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REACTIVE SURFACE COATING HAVING CHEMICAL
DECONTAMINATION AND BIOCIDAL PROPERTIES

The U.S. Government may have certain rights in this invention under
U.S. Army Natick Solider Systems Center contracts W911SR-07-C-0067
and W911SR-09-C-003.

FIELD OF THE INVENTION

[0001] This invention is directed to a reactive coating composition for sur-
faces and articles, which has the ability to reduce or eliminate microbial con-
tamination and/or to neutralize chemical agents. The reactive coating com-
prises a polymer and an active. Uniquely, the reactive composition may be
renewed or recharged by reapplication of the active. The invention is also
directed to methods for providing a reactive coating to a surface or articles.

BACKGROUND OF THE INVENTION

[0002] The U.S. armed forces have a need to operate, survive and sustain
operations safely in chemical and biological hazard environments. The con-
tinued proliferation of chemical and biological weapons creates a need to
ensure that U.S. forces can successfully complete missions in environments
that could become contaminated with chemical and biological agents.
Technologies are needed to support the soldier across the spectrum of po-
tential conflicts and contaminant exposures. In addition, other environ-
ments, particularly in healthcare facilities, have a need to operate and to
sustain operations in areas that are exposed to chemical and biological con-
taminant challenges on a daily basis.

[0003] Current decontamination/cleaning methods for biological and chemi-
cal contaminants are laborious and are greatly dependent on the care and
attention to detail of cleaning personnel. Traditionally, these methods re-
quire the use of hazardous chemicals and generally do not provide long-
lasting or ongoing protection. Once a surface has been manually cleaned,
new contaminants on the surface can present a threat to the health and
safety of those who come in contact it until the next manual cleaning proce-

dure.
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[0004]In military applications in particular, operational decontamination re-
quires that an object or device be enabled to return to service as rapidly as
possible; thorough decontamination enables an object or device to be han-
dled by any user without personal protective equipment. Both operational
and thorough decontamination are advantages that may be achieved with
reactive coating compositions of the invention.

[0005] Reactive coatings have been in development for a number of years
with some limited success. Reactive coatings with the capacity to decon-
taminate smaller areas or articles and/or smaller amounts of chemical and
biological agents have been demonstrated. Traditionally, due to limits on
the amount of “reactivity” that can be applied to a surface or incorporated
into an article, reactive coatings alone are unlikely to have the capacity to
effect operational or thorough decontamination of larger surface areas heav-
ily contaminated with chemical or biological warfare agents.

[0006] A reactive coating with the ability to reduce, eliminate or neutralize
contamination between cleanings provides significant benefits. Most cur-
rently available reactive coating technologies are considered “permanent” in
the sense that when integrated into a fabric or substrate material or applied
to a surface, they remain continuously reactive until fouled by contaminants.
At that point, the material or surface usually must be thoroughly cleaned and
decontaminated, or removed, disposed of, and replaced.

[0007]By contrast, a renewable coating is a two-part system consisting of
first, a nonreactive foundation layer that may be either integrated into a sub-
strate or applied as a surface coating, and second, an activation chemistry
(liquid or gaseous), or “active”, that renders the foundation layer “reactive” to
a contaminant on the surface. The reactivity of a renewable coating may be
‘recharged” or renewed by reapplication of the active after exposure to
chemical and biological contaminants. Ideally, there would be no need to
thoroughly clean or decontaminate, remove, dispose of, and replace the
foundation layer of a renewable coating.

[0008] Renewable coatings, in particular, offer a potential solution to prob-
lems typically encountered with traditional reactive surface technologies.

These include: fouling from environmental contaminants, limited reactive
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capacity at the surface and rapid deterioration of the surface from environ-
mental conditions or continuous exposure to contaminants.

[0009]In general, chemicals used against biological species and chemical
contaminants are classified as “actives” and include without limitation hal-
ides, oxidizers, phenols, quaternary ammonium salts, heavy metals, and al-
dehydes. When higher levels of actives are present and available on the
surface, decontamination efficacy will improve. Commercially, actives have
been added to surfaces in order to try and create reactive and time-release
materials. Two currently available examples are HALOSHIELD, a slow re-
lease chlorine-based system for making antimicrobial textiles, and TRIO-
SYN, a quaternary ammonium triodide coating. HALOSHIELD-treated tex-
tiles rely on replacement of chlorine from bleach when being washed.

[0010] Attempts to create antimicrobial coatings for surfaces and articles are
described in the literature and have met with some limited success. U.S.
Patent No. 7,306,777 is directed to a polyethylene/polyvinyl alcohol copoly-
mer comprising a metal based antimicrobial compositions within the polymer
for application to a variety of substrates. The copolymer is not stated to be
renewable.

[0011]U.S. Patent No. 7,449,194 is directed to a “body covering” article
(such as an apron, gown or glove) that is made from an antimicrobial mate-
rial. The antimicrobial material comprises a polymer, such as polyolefins,
PVC, latex, nitrile, mylar, polyurethane and neoprene; a plasticizer; and an
active capable of generating and releasing at least one gas upon exposure
to light and/or humidity. The gas is antimicrobial and will retard, control, Kill
or prevent microbiological contamination of the skin or other surface in con-
tact with the article. The “gas generating” composition includes hydrogen
peroxide (0.5-20 wt. %), chlorine dioxide, sulfur dioxide, carbon dioxide and
nitrous oxide. The article is not renewable or rechargeable with active.
[0012] U.S. Patent Publication No. 2008/0138373 is directed to a protective
or cleaning article that has an exterior surface of at least a partial coating or
layer of a stabilized peroxide compound and a treatment for protective arti-
cles and cleaning articles, such as tissues and gloves. Hydrogen peroxide
and other peroxide salts are listed as oxidizing antimicrobials thought to be
virucidal as well as bactericidal. Vinyl pyrrolidone copolymers are men-

3
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tioned as hydrogen peroxide stabilizing agents; however, vinyl pyrrolidone
homopolymers are not acceptable because they create stiff films. Prefera-
ble vinyl pyrrolidone copolymers are those that do not form films or form on-
ly soft films. The treatment is not described as renewable.

[0013]U.S. Patent Publication No. US2008/00260026 discloses a “remova-
ble” coating comprising a water soluble polymer (that will dry to form a film)
and at least one antimicrobial. The composition is described as biocidal
and/or biostatic. Polyvinyl alcohols alone or copolymerized with olefins are
disclosed. Peroxide and peroxyacids are disclosed as actives, among many
other actives disclosed. The coating is not stated to be renewable and may
or may not be biocidal.

[0014] U.S. Patent Publication No. 2009/0155451 discloses an antimicrobial
coating system, comprising a film-forming composition and an antimicrobial.
The film-forming composition comprises a polymer and includes an effective
amount of an antimicrobial agent dispersed within the polymer. The poly-
mer may be an acrylic, urethane or PVA polymer; the active is selected from
fatty acid monoesters, fatty acid monoethers, a transition metal ion-
containing compound, a quaternary ammonium compound, a biguanide, or
combinations thereof. Peroxides are identified only as fast-acting optional
components that do not provide activity over extended periods of time, as
compared to the antimicrobial agent. The coating is not renewable.
[0015]U.S. Patent Publication No. 2009/0275906 discloses an absorbent
article with a thin film layer that includes an active agent. Peroxide is one of
the “actives” disclosed. The thin film is polymeric and is layered onto the
article using LBL deposition. PVP comprises one of the “layers”, i.e., the
second “neutral” layer that is a hydrogen bond acceptor. The “first” layer
includes other polymers that are hydrogen bond donors. Claims are di-
rected to the absorbent article, not the film. There is no mention that the
absorbent article may be renewed or recharged with active.

[0016]U.S. Patent Publication No. 2010/0009011 is directed to a polyure-
thane-based composition containing crosslinked polymers of heterocyclic N-
vinyl monomers (including PVP, 0.1-100% by wt.). The composition is used
to make sponges or other objects that release disinfectants over time. Hy-
drogen peroxide (3-70 wt. %) is one of the potential disinfectants. The pub-

4
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lication is concerned with foam based articles and not coatings. The disin-
fectant activity is not renewable.

[0017]WO 2006/135620 is directed to a PVP/hydrogen peroxide complex
used to form a gel that is used to deodorize air and surfaces. The active
could also be a peroxohydrate compound. The complex relies on release of
gas to deodorize air and surfaces. It may be used as a solution, solid, gel,
or contained within a device.

[0018] The literature shows that while there has been a lot of activity in de-
veloping antimicrobial textiles, absorbent sponges, tissues, and other arti-
cles, no current reactive surface technology has been developed that has
demonstrated efficacy sufficient to decontaminate standard or larger scale
interior or exterior chemical or biological challenges, particularly those en-
countered with chemical and biological warfare agents. No current technol-
ogies are available for field military use as a reactive coating. Most activity
has surrounded the development of single-use reactive surfaces and arti-
cles that must be thoroughly cleaned and decontaminated, or removed, dis-
posed of and replaced after contamination. No current technologies have
been demonstrated to be renewable with simple reapplication of the active.
[0019] Significant effort has been invested into the creation of reactive sur-
faces for larger scale commercial and military use with limited progress.
Most technologies under development suffer from a variety of performance
challenges but most notably the following:

e Limited capacity — many technologies have been shown to be bio-
static (only prevent growth) under ideal conditions. Many current
systems require an extended amount of time (days) before they can
fully deal with a realistic level of contamination. Ideally, a reactive
surface would provide a very high level of activity against bacteria, vi-
ruses, and fungi and even hard to kill spores. Additionally, the ideal
system would also reduce the threats from chemical warfare agents
or other toxic chemicals.

e Cross-contamination — biostatic technologies only protect the surface
they are applied to. This approach leaves contaminant available for
transfer to any surface or entity that comes into contact. The ideal
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system would inactivate the biological or chemical contaminant as-
suring a safe surface between cleaning.

e Fouling — a well-known problem for reactive coatings is fouling of the
surface by either environmental conditions or residue from the con-
taminant that has been neutralized. Actives that are available on a
clean surface can easily be covered by layers of simple dirt/dust or
they can be covered by the residue from decontaminated biologicals
or chemicals. An ideal system would be resistant to a reduction in
performance resulting from these organic loads.

e Practical, multiple use applications — many of the current technolo-
gies are designed for specific applications under ideal conditions and
are therefore limited in their viability.

[0020] There is, therefore, a need for reactive surface technology that pro-
vides biocidal activity and chemical decontamination even in the face of or-
ganic load buildup, that is effective against a wide variety of contaminants
and that can be applied to a wide variety of surfaces in traditional interior
and exterior environments. There is no current consensus as to perfor-
mance requirements for reactive surface coatings. An ideal system would
be applicable to commercial (including medical) and military markets, safe
to use and handle, effective against a wide variety of contaminants, applica-
ble to and easily integrated onto or into a wide variety of porous and non-
porous surfaces, effective under organic load build-up, and renewable or
rechargeable by reapplication of the active. In addition, a useful system
would be stable and have extended use life and be flexible in its application,
giving the user the option to activate the film in a number of ways using dif-
ferent forms of the active.

[0021] A new technology has been developed comprising a reactive surface
designed to work in conjunction with current decontamination systems and
processes to achieve greater efficacy, or as a stand-alone product to ad-
dress residual or low levels of agent. This technology surprisingly meets the
need for the quick restoration of equipment, vehicles, building and shelter
interiors, and essential support functions, such as field based military facili-
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ties, hospitals, manufacturing facilities and other facilities exposed to chemi-
cal and biological challenges.

[0022] A key advantage of this technology aligns with certain military re-
quirements to sustain combat operations through 1) the ability to quickly
bring forces back to full operational effectiveness; 2) restoring equipment
and vehicles to usable status quickly; and 3) reducing the logistics burden of
decontamination operations.

[0023] This invention is directed to a reactive surface coating composition
that may be incorporated into or onto a surface or material as part of the
manufacturing process or applied to an existing material at any point during
its life. The surfaces to which this invention can be applied are unlimited.
This invention has been demonstrated to be effective when applied to both
hard non-porous surfaces and porous surfaces.

[0024] The inventive reactive surface compositions are comprised primarily
of a hygroscopic polymer or blend of polymers (hereinafter referred to as the
polymer) and an active. The ability to modify the physical properties of the
inventive reactive surface compositions to tailor them for various purposes
is an unexpected and distinct advantage of the invention.

[0025] The polymer selected for use in the inventive compositions may have
and preferably has a synergistic effect with an active(s), such as, but not
limited to, hydrogen peroxide, chlorine, peracetic acid, and the like. This
synergistic effect is demonstrated as an increase in biocidal or chemical de-
contamination activity that is greater than that achieved with either the pol-
ymer or the active when used alone. Importantly, upon mixing with or expo-
sure to the active, the selected polymer does not reduce or limit the amount
of active available for the application or its efficacy. A preferred polymer is
polyvinyl pyrrolidone (PVP, and a preferred active is hydrogen peroxide.
[0026] The invention provides for a reactive surface that may be recharged
or activated through any process that provides addition of the active to the
surface, in the form of a liquid, gas or vapor. The amount of active applied
may be varied to achieve different levels of surface activity to tailor the func-
tionality to the desired task.

[0027]1t is an object of the invention to provide a reactive composition com-
prising a hygroscopic polymer and an active, for incorporation into articles or
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application to hard surfaces, which provides biocidal and chemical decon-
tamination/neutralization activity against a large variety of biological and
chemical contaminants in a short period of time, including without limitation
biological and chemical warfare agents.

[0028] It is another object of the invention to provide a reactive composition
that has residual activity and maintains its biocidal and chemical decontami-
nation/neutralization activity under organic load and dilution.

[0029] 1t is yet another object of the invention to provide a reactive composi-
tion that may be recharged or renewed with an active during use, without
the need to remove, dispose of, and replace the reactive composition.
[0030] Still another object of the invention is to provide a reactive composi-
tion that is safe to handle and environmentally safe and that may be applied

to porous and non-porous surfaces alike.

SUMMARY OF THE INVENTION
[0031]A novel reactive coating has been developed having biocidal and
chemical neutralization/decontamination properties that are maintained,
even under an organic load. The inventive coating is renewable or re-
chargeable by adding additional quantities of the active component to the
coating after use or prolonged exposure to environmental contaminants, in-
cluding biological and chemical warfare agents.
[0032] In one embodiment, the invention is directed to a reactive composi-
tion comprising a hygroscopic polymer and an active material mixed with or
incorporated into the polymer. The active may be mixed with the polymer in
a solution and dried to a film, or the polymer may be applied as a film and
later charged with the active. The reactive composition may be applied to a
surface or incorporated into an article during manufacture.
[0033]In another embodiment, the invention is directed to an article com-
prising the inventive compositions.
[0034]In a further embodiment, the invention is directed to a method for
providing a reactive coating to a surface comprising the steps of applying a
hygroscopic polymer to a surface of an object, drying the polymer to form a
film, and then exposing the film to a charge of liquid or vaporized active
agent.
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[0035]In yet another embodiment, the invention is directed to a method for
providing a reactive coating to a surface, wherein the active is combined
with a polymer in solution and the polymer/active mixture is applied to a sur-
face, followed by drying to a reactive film.

[0036] The biocidal and decontamination properties of the reactive coatings
of the invention are renewable or rechargeable by exposing the surface or
article to additional amounts of the active. There is no need to remove or
discard the original reactive coating surface.

BRIEF DESCRIPTION OF THE DRAWINGS
[0037]FIG. 1 reflects the percent oxidant achieved in solution when a 10%
H,O, solution is mixed with 1% or 10% PVP having various molecular
weights (10-1300 K).
[0038]FIG. 2 reflects the average log reduction in a time kill study for the
H202/PVP combination of FIG. 1 using S. aureus ATCC 6538.
[0039]FIG. 3 reflects the percent oxidant achieved in a film when 10% and
20% H20: is mixed with 10% PVP (10K, 58K, 360K, and 1300K) and al-
lowed to air dry to a film.
[0040]FIG. 4 reflects the average log reduction of reactive coatings of the
invention inoculated with S. aureus ATCC 6538.
[0041]FIG. 5 reflects hydrogen peroxide concentration (as % oxidant) in
crosslinked PVP films (of various molecular weights) wherein the film is ac-
tivated using vaporous hydrogen peroxide (VHP) at 250 ppm VHP for ninety
minutes as compared to PVP films without exposure to VHP.
[0042]FIG. 6 reflects inactivation (log reduction) over time of S. aureus
ATCC 6538 cells in contact with VHP-treated PVP fiims, PVP-HP dried films
(from solution), and PVP films (no active).
[0043]FIG. 7 reflects log reductions of S. aureus ATCC 6538 for 58K PVP
films exposed to VHP.
[0044]FIG. 8 reflects log reduction of B. subtilis ATCC 19659 spores for
58K PVP films exposed to VHP.
[0045]FIG. 9 reflects hydrogen peroxide concentration (mg/cm?) of cross-
linked and non-crosslinked PVP films with or without exposure to a VHP cy-
cle of 400 ppm for 30 minutes.
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[0046]FIG. 10 reflects log reductions of S. aureus ATCC 6538 in a 1300K
PVP crosslinked film exposed to VHP.

[0047]FIG. 11 reflects inactivation (log reduction) of various loads of B. sub-
tilis ATCC 19659 spores by contact with 1300K PVP crosslinked films ex-
posed to VHP and not exposed.

[0048]FIG. 12 reflects inactivation (log reduction) of B. anthracis (Ames
strain) spores by contact with 1300K PVP crosslinked and exposed to VHP,
using non-exposed PVP film as a control.

[0049]FIG. 13 reflects measured oxidant levels (mg H2Oz/cm?) of a cross-
linked PVP surface (3 different substrates) after VHP exposure.

[0050]FIG. 14 reflects inactivation (log reduction) of S. aureus ATCC 6538
by contact with PVP incorporated on CARC painted aluminum panels
through crosslinking, followed by VHP exposure to yield 0.53 mg/cm? perox-
ide.

[0051]FIG. 15 reflects inactivation (log reduction) of B. subtilis ATCC 19659
spores by contact with PVP incorporated on CARC painted aluminum pan-
els through crosslinking, followed by VHP exposure to yield 0.53 mg/cm?
peroxide.

[0052]FIG. 16 reflects inactivation (log reduction) of B. anthracis (Ames
strain) spores by PVP crosslinked onto a fabric wipe and CARC substrates
exposed to VHP.

[0053] FIG. 17 reflects peroxide concentrations of several 1300K PVP films:
non-crosslinked, crosslinked, and blended with varying levels of LDPE after
exposure to VHP.

[0054]FIG. 18 reflects composite images of gram-stained and non-stained
LDPE/PVP 80/20 masterblend film.

[0055]FIG. 19 reflects hydrogen peroxide levels (mg/cm?) in 1300K cross-
linked PVP on various surfaces after VHP exposure.

[0056] FIG. 20 reflects inactivation (log reduction) of both B. subtilis ATCC
19659 spores and S. aureus ATCC 6538 by crosslinked PVP films, one,
four, and seven days after exposure to VHP.

[0057]FIG. 21 reflects stability and regeneration of hydrogen peroxide in
1300K crosslinked PVP films after exposure to 400 ppm, 30 minute VHP

decontamination cycles at time zero and regeneration time zero.
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[0058]FIG. 22 reflects reactivity (log reduction) of 1300K PVP crosslinked
films on days 1, 2, 4, 7, and 14 after VHP treatment using S. aureus ATCC
6538.

[0059]FIG. 23 reflects reactivity (log reduction) of 1300K PVP crosslinked
films on days 1, 2, 4, 7, and 14 after VHP treatment using B. subtilis ATCC
19659 spores.

[0060]FIG. 24 reflects hydrogen peroxide concentration levels (mg/cm?) of
1300K PVP non-crosslinked films after extended and high VHP exposure.
[0061]FIG. 25 reflects hydrogen peroxide concentration levels (mg/cm?) of
60/40 LPPE/PVP films after VHP exposure or soaking in 7% liquid hydrogen
peroxide.

[0062] FIG. 26 reflects that organic load has no impact on the reactivity of
the inventive surface against S. aureus ATCC 6538.

[0063]FIG. 27 reflects available oxidant (expressed as weight percent hy-
drogen peroxide) in 40%, 58K PVP films using magnesium and calcium
peroxide as film actives.

[0064]FIG. 28 reflects average log reductions of S. aureus ATCC 6538 by
contact with 58K PVP control and films having magnesium and calcium per-

oxide actives.

DETAILED DESCRIPTION OF THE INVENTION
[0065] The invention is directed to a renewable or rechargeable reactive sur-
face coating having biocidal (including sporicidal properties) and chemical
neutralization or decontamination properties and methods for preparing and
applying such a coating and applications for same.
[0066] For purposes of the invention, the following terms are defined:
“Active” means a chemical substance or other material having
the capability of destroying living organisms or neutralizing or contaminating
chemical or biological contaminants.
“Biocidal” means capable of destroying living organisms.
“Bactericidal” means capable of destroying living bacteria.
“‘Chemical neutralization” or “chemical decontamination”
means rendering a chemical contaminant neutral and harmless to human or

animal subjects.
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“Germicide” means an agent that kills germs, especially path-
ogenic microbes.

“Hygroscopic polymer” means a polymer that is capable of ab-
sorbing water molecules or moisture from the environment.

“‘Microbe” means a living microscopic organism, such as a
bacteria, protozoa, fungi, or virus.

“Microbicidal” or “microcidal” means capable of destroying liv-
ing microbes.

“Warfare Agent” means a substance, chemical or biological,
the toxic or disease-causing properties of which are used as a weapon.

For purposes of this invention, “biocidal”, “microbicidal”, “mi-
crocidal”, “germicidal” and “bactericidal” are used interchangeably.

For purposes of this invention, chemical “decontamination”
and neutralization are used interchangeably.

For purposes of this invention, “renewable” or “rechargeable”
are used interchangeably.

For purposes of this invention, large molecular weights are
expressed as abbreviations of the kilo Dalton (KDa) weight and are desig-
nated as “K” where applicable.

[0067] The reactive inventive compositions of the invention comprise a hy-
groscopic polymer combined with an active.

[0068] Polymers.

[0069] Hygroscopic polymers useful in the invention include, by way of ex-
ample but are not limited to, polyvinylpyrrolidone (PVP), polyvinyl alcohol
and mixtures thereof. Additional useful hygroscopic polymers include low
density polyethylene (LDPE) and polyethylene glycol (PEG). Other poly-
mers that achieve the desired biocidal and chemical decontamination prop-
erties also fall within the scope of the invention and would be known to one
skilled in the art.

[0070] The invention is described primarily in terms of PVP, because it has
already been successfully combined with liquid hydrogen peroxide to create
commercially viable products, such as teeth whitening strips. It has in the
past also been used as a blood plasma extender demonstrating its safety.
PVP can exist in both liquid and solid form depending on how it is pro-
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cessed, leading to a variety of application options. It is for these reasons
that it is a preferred polymer.

[0071]PVP exists and is available in a wide variety of molecular weights.
Useful PVP polymers range in molecular weight from about 10K to about
1300K.

[0072] Low density polyethylene (LDPE) is also a hygroscopic polymer use-
ful in the present invention. Useful LDPE polymers range in molecular
weight (chain length) from about 1000 to about 130,000.

[0073] Hygroscopic polymers useful in the invention may be used individual-
ly or in blends with other polymers. For example, a blend of PVP and LDPE
is useful and falls within the scope of the invention. Typically, the hygro-
scopic polymer associates with the active, while other polymers, even non-
hygroscopic polymers, may be utilized in a blend to achieve various charac-
teristics, provided that they do not limit the biocidal or chemical decontami-
nation properties of the active.

[0074] While not wishing to be bound by theory, it is proposed that the un-
expected results achieved by the inventive combinations may be due to a
synergistic effect of the polymer(s) with the actives. The effect may be due
to polymer weight and/or concentration or active concentration, or both.
[0075] Actives.

[0076] Actives useful in the present invention include without limitation per-
oxides, such as hydrogen peroxide liquid, vaporized hydrogen peroxide
(VHP) or solid peroxide sources such as percarbonates and perborates;
chlorine gas; peracetic acid; iodine; or mixtures thereof. Other useful ac-
tives include Chloramine-T (tosylchloramide or N-chloro tosylamide, sodium
salt, an N-chlorinated and N-deprotonated sulfonamide used as a biocide
and a mild disinfectant); and DCICA (dichloroisocyanuric acid) and its salts.
Some of these actives may also be used as additive agents to a peroxide-
based reactive composition.

[0077] Peroxide as an activator for a reactive surface has practical ad-
vantages. Peroxide is a worldwide commodity so local availability is as-
sured in most regions. Peroxide at concentrations below 8% can be
shipped via ground, water and air without restrictions. Peroxide is a com-

mon component in many decontaminants under consideration by the De-
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partment of Defense at this time. Technology currently exists to deliver per-
oxide in vaporous and liquid forms. As such, a focus of the invention is on
the use of peroxide as an active, although the invention is not limited as
such.

[0078]Hydrogen peroxide is a particularly preferred active as it is easily
combined with a variety of polymers. It is also known as an antimicrobial
and decontaminant. In addition, the inert breakdown products of hydrogen
peroxide are water and oxygen, thus eliminating any long term toxicity haz-
ards. Calcium and magnesium peroxides may also be useful peroxide
sources as they have good long term stability in terms of total oxidant, alt-
hough they are less preferred if film quality is an issue due to the large solid
volume required. They may also take longer than a hydrogen peroxide solu-
tion to provide biocidal or decontamination effects.

[0079] The total amount of polymer (whether a single hygroscopic polymer,
hygroscopic polymer blends or a hygroscopic polymer(s) combined with a
non-hygroscopic polymer(s)) present in the inventive composition may vary
and ranges from about 1 up to about 99 wt. %, based upon the total weight
of the reactive composition.

[0080] The amount of hydrogen peroxide or other actives present in the in-
ventive composition(s) may vary and ranges from about 1 to about 10 wt.%,
but may range as high as 90 wt.%, depending on the form of peroxide used,
i.e., applied as a solution or, if in solid form, in a dried surface.

[0081]While the inventive compositions are quite useful with the peroxide
actives, optionally, other active additives may be included in the inventive
compositions in amounts of at least about 1 wt. %, based upon the total
weight of the composition. Useful active additives include Chloramine-T,
DCICA, peracetic acid (PAA), chlorine, sodium carbonate, and solid perox-
ides, such as calcium and magnesium peroxide and sodium percarbonate
or perborate.

[0082] The compositions of the invention may include other additives to af-
fect processing, and/or performance or physical properties of the composi-
tion or resulting film. By way of example, additives that may be incorporated
include, but are not limited to glycol or PEG’s (polyethylene glycols) to make
the surface more flexible, and vinyl acetate to decrease solubility and in-
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crease strength. Other useful additives will be apparent to one skilled in the
art.

[0083] The reactive compositions of the invention may be prepared and/or
rendered “active” in one of two ways. One approach is to incorporate both
the active and the hygroscopic polymer into a solution by simple mixing and
applying the mixture to a substrate, object or surface. Another approach is
a two-step process in which the hygroscopic polymer is integrated into a
substrate or onto a surface and the active is then applied through a liquid or
vaporous application. Slightly better results have been obtained with the
latter approach as it effectively concentrates the active at the surface allow-
ing for better interactions with contaminants. It also permits the user to tai-
lor the amount of active available on the surface for the particular applica-
tion.

[0084] The inventive compositions may be applied to surfaces or incorpo-
rated into substrates in a number of ways. Application could be, by way of
example, but not limited to, mixing the inventive compositions with a poly-
mer blend prior to manufacture of a substrate or object, application to a sur-
face using a brush, roller, spray, or any way that coating materials are ap-
plied, infusion or absorption onto/into fabric substrates and the like.

[0085] The inventive compositions offer significant advantages over tradi-
tional antibacterial coatings. In particular, the inventive compositions pro-
vide improved performance over traditional technologies, by combining
components synergistically to provide efficacy over and above that available
from a single component alone. The invention provides broad spectrum bi-
ocidal activity, including but not limited to bactericidal, virucidal and spor-
icidal efficacy. The inventive compositions also provide an opportunity for
neutralization of chemical agents or toxins, without creating additional haz-
ards. The inventive compositions are particularly for applications where
chemical and biological warfare agents may be encountered.

[0086] Significantly, the reactive compositions of the invention perform well
under organic load. Testing indicates that the efficacy of the surface is un-
affected by certain organic loads.

[0087] The inventive compositions may be activated once, used, and then
disposed of after their useful life. However, a significant and unique ad-
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vantage is that the originally applied coating does not need to be removed,
disposed of, or replaced after a “useful” life. The inventive compositions can
be renewed or recharged when needed, or at regular intervals, to ensure
their efficacy and continued use. Further, the concentration of the active at
the surface can be controlled during the renewal process, providing the op-
portunity to tailor the surface to respond to different challenges or to modify
the time between renewal or recharging of the active.
[0088] Because the surface formed by the inventive compositions is hygro-
scopic, the reactive surfaces formed by the inventive compositions draw or-
ganisms into the surface for greater contact and, hence, greater efficacy.
However, depending on the polymer selected for use, the surface does not
have to be hygroscopic, although hygroscopic polymers are preferred.
[0089] The inventive compositions function to enhance proven decontamina-
tion processes and address many of the shortcomings of current decontam-
ination procedures such as:

e Cleaning operator variability

o Efficacy on all difficult-to-reach surfaces

e Long lasting efficacy — protection stays in place after clean-

ing/decontamination process

e Chemistry is safe to use and environmentally friendly

[0090] Physical Property Modifications. A variety of physical properties of

the inventive reactive surface coatings may be optimized for use in a num-
ber of different applications. Properties such as solubility, quality, flexibility,
and adherence to substrates determine the usefulness of the inventive
compositions in any particular application. A smooth surface and even dis-
tribution of components across the surface is an important film quality prop-
erty that should be considered.

[0091] Surface properties may be affected by the method of preparing the
surface, including but not limited to casting, coating and extruding. In addi-
tion, layering or sandwiching techniques using multiple layers of different
polymer types, may be used to achieve the desired properties, as one
skilled in the art would understand.
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[0092] Other approaches used to affect surface quality included preparing
components in a solvent solution, such as methanol, to improve surface
wetting properties. Varying the concentrations of each polymer needed to
coat a surface is also important to assure that a usable film or coating is
achieved. For example, if too little PVP is used, a powdery residue would
cover the surfaces, but no film would be created. Likewise, with polymer
blends, such as PVP/LDPE, limitations on the PVP concentration were set
based on the amount of holes or tearing that occurred during processing.
[0093] Blends of PVP/LDPE can be adjusted to impact the quality of the film
created. Varying the level of each component of the blend can affect the
surface texture of the film, the thickness and other characteristics that define
the quality of the film.

[0094] Solubility may play a role in two ways depending on the final use ap-
plication. PVP has a high affinity for water and is highly soluble in most sol-
vents. This high solubility makes it ideal if the reactive coatings are used in
removable applications, such as an application where a clear removable
coating is needed that contains decontamination properties. Non-limiting
examples of such an application include windshields, lights, or interior sur-
faces that are washed more frequently. Solubility plays an important role in
tailoring reactive compositions for short term use.

[0095]PVP may also be cross-linked into a water insoluble film through a
UV or chemical process. Cross-linked PVP retains all of the properties of
PVP without being soluble. A non-water-soluble version of the inventive
compositions allows for use in many applications. Cross-linked PVP swells
upon exposure to water. This may present some tactile and visual incon-
sistencies when compared to other polymer complexes that retain their
properties regardless of liquid exposure. Yet, this absorptive property can
be utilized to capture chemical warfare agents and indicate areas where ex-
posure has occurred. The change in surface property can also be used to
highlight areas for decontamination and reduce the decontamination proce-
dures from a whole surface to a designated area.

[0096] Incorporating PVP into other polymer substances, while still retain-
ing its desired properties, is a way to limit the solubility of PVP. Co-
extrusion of PVP with LDPE is an example of such an approach. Another
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simple approach would be to add PVP to other commercialized coatings.
As long as the PVP is accessible for activation by a liquid or vaporous ac-
tive, this approach is feasible. Applications for non-water soluble versions
include, but are not limited to, tent liners and high touch areas where self-
decontamination would be essential.

[0097] Flexibility is one property that plays an important role in the usability
of the coatings. Reactive compositions of the invention may be used with
pliable surfaces, such as fabric, and on hard surfaces. If films are brittle,
they may crack, which creates an uneven surface or an inadequate surface
for use. Film flexibility may be optimized by using known additives, such as
glycerin, to reduce brittleness.

[0098] Adhesion and incorporation to a substrate is an important property.
The inventive compositions may be applied to already coated surfaces with-
out peeling or cracking of the base coating. In many applications, it is de-
sirable to have a film that cannot be easily removed by scrubbing. The in-
ventive compositions have been shown to be effective when applied to a
large variety of substrates and surfaces.

[0099] Use/Applications.

[00100] The invention lends itself to incorporation onto a surface as a

permanent renewable/rechargeable long term coating or into a single use
device for shorter term protection, such as a uniform, gown, sheet or other
fabric, stick on pads for application to high touch critical surfaces, and the
like. The invention is effective when applied to porous and nonporous sur-
faces. Accordingly, the inventive compositions may be incorporated into a
wide variety of substrates to create durable reactive materials or can be ap-
plied to a wide variety of existing surfaces.

[00101] A wide range of uses are demonstrated for the inventive com-
positions in addition to the military applications discussed herein. These
range from applying the reactive compositions to already coated substrates,
fabrics, objects and hard surfaces, to the formation of plastic fims and
sheets for use as reactive surfaces. A safe and effective reactive surface
would find applications in products/markets, such as healthcare, for durable
surfaces, walls, floors, hardware, knobs and handles, push bars, bed rails,
covers for high touch surfaces, and disposable items. The inventive reac-
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tive coatings may also be used as a part of a filtration system to remove and
neutralize chemical or biological contaminants from an air stream. Con-
sumer products such as personal care items, toys, kitchen surfaces, public
high touch areas, knobs, push plates, handles and packaging materials are
also viable applications.

[00102] Other applications will be evident to one skilled in the art,
based upon the quality of film, solubility, flexibility and adherence to sub-
strates of many varieties that were noted and achieved in the evaluation of
the inventive compositions.

[00103] The invention is further described by the examples set forth
herein.

Methodology used in Examples

[00104] Because evaluation of reactive surfaces is a developing field
and standardized test methods are not yet available, it was necessary to
identify and assess test methods currently in use and to develop application
specific methods where necessary. The methods utilized are described
generally below. To the extent that any particular example used different
methodology, it is described within the example.

[00105] Active Ingredient. The amount of the active ingredient in com-
bination with the polymer was evaluated prior to any efficacy testing. Since
oxidative chemistries were selected for the development of the technology,
the majority of evaluations were performed using a sodium thiosulfate titra-
tion in combination with potassium iodate as a preferred method. This
technigue was used to measure the amount of active in solutions when
evaluating candidate technologies as well as evaluating the concentration of
actives on surfaces. Modifications were adapted for testing solid samples.
[00106] Physical Properties Assessment. Physical properties were
assessed using both qualitative observations and quantitative methods as
appropriate. In some cases, simple observations were deemed adequate to
differentiate between potential components in the areas of surface finish,
flexibility, and porosity. Microscopy was used to assess where a particulate
was located in a substrate and how evenly it was distributed. IR Spectros-
copy was used to identify hydrogen peroxide positively as the oxidant pre-
sent at the surface of the inventive coatings. Testing was also performed
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using Near IR in conjunction with grazing angle to try and elucidate the level
of hydrogen peroxide penetration into the coatings. Nitrogen testing was
used to verify the composition of PVP in film blends. Samples were excised
from various places in any given film sample and tested to determine if there
was a consistent amount of the intended PVP concentration.

[00107] Chemical Efficacy Test Methods.

[00108] Chemical efficacy testing was completed using chemical agent
simulants.
[00109] Chemical agents useful as simulants include:

[00110] CEPS (2-chloroethyl phenyl sulfide), DBS (Dibutyl sulfide) and
Thioanisole for HD (nitrogen mustard)

[00111] DEMPT (Diethyl methyl phosphonothioate) for VX (a man-
made chemical agent known as a nerve agent and considered one of the
most toxic chemical warfare agents)

[00112] Use of simulants to predict the outcome for real agent testing
is well-known and several correlation models have been developed that as-
sist with predicting the outcome of real agent testing. While no simulant is
100% predictive of the results of live agent testing, the results served to dif-
ferentiate between promising technologies and those that did not provide
value.

[00113] Three general types of tests are used to assess chemical effi-
cacy: solution testing with simulants, surface testing with simulants and
high resolution Magic Angle Spinning Nuclear Magnetic Resonance
(HRMAS NMR) with live agents.

[00114] Because solid-solid reactions are slow, polymers and actives
were tested in solution at low concentrations. These liquid models allowed
for the separation of promising decontamination candidates before consid-
erable time and process development was spent on testing relevant surfac-
es. Chemical simulant testing was performed on reactive surfaces having
surface areas of approximately 1 cm?. The reactive surface was placed in a
10 mL glass vial and spotted with 1 uL of a chemical warfare agent as listed
above. The system was allowed to react for the time allotted for the particu-
lar simulant. Reaction times were based on previously established correla-
tions between simulants and live agents and depended on the target agent.
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After the reaction period, the surfaces were extracted in iso-octane. A fixed
volume of iso-octane was then transferred into a vial containing a quench
solution to stop all interactions. Analysis was performed on a gas chro-
matograph couple with a mass spectrometer (GCMS) to assess the concen-
tration of warfare simulant extracted from the reactive surface. External
standards were prepared at 100%, 50% and 25% reactive concentrations.
All results were reported as percent reduction of the original agent/simulant.
[00115] HRMAS NMR. Live agent testing was conducted on a cloth
substrate to which the polymers of the invention were applied. The cloth
samples were then placed in a VHP chamber and exposed to 400 ppm VHP
for 30 minutes for activation. Unless otherwise noted in the examples, all
VHP activation occurred at 400 ppm for 30 minutes.

[00116] Treated film samples were tested to ensure appropriate activa-
tion had been achieved. For an exposure of 1 g/m? or 0.1 mg/cm?, a square
of 1 cm? area was cut from the substrate within 6 hours of VHP activation.
Untreated (non-VHP) samples were also analyzed to serve as a test control.
The square was then rolled into a cylinder and placed into a HRMAS rotor
(sample container). A 1% dilute solution of the agent was prepared in iso-
octane (2,2,5 trimethylpentane) by weight. Using the weight to volume con-
centration a volume equivalent to 0.1 mg of the agent was pipetted onto the
film sample. An effort was made to distribute the solvent as evenly as pos-
sible over the surface of the film. The solvent was allowed to evaporate for
5 minutes, but some was still observed in the NMR spectrum. The samples
were analyzed periodically by NMR until 24 hours after spiking. For HD, °C
was monitored, for VX and GD (soman, a nerve agent), >'P was monitored.
[00117] Microbiological Efficacy Test Methods.

[00118] Microbiological testing was completed using accepted B. an-
thracis surrogates. Microbiological efficacy testing was performed using
protocol derived from ASTM standard designation E 2197 — 02: standard
quantitative disk carrier test method for determining the bactericidal, viruci-
dal, fungicidal, mycobactericidal and sporicidal activities of liquid chemical
germicides.

[00119] B. subtilis ATCC 19659 spores were chosen as a surrogate for
B. anthracis spores as supported by the literature and previous correlation
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studies that demonstrated that B. subtilis spores are more difficult to inacti-
vate than B. anthracis spores. In our efficacy testing, a challenge of 10°
CFU was targeted and delivered to a circular area on the test substrate
roughly one-third of a centimeter in diameter or 0.085 cm?. This is equiva-
lent to an excess of 10" CFU m?, in excess of the starting challenge of 10°
CFU/m? objective level set for JSSED/JPID (Joint Service Sensitive Equip-
ment Decontamination/Joint Platform Interior Decontamination) systems.
Other challenges were also utilized.

[00120] To challenge potential reactive coatings, a portion of the can-
didate material was inoculated with a suspension of B. subtilis ATCC 19659
spores. After inoculation, the liquid inoculum and material were incubated,
allowed the coating to inactive the spore challenge. Once a set incubation
time passed, the reaction was quenched by chemical and physical action of
flooding the coupon sample and reactive coating material with neutralizing
growth medium.

[00121] Once quenched, the reaction mixture, consisting of the reac-
tive coating, spore challenge and neutralizing growth medium was subjected
to treatment in an ultrasonic cleaning water bath to facilitate release of the
spore challenge from the reactive coating materials into the neutralizing
growth media. After sonication, the growth media was assessed for surviv-
ing spores via standard microbiological procedures, i.e., dilution of the
growth medium and enumerating colony forming units (CFU’s).

[00122] The resultant CFU dilution data were used to estimate the
LOGo spore density on the material at the time the reaction was quenched.
In assessing a single material, several sequential incubation times were
tested, to allow an analysis of the LOG 1o spore density as a function of time.
The rate at which the candidate coating inactivated the spore challenge, in-
ferred from the drop in LOGo spore density was used to compare the effi-
cacy of various candidate materials.

[00123] Reactive coating materials were assessed for their ability to
inactivate B. anthracis (Sterne) and B. anthracis (Ames) spore challenges in
a manner similar to that described for assessing inactivation of the surro-

gate challenge, B. subtilis ATCC 19659 spores, above. Minor modifications
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were made to the protocol to the extent necessary to comply with safety
procedures required for live biological agents.

[00124] Activation Methods/Incorporation of Active. Coating materials
were activated using one of three methods: VHP activation/exposure of the
polymer surface, active incorporation directly into the polymer prior to drying
or liquid applications of the active to a dried polymer surface. The typical
exposure cycle for samples was 30 minutes at 400 ppm hydrogen peroxide
in a vaporous hydrogen peroxide (VHP) chamber. Hydrogen peroxide ap-
plication in liquid form was also tested with pre-cast film. Pre-cast film sam-
ples were prepared and cut to the desired size and then exposed to solu-
tions of liquid hydrogen peroxide at concentrations of 1-7% for various time
periods. The samples were allowed to air dry and tested for percent oxi-
dant, i.e., hydrogen peroxide. Other samples were prepared by adding lig-
uid hydrogen peroxide or other active to PVP first, followed by casting.
[00125] Sample Preparation.

[00126] PVP can be incorporated into films in a wide variety of ways to
tailor its performance. This flexibility made it possible to explore a range of
applications. Through the use of various additives and manufacturing
methods, a wide variety of films were produced for testing.

[00127] Various film production methods were utilized to achieve cer-
tain desired properties. Each of the techniques addressed a particular ap-
plication for the inventive technology and provided a specific benefit in cre-
ating a reactive surface.

[00128] Casting. The simplest form of film production was casting.
This basic approach produced films by adding a fixed volume of the polymer
solution to a surface with a known area. Small weight boats, GC vial caps,
glass vials, and CARC panels were all used as surface templates. The film
produced tended to be very uniform, creating excellent surfaces for testing.
The casting method also allowed for the preparation of a large number of
samples very quickly. A similar technique used a Meyer bar to control the
thickness of the films created on large sheets of glass and Viton.

[00129] Preparations of the PVP-HP technology in water tended to
have a high surface tension, which would cause beading rather than
spreading on a surface when attempting to produce films. Methanol was
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added to the solutions to reduce the surface tension for film production,
which was key to creating a uniform thickness in films and reducing drying
time.

[00130] Given that solid-solid interactions are much slower than liquid-
liquid reactions, an effort was made to create a surface with the maximum
area for “active” incorporation to increase reactivity. One method available
for creating high surface area polymers is electro-spinning. Samples of
nano-spun PVP were made and collected on a nylon web backing, which
allowed for the fibers to be manipulated without collapsing their structure.
Problems arose due to the high water-solubility of PVP, which made it very
sensitive to moisture in this form and thus unable to retain properties during
active application testing. Even so, this technique is deemed to be viable
when used in combination with other polymers or additives or crosslinking to
provide the desired structure and properties of the polymer for active incor-
poration.

[00131] Crosslinking to a Surface. PVP is a very soluble polymer, not
only in water but in a wide variety of solvents. Not all applications benefit
from a soluble system. Two approaches were investigated for reducing the
solubility of the PVP. One technique was to cross-link the polymer, creating
an insoluble form on a given surface. Cross-linking is a process whereby
polymer chains are chemically linked to form a polymer network. PVP can
be cross-linked to make a non-soluble surface in a variety of ways known to
one skilled in the art, including without limitation exposure to a specific
wavelength of UV light or through the use of chemical cross-linkers, i.e., ini-
tiators. The use of chemical cross-linkers would have required evaluation of
multiple chemicals and added another variable to the testing. As such, a
UV light tunnel was used to cross-link PVP, which can be easily scaled up
for production.

[00132] The UV chamber was equipped with four 24 watt rated UV
bulbs, each 30 cm long. The lamps were at a height of 5 cm above the sur-
face of the samples. These lamps emitted UV A, B, C, and V rays with the
particular range of interest for cross-linking of 250-260 nm (UVC). Light in-
tensity measurements were taken before each batch exposure ranging from

114-190 md/min. Optimum polymer conditions for cross-linking were de-
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termined to be 10% w/w of 360K PVP with a 2 hour UV exposure time with
the UV conditions given above. A catalytic amount of hydrogen peroxide
(20mM) was added to initiate the reaction. The method reproducibly gener-
ated films with > 95% of the surface cross-linked.

[00133] Percent crosslinking of samples was determined on a weight
basis. The percent cross-linking (or percent gel) was a comparison of the
amount of insoluble (cross-linked) PVP to the weight of PVP added to the
surface. After UV exposure, some samples were placed in beakers with
100 mL deionized (DI) water and allowed to soak 24-72 hours. This allowed
the uncrosslinked PVP to go into solution while the crosslinked portion re-
mained in contact. The remaining crosslinked polymer was then captured
by filtration and dried at 50° C overnight. The weight of the non-water-
soluble polymer was measured. Percent cross-linked (% gel) = weight of
the non-soluble polymer/weight of the polymer applied x 100%.

[00134] Substrate Integration. Another way of reducing solubility of
PVP was to integrate it into a substrate that protected it from surface water
while at the same time making it available to absorb peroxide and provide
surface efficacy. The combination of PVP with low density polyethylene
(LDPE), creating a substrate by extrusion, was tested. The object was to
create a matrix of the two materials that would provide a balance of usability
and durability and provide water, while at the same time making it available
to absorb peroxide and provide surface efficacy.

[00135] Extrusion. Extrusion is a well-established process for convert-
ing plastics into usable materials. Several different extrusion methods were
tested. PVP has a degradation temperature below that of its melting point.
This means that PVP is not suitable for extrusion by itself so that it must be
combined with a polymer that will provide the desired properties. LDPE was
chosen to combine with PVP because of its availability, excellent extrusion
properties at a temperature below the degradation temperature of PVP and
its well defined polymer characteristics.

[00136] Extrusion of the samples was done in a bench top extruder
where all the materials were mixed together, then placed into a twin screw
extruder. The materials were then allowed to recirculate for a time, then ex-

truded into a 1 inch wide film. Larger samples were produced using a pilot
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lab scale machine capable of producing 4 inch wide films. PVP and LDPE
were introduced into the machines in two ways. One method was to pre-
blend the dry ingredients and feed the mixture into the extruder. This pro-
duced variable results due to size separation of the LDPE and PVP in the
feed hopper. Another method was to create a “master blend” prior to feed-
ing into the extruder. The master blend was made by mixing the PVP and
LDPE in a separate extruder that encouraged mixing. This forced the crea-
tion of a pelletized material that had a consistent composition. Testing of
the master blend pellets prior to extrusion confirmed that the master blend
process was effective at evenly distributing the PVP in the LDPE.

[00137] An evaluation of three molecular weights of PVP, i.e., 58K,
360K and 1300K, showed that the 1300K had the most even distribution in
the substrate. (For purposes of these examples, large molecular weights
are expressed as abbreviations of the kilo Dalton (KDa) weight and are des-
ignated as “K”.) Additionally, the amount of PVP that could be incorporated
was also evaluated at 10, 20, 30 and 40%. The 40% incorporation was
used for the production of the master blend, but was not suitable for extru-
sion alone as there was significant tearing. The 30% PVP blend provided
less than ideal surface conditions.

[00138] In some examples, polyethylene glycol (PEG) was added to
the LDPE/PVP blend to improve its physical properties, notably flexibility.
PEG is a non-toxic, water soluble polymer similar to PVP. It also has a low-
er melting point, similar to that of LDPE, and without the degradation expe-
rienced with PVP. Incorporation of PEG was intended to improve the
smoothness and elasticity of the films while lowering the melting point of the
system in order to minimize degradation of PVP. Due to the solubility of
PEG and PVP in water, concentration of PEG was limited to about 2%.
[00139] Effect of Polymer Weight

[00140] Finally, some physical properties of the technology can be
modified through the selection of the polymer molecular weight. For the
purposes of the invention, four average molecular weights of PVP were
evaluated. The average molecular weights screened were 10K, 58K, 360K
and 1300 K. No single average molecular weight always performed best.
Different molecular weights proved optimum for various applications. Films
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using lower molecular weight polymer created matte surfaces that were eas-
ily solubilized. Higher molecular weights were more suitable for cross-
linking by UV light.

[00141] Comparative Example A.

[00142] Commercial-off-the-shelf (COTS) products that claimed to
generate hydrogen peroxide on surfaces were tested for efficacy and may

be compared to the inventive compositions.

[00143] Three different COTS paints were identified that claimed to
create peroxide on surfaces in the presence of water and ultraviolet (UV)
light. The products tested were from e-Paint® and included E-Paint® SN-1,
E-Paint® ZO (both of which are solvent based) and E-Paint®-2000 (water-
based). These products were designed for application to ship bottoms to
prevent fouling by biological organisms.

[00144] Products were applied to coupons as specified by the manu-
facturer and tested under recommended conditions. Surfaces coated with
the three paints were evaluated for concentration of hydrogen peroxide
generated over a specific time period. This was followed by efficacy testing
against a biological agent surrogate and a chemical agent simulant. Testing
was also completed using different levels of surface moisture and exposure
to UV light in an attempt to maximize hydrogen peroxide content.

[00145] While the products may be functional for their intended pur-
poses, no conditions or methods were identified that demonstrated that
these particular products provide the level of reactivity needed for use as a
chemical or biological agent surface decontaminant. Test results consist-
ently indicated that the level of surface oxidant generated by these COTS
products was too low to be of any value as a reactive surface. A critical
consideration is that these products are intended to work very slowly and
consistently over a long period of time in use. Hence, while it is possible
that they may show some efficacy over extended times, they did not meet
the desired reaction time requirements for immediate efficacy.

[00146] When applied to coupons using two coats to achieve the man-
ufacturer’'s recommended thickness and placed in 10 mL of DI (deionized)
water and positioned for exposure to UV light or no UV light for 72 hours,
aliquots of the water solution were titrated to determine the level of hydro-
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gen peroxide. The results showed only minimal hydrogen peroxide produc-
tion (<.0013) with only a slightly higher result when using UV light.

[00147] The HD simulant dibutyl sulfide (DBS) was used to test effica-
cy for decontamination, despite the low levels of peroxide assessed. Two
coats of paint were applied to wooden tongue depressors to meet the manu-
facturer’'s recommended thickness. Coupons of each paint were then spot-
ted with 1.5 pL of a solution of 50% DBS and 5% dodecane in isopropyl al-
cohol and water (at 0% and 2.5%). Samples were tested using UV light or
no UV light. The solution was allowed to react with the surface for 10
minutes before the sample was transferred to a test tube containing 10 mL
of isopropyl alcohol for extraction of the DBS and related compounds. At 15
minutes (five minutes of extraction), a sample of the extraction solution was
transferred to a vial and analyzed by GCMS using the appropriate method.
[00148] The two solvent-based paints appeared to provide better effi-
cacy than the water-based paint in terms of percent decontamination; how-
ever, there was no way to differentiate between the absorption of the DBS
into the surface and a reaction. The results appeared to be an indication
that the simulant was absorbed and held by the paint surface. In theory, no
hydrogen peroxide could be generated in a system without the presence of
water. Yet, there was no differentiation between the efficacy of the samples
with water and without water, and it was thus concluded that there was little
if any value from the generation of the hydrogen peroxide.

[00149] Previous correlations between the simulant DBS and HD indi-
cate that if 100% decontamination of DBS is not achieved, as in the case of
this example, then no more than 50% HD would be decontaminated.
Hence, the results of this test indicated that even with water and UV light,
the systems did not provide either the level of surface peroxide required for
efficacy or any meaningful neutralization of the HD simulant DBS.

[00150] A microbiological study was done on the two of the materials
(2000 and SN-1) for completeness and to determine if the products might
function in this area. A series of time bactericidal efficacy studies were per-
formed using a S. aureus ATCC 6538 challenge.

[00151] Neither of the paints demonstrated any discernible LOG re-
duction of cells in the suspension in the time frames used (30, 60 and 90
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minutes). Both paints were observed as sequestering the peroxide that they
generated. It must be noted that bactericidal activity may be to a large ex-
tent dependent on the kinetics of interaction between the paint surface and
the S. aureus cells and hence the assessment might be biased toward little
or no activity. Even so, the results revealed that the paints did not have per-
formance capabilities relative to that of the inventive compositions, namely,
moderately rapid inactivation of a high titer biological challenge.

[00152] Comparative Example B.

[00153] A dry blend of peroxide and PVP, commonly known as Perox-
ydone, was also evaluated. This material is most commonly found in a gel
for use in products such as teeth whiteners.

[00154] Testing was performed to determine how Peroxydone com-
pared to the inventive compositions. Two versions of Peroxydone, Peroxy-
done 30 and Peroxydone 90, which differ in molecular weight, were evalu-
ated. When tested as a solution and compared to the inventive PVP-HP so-
lutions, these commercial materials showed a much lower level of hydrogen
peroxide than the samples of the inventive compositions. This lower perox-
ide concentration is likely the reason for the significantly lower bactericidal
activity of the commercial Peroxydone solutions.

[00155] Peroxydone 30 and Peroxydone 90 were prepared as solu-
tions at 5% and 10% (wt./wt.) and evaluated for hydrogen peroxide content
by titration. A concentration of up to 2% hydrogen peroxide (by weight) was
achieved. Live agent testing of HD with hydrogen peroxide solutions indi-
cated that 5% is needed for this active to be effective alone. Due to viscosi-
ty concerns, Peroxydone concentrations could not be increased and thus
limits the active concentration that could be achieved using this material.
[00156] Peroxydone 30 and Peroxydone 90 were assessed as liquid
germicides (10 mL prepared in distilled water at concentrations of 1.0%,
5.0% and 10.0 % wt./vol.) for staphylococcicidal efficacy by comparing the
survival of a portion of liquid bacteria culture (S. aureus ATCC 6538) ex-
posed to the liquid for a period of time with a portion of bacteria that has not
been exposed to the liquid. The LOG difference between the two samples

was used as a comparison metric.
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[00157] The microbiological evaluation corroborated the chemical
analysis. The aqueous Peroxydone solutions were not found to be bacteri-
cidal within the time frames tested (15, 30 and 60 minutes).

[00158] These comparative analyses of commercially available prod-
ucts demonstrated that despite their ability to generate hydrogen peroxide,
the concentration of hydrogen peroxide was insufficient to achieve chemical
decontamination efficacy or biocidal activity with the rapidity and complete-
ness of the present inventive compositions.

[00159] Example 1 — Oxidant Content and Efficacy of PVP/Hydrogen

Peroxide in Solution

[00160] Many materials significantly degrade hydrogen peroxide (HP)
when blended in solution. The first step, therefore, in determining whether
PVP can be used with HP was to create blends of different concentrations
and molecular weights of components and measure the impact on peroxide
concentration.

[00161] Four molecular weights of PVP were tested at two concentra-
tions, 1% and 10%. The molecular weights of the PVP were 10K, 58K,
360K and 1300K. The concentration of hydrogen peroxide used was 1%,
5% and 10%. The solutions were measured for total oxidant and results
were analyzed for trends that would indicate that the hydrogen peroxide was
degrading, rather than complexing with the PVP polymer. The resulting hy-
drogen peroxide concentrations are shown in Figure 1 and in Table 1 below.

30

SUBSTITUTE SHEET (RULE 26)



WO 2014/149321 PCT/US2014/017135

[00162] Table 1: Effect of the addition of PVP to HP

Molecular Weight | Concentration 1% H202 5% H2O2 | 10% H20,
Control Water Only 1.0% 5.1% 10.2%
1% PVP 1.0% 5.0% 10.1%
10K PVP 5% PVP 1.0% 4.8% 9.7%
10% PVP 0.9% 4.6% 9.1%
1% PVP 1.0% 5.0% 10.1%
58 K PVP 5% PVP 1.0% 4.8% 9.7%
10% PVP 0.9% 4.6% 9.1%
1% PVP 1.0% 5.0% 10.1%
360K PVP 5% PVP 1.0% 4.8% 9.7%
10% PVP 0.9% 4.6% 9.2%
1% PVP 1.0% 5.0% 10.0%
1,300K PVP 5% PVP 1.0% 4.9% 9.7%
10% PVP 0.9% 4.6% 9.1%

[00163] The data shows that as liquid PVP of varying molecular
weights was blended with liquid HP in varying concentrations, the impact on
available oxidant was negligible. The ability to measure total oxidant was
reduced by the same amount as the presence of PVP, i.e., 10% PVP
caused a 10% reduction in measured oxidant concentration — indicating that
little or no degradation of the active occurred (Figure 1). This holds true for
hydrogen peroxide concentrations from 1-10% over all four molecular
weights of PVP tested. (See Table 1).

[00164] Biological Assessment Methods. For this example, time Kill
studies were performed to evaluate the microbiological efficacy of various
formulas. For solution embodiments, microbiological challenge tests were
performed using S. aureus ATCC 6538. The organism suspension was di-
luted once to a 1 x 10° concentration in Butterfield’s buffer. 100 pL’s of the
suspension was pipetted into 9.9 mL of each test formula and mixed. Sam-
ples of 100 uL’s were removed from this solution at specified times and neu-
tralized by adding 9.9 mL of LAT broth with 1% catalase. The tubes of neu-
tralized organisms were then serially diluted and poured into plates. The
plates were incubated at 37°C, or as required by the organism being tested.
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After 1 to 2 days of incubation, the plates were removed and counted re-
cording results per internal Aerobic Plate Count Method (MCM 200.05).
[00165] Four molecular weights of PVP (described above) were tested
at two concentrations, 1% and 10%. The hydrogen peroxide concentration
was 10% in all four solutions and 10% hydrogen peroxide was used as a
control. 10 mL of each solution shown in Figure 2 were assessed for bio-
cidal activity by challenging them with a buffer suspension culture of S. au-
reus ATCC 6538 transferred from solid media. The reaction was quenched
at 15, 30 and 60 seconds with LAT broth (letheen broth supplemented with
asolectin and tween (1% v/v catalase)) and subsequently assayed for CFU.
Each solution/time point was tested three times. The resulting mean LOG
reduction for each solution/time combination is set forth in Figure 2.

[00166] Primarily, Figure 2 data showed that solutions of PVP-HP are
efficacious in inactivating a buffer suspension of S. aureus ATCC 6538
cells. The data also demonstrated the relationship between the efficacy of a
PVP-HP solution and the molecular weight of the PVP in the solution.
Where efficacy is indicated, as in 58 K and 360K PVP solutions, there was
also a relationship between efficacy and the percent inclusion of PVP in the
solution. Increasing the PVP concentration increased the efficacy of the so-
lution, and lower molecular weight PVP is more effective than higher molec-
ular weight PVP. The data demonstrated that low molecular weight PVP’s
(10K or 58K) with 10% hydrogen peroxide outperformed 10% hydrogen
peroxide or PVP solutions alone when tested against S. aureus in a time Kkill
study. The effect was also proportional to the amount of PVP present in the
solution. This means that 1% PVP with 10% hydrogen peroxide had a
greater effect on S. aureus than 10% hydrogen peroxide alone, but 10%
PVP with 10% hydrogen peroxide outperformed both solutions.

[00167] Understanding the impact of the PVP-HP complex on bacteri-
cidal efficacy allowed for the transition of testing of the decontaminant in so-
lution to the formation of films and the production of a reactive surface.
[00168] Example 2 — PVP and Hydrogen Peroxide Cast Films

[00169] Films were prepared (cast) from solutions of hydrogen perox-
ide (10% and 20%) and PVP, by letting 2 mL of each of the solutions dry in
the bottom of 4 dram glass vials. A variety of molecular weights of PVP
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were used, including 10K, 58K, 360K and 1300K. Each concentration of
hydrogen peroxide was used with each molecular weight of the PVP. Initial
and final weights of the vials were used to calculate the oxidant concentra-
tion of each sample.

[00170] The results are shown in Figure 3. The hydrogen peroxide
concentrations in the films increased as they dried. Hydrogen peroxide
concentrations increased up to two times the concentration in solution. This
example demonstrates that PVP films can be made with a very high level of
inherent oxidation potential. The measured oxidant levels were about twice
that of the initial concentration. There appeared to be no difference in oxi-
dant potential based on the molecular weight of the PVP.

[00171] Microbiological Testing. The microbiological testing procedure
for used surfaces was modified QCT2. The organism to be tested was di-
luted to a 1x10” concentration in Butterfield’s buffer. 20 pL’s of the inoculum
(S. aureus ATCC 6538) was then applied to each test surface at time zero
(to). The surfaces may include inverted GC vial caps, glass vials, cloth,
painted surfaces using a chemical agent resistant coating (CARC), com-
monly used on military equipment, or any other surface with the invention
applied to it. The surface used for this example was a film created at the
bottom of 4 dram vials. After the appropriate contact time, the surface was
neutralized by adding 10 mL of LAT broth with 1% catalase, or a volume
appropriate to cover the test surface. The surfaces with the neutralizer were
vortexed briefly, sonicated for five minutes, vortexed briefly again, and sam-
pled. Serial dilutions were pour-plated with organism appropriate agar. The
plates were incubated at 37°C, or as required by the organism being tested.
After the required incubation period (organism specific), the plates were
counted and recorded per internal Aerobic Plate Count Method (MCM
200.05).

[00172] The results are shown in Figure 4 for average LOG reduction
at 5, 30 and 120 minutes for 10K and 58K PVP fiims made with 10% H;0,
and 20% H20. solutions. The microbiological study on the Example 2 films
showed that the molecular weight of the PVP, as well as the hydrogen per-
oxide concentration, had an impact on the microbiological testing. For these
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samples, a six log reduction (complete kill) of S. aureus occurred in 100-120
minutes.

[00173] Example 3 —Vaporized Hydrogen Peroxide (VHP)

[00174] An alternative method of applying the hydrogen peroxide to

the film is by exposure to vaporous hydrogen peroxide (VHP). After collect-
ing data in Example 2, which showed that drying a PVP-HP solution into a
film resulted in a concentration of the peroxide and antimicrobial activity, the
object of the next experiment was to determine the oxidant potential of PVP
in cast films after exposure to a VHP cycle. It was determined that PVP so-
lutions (without peroxide solution) could be efficiently complexed with hy-
drogen peroxide by using VHP. With the use of this method, the hydrogen
peroxide was readily available on the surface. Concentration may be varied
by exposure time and/or concentration of hydrogen peroxide vapor.

[00175] Films were cast from 10% PVP of various molecular weights,
prepared in methanol. A fixed volume of 1.2 mL was placed in a weight
boat and allowed to dry. Pre- and post-sample weights were collected for
use in calculations. The films were placed in an aluminum test chamber
and exposed to 250 ppm VHP for 90 minutes. Films were immediately ti-
trated to determine the total oxidant concentration.

[00176] Results are shown in Figure 5 and showed that similar con-
centrations of oxidant were measured in all samples after exposure to a
VHP cycle. Control samples without VHP exposure showed no oxidant po-
tential.

[00177] Next, it was determined if the measured oxidant potential
(peroxide) in the films translated to biocidal activity against bacteria.

[00178] PVP film coupons were prepared by drying a 10% solution of
58K PVP in water or methanol and exposing the film to 400 ppm of VHP for
30 minutes. PVP-HP films were prepared by curing a solution of PVP-HP
and water. And, a PVP film without peroxide inclusion (a control) was pre-
pared. Films were challenged with 20 yL of a neat culture of a buffered
suspension of S. aureus ATCC 6538, a 10-fold dilution of the culture or a
100-fold dilution of the culture. Inoculum was added at to, and contact times
were 1, 2, 3, 4 and 5 hours (neat culture) or 6, 12, 18, 24 and 30 minutes for
dilute cultures. All coupons were covered to protect them from over-drying
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between samplings. To neutralize, coupons were transferred to a glass
containing 10 ml of LAT broth (1% v/v catalase), vortexed briefly, sonicated
for 5 minutes, vortexed again for 30 seconds and sampled. Dilutions were
pour-plated with LAT agar and incubated for 3 days at 37° C.

[00179] Results are shown in Figure 6 and demonstrated that cast
PVP-HP films treated with hydrogen peroxide by two different methods pro-
vided biocidal activity, while PVP films not treated with hydrogen peroxide
showed no microbial activity.

[00180] Microbiological surface testing (mQCT2) of the 58 K PVP ex-
posed to VHP samples showed a 4 LOG reduction (complete kill) against S.
aureus in 80 minutes, see Figure 7.

[00181] Discs of dried 10% 58K PVP films were exposed to VHP and
then challenged with 10* CFU B. subtilis 19659 spores delivered as a 20 L
buffer suspension. Inoculum was added at to, and sampling times were 20,
40, 90, 150 and 300 minutes. To neutralize, discs were transferred to glass
culture tubes, washed with 10 mL of LAT broth (1% v/v catalase), vortexed
briefly, sonicated for 5 minutes, vortexed briefly again, and then sampled.
Dilutions were pour-plated with LAT agar and incubated for 2 days at 37°C.
[00182] The results are shown in Figure 8. A 4 log kill of B. Subtilis
(complete kill) occurred in approximately 5 hours or 300 minutes.

[00183] Unexpectedly, these results established that the Kill time
achieved for S. aureus above was much shorter than for any other known
reactive surface/coating. The sporicidal efficacy of the invention achieved
was also quite significant and is rarely cited in any reports on reactive sur-
faces.

[00184] Both examples 2 and 3, above, confirmed that hydrogen per-
oxide in PVP films provided antimicrobial activity, while PVP films not treat-
ed with hydrogen peroxide showed no antimicrobial activity.

[00185] Example 4 — Effect of Crosslinking

[00186] To provide an insoluble surface, PVC was crosslinked. As

discussed above, this can be accomplished numerous ways including with
the use of initiators and UV light. For this example, the method used was

UV light; of particular interest was UVC in the range from 250-260 nm. PVP
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with a high molecular weight, 360K-1300K, was indicated in the literature to
product the best crosslinked properties. Testing confirmed this.

[00187] Solutions of a 10% (w/w) 1,300,000 K (1300K) mw PVP were
prepared with 20-50 mM of hydrogen peroxide added to catalyze the cross-
linking reaction. This solution was applied to surfaces for crosslinking by
volume. Example surfaces were: Teflon coated septum from GC vial caps,
cloth and fabrics, painted surfaces including the military CARC and glass.
The UV apparatus had four 24W UV lights mounted in parallel. The dis-
tance from the lights to the base on which the samples are set was 5 cm.
The energy density in the UVC range was >100mJ/min, and exposure time
was two hours.

[00188] Percent crosslinking of samples was determined on a weight
basis. Crosslinked PVP will swell when exposed to water, but will not dis-
solve. Therefore, samples were placed in water for 24-72 hours after cross-
linking occurred. This allowed the uncrosslinked PVP to go into solution
while the crosslinked portion remained intact. The sample was then filtered
to capture only the crosslinked portion, and was dried to 50°C for 24 hours
to remove all moisture. The difference in weight of the PVP used to make
the sample and the weight of crosslinked PVP provided a measurement of
the percent PVP that was crosslinked. This is termed percent gel or percent
crosslinking in the literature.

[00189] The uptake of hydrogen peroxide by vapor exposure (activa-
tion of the surface, expressed as mg/cm?) was the same for crosslinked or
uncrosslinked samples. See Figure 9.

[00190] Films were cast in inverted Viton GC vial caps ~ 1.3 cm? in ar-
ea. The samples were prepared with the following compositions: 1300K
cross-linked PVP exposed to VHP 400 ppm 30 minutes; 1300K cross-linked
PVP; 1300K non-cross-linked PVP exposed to VHP 400 ppm 30 minutes;
and 1300K non-cross-linked PVP. The samples were challenged with 10°
CFU of S. aureus ATCC 6538 delivered as a buffered suspension.

[00191] Activity was assessed in two ways: 1) liquid inoculum was
added at to, contact times were 10, 20, 40, 80 and 160 minutes, and 2) lig-

uid inoculum was added at to, and contact times were every 2.5 minutes

36

SUBSTITUTE SHEET (RULE 26)



WO 2014/149321 PCT/US2014/017135

from 40 to 87.5 minutes. To neutralize, samples were transferred to glass
culture tubes filled with 10mL of LAT broth (1% v/v catalase), vortexed brief-
ly, sonicated for 5 minutes, vortexed briefly again, and then sampled. Dilu-
tions were pour-plated with LAT agar and incubated for 1 day at 37°C and 1
day at 30°C.

[00192] Results are shown in Figure 10. The cross-linked film proved
to be effective with performance equivalent (at this timescale) to a non-
cross-linked control.  The 1300K cross-linked insoluble PVP film exposed
to VHP was predicted to inactivate the challenge in 80.34 minutes. The
non-cross-linked PVP film exposed to VHP was predicted to achieve com-
plete kill in 77.12 minutes. Practically, this testing showed no difference be-
tween the two types of surfaces (cross-linked vs. non-cross-linked) and their
ability to react with and inactivate S. aureus ATCC 6538. The Kkill time
achieved for S. aureus is much shorter than any other known reactive sur-
face/coating.

[00193] Example 5 — Activity of Cross-Linked PVP-HP Films Against
Spores

[00194] To determine whether PVP-HP films retain their biocidal char-

acteristics over time, 1300K cross-linked PVP fiims were exposed to VHP

and then their sporicidal activity was assessed.

[00195] A modified QCT2 was performed, challenging 1300K cross-
linked PVP exposed to VHP with 10°°, 10°°, 10°°, 10*° and 10*° CFU of B.
Subtilis 19659 spores delivered as 20uL of buffer suspension. Films were
prepared in inverted Viton GC vial caps and measured ~ 1.3 cm? in area.
Activity was assessed in two ways: 1) Inoculum was added at to and con-
tact times were 20, 40, 90, 150 and 300 minutes and 2) Inoculum was add-
ed at tp and contact times were 15, 30 and 45 minutes and every hour from
1 to 12 hours. To neutralize, caps were transferred to glass culture tubes
filed with 10 mL of LAT broth (1% v/v catalase) from a syringe, vortexed
briefly, sonicated for 5 minutes, vortexed briefly again, and then sampled.
Dilutions were pour-plated with LAT agar and incubated for 2 days at 30°C.
[00196] Results (Figure 11) showed that all five spore challenge levels,
tested on two different occasions, were inactivated between 6 and 7 hours,
with an average estimated activation time of 6 hours and 40 minutes (as as-
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sessed by GInaFiT, a freeware tool useful to assess non-log-linear microbial
survivor curves). This data indicated that cross-linked PVP treated with
VHP is very active as a sporicide.

[00197] Example 6 — Activity of Cross-Linked PVP-HP against Spore

and Non-spore-forming Military and Healthcare Relevant Species.

[00198] Due to the success achieved with S. aureus and B. subtilis, a
variety of microbiological organisms were tested against the UV crosslinked
1300 K PVP film with a 30 minute exposure time to 400 ppm VHP.

[00199] 1300K cross-linked PVP was exposed to VHP then challenged
with 20 pL of various inocula targeting 10° CFU. Spore-forming species
were re-suspended and diluted in buffer. Vegetative organisms were re-
suspended and diluted in 0.1% peptone buffer. Films were prepared in in-
verted Viton GC vials caps and measured ~ 1.3 cm? in area. Inoculum was
added at t;. Contact times were 30, 60 and 90- minutes for vegetative or-
ganisms and 3, 6 and 9 hours for spore-forming organisms. To neutralize,
caps were transferred to glass culture tubes filled with 10 mL of LAT broth
(1% v/v catalase), vortexed briefly, sonicated for 5 minutes, vortexed briefly
again, and then sampled. Dilutions were pour-plated with LAT, SDA or
RCM agars as appropriate and incubated for 2 days at 37° C or 30° C as
appropriate.

[00200] The data set forth in Table 2 below show the organisms tested
and the results obtained. The data demonstrated that 1300K cross-linked
PVP provided excellent broad-spectrum capability against both vegetative
(non-spore forming) and spore-forming species. The highest log reduction
was not always at the longest contact time because several organisms lost
viability over the course of the experiment, which in the table appear as
LOG reduction values that decrease with time.
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Table 2: Broad-Spectrum Efficacy of 1300 K Crosslinked PVP Exposed to
Vaporous Hydrogen Peroxide

%Red LRed %Red Log R %Red LogR
oD Organism (Vegetative) 30 min. 60 min. 90 min.
0.992 | S. choleraesius 10708 99.9993* 5.13* 99.9980 4.71 99.9993 5.18
0.998 | A. Baumanii 19606 99.9992* 511* 99.9989 4.96 99.9974 4.58
1.030 | K. pneumophilia 4352 99.9990* 5* 99.9979 4.67 99.9979 4.69
1.050 | P. aeruginosa 9027 99.9981* 473 99.9953 4.33 99.9833 3.78
0.000 | B. cepacia 35254 99.9820 3.74 93.0664 1.16 <99 <2
1.050 | K. oxytoca 8724 99.9816 3.73 99.9690 3.51 99.9245 3.12
1.017 | L. monocytogenes 35152 <99 <2 99.9988* 4.93 99.9987 4.89
1.081 | ESBL E. coli BAA 196 <99 <2 99.9984* 4.79% 99.9981 4.72
1.011 | Y. entercolitica 9601 99.9740 3.59 99.9982* 4.74% 99.9976 4.861
1.050 | E. coli 0157:H7 <99 <2 99.9992 5.09 99.9998* 5.75%
1.090 | Ca MRSA USA 300 99 <2 99.9938 4.21 99.9993* 5.13*
XXXX S. aureus 6538 <99 <2 <99 <2 99.9990* 5*
0.983 | MRSa 33591 99.5359 2.33 99.6154 242 99.9985* 4.82*¢
1.060 | VISACV 482 <99 <2 99.4661 2.27 99.9808* 3.72*
1.060 | C. albicans 10231 90.2446 1.01 99.9271 3.14 99.9713* 3.54*
oD ORGANISM (spore- 3 hours 6 hours 9 hours

forming)
0.066 | B. cereus 14579 99.9981* 4.71% 99.7688 2.64 99.9951 4.31
0.014 | B. sphericus 14577 99.9945* 4.26* 99.9713 3.54 99.9693 3.51
0.080 | S. chartarum 16275 99.8194* 2.74% 99.0894 2.04 98.3928 1.79
0.022 | A. niger 16404 99.5626* 2.36% 98.9817 1.99 97.4302 1.59
0.640 | B. megaterium 14581 <99 ?2 99.9975* 4.6* 99.9939 4.21
0.300 | C. difficile 99.9607 3.41 99.9920* 4.1* 99.9446 3.26
0.247 | G. stearothermophilus <99 <2 99.9842* 3.8% 99.8153 2.73
7953
XXXX B. subtilis 19659 <99 <2 99.9224 3.11 99.9985* 4.81*

* indicates complete kill at this time point
%Red = % Reduction
LogR = Log Reduction

[00201]
[00202]

Example 7 — Efficacy against Live Biological Warfare Agent.

Durable PVP-HP surfaces with antimicrobial activity proved

effective against a variety of non-spore-forming and spore-forming bacteria.

In this example, PVP-HP fiim was challenged with live biological warfare

agent Bacillus anthracis (Ames strain).
[00203]

Films exposed or not exposed to VHP were challenged with

10° CFU B. anthracis (Ames strain) as 20 pL of buffer suspension. Films
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were prepared in inverted Viton GC vial caps and measured ~ 1.3 cm? in
area. Inoculum was added at to. Contact times were 15, 30, 45, 60, 90,
120, 150, 180, 210, 240, 270, 300, 330, 360 and 420 minutes. To neutral-
ize, coupons were transferred to glass culture tubes filled with 10 mL LAT
broth (1% v/v catalase), vortexed briefly, sonicated for 5 minutes, vortexed
briefly again and then sampled.

[00204] Results as reflected in Figure 12 showed that spores of the
live biological warfare agent B. anthracis (Ames strain) were a less stringent
challenge than the surrogate B. subtilis ATCC 19589 spores. 1300K PVP
completely inactivated 10° B. anthracis (Ames) spores in 2 and % hours.
[00205] Example 8 — Oxidant Potential of Cross-linked PVP on Military
Surfaces After VHP Exposure.

[00206] A methodology was developed to cross-link PVP directly onto

relevant military surfaces. Insoluble cross-linked PVP films on military sur-
faces were shown to be biologically active, with oxidation potential con-
sistent with those values previously observed with lab-based films (Example
4).

[00207] A study was conducted on 1300 K cross-linked PVP on a vari-
ety of surfaces to evaluate the consistency of the oxidant potential on a va-
riety of surfaces. Films were created using 1300K PVP and the previously
described UV cross-linking method (Example 4). The samples were ex-
posed to 400 ppm VHP for 30 minutes. The GC caps and the CARC panels
were exposed on one side. The polyester wipes were skewered and ex-
posed to VHP on both sides. The oxidant level was determined using a thi-
osulfate titration. The wipes had twice the surface area exposed to the VHP
and this was accounted for in the surface area calculation.

[00208] The results shown in Figure 13 reflect that oxidant potential
after exposure to a VHP cycle is consistent across the military relevant sur-
faces tested. Most exposures of PVP to VHP resulted in 0.4-0.6 mg/cm?
hydrogen peroxide.

[00209] Example 9 — Efficacy of PVP/HP Films Incorporated onto a
Military Surface through Cross-Linking.

[00210] Cross-linked PVP-HP films were shown to be a water insolu-

ble coating that afforded high decontamination efficacy against a variety of
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spore-forming and non-spore-forming microbial challenges including the live
biological warfare agent B. anthracis (Ames strain) (Example 7). A method-
ology was developed to cross-link PVP directly onto surfaces. In this exam-
ple, the ability of PVP cross-linked onto the surface of a CARC (chemical
agent resistant coating) painted aluminum panel to inactivate S. aureus
ATCC 6538 was evaluated.

[00211] 1300K cross-linked PVP was prepared on CARC painted alu-
minum panels and exposed to VHP. The panels were then challenged with
10° CFU of S. aureus ATCC 6538 delivered as 20 L of suspension. Films
measured ~19.6 cm? in area. Each coupon was placed in a sterile 250 ml
cup and inoculum was added at t;. Contact times were 7, 15, 24, 34, 45,
57, 70 and 84 minutes. To neutralize, each coupon was washed in its sup
with 20 mL of LAT broth (1% v/v catalase). The cup containing the coupon
and neutralizer was then swirled briefly and covered with parafiim. Covered
cups were sonicated for five minutes, vortexed briefly, and then sampled.
Cups that could not be immediately sonicated were kept at 4° C. Dilutions
were pour-plated with LAT agar and incubated for 2 days at 37° C.

[00212] Figure 14 reflects the data obtained. Complete inactivation of
10° S. aureus ATCC 6538 was seen before 60 minutes of contact with the
PVP film incorporated on the CARC-painted panel, which is 20 minutes
shorter than the inactivation achieved with the coating on GC vial caps.
This data provides strong evidence for the tenability of direct incorporation
of PVP onto military relevant surfaces through cross-linking.

[00213] Example 10 — Efficacy against B. subtilis Spores of PVP
Cross-linked onto a CARC Surface.

[00214] In this example, the ability of PVP cross-linked onto the sur-

face of CARC painted aluminum panels to inactivate B. subtilis ATCC 19659
spores was evaluated. 1300K cross-linked PVP was prepared on CARC
painted aluminum panels and exposed to VHP. The panels were then chal-
lenged with 10° CFU of B. subtilis ATCC 19659 spores delivered as 20 L of
suspension. Films measured ~ 19.6 cm? in area. Each coupon was placed
in a sterile 250 mL cup and inoculum was added at t,. Contact times were
20, 40, 60, 120, 180, 240, 300 and 360 minutes. To neutralize, each cou-
pon was washed in its cup with 20 mL of LAT broth (1% catalase). The cup
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containing the coupon and neutralizer was then swirled briefly and covered
with parafilm. Covered cups were sonicated for five minutes, vortexed brief-
ly, and then sampled. Cups that could not be immediately sonicated were
kept at 4° C. Dilutions were pour-plated with LAT agar and incubated for 2
days at 37° C.

[00215] Results achieved are depicted in Figure 15. Based on the da-
ta, inactivation of 10° B. subtilis ATCC 19659 spores is predicted to occur
around 7 and Y2 hours, which is 1 and %2 hours longer than predicted for the
same coating prepared in ~ 1.3 cm? GC caps. This data provided yet addi-
tional evidence that direct incorporation of PVP onto military relevant sur-
faces through cross-linking would provide microbiocidal activity.

[00216] Example 11 — Efficacy against B. anthracis (Ames) of PVP
Cross-linked onto a CARC Surface.

[00217] Following on the above example 7, this example evaluated the

ability of two film/substrate combinations to inactivate spores of the live bio-
logical warfare agent Bacillus anthracis (Ames). PVP cross-linked onto the
surface of CARC painted aluminum panels and PVP cross-linked onto the
surface of a wipe substrate were evaluated.

[00218] 1300K PVP cross-linked onto CARC panels or wipe substrate,
and exposed or not exposed to VHP, were challenged with 10° CFU B. an-
thracis (Ames strain) as 20 L of buffer suspension. Inoculum was added at
to. Contact times were 15, 30, 45, 60, 90, 120, 150, 180, 210, 240, 270,
300, 330, 360 and 420 minutes. To neutralize, coupons were transferred to
glass culture tubes filled with 10 mL of LAT broth (1% v/v catalase), vor-
texed briefly, sonicated for 6 minutes, vortexed briefly again and then sam-
pled.

[00219] Results are shown in Figure 16. The data indicates that com-
plete inactivation of 10° CFU of B. anthracis (Ames strain) spores required
less than 90 minutes. As seen in the assessment of cross-linked PVP on
GC vial caps (Example 7), B. anthracis (Ames strain) spores proved to be a
much less stringent challenge than B. subtilis ATCC 19659 spores, provid-
ing again strong evidence for the tenability of direct incorporation of PVP

onto military surfaces through cross-linking.
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[00220] Examples 12-13 — LDPE/PVP Extruded Films

[00221] The objective of Examples 12-13, below, was to evaluate the
usability and durability of LDPE/PVP extruded films and to test them for their
ability to absorb peroxide. A comparison of the peroxide absorption of se-

lect extrusion films to cross-linked PVP is set forth.
[00222] Example 12 — Comparison of Different Extruded Films
[00223] A comparison was made between three different production

methods for the formation of LDPE/PVP films by extrusion. The one-inch
films were prepared on a lab-scale system. The four-inch wide strips were
prepared on pilot scale equipment. One set of samples was prepared by
dry mixing both components. The master batch samples were prepared
from a pre-blend of pelletized 60/40 LDPE/PVP.

[00224] A comparison to the oxidation levels achieved with other non-
soluble systems was performed. In this example, the cross-linked system
was used for comparison. Additional studies showed that the molecular
weight of the PVP used for extrusion did not change the absorption proper-
ties.

[00225] PVP fiims were prepared as previously described and ex-
posed to a 400 ppm, 30 minute VHP decontamination cycle. One side of
the cross- linked and non-cross-linked PVP films was exposed. LDPE/PVP
films were exposed to VHP on two sides. Total oxidant was determined via
titration. All concentration values are reported on a surface area basis.
[00226] The results are depicted in Figure 17 and show that the
LDPE/PVP system had much lower total oxidant potential than the PVP only
systems. The values were not normalized to account for the difference in
PVP concentration, as the evaluation was for the non-soluble systems in
their designed form. It was also seen that the process by which the films
were prepared had little effect on the amount of hydrogen peroxide ab-
sorbed through this process. Even though the values for total oxidant were
low, the samples were tested for antimicrobial activity as set forth in Exam-
ple 13.

[00227] Example 13 — Gram Staining and Microscopic Examination of
PVP/LDPE Films.
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[00228] The dispersion of the PVP in the LDPE film was explored, to
try and elicit the reasons that excellent bacteriocidal activity was not
achieved with these samples.

[00229] A section of LDPE/PVP 80/20 master blend film was stained
by flooding with crystal violet stain for 1 minute followed by gentle rinsing
with DI water, flooding with Gram’s lodine for 1 minute, followed by gentle
rinsing with DI water, drop wise addition of clearing agent followed by gentle
rinsing with DI water, flood with crystal violet followed by gentle rinsing with
DI water, and finally blotting on bilious paper. Stained film and unstained
control were viewed using a NIKON Ti-Eclipse inverted microscope using
bright field illumination and using wide field fluorescence illumination with
TEXAS RED and FITC emission/excitation filter sets. Images were cap-
tured using Nikon elements. Bright field images were taken with 2 ms ex-
posure. Fluorescence images were taken with 80 ms. exposure. Low mag-
nification images were captured using a Droid 2 phone camera through a
stereo microscope.

[00230] The results obtained are shown in Figure 18. PVP and iodine
complexes are often used as an antimicrobial preparation. Staining the pro-
totype film with Gram-lodine indicated the dispersion of PVP in the film and
consequently revealed that the majority of the PVP was buried in the film
and unavailable for staining. It was thought that the PVP was also unavail-
able for VHP uptake and for contact with spores and bacteria.

[00231] Gram’s lodine also fluoresces strongly under TEXAS RED
ex/em, but not under FITC ex/em. PVP itself auto-fluoresces in FITC, so
that all of the PVP could be seen in the sample. Combining these two sig-
nals, it is possible that the total PVP content of the film and the portion of
the content available to the surface of the film could be determined and pro-
vide a valuable tool for film optimization.

[00232] Example 14 — Evaluation of Surface Types

[00233] A reactive surface may be activated in two ways. One way is
to incorporate both the activator and receptor into the surface simultaneous-
ly. The other is a two-step process in which the receptor is integrated into
the surface and then the activator is applied. Both of these approaches
were evaluated. Better results were achieved using the second method,
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where the activator was added as a secondary step as this effectively con-
centrated the active at the surface allow for better interactions with contami-
nants.

[00234] Films (GC caps and CARC panels) of 1300K cross-linked PVP
were exposed to a 400 ppm, 30 minute VHP decontaminations cycle and
titrated for total oxidant (peroxide) concentration. Polyester wipes (with
1300K PVP cross-linked) were skewered and exposed on both sides to
VHP in the same manner. The calculation of concentration is reported in
mg/cm? to account for the difference in exposure areas.

[00235] Figure 19 shows that regardless of surface type, absorption of
the hydrogen peroxide by the cross-linked PVP was fairly uniform. On av-
erage, an exposure of the PVP to VHP resulted in a concentration of 0.4-0.6
mg/cm? of hydrogen peroxide.

[00236] Example 15 — Use Life

[00237] In order to gauge the use life of cross-linked PVP-HP films, the

sporicidal and microcidal activities of 1300 K cross-linked PVP films ex-

posed to VHP one day to one week before being challenged were as-
sessed.

[00238] 1300K cross-linked PVP exposed to VHP was challenged with
10° CFU of S. aureus ATCC 6538 and B. subtilis ATCC 19659 spores, both
delivered as 20 pL of buffer suspension. Films were prepared in inverted
viton GC vial caps and measured ~ 1.3 cm? in area. Enough caps were
prepared to run 3 iterations of the test. Caps were exposed to VHP one day
before the first test, and testing commenced 1, 4 and 7 days post VHP ex-
posure. In all cases, inoculum was added at to, contact times were 20, 40,
90, 180 and 360 minutes. To neutralize, caps were transferred to glass cul-
ture tubes filled with 10 mL of LAT broth (1% v/v catalase), vortexed briefly,
sonicated for 5 minutes, vortexed briefly again, and then sampled. Dilutions
were pour-plated with LAT agar and incubated for 2 days at 37° C.

[00239] Results in Figure 20 showed that within one week, the spor-
icidal activity of all of the films only slightly diminished, despite losing over
half of their peroxide content. This indicates that a fair amount of peroxide
can be lost from the surface of the PVP coating while it remains efficacious

against microorganisms.
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[00240] Example 16 — Regeneration Ability and Efficacy
[00241] Studies were performed to look at the regeneration abilities

and the microbiological efficacy associated with the active, in this case hy-
drogen peroxide. Samples of 1300K PVP cross-linked in Teflon coated GC
vial caps were exposed to 400 ppm of VHP for 30 minutes. Typical values
for hydrogen peroxide after exposure to a 400 ppm cycle for 30 minutes are
0.4-0.6 mg/cm?. Figure 21 shows the decay rate of the hydrogen peroxide
over the first 7 days. After 7 days, the films were again exposed to 400 ppm
of VHP for 30 minutes adding an additional ~0.5 mg/cm? of peroxide to the
0.3 mg/cm? still remaining after 7 days. The samples continued to be moni-
tored through an additional two and a half weeks. Samples were stored ex-
posed to air in a lab drawer. The amount of total oxidant was measured by
thiosulfate titration at the times identified in Figure 21. Each value reported
was the average of five caps.

[00242] The results show that the decay rate for hydrogen peroxide is
the same after the second VHP exposure as it was after the first exposure.
This indicates the ability to regenerate the surface upon re-exposure to
VHP, without affecting the active profile.

[00243] Microbiological testing was also performed in conjunction with
the decay rate of the active. Testing was performed with both S. aureus
(see Figure 22) and B. subtilis (see Figure 23). While active concentration
decreased over the weeks monitored, this had little effect on the time to
achieve complete Kill, i.e., a 5 or 6 log reduction, of the organisms tested.
Even at a hydrogen peroxide concentration of 0.03 mg/cm? the time re-
quired to kill B. subtilis spores was 13 hours. This is a significantly smaller
reaction time than the days required for other reactive surfaces.

[00244] Example 17 — Increasing VHP Saturation

[00245] Consistent results were achieved with the 400 ppm, 30 minute

VHP decontaminations cycle. Even so, it was thought that there was room
to increase the initial concentration of the oxidant on the surface. Two tests
were used to try and determine the maximum hydrogen concentration that
the coating could sustain. One test looked at using the 400 ppm cycle with
a longer exposure time; the other test looked at increasing the VHP expo-
sure concentration to 1000 ppm.
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[00246] Non-cross-linked films were prepared using 1300K PVP in GC
vial caps. Films were then exposed to either a 400 ppm or 1000 ppm VHP
decontamination cycle for 2, 4 or 6 hours. All flms were exposed to the
conditioning phase and then recovered after the appropriate time of decon-
tamination. Films were measured for total oxidant using a thiosulfate titra-
tion. All values were reported per surface area of exposure.

[00247] Figure 24 shows the peroxide capacity levels of 1300 PVP
films after extended and high VHP exposure. The hydrogen peroxide levels
continued to increase at a steady rate for both the 400 ppm and 1000 ppm
levels over the entire 6 hours. It appeared that even at a 6-hour decontami-
nation phase at 1000 ppm, the PVP films could still absorb more peroxide.
This result indicates the potential for significantly higher levels of peroxide to
be loaded in to the system and could be used to modify the level of peroxide
for different applications of the technology. The loading level offers the pos-
sibility for the activation level of the surfaces to be tailored for different
threats including certain chemical agents. While chemical efficacy was not
detected in NMR work at the 0.5 mg/cm? level, higher peroxide concentra-
tions may offer better results.

[00248] Example 18 — Activation via Liguid Hydrogen Peroxide

[00249] Testing was performed to evaluate the impact of activating the
films by exposure to vaporous or liquid hydrogen peroxide. A liquid applica-
tion would provide a solution for spot decontamination or activation by
spraying rather than sealing off an entire area for VHP exposure and could
result in a faster and higher level of activation. There may be trade-offs,
such as the labor required for application, safety and ability to reach all the
surfaces. Even so, the ability to use either or both activation methods would
provide flexibility to the user to best meet their immediate needs.

[00250] LDPE/PVP films were selected to compare the two activation
methods as they had the lowest hydrogen peroxide uptake for VHP cycles
and did not exhibit the same swelling or solubility issues seen when liquids
were applied to cross-linked or non-cross-linked PVP films.

[00251] LDPE/PVP film samples were either exposed to a 400 ppm 30
minute VHP decontamination cycle or were submerged in a 7% hydrogen
peroxide solution for 1, 5 or 10 minutes, then rinsed with milli-Q water and
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allowed to dry before testing. Hydrogen peroxide concentration was calcu-
lated per unit area and tested using a total oxidant thiosulfate titration meth-
od.

[00252] Figure 25 shows the test results achieved. The results indi-
cate that a 1 minute soak of the 60LDPE/40PVP film provided a hydrogen
peroxide level close to that of samples exposed to VHP. In addition, the ex-
tra time at 5 and 10 minutes gives increasing levels of hydrogen peroxide,
with the 10 minute samples being equivalent to levels seen in cross-linked
PVP after exposure to a typical VHP cycle. Note that lower concentrations
of PVP incorporated into LDPE gave lower peroxide absorption values (data
not shown).

[00253] This example shows that both liquid peroxide and VHP are vi-
able activation techniques for the inventive technology. While liquid applica-
tion appeared initially to provide a higher level of active on the coating, simi-
lar results can also be achieved by altering the VHP cycle exposure time
and concentration. Application of a liquid to a PVP based coating, which is
not cross-linked or otherwise formulated to limit solubility, would result in the
removal of the coating and thus might be disadvantageous. Additionally,
application of a large amount of liquid to cross-linked PVP surfaces induces
swelling, another undesirable result. Even so, both techniques offer flexibil-
ity for activation options for the user.

[00254] Example 19 — Safety Evaluation

[00255] The chemistries of the inventive compositions have a good

safety profile. PVP and hydrogen peroxide are both commonly known for
use in human applications and are very well characterized by a long use
history. Hydrogen peroxide is commonly used at a 3% solution for the disin-
fection of wounds, but has the potential to generate injuries when used at >
10%. OSHA also has guidelines for exposure to hydrogen peroxide vapors,
which include a permissible exposure limit for VHP of one part per million
(time weighted average over 8 hours). For this reason, a safety evaluation
was performed to predict the amount of VHP that could be found in a typical
room if the inventive coatings were applied to the walls and ceilings and

then activated.
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[00256] An 8 inch x 8 inch glass slide was coated using a 10% 1300 K
PVP solution in methanol and allowed to dry. The coating was then activat-
ed by exposure to a 400 ppm 30 minute VHP cycle and placed in a chamber
with a volume of ~20 liters. The concentration of hydrogen peroxide in the
headspace size was measured using a Draeger monitor at given intervals.
These concentrations were then converted to a hypothetical concentration
for an 18.8 ft. x 14.8 ft. x 9 ft. room in which all four walls and the ceiling
would be coated and activated. The calculation was based on “no room
ventilation” and thus presents the conservative case.

[00257] The results are shown in Table 3. The results provided an
early indication that if a system made up of PVP were to be applied to the
walls of a room and if the activation level with hydrogen peroxide was at 0.4-
0.6 mg/cm2, the off-gassing of hydrogen peroxide in a room with no ventila-
tion would not be unreasonably high. While this example is an approxima-
tion, the addition of even minor ventilation in the room would reasonably

prevent the buildup of any hazardous vapors.

[00258] Table 3: Ambient VHP concentration from off-gassing over

time
Off-gas time Ambient VHP concentration (ppm)
(* = calculated)
2 Hours 0.287
4 Hours 0.430
24 Hours 0.717
48 Hours™ 0.839*
72 Hours (3 Days)* 0.909*
96 Hours (4 Days)* 0.958*
120 Hours (5 Days)* 0.996*
[00259] Accordingly, it was concluded that an activated reactive sur-

face of the present invention were applied to the walls of a standard room,
the levels of VHP in the room would not exceed the OSHA limit.

[00260] Example 20—Biological Interactions with PVP_Crosslinked
Film With Vaporous Hydrogen Peroxide Exposure

[00261] The surfaces of the inventive films are highly hygroscopic.

When an organism came in contact with the surface, the moisture surround-
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ing the organism was drawn into contact with the surface providing two sig-
nificant results. The first was that the organism was drawn into close con-
tact with the active, thereby enhancing the efficacy of the surface. Second-
ly, the surface was essentially stirred by the movement of water within the
film thereby minimizing the impact of surface contaminants moisture in the
process.

[00262] A comparison was performed using TRIOSYN fabric. In the
TRIOSYN coated fabric, the active was observed as discrete particles of
material attached loosely to the fibers of the hydrophobic substrate fabric.
When the inoculum was applied, the S. aureus cells were clearly visible and
had a normal vibrating motion in a single location and no general movement
towards the active ingredient.

[00263] Two significant observations were apparent. First, the surface
of the film was highly uniform. It appeared by observation that the polymer
was very evenly distributed and the active, while not visible, was evenly and
microscopically distributed across the surface of the fiim. Second, there
was an extremely high amount of movement of the S. aureus cells on the
surface of the film. The inoculum appeared to be flowing at a fairly high rate
as the surface absorbed moisture and along with it the cells.

[00264] After inoculation, it appeared as if the surface was flowing like
a river taking the cells along with it in a stirring pattern. While not wishing to
be bound by theory, it is postulated that this stirring motion, along with the
uniformity of the active on the surface, significantly enhanced the efficacy of
the system and helped to achieve the synergistic increase in efficacy at the
same time as it resists fouling by organic loading.

[00265] Example 21 -- Effect of Organic Load

[00266] Concerns of fouling of the surface prompted a look at the ef-

fect of organic load on the reactivity of the surface. 0.5 g/mL of BSA (Bo-
vine Serum Albumin) was the chosen level. 20 uL of this solution was ap-
plied to an activated film surface and allowed to dry in order to simulate
build up of organic material on the surface over time. The surface was then
tested in the same manner as all other surfaces. The data in Figure 26
shows that this level of organic load had no impact on the reactivity of the
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surface against S. aureus as compared to the same activated surface with
no organic load.

[00267] Example 22 — Relevant Surfaces Testing

[00268] In the foregoing examples, PVP/HP reactive solutions were

applied to many surfaces, by way of example, but not limited to, military and
healthcare relevant surfaces such as tent materials, uniform fabrics, and
painted surfaces (including the military relevant CARC (chemical agent re-
sistant coating) paint). All surfaces tested behaved similarly in their ac-
ceptance of the hydrogen peroxide activator and in microbiological efficacy.
[00269] Example 23—Polyvinylpyrrolidone (PVP) With Solid Perox-
ides.

[00270] Solid additives, for example, calcium peroxide and magnesium
peroxide, were combined with 58K PVP solutions and used to make films.
These films contained approximately 3% peroxide by weight. See Figure
27. Microbiological testing with S. aureus applied to the surface achieved a
four log reduction in 300 minutes with magnesium peroxide. Calcium perox-
ide achieved a two log reduction in the same time frame. See Figure 28.
The microbiological test method for these samples was identical to the pre-
viously described surface testing.

[00271] In accordance with the patent statutes, the best mode and pre-
ferred embodiment have been set forth; the scope of the invention is not lim-
ited thereto, but rather by the scope of the attached claims.
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WHAT IS CLAIMED IS:

1. A method for providing a reactive coating having biocidal and
chemical decontamination properties to a surface of an article, comprising
the steps of:

a. applying a hygroscopic polymer to the surface of the article;

b. processing the polymer to form a film; and

c. exposing the film to a charge of liquid or vaporized oxidant com-
prising hydrogen peroxide, chlorine, peracetic acid, iodine, or mixtures
thereof, for a time sufficient to allow the oxidant to react with or absorb on-
to the film.

2. The method of claim 1, wherein the liquid or vaporized oxidant is
hydrogen peroxide and wherein the film is exposed to at least about 400
ppm of vaporized hydrogen peroxide for a time of about 30 minutes.

3. The method of claim 1, wherein the polymer comprises

polyvinylpyrrolidone, low density polyethylene, or mixtures thereof.

4. The method of claim 3, wherein the film is crosslinked using UV
light at energy densities of 6,000-12,000 mJ/cm?.

5. The method of claim 3, wherein the polyvinylpyrrolidone has a
molecular weight of 10K, 58K, 360K, 1300K, or mixtures thereof.

6. A method of providing a reactive coating having biocidal and
chemical deactivation properties to the surface of an article, comprising
the steps of:

a. providing a polymer present in an amount ranging from 1-99
wt.%, based upon the total weight of the reactive composition;

b. mixing the polymer with an aqueous solution of hydrogen
peroxide present in an amount ranging from 1-10 wt.%, based upon the

total weight of the reactive composition;
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c. applying the polymer/hydrogen peroxide mixture to the surface
of the article; and
d. drying the mixture.

7. The method as set forth in claim 6, wherein the polymer
comprises polyvinylpyrrolidone, low density polyethylene, or mixtures
thereof.

8. A rechargeable reactive composition having biocidal and chemi-
cal decontamination properties, comprising:

a. a polymer that is polyvinylpyrrolidone, low density polyethylene
or mixtures thereof, present in an amount from about 1 to about 99 wt.%,
based on the total weight of the reactive surface composition; and

b. an active material comprising magnesium peroxide, calcium
peroxide, hydrogen peroxide, chlorine, peracetic acid, iodine or mixtures
thereof, present in an amount from about 1 to about 10 wt.%, based on
the total weight of the reactive surface composition,

wherein the properties of the surface may be renewed or recharged
upon fouling, exhaustion or decay of the active by exposing the polymer
to an additional dose of the active.

9. A reactive composition having biocidal and chemical decontami-
nation properties, comprising:

a. a hygroscopic polymer comprising polyvinylpyrrolidone, low
density polyethylene or mixtures thereof; and;

b. an active material incorporated into the polymer comprising a
liquid or vaporized peroxide, chlorine, peracetic acid, iodine, or mixtures

thereof.

10. The reactive composition of claim 9, wherein the polymer is
present in an amount ranging from about 90 to about 99 wt.% and wherein
the active is present in an amount ranging from about 1 to about 10 wt.%,

based upon the total weight of the reactive composition.
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11. The reactive composition of claim 9, wherein the active is
incorporated into a film formed by the polymer by exposing the polymer
film to a liquid or vaporized form of the active for a time sufficient to allow
the active to distribute into the polymer.

12. A surface coating comprising the reactive composition of claim

13. An article comprising the reactive composition of claim 9.

14. A method for providing biocidal and chemical decontamina-
tion properties to an article, comprising the step of incorporating a reactive
composition during the manufacture of the article, wherein the reactive
composition comprises a hygroscopic polymer and an active.

15. A reactive composition having biocidal and chemical decon-
tamination properties, consisting essentially of:
a. a hygroscopic polymer that is polyvinyl pyrrolidone having
a molecular weight of 10K, 58K, 360K or 1300K, present in an amount of
from about 1 to about 99 wt.%, based upon the total weight of the reactive
composition; and
b. an active that is hydrogen peroxide present in an amount
of from about 1 to about 10 wt.%, based upon the total weight of the reac-

tive composition.
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% Oxidant of PVP Films in 4 Drams
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Peroxide Concentrations of PVP Films Exposed to VHP

Crosslinked and non-crosslinked PVP films were exposed to a VHP cycle of 400ppm for 30
mins. Follwing the cycle the films were titrated according to AN127. The Peroxide
concentration in the films have been calculated for peroxide/area.
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Micro Reactivity Pot Life for PVP Films
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H,0, Capacity Levels of 1,300K PVP Films After
Extended and High VHP Exposure
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