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ULTRA-LIGHT NANOTECHNOLOGY BREATHABLE GOWNS
AND METHOD OF MAKING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. § 119 to U.S. provisional
patent application No. 63/203,627 filed Jul. 27, 2021, the disclosure of which is hereby

incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] This application relates generally to protective clothing materials. In
particular, various embodiments of surgical gowns or protective garments are described.
The surgical gowns or protective garments are highly breathable and can prevent
penetration by certain fluids and microbes.

BACKGROUND

[0003] Surgical gowns have been used by health care providers to ensure that
patients do not contract any infection while receiving quality care in a hospital or a surgery
center. The possibility of health care providers becoming infected with human
immunodeficiency (HIV), hepatitis B viruses (HBV), severe acute respiratory syndrome
(SARS) virus, more recently the coronavirus (COVID 19), and the threat of pathogens being
spread by biological warfare and terrorism, have resulted in much increased concern for the
safety of health care providers or emergency responders. According to the Occupational
Safety and Health Administration (OSHA), more than 5.6 million health care and public
safety workers are at potential risk of being exposed to HIV and HBV alone. This risk led
OSHA to recognize the critical nature of blood borne pathogens and to issue a mandate on
personal protective equipment (PPE) with the long-term goal of reducing the risk of
occupational exposure to blood borne diseases. PPE is defined by OSHA as “specialized
clothing or equipment worn by an employee for protection against a hazard.” Gowns,
aprons, drapes, and masks are included in this designation. PPE is considered to be
“appropriate” only if it does not permit blood or other possibly infectious materials to pass to
or reach employee's clothes, street clothes, undergarments, skin, eyes, mouth, or other
mucous membranes under normal conditions of use and during the time in which the
protective equipment will be used (CFR Part 1910.1030 Occupational Exposure to
Bioodborne Pathogens: Final Rule, Federal Register, Dec. 6, 1991). Extent and time
exposure and other conditions during usage are criteria used in determining the efficacy of
PPE for a certain task.



10

15

20

25

30

35

WO 2023/009151 PCT/US2021/051353

[0004] Healthcare workers are at risk of exposure to pathogenic microbes via contact
with bodily fluids such as blood, urine, saliva, sweat, feces, vomit, breast milk, semen, or
other carriers such as lint, sloughed skin or other viruses such as coronavirus. The use of
protective clothing such as surgical gowns, surgical hoods, isolation gowns, and coveralls
that act as a barrier to bodily fluids and other carriers can eliminate or reduce exposure, and
therefore prevent the transfer of pathogenic microbes between, e.g., patients and healthcare
workers. The use of defective or inappropriate protective clothing may result in unintended
penetration of a carrier through the clothing (e.g., strikethrough) and the subsequent ability
for microbes present in the carrier to directly contact the wearer. Depending on the
application, protective clothing may be designed to offer different levels of protection from
carriers and microbes.

[0005] Protective garments or clothing, such as surgical gowns, are generally worn
in environments such as hospitals, health-care facilities, food processing plants, accident
sites, hazardous waste sites, homes or anywhere a person may encounter pathogens,
chemicals, dusts, blood, water, smoke, or irritants. These garments are exposed to a variety
of hazards, and as a result, typically require sufficient strength to resist contaminants, water,
tears, and puncture, and yet achieve the breathability for wearer’s comfort.

[0006] Materials used to manufacture protective garments or clothing are often
designed to act as a barrier to liquids thereby providing protection from blood, water,
industrial chemicals, pathogens, irritants and the like. In this regard, some fabrics or layers
can act as a barrier to liquids while at the same time remaining "breathable" in the sense that
water vapor may pass through the fibrous layers from inside. Breathable materials are often
desired in many products such as for healthcare workers because breathable clothing helps
prevent the build-up of moisture next to the worker's body, and thus, is generally more

comfortable to wear than non-breathable clothing.

[0007] However, as the level of breathability increases the strength and the
protection of the barrier layer typically decreases. Moreover, breathable barrier layers are
often materials that have little inherent strength. They tend to be very fragile or easily
damaged by abrasion, stretching and/or tearing forces. Additionally, breathable barrier
layers are often heat sensitive and are difficult to thermally bond to other higher-strength
materials. Adhesives may be used to join breathable barrier layers with other materials.
Unfortunately, adhesives tend to be expensive, may reduce breathability, lose adhesion
when exposed to certain solvents or environments, and require heat curing that may
thermally damage sensitive films. Thus, many breathable fabrics fail to provide sufficient
barrier properties and are prone to leak when subjected to intense wear, abrasion, stretching
or other harsh conditions.
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[0008] Accordingly, there is a general need for improved protective garments or
surgical gowns. It would be desirable to provide a protective garment or surgical gown that
can prevent penetration by fluids such as microbes while being highly permeable to moisture
vapor. It would be highly desirable to provide an ultra-light breathable protective garment or
surgical gown with improved mechanical properties such as enhanced tensile strength and
tear resistance.

SUMMARY

[0009] In one aspect, embodiments of the disclosure feature a protective garment.

In general, an embodiment of the protective garment comprises a fibrous material. The
fibrous material comprises a first nonwoven layer, a second nonwoven layer, and a nanofiber
layer laminated between the first nonwoven layer and the second nonwoven layer. The
fibrous material has a mean flow pore size greater than or equal to about 0.02 micron and
less than or equal to about 0.5 microns, and breathability or water vapor transmission rate
(WVTR) greater than or equal to about 10,000 gram/m?/day and less than or equal to about
100,000 gram/m?/day.

[0010] In various embodiments of the aspect, the first nonwoven layer may comprise
a spunbond-meltblown-spunbond (SMS) nonwoven layer, and the second nonwoven layer
may comprise a spunbond-spunbond (SS) nonwoven layer, and the nanofiber layer may
comprise electrospun layer. The SMS layer may comprise polypropylene or polyester. The
SS layer may comprise polypropylene or polyester. The nanofiber layer may comprise

polyurethane or expanded polytetrafluoroethylene (ePTFE).

[0011] In various embodiments of the aspect, the air permeability of the fibrous
material is greater than or equal to 1 CFM and less than or equal to 10 CFM. The fibrous
material has a water vapor transmission rate (WVTR) of greater than or equal to 10,000
gram/m?/day. The fibrous material has a thickness ranging from 0.01 mm to 0.3 mm. The
fibrous material has a basis weight between 10 g/m?2 to 60 g/m2. The nanofiber layer has a

basis weight between 2 g/m? to 8 g/m>2.

[0012] In another aspect, embodiments of the disclosure feature a breathable fabric.
In general, an embodiment of the breathable fabric comprises a fibrous material. The fibrous
material has a mean flow pore size greater than or equal to about 0.02 micron and less than
or equal to about 0.5 microns, and an air permeability greater than or equal to about 1 CFM

and less than or equal to about 10 CFM.

[0013] In a further aspect, embodiments of the disclosure feature a method of
making a fibrous layer. In general, an embodiment of the method comprises the following
steps. A first nonwoven layer and a nanofiber layer are provided. A polyurethane reactive
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resin is applied to the first nonwoven layer in an amount of 2 to 30 g/m2. The nanofiber layer
is then laminated to the first nonwoven layer applied with the polyurethane reactive resin and

pressed to form the fibrous layer.

[0014] In various embodiments of the aspect, the polyurethane reactive resin may
comprise moisture curable 100% solids polyurethane. The polyurethane reactive resin may
be heated at a temperature of 50°C to 70°C and applied to the first nonwoven layer. The
nanofiber layer and the first nonwoven layer may be pressed using driving rollers heated at a
temperature of 80°C to 120°C. The pressing may be carried out under a pressure of about 5
bar. The fibrous layer may be cured at a temperature of 25°C to 35°C and a relative
humidity of 65% to 80% for 24 to 48 hours, and then wound.

[0015] In various embodiments of the aspect, the method may further comprise the
step of providing a second nonwoven layer, applying a polyurethane reactive resin in an
amount of 2 to 30 g/m?2 to the second nonwoven layer, and laminating the second nonwoven

layer with the nanofiber layer-first nonwoven layer laminate and pressing.

[0016] In various embodiments of the aspect, the polyurethane reactive resin may
comprise moisture curable 30% to 80% solids polyurethane in a solvent, and the method
may further comprise removing the solvent after the applying step by volatilizing at a
temperature of 40°C to 120°C.

[0017] In one embodiment, a protective clothing material comprises a fibrous
material, which comprises a spunbond-meltblown-spunbond (SMS) layer, a nanofiber layer,
and a spunbond-spunbond (SS) layer. These layers are laminated in one monolithic piece
forming a fibrous layer. The maximum pore size of the fibrous layer is less than or equal to
0.5 micron (500 nanometers (nm)). The minimum flow pore size of the fibrous layer is more
than or equal to about 0.02 micron (20 nanometers (nm)). The air permeability of the fibrous
layer is greater than or equal to about 1 CFM and less than or equal to about 10 CFM. The
breathability or water vapor transmission rate (WVTR) greater than or equal to about 10,000

gram/m?/day and less than or equal to about 100,000 gram/m?/day.

[0018] In another embodiment, a protective clothing material comprises a fibrous
material, which comprises three layers laminated into a monolithic piece: an outer or first
spunbond-meltblown-meltblown-spunbond (SMMS) layer, a middle or second nanofiber
layer, and an inner or third spunbond-spunbond (SS) layer. The first spunbond-meltblown-
meltblown-spunbond layer has a basis weight of greater than or equal to 10 gram/m? and
less than or equal to 40 gram/m?. The second nanofiber layer has a basis weight of greater
than or equal to 2 gram/m? and less than or equal to 10 gram/m?2. The third layer spunbond-
spunbond material has a basis weight of greater than or equal to 10 gram/m? and less than
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or equal to 40 gram/m?. The air permeability of the fibrous material is greater than or equal
to about 1 CFM and less than or equal to about 10 CFM. The breathability or water vapor
transmission rate (WVTR) greater than or equal to about 10,000 gram/m?/day and less than

or equal to about 100,000 gram/m?/day.

[0019] In a further embodiment, a protective clothing material comprises a fibrous
material, which comprises three layers laminated into a monolithic piece: an outer or first
spunbond-meltblown-spunbond (SMS) layer, a middle or second nanofiber layer, and an
inner or third spunbond-spunbond (SS) layer. The first spunbond-meltblown-spunbond layer
has a basis weight of greater than or equal to 10 gram/m? and less than or equal to 40
gram/m?. The second nanofiber layer has a basis weight of greater than or equal to 2
gram/m? and less than or equal to 10 gram/m?. The third spunbond-spunbond layer has a
basis weight of greater than or equal to 10 gram/m?2 and less than or equal to 40 gram/m?.
The air permeability of the fibrous material is greater than or equal to about 1 CFM and less
than or equal to about 10 CFM. The breathability or water vapor transmission rate (\WVTR)
greater than or equal to about 10,000 gram/m2/day and less than or equal to about 100,000

gram/m?/day.

[0020] In a further embodiment, a protective clothing material comprises a fibrous
material, which comprises three layers laminated into a monolithic piece: an outer or first
spunbond-spunbond (SS) layer, a middle or second nanofiber layer, and an inner or third
spunbond-spunbond (SS) layer. The first spunbond-spunbond layer has a basis weight of
greater than or equal to 10 gram/m?2 and less than or equal to 40 gram/m?2. The second
nanofiber layer has a basis weight of greater than or equal to 2 gram/m? and less than or
equal to 10 gram/m?. The third spunbond-spunbond layer has a basis weight of greater than
or equal to 10 gram/m? and less than or equal to 40 gram/m2. The air permeability of the
fibrous material is greater than or equal to about 1 CFM and less than or equal to about 10
CFM. The breathability or water vapor transmission rate (WVTR) greater than or equal to

about 10,000 gram/m?/day and less than or equal to about 100,000 gram/m?/day.

[0021] This Summary is provided to introduce selected aspects and embodiments of
this disclosure in a simplified form and is not intended to identify key features or essential
characteristics of the claimed subject matter, nor is it intended to be used as an aid in
determining the scope of the claimed subject matter. The selected aspects and
embodiments are presented merely to provide the reader with a brief summary of certain
forms the invention might take and are not intended to limit the scope of the invention. Other
aspects and embodiments of the disclosure are described in the section of Detailed
Description.
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[0022] These and various other aspects, embodiments, features, and advantages of
the disclosure will become better understood upon reading of the following detailed

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

[0023] FIG. 1 is a schematic showing a protective clothing material comprising

nonwoven layers according to embodiments of the disclosure.

[0024] FIG. 2 is a cross-sectional view of a protective clothing material comprising
laminated nonwoven layers according to embodiments of the disclosure.

[0025] FIG. 3 is a schematic of a surgical gown constructed with a protective clothing

material according to embodiments of the disclosure.

[0026] FIG. 4 is a schematic of a surgical gown portions of which are constructed

with a protective clothing material according to embodiments of the disclosure.

[0027] FIG. 5 is a schematic showing a single layer of a protective clothing material

according to embodiments of the disclosure.

[0028] FIG. 6 is a cross-sectional view of a protective clothing material comprising

laminated nonwoven layers according to embodiments of the disclosure.

[0029] FIG. 7A and 7B are schematics showing a method of making a fibrous layer

according to embodiments of the disclosure.

[0030] FIG. 8 is a schematic illustrating surface energy and hydrophobicity
correlation.
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DETAILED DESCRIPTION
DEFINITIONS

[0032] As used herein, the term "liquid impermeable” or “water repellent” refers to a
property of a material that does not allow a liquid, such as water or blood, to readily pass
therethrough. Such a material has a minimum hydrostatic head value of at least about 30
mbar. Hydrostatic head value or hydrohead value refers to a measurement of liquid barrier
properties of a fabric. Hydrostatic head value is measured using a hydrostatic pressure test
that determines the resistance of nonwoven materials to penetration by water under low
hydrostatic pressure. Generally speaking, the test procedure is in accordance with AATCC
42 — Test Method For Water Resistance: Impact Penetration, and AATCC 127 — Test Method
For Water Resistance: Hydrostatic Pressure. A fabric with a higher hydrostatic head reading
indicates it has a greater resistance to liquid penetration than a fabric with a lower
hydrostatic head. Fabrics having a greater resistance to liquid penetration are generally
thought to also have useful levels of resistance to penetration by particulates such as blood,

bacteria, viruses, dusts and powders or the like.

[0033] As used herein, the term "breathable" or “breathability” refers to a property of
a material which is permeable to water vapor having a minimum moisture vapor transmission
rate (“MVTR”) of at least about 100 gram/m? per day (g/m?day). The MVTR of a fabric is
also often generally referred to as the water vapor transmission rate (“WWWTR”). Generally
speaking, materials used in protective garments such as healthcare professionals will
desirably have a MVTR of greater than 1000 g/m?/day. For example, useful fabrics will have
a MVTR ranging from about 2000 to about 6000 g/m?/day. Some fabrics may have MVTR
values ranging as high as about 10000 to 100000 g/m?/day. Even greater MVTR values are
desirable if it does not compromise the water repellent barrier properties of the fabric.

[0034] As used herein, the term “cubic feet per minute” per square meter (“CFM”)
refers to a measurement of the wind resistance or air permeability of a fabric. The higher the

CFM, the greater the volume of air passing through.

[0035] As used herein, the term “hydrophobic” refers to a property of a material that
is water impermeable or water repelling. For example, a hydrophobic surface is a water
repelling surface, that resists wetting and possesses low surface energy surface. A material
will be classified as hydrophobic if its moisture contact angle (©) of the droplet equal to or

greater than 90 degrees, as illustrated in FIG 8.

[0036] As used herein, the term “surface energy” is a relative measurement of the
energy at the surface of a material. A surface generally tends to minimize its energy. This
can be done by adsorbing a material with lower energy onto its surface. Although
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numerically equivalent to liquid surface tension, surface energy is mostly used to describe a
solid. The tendency of a solution to spread out or “wet” on a solid surface depends on
several factors. Generally, a surface with a low surface energy (hydrophobic) will cause
poor wetting, and therefore result in a high contact angle © (601) of the water droplets (602),
as illustrated in FIG. 8. This is because the surface is not capable of forming strong bonds,
so there is little energetic reward for the liquid to break bulk bonding in favor of interacting
with the surface. Typical surfaces with low surface energy include quality surgical gowns to
minimize wetting. The opposite is true for a high surface energy, which will generally cause
good wetting and a low contact angle © of the water droplets, as illustrated in FIG. 8.
Examples of surfaces with high surface energy include glasses, contact lenses, ceramics,
metals, and materials held together by stronger bonds such as ionic, covalent and metallic

bonds.

[0037] As used herein, the term “electrospinning” refers to a process used to make
specialized fabrics, such as those in spacesuits and surgical gowns. Ultrathin, multifilament
fibers with diameters in the nanometer range can be made by spinning and manipulating

streams of electrically charged polymers in a strong magnetic or electric field.

[0038] As used herein, the term "nonwoven layer" or “nonwoven web” refers to a
layer having a structure of individual fibers that are interlaid forming a matrix, but not in an
identifiable repeating manner. Nonwoven layers have been, in the past, formed by a variety
of processes known to those skilled in the art such as, for example, meltblowing,
spunbonding, wet-forming, and various bonded carded layer processes.

[0039] As used herein, the term "spunbond layer" or “spunbond web” refers to a
layer formed by extruding a molten thermoplastic material as filaments from a plurality of
fine, usually circular, capillaries with the diameter of the extruded filaments then being rapidly
reduced, for example, by fluid-drawing or other well-known spunbonding mechanisms.

[0040] As used herein, the term "meltblown layer” or “meltblown web" refers to a
layer having fibers formed by extruding a molten thermoplastic material through a plurality of
fine, usually circular, capillaries as molten fibers into a high-velocity gas (e.g., air) stream
which attenuates the fibers of molten thermoplastic material to reduce their diameters.
Thereafter, the meltblown fibers are carried by the high-velocity gas stream and are
deposited on a collecting surface to form a web of randomly disbursed fibers.

[0041] As used herein, the term "fibrous layer" refers to multi-layer fibers or multi-
component fibers that are formed from at least two fibers or at least two polymers, as shown
in FIGS. 1, 2, and 6. The multi-layer fibers or multi-component fibers may be laminated or

joined together to form one monolithic fibrous layer using a novel manufacturing process
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illustrated in FIGS. 7A-7B, to be described in greater detail below, forming a liquid
impermeable fabric with high degree of breathability.

[0042] As used herein, the term "fiber" refers to a fundamental solid form, usually
semi-crystalline, characterized by relatively high tenacity and an extremely high ratio of
length to diameter, such as several hundred to one. Exemplary natural fibers include wool,
silk, cotton, and hemp. Exemplary semi-synthetic fibers include rayon. Exemplary synthetic
fibers include spinneret extruded polyamides, polyesters, polyurethane, acrylics, and

polyolefins.

[0043] As used herein, the term "polymer" refers to a macromolecule formed by the
chemical union of 5 or more identical combining units called monomers. Generally, polymers
include homopolymers, copolymers, such as for example, block, graft, random and
alternating copolymers, terpolymers, etc., and blends and modifications thereof.
Furthermore, the term "polymer"” shall include all possible geometrical or spatial
configurations of the molecule. These configurations include isotactic, syndiotactic and

atactic symmetries.

[0044] As used herein, the term “lamination” or “laminating process” refers to a
process of making a composite material of multiple layers, at least one of which is textile
fabric bonded closely by an adhesive or by the adhesive properties of one or more of the
component layers. Solvent coating and hot melt coating machines may be used.
Lamination may involve one or more methods: thermal lamination (melting an existing
component), adhesive lamination (adding a liquid component just prior to laminating),
ultrasonic lamination (a vibration process which softens or melts components, similar to
thermal lamination), etc.

[0045] As used herein, the term “100% solids polyurethane reactive resin or
polyurethane adhesive” refers to polyurethane raw materials for 100% solids adhesives and
sealants. Adhesive formulations with 100 percent solids can be desirable in a variety of
applications for lamination. One example of such polyurethane resin is manufacture by
Covestro AG of Germany.

[0046] As used herein, the term "delamination” refers to separation of the plies of a
laminated fabric due to a failure of the bonding mechanism.

[0047] As used herein, the term "bond strength" refers to the average peel force
required to separate the component layers of a specimen under specified conditions.

[0048] As used herein, the term “surgical apparel” refers to medical devices that are

intended to be worn by operating room personnel during surgical procedures to protect both
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the surgical patient and the operating room personnel from transfer of microorganisms, body
fluids, and particulate material. Examples include surgical caps, hoods, masks, gowns,
operating room shoes and shoe covers, and isolation masks and gowns. A protective

garment includes but is not limited to surgical apparel.

[0049] As used herein, the term “g/m?” or “gram/m?” or “gram/square meter” or
“GSM” refers to the weight of a fabric in grams in one meter by one meter square. Itis a
benchmark specification to meet production manufacturing requirements. It is also a
standard upon which different materials are compared.

[0050] As used herein, the term “SMS” refers to Spunbond-Meltblown-Spunbond
process.
[0051] As used herein, the term “SMMS” refers to Spunbond-Meltblown-Meltblown-

Spunbond process.

[0052] As used herein, the term “SS” refers to Spunbond-Spunbond process.

FIBROUS MATERIALS AND PROTECTIVE GARMENTS

[0053] In general, a protective clothing material or a protective garment of the
disclosure comprises a fibrous layer that can serve as a barrier impermeable to certain fluids
such as bodily fluids, water, and microbes such as bacteria, fungi, viruses. The barrier
properties of the fibrous layer may be due, at least in part, to the structural uniformity such
as the pore size uniformity, air permeability uniformity, suitable basis weight, and/or relatively
small pore size (mean flow pore size or maximum pore size) of the fibrous layer. The fibrous
layer may have a relatively high air permeability that imparts beneficial properties such as
relatively high air flow or breathability to the protective clothing material without adversely
affecting its protection rating such as ANSI/AAMI level 4 according to ASTM F1671. The
protective clothing material may comprise one or more nonwoven layers such as spunbond-
meltblown-spunbond (SMS) layers that impart beneficial properties such as splash
resistance to the protective clothing material. The protective clothing material of the
disclosure is useful for a wide variety of applications, including formation of ANSI/AAMI level
4 (ASTM F1671 highest protection level) protective garments such as surgical apparel,
surgical drapes, surgical gowns, isolation gowns, surgical hoods, etc.

[0054] Many clinical environments require healthcare workers to wear protective
clothing that meets certain protection level standards. For example, during surgical
operations, healthcare workers need to wear ANSI and/or AAMI level 4 protective clothing.
In conventional protective clothing, a tradeoff exists between protection rating e.g., level 4

and features important to wearability or comfort such as weight, breathability, and good air
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permeability. For instance, some existing protective clothing utilizes a thin polymer film to
form lightweight level 4 protective clothing. However, the thin polymer film can significantly
reduce air permeability and/or breathability e.g., moisture vapor transmission rate. During
long surgical operations which may last e.g., 2-12 hours, the low exchange of heat and/or
sweat due to low air permeability and/or breathability can adversely affect the surgeon's
performance.

[0055] According to embodiments of the disclosure, a fibrous layer, having a
relatively low pore size (mean flow pore size and/or maximum pore size), suitable basis
weight, and/or high structural uniformity, is used as a protective clothing material to meet the
requisite protection rating and provide good wearability or comfort. The protective clothing
comprising such fibrous layer of the disclosure does not suffer from one or more limitations
of the conventional protective clothing. Without being bound by any theory, it is believed that
the relatively small pore size of the fibrous layer of the disclosure serves to reduce or
eliminate the transmission of fluids such as bodily fluids and microbes. It is also believed
that the structural uniformity e.g., in pore size and air permeability allows the fibrous layer of
the disclosure to have relatively uniform resistance to transmission throughout the layer, and
thus the protective clothing. Structural non-uniformity, such as a relatively large variance in
pore size or air permeability, may result in non-uniformity in the resistance to transmission
throughout the layer and ultimately allow bodily fluids and/or microbes to penetrate at areas
of low resistance. It is also believed that the suitable basis weight allows the fibrous layer of
the disclosure to have a sufficient fiber density to form a tortuous path that traps fluids and/or
microbes while maintaining features important to wearability such as light weight and
breathability.

[0056] FIGS. 1-2 illustrate an example of a protective clothing material or a fibrous
layer 100 according to embodiments of the disclosure. As shown, the fibrous layer or
material 100 may include a first nonwoven layer 10, a second nonwoven layer 30, and a
nanofiber layer 20 laminated or bonded between the first nonwoven layer 10 and the second
nonwoven layer 30. The nanofiber layer 20 can also be a nonwoven layer. The first
nonwoven layer 10 may be directly laminated or bonded to the nanofiber layer 20, which can
be directly laminated or bonded to the second nonwoven layer 30. Alternatively, one or
more intervening nonwoven layers may be positioned between the first nonwoven layer 10
and the nanofiber layer 20 and/or between the second nonwoven layer 30 and the nanofiber
layer 20. The fibrous layer 100 may be a continuous monolithic fibrous layer. Alternatively,
the fibrous layer 100 may be a non-continuous. The one or more nonwoven layers 10, 20,
and 30 may be a continuous fiber formed by a suitable process respectively, such as

meltblowing, electrospinning, spunbonding, or any combination thereof. For example, the
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first nonwoven layer 10 may be a spunbond-meltblown-spunbond (SMS) fiber layer, or a
spunbond-spunbond (SS) layer, or other suitable nonwoven layers. The second nonwoven
layer 30 may be an SMS nonwoven layer, an SS nonwoven layer, or other suitable
nonwoven layer. The nanofiber layer 20 may be electrospunbond layer. Any intervening
nonwoven layers may be meltblown layers, spunbond layers, electrospunbond layers, or any
combination thereof. By way of example, the fibrous layer 100 may include a first SMS
nonwoven layer 10, a second SS nonwoven layer 30, and a nanofiber layer 20 laminated
between the first SMS nonwoven layer 10 and the second SS nonwoven layer 30. Any other
combinations of the nonwoven layers are possible and contemplated by the inventors. The
nonwoven layers 10, 20, and 30 may be laminated or bonded together using the method of
the disclosure, to be described further below in conjunction with FIGS. 7A-7B.

[0057] In some embodiments, the first nonwoven layer 10, the nanofiber layer 20,
and the second nonwoven layer 30 may be joined via a laminating process, to be described
below in conjunction with FIGS. 7A-7B, to form a monolithic fibrous layer 100 having
beneficial properties. For example, in some embodiments, the fibrous layer 100 may have a
relatively small mean flow pore size e.g., greater than or equal to about 0.02 microns, and/or
a maximum pore size e.g., less than or equal to about 0.5 microns. The monolithic fibrous
layer 100 may also have a suitable basis weight e.g., greater than or equal to about 10 g/m?
and less than or equal to about 60 g/m?. In some embodiments, the fibrous layer 100 may
be relatively lightweight, breathable, and/or permeable to air. For instance, the fibrous layer
100 may have a relatively high air permeability e.g., greater than or equal to about 0.5 CFM
and less than or equal to about 10 CFM, and/or a relatively high moisture vapor transmission
rate e.g., greater than or equal to 10,000 g/m?/day according to ASTM D6701 standard. In
certain embodiments, the fibrous layer 100 may be relatively thin e.g., greater than or equal
to about 0.01 millimeter and less than or equal to about 0.3 millimeter.

[0058] In some embodiments, fibrous layer 100 may be relatively structurally
uniform, such that the variance in one or more structural properties when measured across
the fibrous layer is relatively small. For instance, in some embodiments, the standard
deviation in mean flow pore size when measured across the fibrous layer 100 may be less
than 0.35 micron. The difference between the maximum pore size and the mean flow pore
size may be relatively small e.g., greater than or equal to about 0.02 microns and less than
or equal to about 1 micron. In certain embodiments, the standard deviation in air

permeability when measured across the fibrous layer may be less than 0.5 CFM.

[0059] With reference to FIGS. 1-2, the fibrous layer 100 may comprise any suitable
number of nonwoven layers e.g., one nonwoven layer, two nonwoven layers, three

nonwoven layers, four nonwoven layers, five nonwoven layers, six or more nonwoven layers.
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FIG. 5 shows an example of a fibrous layer 400 comprising a single nonwoven layer 40. The
single nonwoven layer 40 may be a meltblown nonwoven layer, a spunbond-meltblown-
spunbond nonwoven layer, or a nanofiber layer incorporated within nonwoven layers.
Regardless of the number of nonwoven layers, the fibrous layer 100 may have the properties
described herein.

[0060] With reference to FIGS. 1-2, the one or more nonwoven layers 10, 30 and
the nanofiber layer 20 can impart beneficial properties to the fibrous layer 100, such as
moisture permeability and water resistance. Moisture permeable or breathable fabrics are
desirable for healthcare worker's comfort. On the other hand, resistance to water droplets
and microbes is important for ASTM level 4 protection in medical applications. The fibrous
layer 100 including laminated nonwoven layers 10, 20, 30 exhibits excellent permeability to
water vapor and resistance to water droplets and microbes. The porous structure of the
electrospun nanofiber layer 20 provides good moisture transmission capability. As will be
described in greater detailed below in conjunction with FIGS. 7A-7B, the method of the
disclosure including the heated laminating process and other conditions enhances the

moisture permeability and increase water resistance of the fibrous layer 100 simultaneously.

[0061] In some embodiments, the protective clothing material or fibrous layer 100
may include one or more nonwoven layers including at least a portion e.g., a surface and/or
interior that repels a fluid such as hydrophilic fluid, aqueous fluid, bodily fluid, blood. In such
cases, the nonwoven layer or layers may substantially block the transport of droplets of the
fluid across the protective clothing material. For example, the nonwoven layer or layers may
repel fluid droplets e.g., aqueous fluids, bodily fluids, hydrophilic fluids, blood. As another
example, a nonwoven layer e.g., layer 10 may repel droplets of a certain size and the fibrous
layer 100 may repel fluid droplets that cannot be repelled and/or removed by a single
nonwoven layer e.g., the nonwoven layer 10 on its own. For instance, the fibrous layer 100
may be designed to repel smaller droplets that bypass the coarse fibrous layer. In certain
embodiments, the protective clothing material 100 includes one or more nonwoven layers or
layers that have a portion e.g., surface and/or interior that repels a hydrophilic fluid e.qg.,
aqueous fluid, bodily fluid, blood. In such embodiments, at least a portion of the nonwoven
layer or layers may be hydrophobic. For instance, both the nonwoven layers 10 and 30 may
comprise fibers formed from a hydrophobic material e.g., polypropylene, and/or, may be
modified with a hydrophobic material.

[0062] With reference still to FIGS. 1-2, any of the nonwoven layers 10, 30 and
nanofiber layer 20 of the protective clothing material 100 may be a modified nonwoven layer
or layers. In some embodiments, a single nonwoven layer is modified. In some
embodiments, each of the nonwoven layers in the protective clothing material may be
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modified. In some embodiments, less than or equal to two nonwoven layers in a protective
clothing material may be modified. In some embodiments, the protective clothing material
100 does not comprise a modified nonwoven layer.

[0063] In some embodiments, at least a portion of a nonwoven layer or layers may
be modified with a material. In certain embodiments, only a single surface of a nonwoven
layer is modified with a material. In some instances, opposing surfaces of a nonwoven layer
are modified with a material. In some embodiments, only the interior of a nonwoven layer is
modified with a material. In some embodiments, the entire nonwoven layer may be modified
with a material. In general, a modified nonwoven layer comprises a material on at least a
portion of the fibers e.g., on the surface and/or in the interior. In some cases, the material
may form a coating on at least a portion of the fibers e.g., at the surface and/or in the interior

of the layer or nonwoven layer.

[0064] In some embodiments, one or more nonwoven layers in the protective
clothing material 100 may be designed to be discrete from another nonwoven layer or layers.
That is, the fibers from one nonwoven layer or layers do not intermingle, or substantially
intermingle with fibers from another nonwoven layer or layers. For example, in some
embodiments, fibers from the first nonwoven layer 10 do not substantially intermingle with
fibers of the nanofiber layer 20, and fibers of the nanofiber layer 20 do not substantially
intermingle with fibers of the second nonwoven layer 30. Discrete nonwoven layers 10, 20,
and 30 may be joined by a suitable process such as laminating or by adhesives. For
instance, in some embodiments, discrete nonwoven layers in the fibrous layer 100 may be
joined by laminating. In some such cases, a discrete nonwoven layer may be joined to
optional nonwoven layer(s) using adhesives. It should be appreciated, however, that certain
embodiments may include one or more nonwoven layers or layers that are not discrete with

respect to one another.

[0065] In some embodiments, the fibrous layer 100 may be continuous (e.qg.,
electrospun fibers, meltblown fibers, spunbond fibers, etc.). For instance, fibrous layer 100
may have an average length of at least about 50 cm, at least about 100 cm, at least about
200 cm, at least about 500 cm, at least about 1000 cm, at least about 2000 cm; and/or less
than or equal to about 2000 cm, less than or equal to about 1000 cm, less than or equal to
about 500 cm, less than or equal to about 200 cm, less than or equal to about 100 cm, or
less than or equal to about 50 cm. Combinations of the above-referenced ranges are also
possible (e.g., greater than or equal to about 100 cm and less than or equal to about 2000

cm). Other values of average fibrous layer 100 length are also possible.
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[0066] In some embodiments, protective clothing material 100 and/or fibrous layer
100 may include any suitable type of synthetic polymer. Examples of suitable fibrous layer
may include polyurethane, polyester, polyimide, polypropylene, regenerated cellulose (e.g.,
Lyocell, rayon,) polyaniline, and copolymers or derivative compounds thereof, and
combinations thereof. In some embodiments, the fibrous layer 100 are hydrophobic. In
some embodiments, the fibrous layer 100 are organic polymer fibers. The fibrous layer 100
may also include multi-component fibers (i.e., fibers having multiple components such as
bicomponent fibers). In some cases, the fibrous layer 100 may be electrospun (e.g., melt,
solvent), meltblown, or spunbond, which may be formed of polymers described herein (e.g.,
polyester, polypropylene). In some embodiments, the fibrous layer 100 may be electrospun
fibers (e.g., polyurethane). In some embodiments, the fibrous layer 100 may be combination

of meltblown layers, spunbond layers, and electrospun layer.

[0067] With reference still to FIGS. 1-2, the fibrous layer 100 may have a mean flow
pore size less than or equal to about 1 micron, less than or equal to about 0.5 microns, less
than or equal to about 0.1 microns, less than or equal to about 0.05 microns, less than or
equal to about 0.02 microns. In some instances, the mean flow pore size may be greater
than or equal to about 0.02 micron, greater than or equal to about 0.05 microns, greater than
or equal to about 0.1 microns, greater than or equal to about 0.5 microns, greater than or
equal to about 1 micron. The mean flow pore size may be determined according to the
standard ASTM F316-03 (2019) — Standard Test Methods for Pore Size Characteristics of
Membrane Filters by Bubble Point and Mean Flow Pore Test.

[0068] In some embodiments, the fibrous layer 100 may have a relatively high air
permeability. For instance, in some embodiments, the fibrous layer 100 may have an air
permeability of greater than or equal to about 1 ft3/min (CFM), greater than or equal to about
2 CFM, greater than or equal to about 3 CFM, greater than or equal to about 4 CFM, greater
than or equal to about 5 CFM, greater than or equal to about 6 CFM, greater than or equal to
about 7 CFM, greater than or equal to about 8 CFM, or greater than or equal to about 9
CFM, or greater than or equal to about 10 CFM. In some instances, the air permeability of
the fibrous layer 100 may be less than or equal to 10 CFM, less than or equal to 9 CFM, less
than or equal to 8 CFM, less than or equal to 7 CFM, less than or equal to 6 CFM, less than
or equal to 5 CFM, less than or equal to 4 CFM, less than or equal to 3 CFM, or less than or
equal to 2 CFM, or less than or equal to 1 CFM. Combinations of the above-referenced
ranges are also possible (e.g., greater than 1 CFM and less than or equal to 8 CFM, greater
than 2 CFM and less than or equal to 10 CFM, greater than 5 CFM and less than or equal to
6 CFM). Other ranges are also possible. The air permeability may be determined using
ASTM D737 (2018) — Standard Test Method for Air Permeability of Textile Fabrics.
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[0069] In some embodiments, the fibrous layer 100 may be relatively lightweight.
For instance, in some embodiments, the fibrous layer 100 for protective clothing may have a
basis weight of less than or equal to about 60 g/m?, less than or equal to 50 g/m2, less than
or equal to about 40 g/m?, less than or equal to about 30 g/m?, less than or equal to about 20
g/m2, less than or equal to about 10 g/m?, less than or equal to about 5 g/m?, or less than or
equal to about 1 g/m2. In some instances, the fibrous layer may have a basis weight of
greater than or equal to about 1 g/m?2, greater than or equal to about 5 g/m?, greater than or
equal to about 10 g/m?, greater than or equal to about 20 g/m?, greater than or equal to
about 30 g/m?, greater than or equal to about 40 g/m?, greater than or equal to about 50
g/m2, or greater than or equal to about 60 g/m?. Combinations of the above-referenced
ranges are also possible (e.g., greater than or equal to about 20 g/m?and less than or equal
to about 40 g/m?, greater than or equal to about 10 g/m? and less than or equal to about 60
g/m?). The basis weight may be determined according to the standard ASTM D3776 (2013)
— Standard Test Methods for Mass Per Unit Area (Weight) of Fabric.

[0070] In some embodiments, the fibrous layer 100 may be relatively thin. For
instance, in some embodiments, the thickness of the fibrous layer 100 may be less than or
equal to about 0.2 mm, less than or equal to about 0.1 mm, less than or equal to about 0.075
mm, less than or equal to about 0.05 mm, less than or equal to about 0.025 mm, less than or
equal to about 0.01 mm. In some instances, the thickness of the fibrous layer 100 may be
greater than or equal to about 0.01 mm, greater than or equal to about 0.025 mm, greater
than or equal to about 0.05 mm, greater than or equal to about 0.075 mm, greater than or
equal to about 0.1 mm, or greater than or equal to about 0.2 mm. Combinations of the above
referenced ranges are also possible (e.g., greater than or equal to about 0.05 mm and less
than or equal to about 0.2 mm, greater than or equal to about 0.1 mm and less than or equal
to about 0.15 mm). The thickness may be determined according to the standard ASTM
D1777 (2019) — Standard Test Method for Thickness of Textile Materials.

[0071] In some embodiments, the fibrous layer 100 may be relatively breathable.
For instance, in some embodiments, the fibrous layer 100 may have a moisture vapor
transmission rate (MVTR) of greater than or equal to about 1000 g/m?/day, greater than or
equal to about 3000 g/m?/day, or greater than or equal to about 5000 g/m?/day, greater than
or equal to about 10000 g/m?/day, greater than or equal to about 20000 g/m?/day, greater
than or equal to about 30000 g/m2/day, greater than or equal to about 50000 g/m?/day,
greater than or equal to about 100000 g/m?day. In some embodiments, the fibrous layer
may have a moisture vapor transmission rate of less than or equal to about 100000
g/m?/day, less than or equal to about 50000 g/m?/day, less than or equal to about 30000
g/m?/day, less than or equal to about 20000 g/m?/day, less than or equal to about 10000
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g/m?/day, less than or equal to about 5000 g/m?/day, less than or equal to about 3000
g/m?/day, or less than or equal to about 1000 g/m?/day. Combinations of the above-
referenced ranges are also possible (e.g., greater than or equal to about 1000 g/m?/day and
less than or equal to about 50000 g/m?/day, or greater than or equal to about 20000
g/m?/day and less than or equal to about 100000 g/m?/day). The moisture vapor
transmission rate may be determined according to the standard ASTM D6701.

[0072] With reference still to FIGS. 1-2, the protective clothing material 100 may
comprise an outer nonwoven layer 10 configured to prevent transmission of low-pressure
liquids e.g., spray of liquid or blood, saliva. In such embodiments, the protective clothing
material 100 may comprise an inner nonwoven layer 30 configured to repel hydrophilic fluids
e.g., bodily fluids. In some embodiments, the inner nonwoven layer 30 may have a pore size
and fiber diameter that impart breathability and good air permeability to the layer.

[0073] In some embodiments, the outer nonwoven layer 10 may be splash
resistant. As used herein, the terms “splash resistant” or “spray impact resistant” or
equivalent has the ordinary meaning in the art and may refer to the ability of the layer to
resist penetration of sprayed fluid or blood. In some embodiments, the splash resistance of
a layer and/or the protective clothing material may be determined using AATCC 42, which
measures the resistance to the penetration of water by impact. Briefly, a 500 mL of
deionized water is sprayed against a taut surface of a test specimen backed by a pre-
weighed blotter using 2" diameter spray head having 25 holes at a height of 0.6 m. The test
specimen backed by the pre-weighed blotter is angled at 45 degrees. The blotter is then
reweighed to determine water penetration and the specimen is classified accordingly. If the
difference in weight is less than 1.0 g, the specimen is splash resistant. In some
embodiments, the difference in weight, according to this test, of the nonwoven layer, fibrous
layer, and/or protective clothing material 100 may be less than 1.0 g (e.g., less than 0.8 g,
less than 0.6 g, less than 0.3 g)

[0074] With reference still to FIGS. 1-2, in some embodiments, the nonwoven layer
20 of the protective clothing material 100 is mainly constructed of nano membranes fiber,
which may comprise fibers having a relatively large fiber diameter that contribute to the
breathability of the protective clothing material 100. For instance, in some embodiments, the
average fiber diameter of the nonwoven layer 20 may be greater than or equal to about 0.02
microns, greater than or equal to about 0.05 microns, greater than or equal to about 0.1
microns, greater than or equal to about 0.2 microns, greater than or equal to about 0.3
microns, greater than or equal to about 0.4 microns, greater than or equal to about 0.5
microns, greater than or equal to about 0.75 microns, greater than or equal to about 1

microns, or greater than or equal to about 2 microns. In some instances, the average fiber
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diameter may be less than or equal to about 2 microns, less than or equal to about 1 micron,
less than or equal to about 0.75 microns, less than or equal to about 0.5 microns, less than
or equal to about 0.4 microns, less than or equal to about 0.3 microns, less than or equal to
about 0.2 microns, less than or equal to about 0.1 microns, less than or equal to about 0.05
microns or less than or equal to about 0.02 microns. Combinations of the above-referenced
ranges are also possible (e.g., greater than or equal to about 0.02 microns and less than or
equal to about 1 micron, greater than or equal to about 0.2 microns and less than or equal to
about 0.5 microns).

[0075] With reference now to FIGS. 3-4, there are shown examples of surgical
gowns constructed with the fibrous material 100 of the disclosure. FIG. 3 depicts a surgical
gown 200 constructed entirely or substantially entirely with a protective clothing material 100
of the disclosure. As shown in FIG. 3, a fibrous material 100 or a monolithic fibrous layer
100 of the disclosure can be used to construct substantially all portions 105 of the surgical
gown 200. FIG. 4 depicts a surgical gown 300 wherein a critical portion or portions 105 of
the gown 300 such as the sleeve portions and/or front zone of the gown 300 are constructed
with the protective clothing material 100 of the disclosure. The less critical portions 120 of
the gown 300 can be constructed with conventional nonwoven material such as SMS or
other nonwoven material. The fibrous material used to construct the surgical gown 200 or

critical portions of the gown 300 can be a fibrous layer 100 illustrated in FIGS. 1-2.

[0076] It should be pointed out that surgical gowns 200 and 300 are shown in FIGS.
3-4 for illustration purpose. The fibrous material 100 of the disclosure can be used to
construct other protective garments or surgical apparel, including and not limited to surgical
caps, hoods, masks, operating room shoes, shoe covers, and other medical devices that are
intended to be worn by operating room personnel during surgical procedures to protect both
the surgical patient and the operating room personnel. In certain embodiments, the
protective clothing material may be used to form surgical drapes. The term “surgical drape”
has its ordinary meaning in the art and may be in accordance with the 21 C.F.R. §
878.4370(a) (2012) — Surgical Drape and Drape Accessories. For example, a surgical drape
may be a device made of natural or synthetic materials intended to be used as a protective
patient covering, such as to isolate a site of surgical incision from microbial and other
contamination. In certain embodiments, the device may include a plastic wound protector
that may adhere to the skin around a surgical incision or be placed in a wound to cover its
exposed edges. In some instances, the device may include a self-retaining finger cot that is
intended to allow repeated insertion of the surgeon's finger into the rectum during
performance of a transurethral prostatectomy. One of ordinary skill in the art would be

knowledgeable about methods of forming surgical garments from protective clothing
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material. In general, the protective clothing material 100 is cut and sewn together as in
traditional garment manufacturing, except heat sealing and/or ultrasonic seaming are used
instead of traditional sewing techniques for surgical garments involving thread. Heat sealing
or ultrasonic seaming is used to form a good seal (e.g., impermeable seal), while
maintaining the integrity of the garment and barrier protection. During use, the protective
clothing material 100 mechanically trap contaminants (e.g., bodily fluid, microbes) and
prevents strikethrough. The protective clothing material 100 need not be electrically charged
to enhance trapping of contamination. Thus, in some embodiments, the protective clothing
material 100 of the disclosure is not electrically charged. In some embodiments, the

protective clothing material 100 may be electrically charged.

[0077] With reference to FIGS. 3-4, the surgical gowns 200, 300 constructed with
the fibrous material 100 of the disclosure can provide ANSI/AAMI level 4 protection rating.
The protective garments passed the ASTM F1671-13 Method B (i.e., viral penetration) and
ASTM F1670-08 (i.e., synthetic blood penetration) test required for ANSI/AAMI level 4
certification.

[0078] With reference to FIGS. 3-4, the surgical gowns 200, 300 constructed with
the fibrous material 100 of the disclosure provide good wearability or comfort, due to the
relatively high air permeability of the fibrous material 100 of the disclosure. For instance, in
some embodiments, the surgical gowns 200, 300 may have an air permeability of greater
than or equal to about 1 ft¥minute (CFM), greater than or equal to about 2 CFM, greater
than or equal to about 3 CFM, greater than or equal to about 4 CFM, greater than or equal to
about 5 CFM, greater than or equal to about 6 CFM, greater than or equal to about 7 CFM,
greater than or equal to about 8 CFM, greater than or equal to about 9 CFM or greater than
or equal to about 10 CFM. In some instances, the air permeability may be less than or equal
to about 10 CFM, less than or equal to about 9 CFM, less than or equal to about 8 CFM, less
than or equal to about 7 CFM, less than or equal to about 6 CFM, less than or equal to about
5 CFM, less than or equal to about 4 CFM, less than or equal to about 3 CFM, less than or
equal to about 1 CFM or less than or equal to about 1 CFM. All combinations of the above-
referenced ranges are possible (e.g., greater than about 1 CFM and less than or equal to
about 10 CFM, greater than about 2 CFM and less than or equal to about 6 CFM).

[0079] With reference to FIGS. 3-4, the surgical gowns 200, 300 constructed with
the fibrous material 100 of the disclosure are breathable. For instance, in some
embodiments, the surgical gowns 200, 300 may have a moisture vapor transmission rate of
greater than or equal to about 1000 g/m?/day, greater than or equal to about 3000 g/m?/day,
or greater than or equal to about 5000 g/m?/day, greater than or equal to about 10000
g/m?/day, greater than or equal to about 20000 g/m?/day, greater than or equal to about
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30000 g/m?/day, greater than or equal to about 50000 g/m?/day, greater than or equal to
about 100000 g/m?/day. In some embodiments, the fibrous layer may have a moisture vapor
transmission rate of less than or equal to about 100000 g/m?/day, less than or equal to about
50000 g/m?/day, less than or equal to about 30000 g/m?/day, less than or equal to about
20000 g/m?/day, less than or equal to about 10000 g/m?/day, less than or equal to about
5000 g/m?/day, less than or equal to about 3000 g/m?/day, or less than or equal to about
1000 g/m?/day. Combinations of the above-referenced ranges are also possible (e.g.,
greater than or equal to about 1000 g/m?/day and less than or equal to about 50000
g/m?/day, or greater than or equal to about 20000 g/m?/day and less than or equal to about
100000 g/m?/day). The moisture vapor transmission rate may be determined according to
the standard ASTM D6701.

[0080] With reference to FIGS. 3-4, the surgical gowns 200, 300 constructed with
the fibrous material 100 of the disclosure are lightweight. For instance, in some
embodiments, the surgical gowns 200, 300 may have a basis weight of greater than or equal
to about 1 g/m2, greater than or equal to about 5 g/m?, greater than or equal to about 10
g/m2, greater than or equal to about 20 g/m?, greater than or equal to about 30 g/m?, greater
than or equal to about 40 g/m2, greater than or equal to about 50 g/m?, or greater than or
equal to about 60 g/m?. In some instances, the protective clothing material may have a basis
weight of less than or equal to about 60 g/m?, less than or equal to about 50 g/m?, less than
or equal to about 40 g/m?, less than or equal to about 30 g/m?, less than or equal to about 20
g/m2, less than or equal to about 10 g/m?, less than or equal to about 5 g/m?, or less than or
equal to about 10 g/m2. Combinations of the above-referenced ranges are also possible
(e.g., greater than or equal to about 1 g/m?and less than or equal to about 60 g/m?, greater

than or equal to about 5 g/m? and less than or equal to about 50 g/m?).

[0081] With reference to FIGS. 3-4, the surgical gowns 200, 300 constructed with
the fibrous material 100 of the disclosure have relatively high hydrostatic pressure or
hydrostatic head range, e.g., greater than or equal to about 100 cm H»>O. For instance, in
some embodiments, the hydrostatic pressure or hydrostatic head range of the protective
clothing material and/or the fibrous layer may be greater than or equal to about 50 cm HO,
greater than or equal to about 75 cm H;O, greater than or equal to about 100 cm H-O,
greater than or equal to about 125 cm H;O, greater than or equal to about 150 cm H-O,
greater than or equal to about 175 cm H;O, greater than or equal to about 200 cm H-O,
greater than or equal to about 225 cm H;O, greater than or equal to about 250 cm H-O,
greater than or equal to about 275 cm H;O, or greater than or equal to about 300 cm H2O. In
some instances, the hydrostatic pressure or hydrostatic head range may be less than or
equal to about 300 cm H20O, less than or equal to about 275 cm H-O, less than or equal to
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about 250 cm H2O, less than or equal to about 225 cm H»O, less than or equal to about 200
cm HzO, less than or equal to about 175 cm H-O, less than or equal to about 150 cm H30,
less than or equal to about 125 cm H3O, or less than or equal to about 100 cm H2O.
Combinations of the above-referenced ranges are possible (e.g., greater than or equal to
about 50 cm H>O and less than or equal to about 300 cm H»O, greater than or equal to
about 100 cm H2O and less than or equal to about 200 cm H;0).

[0082] FIG. 8 is a schematic illustrating the correlation between hydrophobicity and
surface energy. The contact angle (8) 601 in FIG. 8 is the angle between the substrate
surface 604 and a tangent line 603 drawn to the water droplet 602 surface at the three-
phase point or when a liquid is resting on the substrate surface 604. In general, the contact
angle of one or more nonwoven layers, one or more layers (e.g., nonwoven layer), and/or
the protective clothing material 100 may be selected to repel a fluid (e.g., hydrophilic fluid).
In some embodiments, the water contact angle on a surface of one or more nonwoven
layers, one or more layers, and/or the protective clothing material may be greater than 90
degrees, greater than or equal to 100 degrees, greater than or equal to 105 degrees, greater
than or equal to 110 degrees, greater than or equal to 115 degrees, greater than or equal to
120 degrees, greater than or equal to 125 degrees, greater than or equal to 130 degrees,
greater than or equal to 135 degrees, greater than or equal to 145 degrees, greater than or
equal to 150 degrees, greater than or equal to 155 degrees, greater than or equal to 160
degrees, or greater than or equal to about 165 degrees. In some instances, the water
contact angle is less than or equal to about 165 degrees, less than or equal to about 160
degrees, less than or equal to about 150 degrees, less than or equal to about 140 degrees,
less than or equal to about 130 degrees, less than or equal to about 120 degrees, less than
or equal to about 110 degrees, or less than or equal to about 100 degrees. Combinations of
the above-referenced ranges are also possible (e.g., greater than or equal to about 90
degrees and less than or equal to about 165 degrees). The contact angle (©) 601 in FIG. 8
illustrates that the higher the contact angle, the lower the surface energy, and the surface is
more hydrophobic. With the decreasing contact angle, the surface energy will increase and
conversely decrease surface tension to make the surface more hydrophilic. A contact angle
meter or goniometer (not shown) can be used for this determination, or the water contact
angle may be measured using standard ASTM D5946 (2017) — Standard Test Method for
Corona-Treated Polymer Films Using Water Contact Angle Measurements.

METHOD OF MAKING FIBROUS MATERIALS

[0083] In general, a method of making a fibrous material or layer according to
embodiments of the disclosure comprises the following step. A first nonwoven layer and a
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nanofiber layer are provided. A polyurethane reactive resin is applied to the first nonwoven
layer in an amount of 2 to 30 g/m2. The nanofiber layer is then laminated to the first
nonwoven layer applied with the polyurethane reactive resin and pressed to form the fibrous
layer. In various embodiments, the method may further comprise the step of providing a
second nonwoven layer, applying a polyurethane reactive resin in the amount of 2 to 30 g/m?
to the second nonwoven layer, and laminating the second nonwoven layer with the nanofiber

layer-first nonwoven layer laminate and pressing.

[0084] With reference to FIGS. 7A-7B, an example method of making a fibrous layer
100 is now described. In a broad overview, a first nonwoven layer 10 and a nanofiber layer
20 are provided e.g., via rollers 507 and 506 respectively, as shown in FIG. 7A. An adhesive
505 may be applied to the first nonwoven layer 10 e.g., via rollers 502 and 501. The first
nonwoven layer 10 applied with the adhesive 505 and the nanofiber layer 20 are pressed
against each other e.g., by using rollers 503, to form a laminate 25 comprising the first
nonwoven layer 10 and the nanofiber layer 20. The laminate 25 of the first nonwoven layer
10 and the nanofiber layer 20 may be wound by using a roller 504. In FIG. 7B, the laminate
25 may be further joined with a second nonwoven layer 30 to form a fibrous layer 100
comprising a first nonwoven layer 10, a second nonwoven layer 30, and a nanofiber layer 20
between the first and second nonwoven layers 10, 30. In particular, the second nonwoven
layer 30 is provided e.g., via a roller 507. An adhesive 505 may be applied to the second
nonwoven layer 30 e.g., via rollers 502 and 501. The second nonwoven layer 30 applied
with the adhesive 505 and the laminate 25 are pressed against each other e.g., by using
rollers 503, to form fibrous layer 100 comprising the first nonwoven layer 10, the second
nonwoven layer 30, and the nanofiber layer 20 between the first and second nonwoven
layers 10, 30. The fibrous layer 100 may be wound e.g., by using a roller 504. FIG. 6
schematically shows a monolithic fibrous layer 100 comprising a first nonwoven layer 10, a
second nanofiber layer 20, a third nonwoven layer 30, an adhesive layer 15 between the first
nonwoven layer 10 and the second nanofiber layer 20, and an adhesive layer 15 between
the third nonwoven layer 30 and the second nanofiber layer 20.

[0085] With reference to FIGS. 7A-7B, suitable adhesives 505 include
polyurethanes, acrylic, ethyl vinyl acetate, copolyesters, polyolefins, polyamides,
thermoplastic elastomers, polycarbonates, silicones, and any combinations thereof.
According to the similarity and inter miscibility, the solubility parameter of the adhesive 505
and the nanofiber layer 20 are preferably similar so that the peel strength among the layers
10, 20, and 30 is as high as possible. In some embodiments, the laminating process
conditions such as the heating temperature during laminating the first nonwoven layer 10,
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the nanofiber layer 20, and/or the second nonwoven layer 30, are controlled to provide a
desirable peel strength of the monolithic fibrous layer 100.

[0086] By way of example, the laminating temperature can be set from 60°C to
140°C, preferably at 70-120°C. In some embodiments, the laminating time can range from 1
second to 25 seconds, preferably in the range of 5 to 20 seconds. The peel strength or
adhesive strength of the laminated fibrous layer 100 is generally related to the laminating
heating conditions. Therefore, it is desirable to control the choice of the adhesive 505 and
the laminating heating conditions along with other parameters of the laminating process. It
should be noted that in alternative embodiments, the first nonwoven layer 10, the nanofiber
layer 20, and the second nonwoven layer 30 may be joined to form a monolithic fibrous layer
100 by other processes. For example, the first nonwoven layer 10, the nanofiber layer 20,
and the second nonwoven layer 30 may be unlaminated. In certain embodiments, the
fibrous layer 100 may be a complete monolithic laminated layer. In some such cases,
fibrous layer 100 may be laminated between the first nonwoven layer 10 and the nanofiber
layer 20, and unlaminated between the nanofiber layer 20 and the second nonwoven layer
30. Protective clothing materials having such constructions may have particularly beneficial
properties.

[0087] The laminating process according to embodiments of the disclosure can
enhance both the water resistance and the moisture permeability of the fibrous layer 100
simultaneously. While the waterproof and moisture permeability of the laminated fabric can
be generally achieved by choosing the types of nonwoven layers 10 and 30, the pore sizes
of the electrospun nanofiber layer 20, the inventors discovered that an optimal laminating
process condition, choice of the adhesive 505, among other conditions can enhance the
water resistance and increase moisture permeability of the fibrous layer 100. Waterproof
and moisture permeable fabrics, or waterproof and breathable fabrics for the protective
clothing material or fibrous layer 100 are widely desired for the ASTM F1671 level 4
protection and healthcare worker’s comfort. The properties of permeability to water vapor
and resistance to water droplets are particularly important to medical applications, which can
be constructed into high density woven fabrics, coated fabrics and laminated fabrics. In
addition, the nonwoven layer 20 can be an electrospun nanofiber layer, providing good water

vapor transmission capability due to the porous structure of the electrospun nanofiber layer.

[0088] In some embodiments, a one-component or two-component polyurethane
resin e.g., polyurethane reactive resin, is used as the adhesive 505 and applied to the
nonwoven layer 10 or 30 e.g., by using gravure rollers or flat rollers 502. In a specific
embodiment, a moisture-curing type 100% solids polyurethane reactive resin is used. By
way of example, the polyurethane reactive resin in an amount of 2 to 30 g/m? can be applied
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to the nonwoven layer 10, 30 or nanofiber layer 20 using a gravure roller or a flat roller 502.
In this embodiment, the 100% solids polyurethane reactive resin containing no solvent can
be melted with heat, which simplifies the process and is environmentally friendly. In some
embodiments, the polyurethane resin or adhesive 505 may be heated starting at a
temperature of 50°C-60°C before reaching a liquid phase at 70°C. Since no solvent is used,
even if the adhesive resin 505 is applied on the nanofiber layer 20, the temperature of the
gravure roller 502 can be lowered to a level of 70°C to 100°C (lower than conventional
100°C or more), thereby preventing damage to the nanofiber layer 20 due to heat. In
addition, potential damage caused by solvents can be avoided, as such, the adhesive resin
505 can be alternatively applied on the nanofiber layer 20. In some embodiments, it is
preferable to apply the adhesive resin 505 to the nonwoven layer 10 or 30 in consideration of

the process and lamination stability.

[0089] With reference to FIGS. 7A-7B, after applying the polyurethane reactive resin
adhesive 505 on the nonwoven layer 10, lamination can be performed while pressing the
nanofiber layer 20 to the nonwoven layer 10 e.g., with driving rollers 503. The driving rollers
503 can be general rollers with a vertical, horizontal or descending structure, and preferably
calendar rollers and rubber rollers to maintain the mechanical structure in order to stabilize
the laminated structure of the nanofiber layer 20. During the lamination process, the
humidity condition in the air can be maintained at 40% to 80% in order to accelerate the
curing of the adhesive 505. The laminated fibrous layer 25 in FIG. 7A can be wound with the
roller 504 and aged for 10 to 36 hours in an aging room under conditions of a temperature of
25°C to 35°C at a relative humidity of 65% to 80% during a humidification process 520. It is
desirable to keep the tension, during the winding process with the roller 504, of the resulting
laminated fibrous layer 25 (FIG. 7A) after lamination, e.g., below 3 kilogram-force (kgf) to
prevent damage to the structure of the nanofiber layer 20.

[0090] With reference to FIGS. 7A-7B, by the lamination process shown in FIG. 7A,
a two-layer fibrous layer 25 is formed where the nonwoven layer 10 and the nanofiber layer
20 are bonded or laminated and constructed. The two-layer fibrous layer 25 are light and
soft, and the advantages and functionality of the nanofiber layer 20 itself can be maximized.
In some applications, the usage of a two-layer fibrous layer may cause damage to the
nanofiber layer 20. As such, a separate lining or nonwoven layer 30 can be added for
sewing and protection of the nanofiber layer 20, as shown in FIG. 7B. Therefore, by bonding
another nonwoven layer 30 to the two-layer fibrous layer 25, as shown in FIG. 7B, it is
possible to make a three-layer fibrous layer 100 to protect the nanofiber layer 20 and make
the fibrous layer 100 sewable. According to embodiments of the disclosure, a nonwoven

layer 10 can be bonded on the external side of the nanofiber layer 20 and a nonwoven layer
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30 on the internal side of the nanofiber layer 20. As such, the nanofiber layer 20 can be
sufficiently protected in the middle to improve the functionality and durability. The internal
nonwoven layer 30 can also improve the feel of direct contact with the skin.

[0091] In some embodiments, it is preferable to use calendar rollers and rubber
rollers 503 as the driving rollers, at a temperature of 90°C to 100°C, to strengthen the
adhesion between the nonwoven layer 10 and the nanofiber layer 20 and between the
nonwoven layer 30 the nanofiber layer 20, and stabilize or maintain the laminated structure
of the nanofiber layer 20 in the finished fibrous layer 100.

[0092] With reference to FIG. 7A and FIG. 7B, in some embodiments, an infrared
(IR) heater 510 can be used to ensure the surface of the nanofiber layer 20 or laminate 25 to
be more hydrophilic, which can increase the laminating or bonding efficiency and stabilize
the surface appearance. In some embodiment, a ceramic heater can be used. Depending
on the type of heaters, the distance between the heater 510 and the layer 20 or 25 can be
adjusted to ensure the laminating or bonding efficiency. In some embodiments, an IR heater
510 is set at 60°C and thus the surface temperature of the layer 20 or 25 to be bonded can
be less than 60°C as the roller 506 is being continuously operated. The exposure of the IR
heater 510 and its temperature on the material is also dependent on the speed of the rollers
506, 503 and 504. In some embodiments, the curing mechanism of the polyurethane
adhesive 505 is a moisture curing type. As such, a humidification step 520 can be
performed to allow the curing to proceed more smoothly when the completed fibrous layer
25 and 100 are aged and cured in the aging room where temperatures between 24°C to

30°C and 70% relative humidity are maintained.

WORKING EXAMPLES

[0093] Embodiments of the disclosure will now be described in connection with
working examples. It should be pointed out that while some specific details are set forth in
the working examples in order to provide a thorough understanding of the disclosure, it will
be apparent to one of ordinary skill in the art that some of these specific details may not be
employed to practice embodiments of the disclosure. In other instances, some well-known
details may not be described in order to avoid unnecessarily obscuring embodiments of the
disclosure.

Example 1

[0094] A two-component polyurethane resin with 70% solid content was applied to
one side of a nonwoven layer 10 in the amount of 10 g/m2. The solvent was evaporated with
a dryer at about 45°C. A nanofiber layer 20 was laminated on the nonwoven layer and
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heated at a temperature about 90°C. The two layers were laminated by pressure
compression while passing through heated rollers 503, as shown in FIG. 7A. After
lamination, the process tension pulled by a winding roller 504 or the like was maintained at 3
kgf or less. The reaction was completed by aging at a temperature of 50°C for 12 hours to
make a laminated two-layer fibrous layer 25.

Example 2

[0095] On one side of the nonwoven layer 10, moisture-curable 100% solids
polyurethane-reactive resin 505 was dissolved, applied in the amount of 10 g/m?2, as shown
in FIG. 7A. A nanofiber layer 20 was laminated with the nonwoven layer 10. During
lamination, the nanofiber layer 20 and the nonwoven layer 10 were pressed together with the
rubber rollers 503 while applying heat at a temperature of 90°C to the roller 503. The
humidity condition was maintained at about 60%. In the winding process with roller 504 after
lamination, the tension was maintained at 3 kgf or less. After rewinding, the final process
was completed by aging for 12 hours in an aging room at 30°C and 70% relative humidity to

complete the laminated 2-layer fibrous layer 25.
Examples 3 and 4

[0096] A moisture curable 100% solids polyurethane-reactive resin was applied to
the nanofiber layer 20 of each of the two layers of Examples 1 and 2 in the amount of 10
g/m2,

Comparative Example 1

[0097] Same conditions as in Example 1 were used except that the process tension

at the time of rewinding after lamination was 4 kgf or more.
Comparative Example 2

[0098] Same conditions as in Example 1 were used except that the adhesive resin

was applied to the nanofiber layer 20.

[0099] For the products prepared in Examples 1, 2, and Comparative Examples 1
and 2, the appearance of the product surface was visually inspected, and the feel of the
surface was measured. In addition, the slip property was tested using the method of ASTM
D1894 — Standard Test Method for Static and Kinetic Coefficients of Friction of Plastic Film
and Sheeting, and the peel strength was tested using the method of ASTM D2724 —
Standard Test Method for Bond Strength of Bonded, Fused, and Laminated Apparel Fabrics.

[00100] In embodiments where the adhesive contains a solvent, 2 to 30 g/m? of a
polyurethane resin 505 with a solid content of 30% to 80% was applied on the nonwoven
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layer 10 using a gravure roller 505. The surface energy of the nonwoven layer 10 may be
different depending on the thickness of the nonwoven layer 10, the texture, the yarn, the
weight, and the content of the post processing, etc. As such, penetration of the adhesive
component and the actual application amount would be different (the higher the surface
energy, the greater the application amount of the adhesive resin should be on the nonwoven
layer 10). If too much polyurethane resin or adhesive 505 is used, the fibrous layer 100
would result in a decrease in functionality, making it difficult to take advantage of the light
and soft nanofiber layer, and would not be as breathable. If too little polyurethane resin or
adhesive 505 is used, the adhesive strength would be weak between the layers 10, 20, and
30, and peeling of the layers may occur, which would severely undermine the fibrous layer’s
function.

[00101] The solvent component contained in the polyurethane resin 505 was
evaporated with a dryer at 40°C to 120°C to minimize damage to the nanofiber layer 20
caused by the solvent. If the temperature of the dryer is too low, it would not be easy to
volatilize the solvent component. However, it is not necessary to raise the temperature
higher than needed. In conventional methods, adhesives are applied to a nanofiber layer,

causing damages to the nanofiber layer by the solvent contained in the adhesives.

[00102] The fibrous materials prepared by the method of the disclosure were tested
and their properties were evaluated. The tests were conducted according to ASTM D 6701-
21 Standard Test Method for Determining Water Vapor Transmission Rates by SGS in
Appleton, Wisconsin. Table 1 provides a test result of breathability or Water Vapor
Transmission Rate (g/m?/day) of the fibrous materials according to embodiments of the

disclosure.
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Table 1 Water Vapor Transmission Rates (gram/m?/day)

Vista 3 - VistaS- | cardinal Health -
Vista Health Vista Health .
Test Sample Cardinal Health
3 gram/m? of 5 gram/m2 of
. . Smartgown™
nanofiber layer nanofiber layer
1 31826 31117 6075
2 31202 35510 5811
3 32024 31281 5948
4 32276 35956 6271
5 32119 34510 6106
6 32467 33402 5930
Average 31986 33629 6023
Std. Dev. 4416 2078.7 161.7
Maximum 32467 35956 6271
Minimum 31202 31117 5811
n= 6 6 6
[00103] In Table 1, Vista 3 is a sample fibrous material of the disclosure, comprising a

25 g/m? SMS nonwoven layer, a 3 g¢/m? nanofiber layer, and 20 g/m? SS nonwoven later
having a collective basis weight of 48 g/m?. Vista 5 is another sample fibrous material of the
disclosure, comprising a 25 g/m2 SMS nonwoven layer, a 5 g¢/m2 nanofiber layer, and 20
g/m? SS nonwoven later having a collective basis weight of 50 g/m2. Cardinal Health is a
comparison sample, Smartgown™, obtained from Cardinal Health of 7000 Cardinal Place,
Dublin, OH 43017. The data in Table 1 show that the fibrous materials of the disclosure
have excellent breathability, with a transmission rate more than five times better than that of
the best conventional fabric currently available on the market.

[00104] All technical and scientific terms used herein have the meaning as commonly
understood by one of ordinary skill in the art unless specifically defined otherwise. As used
in the description and appended claims, the singular forms of “a,” “an,” and “the” include
plural references unless the context clearly dictates otherwise. The term “or” refers to a
nonexclusive “or” unless the context clearly dictates otherwise. Further, the term “first” or
“second” etc. may be used to distinguish one element from another in describing various
similar elements. It should be noted the terms “first” and “second” as used herein include
references to two or more than two. Further, the use of the term “first” or “second” should
not be construed as in any particular order unless the context clearly dictates otherwise.

The term "comprises"” is open language that requires the presence of the recited element or
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structure or its equivalent, but does not exclude the presence of other elements or
structures. The term "comprises” has the same meaning and is interchangeable with the

terms "includes" and "has."

[00105] Those skilled in the art will appreciate that various other modifications may be
made. All these or other variations and modifications are contemplated by the inventors and

within the scope of the invention.
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CLAIMS

WHAT IS CLAIMED IS:

1.

10.

11.

A protective garment comprising a fibrous material, wherein

the fibrous material comprises a first nonwoven layer, a second nonwoven
layer, and a nanofiber layer laminated between the first nonwoven layer and the
second nonwoven layer, and

the fibrous material has a mean flow pore size greater than or equal to
about 0.02 micron and less than or equal to about 0.5 microns, and a water vapor
transmission rate greater than or equal to about 10000 g/m?/day and less than or
equal to about 100000 g/m?/day.

The protective garment of claim 1, wherein the first nonwoven layer comprises a
spunbond-meltblown-spunbond (SMS) layer and the second nonwoven layer

comprises a spunbond-spunbond (SS) layer.

The protective garment of claim 1, wherein the first nonwoven layer comprises a
spunbond-spunbond (SS) layer and the second nonwoven layer comprises a

spunbond-spunbond (SS) layer.

The protective garment of claim 2, wherein the SMS layer comprises

polypropylene or polyester.

The protective garment of claim 2, wherein the SS layer comprises polypropylene

or polyester or polyamide.

The protective garment of claim 2, wherein the nanofiber layer comprises

polyurethane or expanded polytetrafluoroethylene (ePTFE).

The protective garment of claim 1, wherein the air permeability of the fibrous

material is greater than or equal to 1 CFM and less than or equal to 10 CFM.

The protective garment of claim 1, wherein the fibrous material has a thickness
ranging from 0.01 mm to 0.3 mm.

The protective garment of claim 1, wherein the fibrous material has a basis weight
between 10 g/m? to 60 g/m>.

The protective garment of claim 1, wherein the nanofiber layer has a basis weight

between 2 g/m? to 8 g/m2.

A breathable fabric comprising a fibrous material, wherein
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the fibrous material comprising a first nonwoven layer, a second nonwoven
layer, and a nanofiber layer laminated between the first nonwoven layer and the
second nonwoven layer, and

the fibrous material has a mean flow pore size greater than or equal to
about 0.02 micron and less than or equal to about 0.5 microns, and a water vapor
transmission rate greater than or equal to about 10000 g/m?/day and less than or
equal to about 100000 g/m?/day.

The breathable fabric of claim 11, wherein the first nonwoven layer comprises a
spunbond-meltblown-spunbond (SMS) layer and the second nonwoven layer

comprises a spunbond-spunbond (SS) layer.

The breathable fabric of claim 12, wherein the SMS layer comprises

polypropylene or polyester.

The breathable fabric of claim 12, wherein the SS layer comprises polypropylene

or polyester or polyamide.

The breathable fabric of claim 11, wherein the nanofiber layer comprises

polyurethane or expanded polytetrafluoroethylene (ePTFE).

The breathable fabric of claim 15, wherein the nanofiber layer has a basis weight

between 2 g/m? to 8 g/m>.

The breathable fabric of claim 11, wherein the fibrous material has a basis weight

between 10 g/m? to 60 g/m>.

The breathable fabric of claim 11, wherein the air permeability of the fibrous
material is greater than or equal to 1 CFM and less than or equal to 10 CFM.
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A method of making a fibrous layer, comprising,

providing a first nonwoven layer and a nanofiber layer;

applying a polyurethane reactive resin in an amount of 2 to 30 g/m? to the
first nonwoven layer,

laminating the nanofiber layer to the first nonwoven layer applied with the
polyurethane reactive resin and pressing to form the fibrous layer.

The method of claim 19, wherein the polyurethane reactive resin comprises

moisture curable 100% solids polyurethane.

The method of claim 20, wherein in the applying step the polyurethane reactive

resin is heated at a temperature of 50°C to 70°C.

The method of claim 20, wherein the pressing of the nanofiber layer and the first
nonwoven layer is carried out using driving rollers heated at a temperature of
80°C to 120°C.

The method of claim 20, wherein the pressing of the nanofiber layer and the first

nonwoven layer is carried out under a pressure of about 5 bar.

The method of claim 20, further comprising curing the fibrous layer at a
temperature of 25°C to 35°C and a relative humidity of 65% to 80% for 24 to 48
hours.

The method of claim 20, further comprising winding the fibrous layer.

The method of claim 20, further comprising providing a second nonwoven layer,

applying moisture curable 100% solids polyurethane reactive resin in an amount
of 2 to 30 g/m? to the second nonwoven layer, and laminating the fibrous layer to
the second nonwoven layer applied with the moisture curable 100% solids

polyurethane reactive resin and pressing.

The method of claim 19, wherein the polyurethane reactive resin comprises
moisture curable 30% to 80% solids polyurethane in a solvent, and the method
further comprising removing the solvent after the applying step by volatilizing at a
temperature of 40°C to 120°C.

The method of claim 27, further comprising winding the fibrous layer at a process

tension of 3 kilogram-force (kgf) or less.

The method of claim 27, further comprising providing a second nonwoven layer,
applying a polyurethane reactive resin in an amount of 2 to 30 g/m? to the second
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nonwoven layer, and laminating the fibrous layer to the second nonwoven layer
and pressing.

30. The method of claim 27, further comprising curing the fibrous layer at a
temperature of 25°C to 35°C and a relative humidity of 65% to 80% for 24 to 48

hours.
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“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

“O” documentreferringto an oral disclosure, use, exhibition or other means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X"” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y”" document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

16 November 2021

Date of mailing of the international search report

FEB 142022

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450
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Kari Rodriquez
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Box No. 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. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. [:I 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:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

‘I'is International Searching Authority found multiple inventions in this international application, as follows:

-- See Extra Sheet --

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

As only some of 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.:

4. 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.:
1-18

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D 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.

I:] No protest accompanied the payment of additional search fees.
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PCT/US 21/51353

Continuation of:
Box |l Observations where unity of invention is lacking

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 searched, the appropriate additional search fees must be paid.

Group I: Claims 1-18 directed to a protective garment and breathable fabric, comprising: a fibrous material, wherein the fibrous material
comprises a first nonwoven layer, a second nonwoven layer, and a nanofiber layer laminated between the first nonwoven layer and the
second nonwoven {ayer, and the fibrous material has a mean flow pore size greater than or equal to about 0.02 micron and less than or
equal to about 0.5 microns, and a water vapor transmission rate greater than or equal to about 10000 g/m2/day and less than or equal to
about 100000 g/m2/day. s
Group |I: Claims 19-30 directed to a method of making a fibrous layer, comprising, providing a first nonwoven layer and a nanofiber
layer; applying a polyurethane reactive resin in an amount of 2 to 30 g/m2 to the first nonwoven layer, laminating the nanofiber layer to
the first nonwoven layer applied with the polyurethane reactive resin and pressing to form the fibrous layer.

The inventions listed as Groups | and 1l 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:

Special Technical Features:

Group | requires a protective garment comprising a fibrous material, wherein the fibrous material comprises a first nonwoven layer; and
a second nonwoven layer, and the fibrous material has a mean flow pore size greater than or equal to about 0.02 micron and less than
or equal to about 0.5 microns, not specifically required by Group il.

Group |l requires a method of making a fibrous layer, comprising, applying a polyurethane reactive resin to the first nonwoven layer,and
pressing to form the fibrous layer, not specifically required by Group I.

Common Technical Features:

Groups | and |l share the technical feature of a fabric comprising: a first nonwoven layer; and a nanofiber layer laminated to the first
nonwoven layer.

However, these shared technical features do not represent a contribution over prior art, because the shared technical feature is being
anticipated by US 2005/0079379 A1 to Wadsworth et al. (hereinafter 'Wadsworth'). Wadsworth discloses a fabric Abstract - '...A
respirable one-ply, two-ply or multi-ply barrier fabric..."; para [0027] - "... FIG. 1 is a schematic of a two-ply fabric of this invention which
comprises a barrier layer such as a melt blown (MB) microfiber nonwoven or a breathable microporous or monoalithic film and the second
layer may be any woven, knitted, open mesh film or nonwoven fabric...') comprising: a first nonwoven layer (para [0168] -
'...Furthermore, the MB PP may be electrostatically charged and the MB nonwoven...'); and a nanofiber layer laminated to the first
nonwoven layer (para [0041] - '...nanofiber web by a cotton-surfaced nonwoven (CSN) or a HEC/SF and the ensemble is then thermally
pattern-calendered on the SB line before wind-up or further in-line finishing..."; para [0232] - '...Examples A, B, C and D above in which
component layers containing activated carbon powders, activated carbon fibers and/or activated carbon nanofiber..."; para [0233] - *...In
examples A, B, C, D and E above, electrospun or other types of nanofiber webs of any fiber type may replace the MB PP web of any
fiber type or may form a thin coating over the MB web...").

As the shared technical features were known in the art at the time of the invention, they cannot be considered common technical
features that would otherwise unify the groups. Therefore, Groups | and Il lack unity under PCT Rule 13.
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