. The fabric of claim 37, wherein the hydrophilic textile is a natural fiber, a synthetic fiber, or a

blend thereof.

39. The fabric of claim 38, wherein the hydrophilic textile is selected from the group consisting

of cotton, rayon, coconut fiber, cellulose, silk, bamboo, and any blend thereof.

40. The fabric of any one of claims 1-39, wherein the hydrophilic material of the one or more

second regions comprises a porous material with a hydrophilic coating.

4 1. The fabric of claim 40, wherein the hydrophilic coating comprises hydrophilic silicone.

42. The fabric of claim 40 or claim 41, wherein the porous material is a textile.

43. The fabric of claim 42, wherein the textile is a natural fiber, a synthetic fiber, or a blend

thereof.

44. The fabric of claim 43, wherein the textile is selected from the group consisting of cotton,

hemp, rayon, coconut fiber, cellulose, wool, silk, bamboo, polyurethane, polypropylene,

polyethylene, glass, acetate, polyester, nylon, lyocell, modal, poly-paraphenylene

terephthal amide, elastin fiber, and any blend thereof.

45. The fabric of any one of claims 1-44, wherein the fabric is a component of bedding,

footwear, seat cover, outdoor gear, upholstery, or an accessory.

46. A garment comprising the fabric of any one of claims 1-44, wherein the inner layer is

configured to face the skin of a wearer of the garment.

47. The garment of claim 46, wherein the garment is a coat, a dress, a skirt, a sports bra,

undergarment, pant, short, or sock.

48. The garment of claim 46, wherein the garment is a shirt.

49. The garment of claim 48, wherein the fabric is localized to one or more of an underarm area,

a mid-back area, a lower-back area, a front chest area, a stomach area, and a shoulder area of



the garment.

50. The garment of claim 48, wherein the one or more second regions form an interconnected

lattice.

51. The garment of claim 48, wherein the one or more first regions form an interconnected

lattice.

52. The garment of claim 48, wherein the fabric is localized to the mid-back area and to the

lower-back area of the garment.

53. The garment of claim 48, wherein the fabric is surrounded by a hydrophobic material of the

garment.

54. A method of making a fabric, the method comprising:

(a) providing a hydrophilic material comprising an outer and an inner surface, the

inner surface comprising one or more first regions and one or more second

regions;

(b) screen printing a first hydrophobic material onto one or more first regions of the

inner surface; and

(c) screen printing a second hydrophobic material onto the outer surface to cover the

outer surface;

thereby making a fabric comprising an outer surface comprising the second

hydrophobic material, and an inner surface comprising one or more first regions

comprising the first hydrophobic material, and one or more second regions

comprising the hydrophilic material, wherein the one or more first regions and the

one or more second regions are different.

55. A method of making a fabric, the method comprising:

(a) providing a hydrophilic material comprising an outer and an inner surface, the

inner surface comprising one or more first regions and one or more second

regions;

(b) screen printing a first hydrophobic material onto one or more first regions of the

outer surface such that the first hydrophobic material penetrates through the

hydrophilic material to generate an inner surface comprising one or more first



regions comprising the first hydrophobic material and one or more second regions

comprising the hydrophilic material; and

(c) screen printing a second hydrophobic material onto the outer surface such that the

second hydrophobic material penetrates through the hydrophilic material to

generate an outer surface comprising the second hydrophobic material,

thereby making a fabric comprising an outer surface comprising the second

hydrophobic material, and an inner surface comprising one or more first regions

comprising the first hydrophobic material, and one or more second regions

comprising the hydrophilic material, wherein the one or more first regions and the

one or more second regions are different.

56. The method of claim 54 or claim 55, wherein the first and the second hydrophobic materials

of the outer and inner surfaces contact each other.

57. The method of any one of claims 54-56, wherein the outer surface comprises about 50% of

the total thickness of the fabric, and wherein the inner surface comprises about 50% of the

total thickness of the fabric.

58. The method of any one of claims 54-56, wherein the ratio of the thickness of the outer

surface to the thickness of the inner surface is between about 0 .1to about 10.

59. The method of any one of claims 54-58, wherein the first and the second hydrophobic

materials are the same.

60. The method of any one of claims 54-58, wherein the first and the second hydrophobic

materials are different.

6 1. A method of making a fabric, the method comprising:

(a) providing a first, a second, and a third hydrophilic material, wherein each of the

first, second, and third hydrophilic materials comprises an outer and an inner

surface, the inner surface comprising one or more first regions and one or more

second regions;

(b) screen printing a hydrophobic material onto the outer surface of the first

hydrophilic material to cover the outer surface;

(c) screen printing a hydrophobic material onto one or more first regions of the inner



surface of the second hydrophilic material,

(d) affixing the inner surface of the first hydrophilic material to the third hydrophilic

material; and

(e) affixing the outer surface of the second hydrophilic material to the third

hydrophilic material;

thereby making a fabric with three layers comprising an outer surface comprising a

hydrophobic material, a middle hydrophilic layer, and an inner surface comprising

one or more first regions comprising a hydrophobic material and one or more

second regions comprising a hydrophilic material, wherein the one or more first

regions and the one or more second regions are different.

62. The method of claim 61, wherein the first hydrophilic material, the second hydrophilic

material, and the third hydrophilic material comprise the same material.

63. The method of claim 61, wherein the first hydrophilic material, the second hydrophilic

material, and the third hydrophilic material comprise different hydrophilic materials.

64. The method of any one of claims 61-63, wherein the first hydrophilic material comprises

about 30% to about 45% of the total thickness of the fabric, wherein the second hydrophilic

material comprises about 30% to about 45% of the total thickness of the fabric, and wherein

the third hydrophilic material comprises about 10% to about 40% of the total thickness of the

fabric.

65. The method of any one of claims 61-63, wherein the ratio of the thickness of the first

hydrophilic material to the thickness of the second hydrophilic material is between about 0.1

to about 10, and wherein the ratio of the thickness of the second hydrophilic material to the

thickness of the third hydrophilic material is between about 1 to about 5 .

66. The method of any one of claims 61-65, wherein the first and third hydrophilic materials and

the second and third hydrophilic materials are affixed by stitching, bonding, adhesion,

lamination, or a combination thereof.

67. The method of any one of claims 61-66, wherein the hydrophobic materials in (b) and (c) are

the same.

68. The method of any one of claims 61-66, wherein the hydrophobic materials in (b) and (c) are



different.

69. The method of any one of claims 54-68, wherein a collective surface area of the one or more

first regions and a collective surface area of the one or more second regions are substantially

equivalent.

70. A method of making a fabric, the method comprising:

(a) providing a hydrophobic material comprising an outer and an inner surface, the

inner surface comprising one or more first regions and one or more second

regions; and

(b) screen printing a hydrophilic material onto one or more first regions of the inner

surface, thereby making a fabric comprising an outer surface comprising a

hydrophobic material, and an inner surface comprising one or more first regions

comprising a hydrophobic material, and one or more second regions comprising a

hydrophilic material, wherein the one or more first regions and the one or more

second regions are different.

71. The method of claim 70, wherein the outer surface comprises about 50% of the total

thickness of the fabric, and wherein the inner surface comprises about 50% of the total

thickness of the fabric.

72. The method of claim 70, wherein the ratio of the thickness of the outer surface to the

thickness of the inner surface is between about 0.1 to about 10.

73 . A method of making a fabric, the method comprising:

(a) providing a first hydrophobic material, a second hydrophobic material, and a first

hydrophilic material, wherein the first and second hydrophobic materials and the

first hydrophilic material each comprise an outer and an inner surface, the inner

surface comprising one or more first regions and one or more second regions;

(b) screen printing a second hydrophilic material onto one or more first regions of the

inner surface of the second hydrophobic material,

(c) affixing the first hydrophilic material to the outer surface of the second

hydrophobic material; and

(d) affixing the first hydrophilic material to the first hydrophobic material;

thereby making a fabric with three layers comprising an outer surface comprising a



hydrophobic material, a middle hydrophilic layer, and an inner surface comprising

one or more first regions comprising a hydrophobic material and one or more

second regions comprising a hydrophilic material, wherein the one or more first

regions and the one or more second regions are different.

74. The method of claim 73, wherein the first hydrophilic material and the second hydrophobic

material and the first hydrophilic material and the first hydrophobic material are affixed by

stitching, bonding, adhesion, lamination, or a combination thereof.

75. The method of claim 74 or claim 74, wherein the first hydrophobic material comprises about

30% to about 45% of the total thickness of the fabric, wherein the middle hydrophilic layer

comprises about 10% to about 40% of the total thickness of the fabric, and wherein the third

hydrophobic material comprises about 30% to about 45% of the total thickness of the fabric.

76. The method of claim 74 or claim 74, wherein the ratio of the thickness of the first

hydrophobic material to the thickness of the second hydrophobic material is between about

0.1 to about 10, and wherein the ratio of the thickness of the second hydrophobic material to

the thickness of the first hydrophilic material is between about 1 to about 5 .

77. The method of any one of claims 70-76, wherein a collective surface area of the one or more

first regions and a collective surface area of the one or more second regions are substantially

equivalent.

78. A method of making a fabric, the method comprising:

(a) providing a material comprising an outer and an inner surface;

(b) screen printing a hydrophobic material onto one or more first regions of the inner

surface;

(c) screen printing a hydrophilic material onto one or more second regions of the inner

surface, wherein the one or more first regions and the one or more second regions

are different; and

(d) screen printing a hydrophobic material onto the outer surface,

thereby making a fabric comprising an outer surface comprising a hydrophobic

material, and comprising an inner surface comprising one or more first regions

comprising a hydrophobic material, and one or more second regions comprising a

hydrophilic material.



79. The method of claim 78, wherein the hydrophobic materials of the outer and inner surfaces

contact each other.

80. The method of claim 79 or claim 79, wherein the outer surface comprises about 50% of the

total thickness of the fabric, and wherein the inner surface comprises about 50% of the total

thickness of the fabric.

81. The method of claim 79 or claim 79, wherein the ratio of the thickness of the outer surface to

the thickness of the inner surface is between about 0.1 to about 10.

82. A method of making a fabric, the method comprising:

(a) providing a first material, a second material, and a hydrophilic material, wherein

each of the first and second materials and the hydrophilic material comprise an

inner and an outer surface, the inner surface of the second material having one or

more first regions and one ore more second regions;

(b) screen printing a hydrophobic material onto one or more first regions of the inner

surface of the second material;

(c) screen printing a hydrophilic material onto one or more second regions of the inner

surface of the second material, wherein the one or more first regions and the one or

more second regions are different;

(d) screen printing a hydrophobic material onto the outer surface of the first material,

(e) affixing the hydrophilic material to the inner surface of the first material; and

(f) affixing the hydrophilic material to the outer surface of the second material;

thereby making a fabric with three layers comprising an outer surface comprising a

hydrophobic material, a middle hydrophilic layer, and an inner surface comprising

one or more first regions comprising a hydrophobic material, and one or more

second regions comprising a hydrophilic material, wherein the one or more first

regions and the one or more second regions are different.

83. The method of claim 82, wherein the hydrophobic materials in (b) and (d) comprise the same

material.

84. The method of claim 82, wherein the hydrophobic materials in (b) and (d) comprise different

materials.



85. The method of any one of claims 82-84, wherein the first material comprises about 30% to

about 45% of the total thickness of the fabric, wherein the hydrophilic material comprises

about 10% to about 40% of the total thickness of the fabric, and wherein the second material

comprises about 30%> to about 45% of the total thickness of the fabric.

86. The method of any one of claims 82-84, wherein the ratio of the thickness of the first

material to the thickness of the second material is between about 0.1 to about 10, and wherein

the ratio of the thickness of the second material to the thickness of the hydrophilic material is

between about 1 to about 5 .

87. The method of any one of claims 82-86, wherein the first and hydrophilic materials and the

second and hydrophilic materials are affixed by stitching, bonding, adhesion, lamination, or a

combination thereof.

88. The method of any one of claims 78-87, wherein a collective surface area of the one or more

first regions and a collective surface area of the one or more second regions are substantially

equivalent.

89. A method of making a fabric, the method comprising;

(a) knitting an outer layer of the fabric using a hydrophobic yarn;

(b) knitting a first region of an inner layer of the fabric using a hydrophilic yarn; and

(c) knitting a second region of the inner layer of the fabric using a hydrophobic yarn;

thereby making a fabric comprising an outer surface comprising a hydrophobic

material,

and an inner surface comprising one or more first regions comprising a hydrophobic

material, and one or more second regions comprising a hydrophilic material, wherein

the one or more first regions and the one or more second regions are different.

90. The method of claim 89, wherein the knitting of one or more of (a), (b), and (c) is warp

knitting.

91. The method of claim 89, wherein the knitting of one or more of (a), (b), and (c) is weft

knitting.

92. The method of any one of claims 89-91, wherein the inner layer and the outer layer are

connected using a hydrophobic tie-in yarn.



93. The method of claim 92, wherein the inner layer is connected to the outer layer across their

entire surfaces.

94. The method of claim 92, wherein the inner layer is connected to the outer layer with

individual loops at one or more discrete points.

95. The method of claim 94, wherein the one or more discrete points are at one or more edges of

the fabric.

96. The method of claim 89, wherein a double needle circular knitting machine is used to knit a

multi-layered structure,

wherein the outer layer is knit on the dial using hydrophobic yarns; wherein the inner

layer is knit on the cylinder;

wherein each course of the inner layer uses either hydrophobic or hydrophilic yarns;

wherein the courses of the inner layer alternate hydrophobic and hydrophilic yarns to

produce a pattern; and

wherein a hydrophobic tie-in yarn is used to connect the inner and outer fabric layers.

97. The method of any one of claims 89-96, wherein the first region of the inner layer and the

second region of the inner layer of the fabric are knitted in alternating fashion.

98. A method of making a fabric, the method comprising:

(a) weaving hydrophilic and hydrophobic yarns together to form a pattern with

interspersed hydrophilic and hydrophobic regions; and

(b) applying a hydrophobic coating to an outer surface of the woven pattern,

thereby making a fabric comprising an outer layer comprising a hydrophobic material

and an inner layer comprising a hydrophobic region interspersed with hydrophilic

regions.

99. A method of making a fabric, the method comprising:

(a) providing a hydrophobic material;

(b) providing a fabric comprising an inner surface comprising one or more first

regions comprising a hydrophobic material and one or more second regions

comprising a hydrophilic material, wherein the one or more first regions and the

one or more second regions are different; and affixing the hydrophobic material to



the fabric,

thereby making a fabric comprising an outer surface comprising a hydrophobic

material, and an inner surface comprising one or more first regions comprising a

hydrophobic material and one or more second regions comprising a hydrophilic

material.

100. The method of claim 99, wherein the hydrophobic material is affixed to the fabric by

stitching, bonding, adhesion, lamination, or a combination thereof.

101. A method of making a fabric, the method comprising:

(a) providing a hydrophobic material and a hydrophilic material;

(b) providing a fabric comprising an inner surface comprising one or more first

regions comprising a hydrophobic material and one or more second regions

comprising a hydrophilic material, wherein the one or more first regions and the

one or more second regions are different;

(c) affixing the hydrophobic material to the hydrophilic material; and

(e) affixing the hydrophilic material to the fabric;

thereby making a fabric comprising an outer surface comprising a hydrophobic

material, and an inner surface comprising one or more first regions comprising a

hydrophobic material and one or more second regions comprising a hydrophilic

material.

102. The method of claim 101, wherein the hydrophobic material and the fabric and the

hydrophilic material and the fabric are affixed by stitching, bonding, adhesion, lamination, or

a combination thereof.

103. The method of any one of claims 54-102, wherein the hydrophobic material of the outer

surface, the hydrophobic material of the one or more first regions, or both comprises a

hydrophobic textile.

104. The method of claim 103, wherein the hydrophobic textile is natural fiber, a synthetic fiber,

or a blend thereof.

105. The method of claim 104, wherein the hydrophobic textile is selected from the group

consisting of polypropylene, polydimethylsiloxane, a fluoropolymer, olefin, or a blend



thereof.

106. The method of any one of claims 54-102, wherein the hydrophobic material of the outer

surface, the hydrophobic material of the one or more first regions, or both comprises a porous

material with a hydrophobic coating.

107. The method of claim 106, wherein the hydrophobic coating comprises fluoropolymer,

silicone, hydrosilicone, fluoroacrylate, or wax.

108. The method of claim 106 or claim 107, wherein the porous material is a textile, foam,

polymer, or mesh.

109. The method of claim 108, wherein the textile is a natural fiber, a synthetic fiber, or a blend

thereof.

110. The method of claim 109, wherein the textile is selected from the group consisting of cotton,

hemp, rayon, coconut fiber, cellulose, wool, silk, bamboo, polyurethane, polypropylene,

polyethylene, glass, acetate, polyester, nylon, lyocell, modal, poly-paraphenylene

terephthal amide, elastin fiber, and any blend thereof.

111 .The method of any one of claims 54-1 10, wherein the hydrophilic material of the one or

more second regions comprises a hydrophilic textile.

112. The method of claim 111, wherein the hydrophilic textile is a natural fiber, a synthetic fiber,

or a blend thereof.

113. The method of claim 112, wherein the hydrophilic textile is selected from the group

consisting of cotton, rayon, coconut fiber, cellulose, silk, bamboo, and any blend thereof.

114. The method of any one of claims 54-1 10, wherein the hydrophilic material of the one or

more second regions comprises a porous material with a hydrophilic coating.

115. The method of claim 114, wherein the hydrophilic coating comprises hydrophilic silicone.

116. The method of claim 114 or claim 115, wherein the porous material is a textile.

117 .The method of claim 116, wherein the textile is a natural fiber, a synthetic fiber, or a blend

thereof.

118. The method of claim 117, wherein the textile is selected from the group consisting of cotton,



hemp, rayon, coconut fiber, cellulose, wool, silk, bamboo, polyurethane, polypropylene,

polyethylene, glass, acetate, polyester, nylon, lyocell, modal, poly-paraphenylene

terephthal amide, elastin fiber, and any blend thereof.

119. The method of any one of claims 54-1 18, wherein the fabric is a component of bedding,

footwear, a seat cover, outdoor gear, upholstery, or accessory.

120. A fabric made by the method of any one of claims 54-102.

121. A garment comprising the fabric of claim 120, wherein the inner layer is configured to face

the skin of a wearer of the garment.

122. The garment of claim 121, wherein the garment is a sports bra, undergarment, shirt,

undershirt, coat, dress, skirt, pant, short, or sock.























































INTERNATIONALSEARCH REPORT International application No.

PCT/US 18/58462

A . CLASSIFICATION O F SUBJECT MATTER

IPC - B32B 5/02, 5/04, 5/08, 5/26, 7/08, 7/1 2 , 7/74, 15/02, 15/14, 37/00, 37/1 2 (201 8.01 )
CPC -

A41 D 13/002, 13/001 5 , 3 1/01 1

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

See Search History document

C. DOCUMENTS CONSIDERED T O BE RELEVANT

Category* Citation of document, with indication, where appropriate, o f the relevant passages Relevant to claim No.

US 2014/0109282 A 1 (UNDER ARMOUR, INC.) 24 April 2014; figure 1; paragraph [0007], 1, 4/1 , 8-10
[001 1]

2-3, 4/2-4/3, 54-56

US 8,034,990 B2 (BERLAND, C , e t al.) 11 October 201 1; column 7 , lines 13-20 2-3, 4/2-4/3

WO 2017/035599 A2 (DEAKIN UNIVERSITY, et al.) 9 March 2017; paragraph [040], [099]; 54-56
figure 2A

WO 2017/1 17432 A 1 (ATACAMA, INC.) 6 July 2017; entire document 1-4, 8-10, 54-56

I I Further documents are listed in the continuation of Box C. | | See patent family annex.

Special categories of cited documents: "V later document published after the international filing date or priority
document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
document published prior to the international filing date but later than "&" document member of the same patent family
the priority date claimed

Date of the actual completion o f the international search Date of mailing of the international search report

10 December 2018 (10.12.2018) 0 5 MAR 2 19
Name and mailing address of the ISA/ Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 18/58462

Box No. I I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. 1 I Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

Claims Nos.: 5-7, 11=53, 57-60
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6 .4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1 . In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-4, 8-10, 54-56 are directed toward a method of making a fabric, the method comprising: (a) providing a hydrophilic
material, screen printing a first hydrophobic material onto one or more first regions of the inner surface such that the first hydrophobic
material penetrates through the hydrophilic material.
Group II: Claims 61-65 are directed toward a method of making a fabric, the method comprising: (a) providing a first, a second, and a
third hydrophilic material, screen printing a hydrophobic material onto the outer surface of the first hydrophilic material to cover the outer
surface.
Group III: Claims 70-72 are directed toward a method of making a fabric, the method comprising: (a) providing a hydrophobic material,
and screen printing a hydrophilic material onto one or more first regions of the inner surface.
-***-See Supplemental Page-*"-

□ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

□ As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment o f
additional fees.

□ As only some o f the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-4, 8-10, 54-56

Remark on Protest I I The additional search fees were accompanied by the applicant's protest and, where applicable, the

□ payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest

□ fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment o f additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT
International application No.

Information on patent family members
PCT/US1 8/58462

-""-Continued from Box III: Observations where unity of invention is lacking-"*-
Group IV: Claims 73-76 are directed toward a method of making a fabric, the method comprising: (a) providing a first hydrophobic
material, a second hydrophobic material, and a first hydrophilic material, screen printing a second hydrophilic material onto one or more
first regions of the inner surface of the second hydrophobic material.
Group V: Claims 78-81 are directed toward a method of making a fabric, the method comprising screen printing a hydrophobic material
onto one or more first regions of the inner surface; screen printing a hydrophilic material onto one or more second regions of the inner
surface.
Group VI: Claims 82-86 are directed toward a method of making a fabric, the method comprising: providing a first material, a second
material, and a hydrophilic material, screen printing a hydrophobic material onto one or more first regions of the inner surface of the
second material; screen printing a hydrophilic material onto one or more second regions of the inner surface of the second material.
Group VII: Claims 89-96 are directed toward a method of making a fabric, the method comprising; (a) knitting an outer layer of the fabric
using a hydrophobic yarn.
Group VIII: Claim 98 is directed toward a method of making a fabric, the method comprising: (a) weaving hydrophilic and hydrophobic
yams together to form a pattern with interspersed hydrophilic and hydrophobic regions.
Group IX: Claims 99-100 are directed toward a method of making a fabric, the method comprising: (a) providing a hydrophobic material;
(b) providing a fabric and affixing the hydrophobic material to the fabric.
Group X: Claims 101-102 are directed toward a method of making a fabric, the method comprising: providing a fabric comprising an
inner surface comprising one or more first regions comprising a hydrophobic material and one or more second regions comprising a
hydrophilic material.

The inventions listed as Groups l-X do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons.

The special technical features of Group I include screen printing a first hydrophobic material onto one or more first regions of the inner
surface such that the first hydrophobic material penetrates through the hydrophilic material, screen printing a second hydrophobic
material onto the outer surface such that the second hydrophobic material penetrates through the hydrophilic material to generate an
outer surface comprising the second hydrophobic material (which is not present in Groups ll-X). The special technical features of Group
II include providing a first, a second, and a third hydrophilic material, wherein each of the first, second, and third hydrophilic materials
comprises an outer and an inner surface, screen printing a hydrophobic material onto the outer surface of the first hydrophilic material to
cover the outer surface; affixing the inner surface of the first hydrophilic material to the third hydrophilic material; and affixing the outer
surface of the second hydrophilic material to the third hydrophilic material (which is not present in Groups I, 1l-X). The special technical
features of Group III include providing a hydrophobic material comprising an outer and an inner surface, the inner surface comprising
one or more first regions and one or more second regions; and screen printing a hydrophilic material onto one or more first regions of the
inner surface (which is not present in Groups I, II, IV-X). The special technical features of Group IV include providing a first hydrophobic
material, a second hydrophobic material, and a first hydrophilic material, screen printing a second hydrophilic material onto one or more
first regions of the inner surface of the second hydrophobic material, affixing the first hydrophilic material to the outer surface of the
second hydrophobic material; and affixing the first hydrophilic material to the first hydrophobic material (which is not present in Groups
l-lll, V-X). The special technical features of Group V include providing a material, screen printing a hydrophobic material onto one or
more first regions of the inner surface; screen printing a hydrophilic material onto one or more second regions of the inner surface, and
screen printing a hydrophobic material onto the outer surface (which is not present in Groups l-IV, Vl-X). The special technical features
of Group VI include providing a first material, a second material, and a hydrophilic material, screen printing a hydrophobic material onto
one or more first regions of the inner surface of the second material; screen printing a hydrophilic material onto one or more second
regions of the inner surface of the second material, screen printing a hydrophobic material onto the outer surface of the first material,
affixing the hydrophilic material to the inner surface of the first material; and affixing the hydrophilic material to the outer surface of the
second material; thereby making a fabric with three layers comprising an outer surface comprising a hydrophobic material, a middle
hydrophilic layer, and an inner surface (which is not present in Groups l-V, Vll-X). The special technical features of Group VII include
knitting an outer layer of the fabric using a hydrophobic yarn; knitting a first region of an inner layer of the fabric using a hydrophilic yarn;
and knitting a second region of the inner layer of the fabric using a hydrophobic yarn (which is not present in Groups l-VI, Vlll-X). The
special technical features of Group VIII include weaving hydrophilic and hydrophobic yams together to form a partem with interspersed
hydrophilic and hydrophobic regions; and (b) applying a hydrophobic coating to an outer surface of the woven pattern (which is not
present in Groups l-VII, IX-X). The special technical features of Group IX include providing a hydrophobic material; providing a fabric
comprising an inner surface comprising one or more first regions comprising a hydrophobic material and one or more second regions
comprising a hydrophilic material and affixing the hydrophobic material to the fabric, thereby making a fabric comprising an outer surface
comprising a hydrophobic material, and an inner surface (which is not present in Groups l-VIII, X). The special technical features of
Group X include providing a hydrophobic material and a hydrophilic material; providing a fabric comprising an inner surface comprising
one or more first regions comprising a hydrophobic material and one or more second regions comprising a hydrophilic material affixing
the hydrophobic material to the hydrophilic material; and affixing the hydrophilic material to the fabric (which is not present in Groups
l-IX).

The common technical features of Groups l-X include providing a plurality of materials comprising an outer and an inner surface, the
inner surface comprising one or more first regions and one or more second regions, screen printing hydrophobic material onto a region
or surface, screen printing hydrophilic material onto a region or surface, affixing material thereby making a fabric comprising an outer
surface comprising hydrophobic material, and an inner surface comprising one or more first regions comprising the first hydrophobic
material, and one or more second regions comprising the hydrophilic material, wherein the one or more first regions and the one or more
second regions are different. These common technical features are disclosed by US 2014/0109282 A 1 to Under Armour, Inc.,
hereinafter, "Under Armour" in view of US 8,034,990 B2 to Berland, et al., hereinafter, "Berland".

-'"-Continued Within the Next Supplemental Box-*"-

Form PCT/ISA/210 (patent family annex) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 18/58462

-"'-Continued from the Previous Supplemental Box-***-

US 2014/0109282 A 1 to Under Armour, Inc., hereinafter, "Under Armour", discloses providing a material comprising an outer and an
inner surface (hydrophilic fabric with inner and outer surfaces, which must have inherently been provided; paragraph [0007]), the inner
surface comprising one or more first regions and one or more second regions (hydrophobic and hydrophilic regions extending through
the thickness of the fabric, so they are on the inner surface; paragraph [0007]), screen printing hydrophobic material onto a region or
surface (hydrophobic treatment may be a composition that may be applied using screen printer technology into a pattern of hydrophobic
regions 12 (first regions); paragraph [0014]-[0015]), affixing material thereby making a fabric comprising an outer surface comprising
hydrophobic material, and an inner surface comprising one or more first regions comprising the first hydrophobic material, and one or
more second regions comprising the hydrophilic material, wherein the one or more first regions and the one or more second regions are
different (hydrophobic treatment may be a composition (material) that may be applied (affixed) using screen printer technology into a
pattern of hydrophobic regions 12 (first regions) which are adapted for full penetration to both surfaces (from outer to inner) of the fabric,
leaving hydrophilic regions 14 (second regions) on the distal surface, which are different from regions 12, as shown; figure 1; paragraph
[0014]-[0015]). Under Armour fails to disclose providing a plurality of materials or screen printing hydrophilic material onto a region or
surface. In a second embodiment, Under Armour discloses screen printing hydrophilic material onto a region or surface (alternatively,
the screen printing treatment may be a hydrophilic composition applied in the same pattern as the hydrophobic regions; paragraph
[0016]. It would have been obvious to one of ordinary skill in the art at the time of the invention to modify Under Armour to provide
screen printing hydrophilic material onto a region or surface, as taught by the second embodiment of Under Armour, in order to provide
an alternative method to achieve the same pattern while maintaining manufacturing flexibility. US 8,034,990 B2 to Berland, et al.,
hereinafter, "Berland", discloses providing a plurality of materials (hydrophilic/hydrophobic cover sheet joined to web material layer;
column 4, lines 25-35). It would have been obvious to one of ordinary skill in the art at the time of the invention to modify Under Armour
to provide a plurality of materials, as taught by Berland, in order to provide the possibility to further tailor the permeability of regions of
the fabric.

Because the common technical features are disclosed by Under Armour in view of Berland, the inventions are not so linked as to form a
single general inventive concept. Therefore, Groups l-X lack unity.
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