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(57) ABSTRACT

An enhanced formulation and method of making that neu-
tralizes the adverse health effects of both chemical and
biological compounds, especially chemical warfare (CW)
and biological warfare (BW) agents, and toxic industrial
chemicals. The enhanced formulation according to the
present invention is non-toxic and non-corrosive and can be
delivered by a variety of means and in different phases. The
formulation provides solubilizing compounds that serve to
effectively render the chemical and biological compounds,
particularly CW and BW compounds, susceptible to attack,
and at least one reactive compound that serves to attack (and
detoxify or kill) the compound. The formulation includes at
least one solubilizing agent, a reactive compound, a bleach-
ing activator and water.
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Part A Pa_rtE_B_ .
981 ml of liquid foam 19 ml of liquid
component bleaching activator

i Part C
‘ 97 g of solid urea
A\ y hydrogen peroxide

—

1000 ml of foam component
(pH 9.6-9.8)

Fig. 2



Patent Application Publication Aug. 21,2003 Sheet 3 of 3 US 2003/0158459 A1
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1000 ml of foam component
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ENHANCED FORMULATIONS FOR
NEUTRALIZTION OF CHEMICAL, BIOLOGICAL
AND INDUSTRIAL TOXANTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part applica-
tion of U.S. patent application Ser. No. 09/607,586, entitled
“Formulations for Neutralization of Chemical and Biologi-
cal Toxants”, filed on Jun. 29, 2000, which was a continu-
ation-in-part application of U.S. patent application Ser. No.
09/109,235, entitled “Aqueous Foams for Mitigation and
Decontamination of Chemical and Biological Weapons
Agents”, filed on Jun. 30, 1998, now abandoned, and which
claimed the benefit of the filing of U.S. Provisional Patent
Application Serial No. 60/146,432, filed on Jul. 29, 1999,
and the specifications thereof are incorporated herein by
reference.

[0002] This application is also a continuation-in-part
application of U.S. patent application Ser. No. 09/952,940,
entitled “Concentrated Formulations and Methods for Neu-
tralizing Chemical and Biological Toxants™, filed on Sep. 14,
2001, which was a continuation-in-part application of U.S.
patent application Ser. No. 09/607,586, entitled “Formula-
tions for Neutralization of Chemical and Biological Tox-
ants”, filed on Jun. 29, 2000, and the specifications thereof
are incorporated herein by reference.

[0003] This application claims the benefit of the filing of
U.S. Provisional Patent Application Serial No. 60/326,508,
entitled “DF-200—An Enhanced Formulation for Decon-
tamination and Mitigation of CBW Agents and Biological
Pathogens”, filed on Oct. 1, 2001, and of U.S. Provisional
Patent Application Serial No. 60/334,271, entitled “Configu-
rations for the Rapid Deployment of DF-2007, filed on Nov.
30, 2001, and of U.S. Provisional Patent Application Serial
No. 60/387,104, entitled “Decontamination Formulations”,
filed on Jun. 7, 2002, and the specifications thereof are
incorporated herein by reference.

GOVERNMENT RIGHTS

[0004] The Government has rights to this invention pur-
suant to Contract No. DE-AC04-94AL85000 awarded by
the U.S. Department of Energy.

BACKGROUND OF THE INVENTION
[0005] 1. Field of the Invention (Technical Field)

[0006] The present invention relates to formulations for
neutralization of chemical, biological and industrial toxants.

[0007] 2. Background

[0008] The present invention is directed to materials and
methods for neutralization of toxic chemical, biological and
industrial compounds or agents, especially chemical and
biological weapons agents, and methods of making same. In
particular, the present invention is directed to materials
containing solubilizing compounds, reactive compounds
and bleaching activators that can be delivered as foams,
sprays, liquids, fogs and aerosols to enhance the rate of
reactions leading to neutralization of chemical compounds,
and other additives which serve to kill or attenuate certain
biological compounds or agents.
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[0009] Terrorist threats, potentially involving weapons of
mass destruction, are increasing both in the United States
and abroad. The use, and threat of use, of chemical and
biological agents in the context of weapons of mass destruc-
tion are of paramount concern both to national defense as
well as to state and local law enforcement.

[0010] Certain chemical warfare (“CW?”) agents known to
pose a threat by terrorists share chemical characteristics that
present an opportunity for the development of countermea-
sures. The chemical agents sarin, soman, and tabun
(G-agents) are all examples of phosphorus-containing com-
pounds which, when altered chemically, can lose their
toxicity. Mustard, which is an example of the H-agents, and
VX, which is an example of the V-agents, can also be altered
chemically and rendered harmless. In addition, certain of the
known BW agents include botulinum toxin, anthrax and
other spore-forming bacteria, vegetative bacteria, including
plague and various viruses can also be deactivated chemi-
cally.

[0011] A CW or biological warfare (“BW”) attack can
involve either local placement or wide dispersal of the agent
or agents so as to affect a population of human individuals.
Because of the flexibility with which CW and BW (“CBW”)
agents can be deployed, respondents might encounter the
agents in a variety of physical states including bulk, aerosol
and vapors.

[0012] An effective, rapid, and safe (non-toxic and non-
corrosive) decontamination technology is required for the
restoration of civilian facilities in the event of a domestic
terrorist attack. Ideally, this technology should be applicable
to a variety of scenarios such as the decontamination of
open, semi-enclosed, and enclosed facilities as well as
sensitive equipment. Examples of types of facilities where
the decontamination formulation may be utilized include a
stadium (open), an underground subway station (semi-en-
closed), and an airport terminal or office building (enclosed).
A foaming version is useful for extending the contact time
of the formulation on vertical surface.

[0013] Decontamination of chemical compounds have
focused primarily on chemical warfare agents, particularly
on the nerve agents (such as G agents and V agents) and on
the blistering agents (such as mustard gas, or simply, mus-
tard). Reactions involved in detoxification of chemical
agents can be divided into substitution and oxidation reac-
tions. Decontamination of biological agents is primarily
focused on bacterial spores (e.g., anthrax), which are con-
sidered to be the most difficult of all microorganisms to kill.
Additional background is discussed in U.S. patent applica-
tions Ser. Nos. 09/607,586 and 09/952,940.

[0014] A need also exists for rapid, safe, and effective
neutralization of toxic industrial chemicals, such as
Malathion, Hydrogen Cyanide, Sodium Cyanide, Butyl Iso-
cyanate, Carbon Disulfide, and Phosgene gas.

[0015] U.S. patent application Ser. No. 09/607,586 is
related generally to an aqueous-based decontamination tech-
nology (“DF-1007) that rapidly neutralizes chemical and
biological warfare (“CBW”) agents. The formulation:

[0016] is effective for neutralizing both chemical and
biological agents;

[0017] is environmentally benign (i.e., non-toxic and
non-corrosive);
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[0018] works on a number of anticipated material
surfaces; and

[0019] can be incorporated into a wide variety of
carriers (e.g., foams, liquid sprays, fogs) that satisfy
a wide variety of operational objectives.

[0020] A major interest for the use of the technology was
from the civilian first responder (e.g., fire departments,
police departments, and HazMat units who would be the first
to arrive at the scene of an attack utilizing CBW agents)
followed by a secondary interest in use of the formulation
for facility restoration. Technical issues exist with DF-100
that make use of the formulation by the civilian first
responder less than optimal. These technical problems
include: (1) The pH of the DF-100 must be adjusted to
optimally decontaminate each specific chemical and biologi-
cal agent. In other words, a different formulation may be
required to neutralize each specific agent. Although it is
relatively simple to adjust the pH of the formulation in the
laboratory, this is more difficult in the field and is generally
unsuitable for the primary users of the technology (i.e., the
civilian first responder). (2) The reaction rate for one chemi-
cal agent, Mustard, is rather slow as compared to the
reaction rates for other chemical agents.

[0021] These technical problems limit the effectiveness of
DF-100 in actual use. A modified formulation, DF-100A,
disclosed in U.S. patent application Ser. No. 09/952,940,
addressed the requirement to adjust the pH for each specific
agent (i.e., the first technical problem described above).
However, while DF-100A does improve upon the perfor-
mance of the formulation at a single pH, it does not
completely solve this problem, and does not even address
the second technical problem (i.e., the relatively slow reac-
tion rate with Mustard). Additionally, some versions of
DF-100/100A can use short-chain alcohols (e.g., isobutanol,
isopropanol), which can cause flammability problems if the
formulation is packaged in a concentrated form. Also, some
versions of DF-100/100A can use diethylene glycol
monobutyl ether (DEGMBE), which can cause false alarms
on some chemical agent sensors and detectors (especially
older sensors that are used in some military settings). As a
point of comparison, the following is an example of a
preferred formulation for DF-100:

DF-100

[0022] 2.6% Variquat 80MC (cationic surfactant)
[0023] 3.3% Adogen 477 (cationic hydrotrope)
[0024] 0.8% 1-Dodecanol (fatty alcohol)
[0025] 0.5% Isobutanol (short chain alcohol)
[0026] 1.6% Isopropanol (short chain alcohol)
[0027] 0.1% Jaguar 8000 (cationic polymer)
[0028] 1.6% Diethylene Glycol Monobutyl Ether

(solvent)

[0029] 4% Sodium Bicarbonate (buffer and peroxide
activator)

[0030] 4% Hydrogen Peroxide (liquid oxidant)
[0031] 75% Water
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[0032] This formulation can be adjusted to a pH value of
8 for optimal decontamination of Mustard and Anthrax
spores; and can be adjusted to a pH value of 10.5 for optimal
decontamination of VX. Decontamination of chemical
agents is generally effective anywhere between pH 8 and 10.
As a further point of comparison, the following is an
example of a preferred formulation for DF-100A:

DF-100A

[0033] 5.3% Variquat 8OMC (cationic surfactant)
[0034] 2.8% Adogen 477 (cationic hydrotrope)
[0035] 0.65% 1-Dodecanol (fatty alcohol)
[0036] 0.6% Isobutanol (short chain alcohol)
[0037] 0.1% Jaguar 8000 (cationic polymer)
[0038] 1.35% Diethylene Glycol Monobutyl Ether

(solvent)

[0039] 4% Potassium Bicarbonate (buffer and perox-
ide activator)

[0040] 4% Hydrogen Peroxide (oxidant)
[0041] 81% Water

[0042] This formulation can be adjusted to a pH value of
8 for optimal decontamination of Mustard and Anthrax
spores; and can be to a pH value of 10 for optimal decon-
tamination of VX. Decontamination of chemical agents is
generally effective anywhere between pH 8 and 10. Also, it
can be adjusted to a pH of 9.2 for less than optimal
decontamination of all agents.

[0043] In both of the examples shown above for DF-100
and DF-100A, the hydrogen peroxide and bicarbonate salt
react to produce a highly reactive negatively charged
nucleophillic species, hydroperoxycarbonate (HCO,),
which is a strong oxidant. Other negatively-charged nucleo-
philes are formed by the use of hydrogen peroxide, includ-
ing: hydroxyl ions (OH") and hydroperoxide ions (OOH™).
The function of the other components in these formulations
is discussed extensively in U.S. patent applications Ser. Nos.
09/607,586 and 09/952,940.

[0044] The present invention presents enhanced decon-
tamination formulations (generically designated “DF-200")
that include bleaching activators, which leads to faster
reaction kinetics, improved performance, and the elimina-
tion of the need for pH adjustment. Although bleaching
activators are commonly used in (anionic) laundry deter-
gents, the present invention can employ them with cationic
surfactants, and where good solubility in water of the
activator is useful for achieving quick reaction times. A
desirable bleaching activator for use in the present invention
is preferably water-soluble, non-toxic, non-flammable, and
low-cost.

[0045] Glucose pentaacetate is an O-acetyl peroxide acti-
vator that has been used as an activation agent in a sterilizing
composition comprising a cationic surface-active agent and
inorganic peroxide (See Japanese Laid-Open Patent Publi-
cation No. 62-155203, entitled “Sterilizing Composition for
Cattle Shed” (1987)). Glucose pentaacetate is a solid at room
temperature (i e., melting point 110 degrees C.), and is
insoluble in water. In an aqueous solution containing per-
oxide, it dissolves very slowly in water as it reacts with the
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peroxide. At a glucose pentaacetate concentration of about
2%, it takes several hours to dissolve. This makes its use less
than desirable for rapid deployment configurations.

SUMMARY OF THE INVENTION
(DISCLOSURE OF THE INVENTION)

[0046] The present inventions is of a formulation for use
in neutralization of at least one toxant, comprising: at least
two solubilizing compounds, wherein at least one solubiliz-
ing compound is a cationic surfactant and at least one
solubilizing compound is a cationic hydrotrope; at least one
reactive compound, wherein the at least one reactive com-
pound is selected from the group consisting of hydrogen
peroxide, urea hydrogen peroxide, hydroperoxycarbonate,
peracetic acid, sodium perborate, sodium peroxypyrophos-
phate, sodium peroxysilicate, and sodium percarbonate; and
at least one bleaching activator selected from the group
consisting of O-acetyl, N-acetyl, and nitrile group bleaching
activators; wherein the at least two solubilizing compounds,
the at least one reactive compound, and the at least one
bleaching activator, when mixed with water and exposed to
the at least one toxant, neutralizes the at least one toxant. In
the preferred embodiment, the cationic surfactant comprises
a quaternary ammonium salt, most preferably cetyltrimethyl
ammonium bromide, benzalkonium chloride, benzethonium
chloride, cetylpyridinium chloride, alkyldimethylbenzylam-
monium salt, tetrabutyl ammonium bromide, or WITCO
VARIQUAT 80MC™, or a combination thereof. The for-
mulation may further comprise water-soluble polymer, pref-
erably polyvinyl alcohol, guar gum, (cationic or non-ionic)
polydiallyl dimethyl ammonium chloride, polyacrylamide,
poly (ethylene oxide), glycerol, polyethylene glycol 8000
(PEG 8000), or JAGUAR 8000™ (Guar Gum 2-hydrox-
ypropyl ether), or a combination thereof. The formulation
may also further comprise a fatty alcohol comprising from
8 to 20 carbon atoms per molecule, a solvent (preferably
Di(propylene glycol) methyl ether or diethylene glycol
monobutyl ether or a combination thereof), and/or a carbon-
ate salt (preferably potassium bicarbonate, sodium bicarbon-
ate, ammonium bicarbonate, ammonium hydrogen bicar-
bonate, lithium bicarbonate, ammonium carbonate, or
potassium carbonate, or a combination thereof). The bleach-
ing activator is preferably water-soluble, most preferably
acetylcholine chloride, monoacetin (glycerol monoacetate),
diacetin (glycerol diacetate), 4-cyanobenzoic acid, ethylene
glycol diacetate, propylene glycol monomethyl ether
acetate, methyl acetate, dimethyl glutarate, diethylene glycol
monoethyl ether acetate, glycerol diacetate (Diacetin), glyc-
erol monoacetate, glycerol triacetate, or propylene glycol
diacetate, or a combination thereof. Alternatively, the
bleaching activator may be water-insoluble, preferably tet-
raacetyl ethylenediamine (TAED), n-nonanoyloxybenzene-
sulfonate (NOBS), or N-acetyl glucosamine, or a combina-
tion thereof. The formulation, when mixed with water,
preferably has a pH value between about 9.6 and about 9.8.
One embodiment of the invention consists essentially of
1-10% Benzalkonium Chloride, 1-8% Propylene Glycol
Diacetate; 1-16% Hydrogen Peroxide; and 2-8% Potassium
Bicarbonate.

[0047] The invention is also of a formulation for use in
neutralization of at least one toxant, comprising: at least one
cationic surfactant; at least one reactive compound, wherein
the at least one reactive compound is selected from the group
consisting of hydrogen peroxide, urea hydrogen peroxide,
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hydroperoxycarbonate, peracetic acid, sodium perborate,
sodium peroxypyrophosphate, sodium peroxysilicate, and
sodium percarbonate; at least one bleaching activator
selected from the group consisting of O-acetyl, N-acetyl,
and nitrile group bleaching activators; and at least one
carbonate salt not one of the at least one reactive com-
pounds; wherein the at least one surfactant, the at least one
reactive compound, the at least one bleaching activator, and
the at least one carbonate salt, when mixed with water and
exposed to the at least one toxant, neutralizes the at least one
toxant. In the preferred embodiment, the formulation, when
mixed with water, has a pH value between about 9.6 and
about 9.8 and the cationic surfactant comprises a quaternary
ammonium salt, most preferably benzalkonium chloride.
The at least one carbonate salt is preferably potassium
bicarbonate, sodium bicarbonate, ammonium bicarbonate,
ammonium hydrogen bicarbonate, lithium bicarbonate,
ammonium carbonate, or potassium carbonate, or a combi-
nation thereof. One embodiment consists substantially of the
at least one cationic surfactant, the at least one reactive
compound, the at least one bleaching activator, and the at
least one carbonate salt. The bleaching activator is prefer-
ably water-soluble, most preferably acetylcholine chloride,
monoacetin (glycerol monoacetate), diacetin (glycerol diac-
etate), 4-cyanobenzoic acid, ethylene glycol diacetate, pro-
pylene glycol monomethyl ether acetate, methyl acetate,
dimethyl glutarate, diethylene glycol monoethyl ether
acetate, glycerol diacetate (Diacetin), glycerol monoacetate,
glycerol triacetate, or propylene glycol diacetate, or a com-
bination thereof.

[0048] The invention is further of a formulation for use in
neutralization of at least one toxant, comprising: at least one
cationic surfactant; at least one reactive compound, wherein
the at least one reactive compound is selected from the group
consisting of hydrogen peroxide, urea hydrogen peroxide,
hydroperoxycarbonate, peracetic acid, sodium perborate,
sodium peroxypyrophosphate, sodium peroxysilicate, and
sodium percarbonate; and at least one water-soluble bleach-
ing activator selected from the group consisting of O-acetyl,
N-acetyl, and nitrile group bleaching activators; wherein the
at least one surfactant, the at least one reactive compound,
and the at least one water-soluble bleaching activator, when
mixed with water and exposed to the at least one toxant,
neutralizes the at least one toxant. In the preferred embodi-
ment, the at least one water-soluble bleaching activator is
acetylcholine chloride, monoacetin (glycerol monoacetate),
diacetin (glycerol diacetate), 4-cyanobenzoic acid, ethylene
glycol diacetate, propylene glycol monomethyl ether
acetate, methyl acetate, dimethyl glutarate, diethylene glycol
monoethyl ether acetate, glycerol diacetate (Diacetin), glyc-
erol monoacetate, glycerol triacetate, or propylene glycol
diacetate, or a combination thereof. The cationic surfactant
preferably comprises a quaternary ammonium salt, most
preferably benzalkonium chloride. The formulation prefer-
ably further comprises at least one carbonate salt, most
preferably potassium bicarbonate, sodium bicarbonate,
ammonium bicarbonate, ammonium hydrogen bicarbonate,
lithium bicarbonate, ammonium carbonate, or potassium
carbonate, or a combination thereof. The formulation, when
mixed with water, has a pH value between about 9.6 and
about 9.8. One embodiment consists substantially of the at
least one cationic surfactant, the at least one reactive com-
pound, and the at least one water-soluble bleaching activa-
tor.
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[0049] The invention is yet further of a formulation for use
in neutralization of at least one toxant, the formulation
comprising: at least one solubilizing compound, selected
from the group consisting of a cationic hydrotrope and a
fatty alcohol comprising from 8 to 20 carbon atoms per
molecule; at least one reactive compound, wherein the at
least one reactive compound is selected from the group
consisting of hydrogen peroxide, urea hydrogen peroxide,
hydroperoxycarbonate, peracetic acid, sodium perborate,
sodium peroxypyrophosphate, sodium peroxysilicate, and
sodium percarbonate; and at least one bleaching activator
selected from the group consisting of O-acetyl, N-acetyl,
and nitrile group bleaching activators; wherein the at least
one solubilizing compound, the at least one reactive com-
pound, and the at least one bleaching activator, when mixed
with water and exposed to the at least one toxant, neutralizes
the at least one toxant.

[0050] The invention is also of any of the above formu-
lations packaged as a kit In a first embodiment, the kit
comprises: a premixed component comprising at least two
solubilizing agents; a first component comprising at least
one bleaching activator; and a second component compris-
ing at least one reactive compound. The first embodiment
may further comprise water and a base, the premixed
component may additionally comprise a water-soluble poly-
mer, the at least one bleaching activator is preferably pro-
pylene glycol diacetate, glycerol diacetate, and/or TAED,
the premixed component may additionally comprise a fatty
alcohol comprising from 8 to 20 carbon atoms per molecule,
the at least one reactive compound may be urea hydrogen
peroxide with the second component comprising the at least
one reactive compound additionally comprising sodium
percarbonate, and the premixed component may additionally
comprise a short-chained alcohol. A second embodiment
comprises: a first premixed component comprising at least
two solubilizing agents and water; and a second premixed
component comprising at least one bleaching activator and
the at least one reactive compound, wherein the at least one
bleaching activator is in solid form In the second embodi-
ment, the first premixed component preferably additionally
comprises an acid, the at least one bleaching activator
preferably comprises acetycholine chloride, the at least one
reactive compound comprises urea hydrogen peroxide and
the at least one bleaching activator comprises TAED, and the
at least one bleaching activator is encapsulated to prevent
premature reaction with the at least one reactive compound.
A third embodiment comprises: a premixed component
comprising at least two solubilizing agents and at least one
bleaching activator; and a component comprising at least
one reactive compound. In the third embodiment, the pre-
mixed component may additionally comprise water and an
acid, the component comprising the at least one reactive
compound may comprise sodium percarbonate and addition-
ally an acid, and the at least one reactive compound may
comprise urea hydrogen peroxide with the component com-
prising the at least one reactive compound additionally
comprising a mixture of potassium carbonate and potassium
bicarbonate.

[0051] Objects, advantages and novel features, and further
scope of applicability of the present invention will be set
forth in part in the detailed description to follow, taken in
conjunction with the accompanying drawings, and in part
will become apparent to those skilled in the art upon
examination of the following, or may be learned by practice
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of the invention. The objects and advantages of the invention
may be realized and attained by means of the instrumen-
talities and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] The accompanying drawings, which are incorpo-
rated into and form a part of the specification, illustrate one
or more embodiments of the present invention and, together
with the description, serve to explain the principles of the
invention. The drawings are only for the purpose of illus-
trating one or more preferred embodiments of the invention
and are not to be construed as limiting the invention. In the
drawings:

[0053] FIG. 1 is a graph of the effect of DF-200 compo-
nents on Bacillus globigii (anthrax simulant) spore kill;

[0054] FIG. 2 is a schematic diagram of a preferred
mixing procedure for a first rapid deployment configuration
of the present invention (“DF-200HF Rapid Deployment”);
and

[0055] FIG. 3 is a schematic diagram of a preferred
mixing procedure for a second rapid deployment configu-
ration of the present invention (“DF-200HF Slurry Rapid
Deployment”).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS (BEST MODES FOR
CARRYING OUT THE INVENTION)

[0056] The present invention addresses the need for a
general formulation that neutralizes the adverse effects of
either or both chemical and biological toxants, where a
toxant is defined as any chemical or biological compound,
constituent, species, or agent that through its chemical or
biological action on life processes can, if left untreated,
cause death, temporary incapacitation, or permanent harm to
humans or animals. This includes all such chemicals or
biological agents, regardless of their origin or of their
method of production, and regardless of whether they are
produced in facilities, in munitions or elsewhere. Neutral-
ization is defined as the mitigation, detoxification, decon-
tamination, or otherwise destruction of toxants to the extent
that the toxants no longer cause acute adverse effects to
humans or animals. The formulation and described varia-
tions of the present invention can neutralize, and does not
itself contain or produce, infection, significant adverse
health effects, or even fatality in animals.

[0057] An important subset of chemical and biological
compounds that the present invention addresses is that of
chemical warfare (“CW?) and biological warfare (“BW”)
agents. However, the present invention also addresses tox-
ants that can cause potential adverse health effects to ani-
mals, including humans, where such adverse health effects
include infections, acute and chronic health effects, and
fatalities. Such toxants can be found in an agricultural
facility, animal or dairy farm, or food products processing or
packaging facility. Additionally, the present invention
addresses the need for such a formulation that is itself
non-toxic and non-corrosive, and that can be delivered by a
variety of means and in different phases. Certain embodi-
ments are discussed in U.S. patent applications Ser. Nos.
09/607,586 and 09/952,940. The present invention presents
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additional embodiments that have substantial differences
over both the prior art and the earlier embodiments, as will
be described below.

[0058] The word “formulation” is defined herein as the
activated product or solution (e.g., aqueous solution) that is
applied to a surface or body for the purpose of neutraliza-
tion, with or without the addition of a gas (e.g, air) to create
a foam. Unless otherwise specifically stated, the concentra-
tions, constituents, or components listed herein are relative
to the weight percentage of the overall activated solution.
The word “water” is defined herein to broadly include: pure
water, tap water, deionized water, demineralized water,
saltwater, or any other liquid consisting primarily of H,O.

[0059] One example of a minimum set of constituents for
a DF-200 formulation that can achieve a significant rate of
spore kill comprises four components:

[0060] (1) a solubilizing agent selected from the
group consisting of a cationic surfactant (e.g., Vari-
quat 8OMC), a cationic hydrotrope (e.g., Adogen
477), and a fatty alcohol (e g., 1-Dodeconal);

[0061] (2) a beaching activator selected from the
group consisting of O-acetyl, N-acetyl, and nitrile
group peroxide activators (e.g., propylene glycol
diacetate);

[0062] (3) a reactive compound (e.g., hydrogen per-
oxide, peracetic acid); and

[0063] (4) water.

[0064] The solubilizing agent serves to effectively render
the toxant susceptible to attack, while the reactive com-
pound serves to attack and neutralize the toxant, and the
bleaching activator enhances the process.

[0065] Examples of suitable cationic surfactants include:
quaternary ammonium salts and polymeric quaternary salts.
Examples of suitable quaternary ammonium salts include:
cetyltrimethyl ammonium bromide, benzalkonium chloride,
benzethonium chloride, cetylpyridinium chloride, alkyldim-
ethylbenzylammonium salt, and tetrabutyl ammonium bro-
mide. A preferred cationic surfactant is WITCO VARIQUAT
80MC™, which is a mixture of benzyl (C12-C16) alkyldim-
ethylammonium chlorides. The concentration of quaternary
ammonium salt used in DF-200 formulations is preferably
no more than about 10%, because at higher concentrations
the quaternary ammonium salt becomes significantly toxic
to humans and the environment.

[0066] Examples of suitable cationic hydrotropes include:
tetrapentyl ammonium bromide, triacetyl methyl ammo-
nium bromide, and tetrabutyl ammonium bromide. A pre-
ferred cationic hydrotrope is WITCO ADOGEN 477™,
which is a pentamethyltallow alkyltrimethylenediammo-
nium dichloride.

[0067] Examples of suitable fatty alcohols include alco-
hols having 8-20 carbon atoms per molecule, such as:
1-dodecanol, pure dodecanol, hexadecanol, and 1-tetrade-
canol.

[0068] Examples of suitable bleaching activators are dis-
cussed subsequently.

[0069] Examples of suitable reactive compounds include:
peroxide compounds; hydrogen peroxide; urea hydrogen
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peroxide; sodium perborate; sodium percarbonate; sodium
carbonate perhydrate; sodium peroxypyrophosphate;
sodium peroxysilicatehydrogen; peroxide adducts of pyro-
phosphates; citrates; sodium sulfate; urea; and sodium sili-
cate; an activated peroxide compound (e.g., hydrogen per-
oxide+bicarbonate); peracetic acid; oximates (e.g., butane-
2,3-dione, monooximate ion, and benzohydroxamate);
alkoxides (e.g., methoxide and ethoxide); aryloxides (e.g.,
aryl substituted benzenesulfonates); aldehydes (e.g., glut-
araldehyde); peroxymonosulfate; Fenton’s reagent (a mix-
ture of iron and peroxide); and sodium hypochlorite. Use of
these reactive compounds in DF-200 formulations can pro-
duce a variety of negatively-charged nucleophiles, e.g.,
hydroxyl ions (OH™) and hydroperoxide ions ((OOH™) pro-
duced when using hydrogen peroxide; and/or hydroperoxy-
carbonate ions (HCO,") produced when hydrogen peroxide
is combined with a carbonate salt. Hydroperoxycarbonate
ions (HCO,") are a much stronger oxidant than hydroxyl
ions (OH™) or hydroperoxide ions ((OOH"), and are espe-
cially effective in reacting with biological toxants. When
using hydrogen peroxide in DF-200 formulations, its con-
centration is preferably less than about 10% because higher
concentrations are significantly corrosive, especially in the
range of 30-50% hydrogen peroxide concentration.

[0070] To achieve very high rates of spore kill, a carbonate
salt (e.g., sodium bicarbonate or potassium bicarbonate) is
preferably added to the minimum set of constituents for
DF-200 formulations described above. When using a per-
oxide compound (e.g., hydrogen peroxide) as the reactive
compound for DF-200, the added carbonate salt combines
with, e.g., hydrogen peroxide to form the highly reactive
hydroperoxycarbonate species (HCO,”). Addition of car-
bonate salts can also buffer the formulation to optimize the
pH.

[0071] Hence, a minimum set of constituents for DF-200
formulations that can achieve a very high rate of spore kill
can comprise five components:

[0072] (1) a solubilizing agent selected from the
group consisting of a cationic surfactant (e.g., Vari-
quat 8OMC), a cationic hydrotrope (e.g., Adogen
477), and a fatty alcohol (e.g., 1-Dodeconal);

[0073] (2) a beaching activator selected from the
group consisting of O-acetyl, N-acetyl, and nitrile
group peroxide activators (e.g., propylene glycol
diacetate);

[0074] (3) a reactive component (e.g., hydrogen per-
oxide, peracetic acid, etc.);

[0075] (4) a carbonate salt (e.g., sodium bicarbonate),
and

[0076] (5) water.

[0077] Examples of suitable carbonate salts include:
potassium bicarbonate, sodium bicarbonate, ammonium
bicarbonate, ammonium hydrogen bicarbonate, lithium
bicarbonate, ammonium carbonate, and potassium carbon-
ate.

[0078] FIG. 1 shows the results of decontamination tests
on Bacillus globigii spores (initial concentration 10” spores/
ml). The spores were exposed to four different sub-combi-
nations of the various components of DF-200 formulations
for 1 hour (the pH of the formulation was 9.8). The degree
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of spore kill was determined by culturing surviving organ-
isms. As shown in FIG. 3, significant spore kill was
achieved by using two different combinations: (1) an aque-
ous solution of 2% Variquat (cationic surfactant), 2% pro-
pylene glycol diacetate (bleaching activator), and 2% hydro-
gen peroxide (oxidant) and (2) an aqueous solution of 2%
Variquat (a cationic surfactant), 5% potassium bicarbonate
(buffer and peroxide activator) and 2% hydrogen peroxide
(oxidant). However, very high spore kill was achieved by
using a third combination, comprising (3) an aqueous solu-
tion of 2% Variquat (a cationic surfactant), 2% propylene
glycol diacetate (bleaching activator), 5% potassium bicar-
bonate (buffer and peroxide activator) and 2% hydrogen
peroxide (oxidant).

[0079] Next, a variety of alternative embodiments and
configurations of DF-200 formulations will be presented.

[0080] DF-200HF (High Foam)

[0081] The present invention provides an enhanced decon-
tamination formulation for high foam applications (“DF-
200HF”). An example of a formulation for DF-200HF
comprises:

DF-200HF (High Foam)

[0082] 1-4% (preferably 2%) Variquat 80MC (cat-
ionic surfactant)

[0083] 0.5-3% (preferably 1%) Adogen 477 (cationic
hydrotrope)

[0084] 0.2-0.8% (preferably 0.4%) 1-Dodecanol
(fatty alcohol)

[0085] 0.05-0.1% Jaguar 8000 (cationic water-
soluble polymer)

[0086] 0.5% Di(propylene glycol) Methyl Ether (sol-
vent)

[0087] 0.1-10% (preferably 1-4%) Hydrogen Perox-
ide (oxidant)

[0088] 0.1-10% (preferably 2-8%) Bicarbonate salt
(buffer and peroxide activator)

[0089] 1-4% Propylene Glycol Diacetate (bleaching
activator)

[0090] 67-97% Water

[0091] This formulation is effective at a pH value between
7.5 and 10.5. This formulation can be adjusted to a pH value
between 9.6 and 9.8 for optimal decontamination of all
target agents. This “high-foam” formulation includes a cat-

Aug. 21,2003

ionic water-soluble polymer (e.g., Jaguar 8000™), which
increases the bulk viscosity of the solution and produces a
more stable foam.

[0092] Examples of suitable non-anionic water-soluble
polymers include: polyvinyl alcohol, guar gum, (cationic or
non-ionic) polydiallyl dimethyl ammonium chloride, poly-
acrylamide, polyethylene glycol 8000 (PEG 8000), and
JAGUAR 8000™ (Guar Gum 2-hydroxypropyl ether). A
cationic polymer is preferred over a non-ionic polymer; an
anionic polymer does not work well The fatty alcohol
1-dodecanol serves to increase the surface viscosity of the
foam lamellae to also increase foam stability against drain-
age and bubble collapse.

[0093] DF-200LF (Low Foam)

[0094] The present invention provides an enhanced decon-
tamination formulation for low foam applications (“DF-
200LF”) An example of a formulation for DF-200LF com-
prises:

DF-200LF (Low Foam)

[0095] 4% Variquat 8OMC (cationic surfactant)
[0096] 0.4% Lauramide DEA [N,N-Bis(2-Hydroxy-
ethyl)-Dodecanamide] (foam booster)
[0097] 1-4% Propylene Glycol Diacetate (bleaching
activator)
[0098] 0.5% Di(propylene glycol) Methyl Ether (sol-
vent)
[0099] 0.05-0.1% Jaguar 8000 Polymer (cationic
water-soluble polymer)
[0100] 0.1-10% (preferably 1-4%) Hydrogen Perox-
ide (oxidant)
[0101] 0.1-10% (preferably 2-8%) Bicarbonate salt
(buffer and peroxide activator)
[0102] 71-94% Water
[0103] This formulation is generally effective at a pH
value between 7.5 and 10.5. This formulation can be
adjusted to a pH value between about 9.6 and 9.8 for optimal
decontamination of all target agents.

[0104] The term ‘High Foam’ refers to the ability of a
formulation to form a highly stable and persistent foam,
whereas a ‘Low Foam’ formulation forms a much less stable
foam. The following tables show the improved performance
of DF-200HF and DF-200LF as compared to DF-100A. The
notation “ND” refers to a concentration below detectable
limits, and “PGD” refers to propylene glycol diacetate (a
preferred bleaching activator).

TABLE 1

Summary of the reaction rates for Mustard simulant
(2-Chloroethyl phenyl sulfide).

Mustard Simulant (% Decontaminated

Formulation 1 Minute 15 Minutes 60 Minutes
DF-100A(pH 8) 18 42 81
DF-100A (pH 9.2) 16 38 83
DF-200HF (2% PGD/3% H,0,/4.5% Bicarb) 42 62 ND
DF-200HF (2% PGD/3.5% H,0,/4% Bicarb) 94 98 ND

DF-200LF (2.5% PGD/3% H,0,/4.5% Bicarb) 55 91 ND
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[0105]

TABLE 2

Summary of the reaction rates for VX simulant (0-Ethyl S-Ethyl
Phenylphosphonothioate).
VX Simulant (% Decontaminated

Formulation 1 Minute 15 Minutes 60 Minutes
DF-100A (pH 10) 45 99 ND
DF-100A (pH 9.2) 33 71 93
DF-200HF (2% PGD/3% H,0,/4.5% Bicarb) 63 98 ND
DF-200HF (2% PGD/3.5% H,0,/4% Bicarb) 66 99 ND
DF-200LF (2.5% PGD/3% H,0,/4.5 Bicarb) 79 98 ND
[0106]

TABLE 3

Summary of the reaction rates for G Agent simulant (Diphenyl chlorophosphate).
G Agent Simulant (% Decontaminated

Formulated 1 Minute 15 Minutes 60 Minutes
DF-100A (pH 8) 53 ND ND
DF-100A (pH 9.2) ND ND ND
DF-200 HF (2% PGD/3% H,0,/4.5 Bicarb) ND ND ND
DF-200HF (2% PGD/3.5% H,0,/4% Bicarb) ND ND ND
DF-200LF (2.5% PGD/3% H,0,/4.5% Bicarb) ND ND ND
[0107]
TABLE 4

Summary of the kill rates for Anthrax simulant (Bacillus globigii spores)

Anthrax Simulant

Formulation % Kill after 30 Minutes

Anthrax Simulant
% Kill after 60 Minutes

DF-100A (pH 8) 99.99
DF-100A (pH 9.2) 90
DF-200HF (2% PGD/3% H,0,/4.5 Bicarb) 99.99999
DF-200LF (2.5% PGD /3% H,0,/4.5 Bicarb) 99.99999

99.99999
99.9

99.99999
99.99999

[0108] Differences between formulations of DF-200 and
DF-100/100A include:

[0109] DF-200 is active against all agents at a single
pH. The formulation is effective at pH values
between about 7.5 and 10.5; is more effective at pH
values between about 9.2 and 9.8; and is most
effective at pH values between about pH 9.6 and 9.8;

[0110] DF-200 has better performance against Mus-
tard;

[0111] DF-200 has better performance against bacte-
rial spores;

[0112] DF-200 has lower concentrations of both the
cationic surfactant and/or the cationic hydrotrope,
which further lowers the (already low) toxicity and
corrosivity properties of the formulation;

[0113] DF-200 has a lower concentration of the foam
stability component, 1-Dodecanol;

[0114] DF-200 doesn’t use a short-chained alcohol
(e.g., isobutanol, isopropanol), which causes flam-
mability problems when the formulation is packaged
in a concentrated form,;

[0115] DF-200 doesn’t use Diethylene Glycol
MonoButyl Ether (DEGMBE), which can cause
false alarms on some chemical agent sensors and
detectors (especially older sensors which are used in
some military settings); and

[0116] DF-200 can contain a lower concentration of
hydrogen peroxide, which also reduces the (already
low) toxicity and corrosivity properties of the for-
mulation.

[0117] Additional differences between DF-200 and
DF-100A include:

[0118] DF-200 performs optimally at a higher pH
(about 9.6 to 9.8) as compared to DF-100A. How-
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ever, note that this is the typical pH value for
common household products such as laundry deter-
gents, shampoos, and dishwashing detergents; and

[0119] DF-200 has more individual components that
should be stored separately (e.g., the hydrogen per-
oxide and the bleaching activator) from the bulk
formulation until use, as compared to DF-100A
(where only one component, hydrogen peroxide,
should be stored separately). This will be discussed
in greater detail below.

[0120] One reason for the better performance of DF-200
formulations (e.g., DF-200HF and DF-200LF) over DF-100
and DF-100A formulations is the addition of a bleaching
activator (e.g., propylene glycol diacetate). Bleaching acti-
vators can be compounds with O- or N-bounded acetyl
groups that react with the strongly nucleophilic hydroperoxy
anion (OOH") to yield peroxygenated species, which are
more efficient oxidizers than hydrogen peroxide alone.

RC—L + OOH — RC—OOH + L-

[0121] Since the 1950’s, a number of different bleaching
activators have been used in commercial laundry detergents,
as well as other commercial products. The most common
activators are tetraacetyl ethylenediamine (TAED), which is
primarily used in Europe and Asia; and n-nonanoyloxyben-
zenesulfonate (NOBS), which is primarily used in the
United States. NOBS is a proprietary chemical of the Proctor
and Gamble company. In a laundry detergent, hydrogen
peroxide is provided in a solid form (usually as sodium
perborate, which reacts in water to form the hydroperoxy
anion). The addition of a bleaching activator greatly
enhances the ability of a laundry detergent to remove stains
from clothing.

[0122] It should be noted that TAED and NOBS bleaching
activators are extremely insoluble in water (e.g., TAED is
only 0.1% soluble at 25° C.). To get around this problem in
a laundry detergent, the solid TAED or NOBS particles are
kept in suspension by the agitating action of the washing
machine, where they slowly react with the hydrogen perox-
ide in the detergent. However, agitation in the field of
DF-200 formulations presents practical problems; hence, a
water-soluble bleaching activator is preferred.

[0123] Useful water-soluble bleaching activators include
short-chained organic compounds that contain an ester bond,
e.g., ethylene glycol diacetate, propylene glycol monom-
ethyl ether acetate, methyl acetate, dimethyl glutarate, dieth-
ylene glycol monoethyl ether acetate, glycerol diacetate
(Diacetin), glycerol monoacetate, glycerol triacetate, and
propylene glycol diacetate. A preferred water-soluble
bleaching activator is propylene glycol diacetate (PGD),
which is shown below.

CH,

O
I I

CH;— C— OCH,CHO— C—CHj
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[0124] This molecule reacts with hydroperoxy anions
(OOH"), giving up the ester bonds to form two peroxygen-
ated molecules.

[0125] Propylene glycol diacetate also acts as an organic
solvent that is highly effective in solubilizing insoluble
organic molecules (e.g., chemical warfare agents, as well as
foam stabilizers/boosters (such as 1-dodecanol and Laura-
mide DEA)). Therefore, an added function of this compound
is that it can be used to supplement the diethylene glycol
monobutyl ether (DEGMBE) solvent that is used in DF-100
and DF-100A, or to supplement the Di(propylene glycol)
methyl ether solvent used in some DF-200 formulations,
thereby allowing the propylene glycol diacetate to serve a
dual purpose (i.e., solvent and bleaching activator).

[0126] Bleaching activators are generally not stable in
water for long periods of time. This is especially true when
the aqueous solution is at a high pH (>10). Therefore, for
long shelf life, the propylene glycol diacetate (or other
bleaching activator) is preferably stored separate from the
aqueous solution until use. This is not unlike other products
that utilize bleach activators (e.g., laundry detergents),
where all the components of the formulation are kept dry and
separated until use (in the case of laundry detergent, the
bleaching activator is encapsulated to prevent it from react-
ing with the peroxide component until both components are
mixed in water).

[0127] Another example of a water-soluble bleaching acti-
vator is ethylene glycol diacetate, which works well in
DF-200 formulations. However, when ethylene glycol diac-
etate reacts with hydrogen peroxide, it forms ethylene glycol
(ie., anti-freeze), which is a relatively toxic byproduct.
Propylene glycol diacetate, on the other hand, does not form
this relatively toxic byproduct.

[0128] DF-200NF (Non-Foaming)

[0129] The present invention is also of a non-foaming
embodiment (“DF-200NF”) that may be used for specific
applications, e.g., the kill of biological organisms, batch
processing (such as in chemical agent demilitarization neu-
tralization processes, i.e., in a bath of solution), or spray
applications. A preferred example of this formulation com-
prises (amounts illustrative):

DF-200NF (Non-Foaming)

[0130] 1-10% (preferably 2.5%) Benzalkonium
Chloride (cationic surfactant)

[0131] 1-8% Propylene Glycol Diacetate (bleaching
activator)

[0132] 1-16% Hydrogen Peroxide (oxidant)

[0133] 2-8% Potassium Bicarbonate (buffer and per-
oxide activator)

[0134] 65.5-93.5% Water

[0135] The formulation can be adjusted to a pH value
between about 9.6 and 9.8 for optimum performance, and is
effective for decontamination of all target agents.

[0136] DF-100E

[0137] The present invention is also of an enhanced ver-
sion of DF-100A that utilizes the propylene glycol diacetate
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bleaching activator. A preferred embodiment of this
enhanced formulation, (“DF-100E”) comprises (amounts
illustrative):

DF-100E
5.3% Variquat 8OMC
2.8% Adogen 477
0.65% 1-Dodecanol
0.5% Isobutanol
0.1% Jaguar 8000
1.35% Diethylene Glycol Monobutyl Ether
2-8% Bicarbonate Salt

[0138]
[0139]
[0140]
[0141]
[0142]
[0143]
[0144]
[0145]
[0146]
[0147]

[0148] This formulation can be adjusted to a pH value
between about 9.6 and 9.8 for optimal performance against
all agents. The performance of DF-100E (2% PGD/3.00%
H,0,/3.75% Bicarbonate salt) against chemical simulants is
shown below in Table 5.

1-4% Hydrogen Peroxide
1-4% Propylene Glycol Diacetate
73-85% Water

TABLE 5

Summary of the reaction rates for the
DF-100E formulation in Kinetic testing.

% Decontaminated

Simulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 83 92 ND
G Agents ND ND ND
VX 66 96 ND

[0149] Tests against the anthrax spore simulant (Bacillus
globigii spores) demonstrated 99.9999% (7-Log) kill after a
30 minute exposure to DF-100E.

[0150] Other bleaching activators (such as water-insoluble
NOBS or TAED) can be used in place of Propylene Glycol
Diacetate in DF-100E. However, as noted above, this pro-
duces a slurry mixture instead of a true liquid solution.

[0151] The following table summarizes some differences
between DF-100, DF-100A, DF-100E, DF-200HF,
DF-200LF, DF-200NF, and DF-200HF Slurry:

TABLE 6
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[0152] Kit Configurations

[0153] In the following sections, various examples of
2-part, 3-part, and 4-part “kit” configurations are shown for
the different embodiments of DF-200 formulations. In gen-
eral, the 2-part and 3-part kits have the bulk of the water
already “pre-packaged” in one of the two (or three) con-
tainers (usually the foam component). This allows for rapid
deployment of the decontamination solution, the use of
small-scale units (e.g., backpacks), and doesn’t require any
extra water to be provided in the field.

[0154] Conversely, the 4-part kits generally require that
the make-up water is added in the field at, or near, the site
of contamination. This allows the “package” containing the
other three parts to be much lighter, which makes it easier to
ship and store. However, a source of make-up is required in
the field (which can be saltwater).

[0155] In general, the DF-200 formulations can be con-
figured either way, with the bulk of the water “pre-pack-
aged”, or without, depending on the application.

[0156] DF-200HF (Kit Configuration)
[0157] The DF-200HF formulation can be configured as a
4-part kit, and then prepared for field use as follows
(amounts illustrative):
DF-200 HF (4-part Kit)

[0158] Part A (Foam Concentrate):

[0159] 20 g Variquat 8OMC

[0160] 10 g Adogen 477

[0161] 4 g b-Dodecanol

[0162] 1 g Jaguar 8000 Polymer

[0163]

[0164] 7.5 g Potassium Bicarbonate

[0165] 141 g Water
0166] Part B (Solid Component):

p

[0167] 50 g Sodium Percarbonate

[0168] 50 g Urea Hydrogen Peroxide
0169] Part C (Bleaching Activator):

g

[0170] 20 g Propylene Glycol Diacetate
[0171] Part D (Make-up Water):

[0172] 800 g Water

5 g Di(propylene glycol) methyl ether

Comparison of Various Decontamination Formulations

Reduction of
Requires pH Improved Flammable

Forms Highly

Can Use Saltwater

Formulation Adjustment ~ Kinetics ~ Constituents ~ Stable Foam  for Makeup Water
DF-100 Y N N Y N
DF-100A N N N Y N
DF-100E N Y N Y Y
DF-200HF N Y Y Y Y
DF-200LF N Y Y N Y
DF-200NF N Y Y N Y
DF-200HF-Slurry N Y Y Y Y
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[0173] In this example of a 4-part configuration, the bulk
of the water is not included in the “package™ (i.e., Parts A,
B, and C), which minimizes the weight of the package for
shipping and storage. Here, the make-up water (Part D)
would be supplied in the field at, or near, the site of
contamination. The pH of the formulation can be adjusted to
be between about 9.6 and 9 8 for optimal performance. The
formulation as described above will produce 1 liter of “high”
foam solution. In this example, sodium percarbonate sup-
plies a portion of the hydrogen peroxide, a portion of the
bicarbonate, and a base for buffering the solution. The
remainder of the hydrogen peroxide is supplied by the urea
hydrogen peroxide. The total hydrogen peroxide concentra-
tion is approximately 3% in this example. The viscosity of
the formulation can be adjusted to be between about 4-9
mm?/s.

[0174] A variety of different methods can be used in the
field to mix the DF-200HF formulation configured as a
4-part kit, for example:

[0175] Method 1: Supply the make-up water (Part D).
Then, mix Part B into Part D. Then, add Parts C and A
to Part B+D. Use, preferably, within 8 hours.

[0176] Method 2: Mix Part C into Part A. Supply the
make-up water (Part D). Then, mix Part B into Part D.
Keep separate until use. When use is required, mix Part
A+C into Part B+D. Use, preferably, within 8 hours of
first mixing Parts A+C into Parts B+D.

[0177] In general, activated DF-200 formulations are used
preferably within 8 hours after mixing, however, they still
can be effective for up to 24 hours and longer. DF-200HF
(High Foam) can be applied to a surface for a long period of
time, and then rinsed off. However, DF-200LF (Low Foam)
can be used in a different manner than the DF-100/100A and
DF-200HF formulations. Instead of leaving DF-200LF on a
surface for long periods of time, it can be applied to a
surface, left for a relatively short period of time (e.g., 15-60
minutes), and then rinsed off with a high pressure freshwater
or salt water spray. This will minimize corrosion of the
material to which it is applied, which will make it especially
useful for decontaminating aircraft and other equipment
where corrosion is a concern. It will also minimize the time
required for decontamination, which is especially advanta-
geous for military use (on the battlefield or at fixed sites).

[0178] Saltwater can also be effectively used as the make-
up water (Part D) for DF-200 formulations. The table below
shows the results of kinetic tests using DF-200HF (2%
PGD/3.50% H,0,/4.0% Bicarbonate salt) with saltwater
(~35,000 ppm total dissolved solids):

TABLE 7

Summary of the reaction rates for DF-200HF
formulation (2% PGD/3.5% H,0,/4.0%
Bicarbonate salt) with saltwater used
as the make-up water (Part D).

% Decontaminated

Simulant 1 Minute 15 Minutes 60 Minutes
Mustard 24 42 89
G Agents ND ND ND
VX 62 96 >99
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[0179] Tests against the anthrax spore simulant (Bacillus
globigii spores) demonstrated 99.9999% (7-Log) kill after a
one hour exposure to DF-200HF with saltwater used as the
make-up water.

[0180] Surface testing was conducted with DF-200HF
against the Mustard and VX simulant. For this test, 8 mg of
simulant was applied to a 2" diameter test coupon made of
CARC (Chemical Agent Resistant Coating). CARC is a
material commonly used to paint military vehicles to protect
them against chemical agent attack. After waiting one hour,
the test coupon was placed in a horizontal position and
covered with 1.0 g of DF-200HF (2% PGD/3.5% H,0./
4.0% Bicarbonate salt). After 60 minutes, the test coupon
was immersed in 25 ml of acetonitrile for 15 minutes to
extract unreacted simulant from the surface. The extraction
solvent (acetonitrile) was then analyzed for the unreacted
simulant. Results (shown in Table 8) demonstrate more
effective decontamination of the test coupon as compared to
DF-100A.

TABLE 8

Results of Surface Testing of DF-200HF on CARC.

mg VX Simulant Mg Mustard Simulant
(Unreacted simulant on  (Unreacted simulant on

Decon Formulation — surface after 60 minutes) surface after 60 minutes)

Control 8.0 +0.3 8.0 =03
DF-100A (pH 9.2) 2.9 4.5
DF-200HF (2% 1.4 2.5

PGD/3.5% H,0,/
4.0% Bicarb)

[0181] DF-200HF Slurry (Kit Configuration)

[0182] Insoluble bleach activators (such as TAED, NOBS,
and N-acetyl glucosamine) can be utilized in place of the
(water-soluble) propylene glycol diacetate for DF-200 for-
mulations. However, in this case, the formulation results in
a slurry when mixed with water, instead of a true aqueous
solution.

[0183] The present invention also provides a method to
utilize a water-insoluble solid bleach activator (e.g., TAED)
to produce a reactive slurry (wherein a slurry is defined as
a watery mixture that includes insoluble, undissolved mat-
ter). This embodiment, designated “DF-200HF Slurry”, is a
modification of the DF-200HF formulation. An example of
a 4-part kit configuration is shown below (amounts illustra-
tive):

DF-200HF Slurry (4-part Kit)
[0184] Part A (Foam Concentrate):

[0185] 20 g Variquat 8OMC

[0186] 10 g Adogen 477

[0187] 4 g 1-Dodecanol

[0188] 1 g Jaguar 8000 Polymer

[0189] 5 g Di(propylene glycol) methyl ether
[0190] 7.5 g Potassium Bicarbonate

[0191] 161 g Water
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[0192] Part B (Solid Component):
[0193] 50 g Sodium Percarbonate
[0194] 50 g Urea Hydrogen Peroxide
[0195] Part C (Bleaching Activator):

[0196] 10 g TAED (preferably encapsulated TAED,
such as Warwick B637)

[0197] Part D (Make-up Water):

[0198] 800 g Water (can be freshwater or saltwater
supplied at the site where use is to occur)

[0199] The formulation as described above will produce 1
liter of foam solution. The pH of the final formulation can be
adjusted to be between about 9.6 and 9.8 for optimal
performance. The following mixing procedure can be used:
Mix Part B into Part D. Then, add Parts C and A to Parts
B+D. Use, preferably, within 8 hours.

[0200] The performance against each chemical agent
simulant for DF-200HF Slurry (1% TAED/3% H,0,/4%
Bicarbonate salt) is shown below in Table 9:

TABLE 9

Summary of the reaction rates for the DF-200HF Slurry
formulation in kinetic testing. Note that improved
performance can be achieved by using higher

concentrations of TAED (eg., 2% TAED, instead of 1% TAED).

% Decontaminated

Simulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 67 96 ND
G Agents ND ND ND
VX 33 95 ND

[0201] The above examples of different embodiments of
DF-200 would typically be used in large-scale operations
where dedicated deployment equipment and a source of
make-up water is readily available (e g., for use by the
military to decontaminate ‘fixed sites’ such as airbases and
seaports), or used to minimize the volume of ‘pre-packaged’
water in order to minimize the weight of the formulation that
needs to be shipped and stored.

[0202] DF-200 Rapid Deployment Configurations

[0203] The present invention is also of configurations
emphasizing the rapid deployment of DF-200 formulations,
and/or its deployment using small-scale deployment equip-
ment (such as hand-held units, backpack units, or units
mounted on small dollies). For these applications, all of the
water is ‘pre-packaged’ into the formulation, so that no extra
water is required in the field A first example of a 3-part kit
configuration for a Rapid Deployment version of
DF-200HF, “DF-200HF Rapid Deployment #1”, comprises
(amounts illustrative):

DF-200HF Rapid Deployment #1 (3-part Kit)
[0204] Part A (Liquid Foam Component):
[0205] 20 g Variquat 8OMC
[0206] 10 g Adogen 477
[0207] 4 g 1-Dodecanol
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[0208] 5 g Poly (Ethylene Oxide)

[0209] 8 g Diethylene Glycol Monobutyl Ether
[0210] 5 g Isobutanol

[0211] 45 g Potassium Bicarbonate

[0212] approx. 19 g Potassium Hydroxide (the pH of

Part A should be approximately 10.2)
[0213] 933 g Water
[0214] Part B (Solid Oxidant Component):
[0215] 97 g Urea Hydrogen Peroxide
[0216] Part C (Liquid Bleaching Activator):
[0217] 20 g Propylene Glycol Diacetate

[0218] This configuration will produce 1 liter of foam
solution. The pH of the final formulation can be adjusted to
be between about 9.6 and 9.8 for optimal performance. The
following mixing procedure can be used: Mix Part B into
Part A. After dissolution of the urea hydrogen peroxide, add
Part C to Part A+B. Use, preferably, within 8 hours. The
performance of DF-200HF Rapid Deployment against
chemical agent simulants is shown below in Table 10:

TABLE 10

Reaction rates from kinetic testing of DF-200HF
Rapid Deployment #1 configuration.

% Decontaminated

Simulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 48 82 ND
G Agents ND ND
VX 71 97 >99

[0219] Tests against the anthrax spore simulant (Bacillus
globigii spores) demonstrated 99.9999% (7-Log) kill after a
30 minute exposure to DF-200HF Rapid Deployment.

[0220] A schematic example of a preferred mixing proce-
dure for this first example of a rapid deployment configu-
ration of DF-200HF is shown in FIG. 2. Urea hydrogen
peroxide dissolves rapidly in water. Therefore, the formu-
lation can be prepared and deployed in a very short time at
the scene of an incident involving chemical or biological
warfare agents, making it ideal for use by civilian first
responders (firefighters, HazMat units, police officers, and
others who would be the first to arrive at the location of a
CBW attack), and/or the military.

[0221] However, the particular bleaching activator (pro-
pylene glycol diacetate) used in this formulation is not stable
in an aqueous solution where the pH is greater than approxi-
mately 9.9. Therefore, it is important to mix the right
components in the correct order. For example, if Part C is
mixed into Part A before the addition of Part B, there may
be some loss of activity in DF-200HF since the propylene
glycol diacetate is exposed to a solution having a pH value
>9.9. This is not true, however, if Part B is added to Part A
before the addition of Part C, since the addition of Part B to
Part A brings the pH of the Part A+B mixture to a value
below about 9.9.
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[0222] The solvent, diethylene glycol monobutyl ether,
used in Part A (the foam solution) of the first example shown
above for DF-200HF Rapid Deployment #1 is different than
the solvent that was used in the previously described
DF-200HF formulation (Di(propylene glycol) methyl ether),
because Di(propylene glycol) methyl ether is not stable in
the high pH environment required for the foam component
(Part A) in the rapid deployment configuration. Also, note
that a short-chained alcohol (i.e., isobutanol) has been added
to the foam component (Part A) in the rapid deployment
configuration #1 of DF-200HF. While this low molecular
weight alcohol can cause flammability problems in highly
concentrated configurations of DF-200HF, it is not a prob-
lem in the less concentrated configurations described herein.
The use of isobutanol also helps solubilize the 1-dodecanol
in Part A, and improves the kinetics (chemical reactivity) of
the formulation In addition, the formulation preferably uses
a different polymer, poly (ethylene oxide), than the polymer
used in the other earlier described DF-200 formulations (i.e.,
Jaguar 8000). This alternative polymer is used because
Jaguar 8000 is also not stable in the high pH environment of
the liquid foam portion (Part A) of the rapid deployment
formulation. Accordingly, a preferred formulation for
DF-200HF Rapid Deployment #1 comprises:

DF-200HF Rapid Deployment #1

[0223] 1-4% (preferably 2%) Variquat 80MC (cat-
ionic surfactant)

[0224] 0.5-3% (preferably 1%) Adogen 477 (cationic
hydrotrope)

[0225] 0.2-0.8% (preferably 0.4%) 1-Dodecanol
(fatty alcohol)

[0226] 0.5-8% (preferably 0.5%) Poly (Ethylene Gly-
col) (polymer)

[0227] 0.6-1.2% (preferably 0.8%) Diethylene Gly-
col Monobutyl Ether (solvent)

[0228] 0-1% (preferably 0.5%) Isobutanol (short-
chained alcohol)

[0229] 0.1-10% (preferably 2-8%) Bicarbonate salt
(buffer and peroxide activator)

[0230] 0.1-10% (preferably 1-4%) Hydrogen Perox-
ide (oxidant)

[0231] 0.1-10% (preferably 1-4%) Propylene Glycol
Diacetate (bleaching activator)

[0232] 52-97% Water

[0233] The formulation can be adjusted to a pH value
between about 9.6 and 9.8 for optimal performance, and is
effective for decontamination of all target agents.

[0234] A second example of a 3-part kit configuration for
a Rapid Deployment version of DF-200HF, “DF-200HF
Rapid Deployment #2”, comprises (amounts illustrative):

DF-200HF Rapid Deployment #2 (3-part Kit)
[0235] Part A (Liquid Foam Component):
[0236] 20 g Variquat 8OMC
[0237] 10 g Adogen 477
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[0238]
[0239]
[0240]
[0241]
[0242]

[0243] approx. 25 g Potassium Hydroxide (the pH of
Part A should be approximately 10.2)

[0244] 933 g Water
[0245] Part B (Solid Oxidant Component):
[0246] 97 g Urea Hydrogen Peroxide
[0247] Part C (Liquid Bleaching Activator):
[0248] 20 g Propylene Glycol Diacetate

[0249] 1In this second example, Polyethylene Glycol 8000
polymer replaced the poly (Ethylene Oxide) polymer used in
DF-200HF Rapid Deployment #1.

[0250] A third example of a 3-part kit configuration for a
Rapid Deployment version of DF-200HF, “DF-200HF
Rapid Deployment #3”, comprises (amounts illustrative):

4 g 1-Dodecanol

20 g Polyethylene Glycol 8000 polymer
8 g Diethylene Glycol Monobutyl Ether
5 g Isobutanol

50 g Potassium Bicarbonate

DF-200HF Rapid Deployment #3 (3-part Kit)
[0251] Part A (Liquid Foam Component):
[0252] 20 g Variquat 8OMC
[0253] 10 g Adogen 477
[0254] 4 g 1-Dodecanol
[0255]
[0256]
[0257]
[0258] 5 g Potassium Bicarbonate
[0259] 700 g Water
[0260] Part B (Solid Oxidant Component):
[0261] 83 g Urea Hydrogen Peroxide
[0262] Part C (Liquid Bleaching Activator):
[0263] 20 g Glycol Diacetate (i.e., Diacetin)

[0264] In this third example, Polyethylene Glycol 8000
polymer replaced the poly (Ethylene Oxide) polymer used in
DF-200HF Rapid Deployment #1 as a water-soluble poly-
mer. Also, Hexylene Glycol replaced Diethylene Glycol
Monobutyl Ether and Isobutanol used as a solvents. Finally,
Glycol Diacetate (i.e., Diacetin) replaced Propylene Glycol
Diacetate used as the bleaching activator. These changes in
the third example were made to reduce or eliminate the use
of short-chained alcohols and/or high vapor-pressure sol-
vents to prevent possible problems with very long-term
(months to years) shelf life of the liquid foam component
(Part A), especially at high ambient storage temperatures,
due to evaporation of the most-volatile components. Note
that the combination of 45 grams of potassium carbonate
and the 5 grams of potassium bicarbonate were chosen to
supply both the right amount of carbonate/bicarbonate, and
to adjust the pH appropriately. Alternatively, 50 grams of
potassium bicarbonate could have been used (with no potas-

20 g Polyethylene Glycol 8000 polymer
10 g Hexylene Glycol

45 g Potassium Carbonate
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sium carbonate), and then the right amount of potassium
hydroxide (base) could have been added to increase the pH
to the desired value, as is well-known in the art.

[0265] DF-200HF Slurry Rapid Deployment

[0266] The present invention is also of a 2-part kit con-
figuration of a rapid deployment embodiment of the
DF-200HF Slurry embodiment (“DF-200HF Slurry Rapid
Deployment”), in which TAED (or other solid peroxide
activator) is utilized as the bleaching activator. This example
of a rapid deployment configuration also requires no addi-
tional water to be added in the field (amounts illustrative):

DF-200HF-Slurry Rapid Deployment (2-part Kit)
[0267] Part A (Liquid Foam Component):

[0268] 20 g Variquat 8OMC

[0269] 10 g Adogen 477

[0270] 4 g 1-Dodecanol

[0271] 5 g Poly (Ethylene Glycol)

[0272] 8 g Diethylene Glycol Monobutyl Ether
[0273] 5 g Isobutanol

[0274] 50 g Potassium Bicarbonate

[0275] 28 g Potassium Hydroxide (the pH of Part A

should be approximately 10.4)
[0276] 953 g Water
[0277] Part B (Solid Oxidant and Bleaching Activator):
[0278] 97 g Urea Hydrogen Peroxide

[0279] 30 g TAED (preferably in encapsulated form,
such as Warwick International B637)

[0280] This formulation will produce 1 liter of foam
solution. The pH of the final formulation can be adjusted to
be between 9.6 and 9.8 for optimal performance. The
following procedure can be used to mix the formulation:
Mix Part B into Part A. Then, wait for at least one minute
before use to allow time for the TAED to react with the
hydrogen peroxide. Use, preferably, within 8 hours. It is
useful to note that TAED will not immediately dissolve in
water, but will remain as solid particles for at least 15-20
minutes. Therefore, a filter or screen may be required so that
the undissolved TAED particles will not damage or clog any
pumps or other components of the deployment device.
However, the formulation is ready for use approximately 1
minute after addition of the TAED particles in Part B to Part
A.

[0281] 1t is useful to employ an encapsulated form of
TAED in this configuration for two reasons First, the pro-
tective coating (which slowly dissolves in water) will protect
the TAED so that it will not react with the urea hydrogen
peroxide during storage. Second, the coating will protect the
TAED from the high pH conditions in Part A until the urea
hydrogen peroxide dissolves and lowers the pH of the
formulation to a value below approximately 9.9. TAED
should be used in a similar manner as propylene glycol
diacetate with respect to protecting the activator against
exposure to high pH solutions. TAED will lose much of its
effectiveness as a bleaching activator if it is exposed to
solutions with a pH greater than 9.9. Therefore, the use of an
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encapsulated form of TAED will minimize its exposure to
the high pH conditions immediately after Part B is mixed
into Part A. The performance of DF-200HF Slurry Rapid
Deployment against chemical agent simulants is given in
Table 11 below.

TABLE 11

Reaction rates in kinetic testing for the DF-200HF
Slurry Rapid Deployment formulation.

% Decontaminated

Simulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 76 97 ND
G Agents ND ND ND
VX 57 97 ND

[0282] Tests against the anthrax spore simulant (Bacillus
globigii spores) demonstrated 99.9999% (7-Log) kill after a
30 minute exposure to DF-200HF Slurry Rapid Deployment

[0283] A schematic illustrating an example of a process
for field mixing DF-200HF Slurry Rapid Deployment is
shown in FIG. 3.

[0284] The above are only a few examples of rapid
deployment configurations for DF-200 formulations. As
understood by one of ordinary skill in the art, other rapid
deployment configurations are possible by utilizing the
fundamental considerations presented in this application.

[0285] The present invention is also of a method for
preparing the foam component (Part A) of the rapid deploy-
ment configurations. The following is an example of such a
method:

[0286] 1. Place the appropriate mass of water in a
mixing vessel.

[0287] 2. While stirring the water in the mixing
vessel, add the bicarbonate salt. Stir until completely
dissolved.

[0288] 3. Slowly add the Poly (Ethylene Glycol)
polymer to the mixing vessel while rapidly stirring.
Be careful to avoid lumps. Stir for approximately 30
minutes, at a minimum.

[0289] 4. While stirring the foam solution in the
mixing vessel, add the Variquat SOMC. Stir until
completely mixed.

[0290] 5. While stirring the foam solution in the
mixing vessel, add the Adogen 477. Stir until com-
pletely mixed.

[0291] 6. Mix the diethylene glycol monobutyl ether,
isobutanol, and 1-dodecanol in a separate vessel.
Slowly add this mixture to the foam solution while
stirring.

[0292] 7. While stirring the foam solution in the
mixing vessel, slowly add solid KOH until the pH
reaches the appropriate value.
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[0293] Alternative DF-200 Formulations

[0294] The invention is also of the following alternative
DF-200 formulations:

[0295] 1. An alternative formulation that includes
propylene glycol to lower the freezing point of the
solution;

[0296] 2. An alternative formulation that utilizes
sodium percarbonate as a solid source of hydrogen
peroxide;

[0297] 3. An alternative formulation that includes a
corrosion inhibitor;

[0298] 4. An alternative formulation that includes
glycerol as a viscosity builder for operations such as
skin decontamination;

[0299] 5. An alternative formulation that utilizes
O-acetyl bleaching activators, including one which is
available in solid form; and

[0300] 6. An alternative formulation that utilizes a
bleaching activator containing a nitrile group.

[0301] DF-200 with Proplyene Glycol

[0302] The following is a first example of a 2-part kit
configuration for DF-200HF that includes propylene glycol
as a freezing point depressant, and where all of the water is
‘pre-packaged’ in Part A, comprising (amounts illustrative):

DF-200HF Rapid Deployment with Propylene
Glycol, First Example (2-part Kit)

[0303] Part A (Liquid Foam Component):

[0304] 20 g Variquat 8OMC

[0305] 10 g Adogen 477

[0306] 20 g Poly (Ethylene Glycol) (MW 8000)

[0307] 8 g Diethylene Glycol Monobutyl Ether

[0308] 5 g Isobutanol

[0309] 4 g 1-Dodecanol

[0310] 20 g Propylene Glycol Diacetate

[0311] 150 g Propylene Glycol (freeze-point depres-
sant)

[0312] approx. 6 g of 10% HCI Solution (sufficient to

give a final pH of 2.5 in Part A)
[0313] 777 g Water
[0314] Part B (Solid Additive):
[0315] 97 g Urea Hydrogen Peroxide
[0316] 12 g Potassium Bicarbonate

[0317] 38 g Potassium Carbonate (buffer, to adjust
final pH)

[0318] This formulation will produce 1 liter of foam
solution. The pH of the final formulation can be adjusted to
be between about 9.6 and 9.8 for optimal performance. A
person of ordinary skill in the art will understand that the
ratio of potassium carbonate to potassium bicarbonate used
in Part B can be adjusted to achieve the desired final pH of
the formulation (preferably about 9.6 to about 9.8). Hence,
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in this example, the potassium carbonate serves as both a
base and a source of carbonate/bicarbonate. To prepare this
formulation, mix Part B into Part A. Use, preferably, within
8 hours. The performance of this first example of DF-200HF
with propylene glycol against chemical agent simulants is
shown in Table 12.

TABLE 12

Reaction rates from kinetic testing for DF-200HF
with propylene glycol (first example).

% Decontaminated

Simulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 16 80 ND
G Agents ND ND ND
VX 66 90 >99

[0319] Tests against the anthrax spore simulant (Bacillus
globigii spores) demonstrated 99.9999% (7-Log) kill after a
30 minute exposure to DF-200HF with propylene glycol
(first example).

[0320] When all of the water is “pre-packaged” in Part A,
the mixing of the formulation for use can be accomplished
in a very short time since it only consists of two parts.
Therefore, it could be deployed very rapidly at the scene of
an incident involving chemical and biological warfare
agents. This configuration is ideal for use the civilian first
responder (firefighter, HazMat units, police officers, and
others who would be the first to arrive at the location of a
CBW attack). However, it is heavier to carry than other
configurations that add water in the field.

[0321] This configuration also incorporates the bleaching
activator, propylene glycol diacetate, into the foam compo-
nent Part A (rather than storing it as a separate, third
component). This is possible because the pH of the foam
component is less than 3. Propylene glycol diacetate will
hydrolyze in solutions of pH greater than 3, but is hydro-
lytically stable in solutions of pH less than 3. This configu-
ration also uses the polyethylene glycol polymer (PEG
8000) for viscosity enhancement. This polymer is used in
many cosmetics and is extremely soluble and stable in water
In addition, it is easier to mix into solution than Jaguar 8000
or a high molecular weight poly(ethylene oxide), since it
does not have the tendency to clump.

[0322] This configuration includes propylene glycol as a
freeze-point depressant. Propylene glycol is considered to be
an environmentally friendly antifreeze. In this case, the
concentration is approximately 15% by weight, which low-
ers the freezing point of Part A to approximately -20° C.
This configuration has also been tested with good results
with propylene glycol concentrations as high as 40% by
weight.

[0323] An alternative to the first example of DF-200HF
with Proplyene Glycol shown above is to use sodium
percarbonate as the source of the bicarbonate and as a
portion of the peroxide in Part B, instead of using urea
hydrogen peroxide. This substitution is useful because
sodium percarbonate is much less expensive than urea
hydrogen peroxide. This second example of DF-200HF with
Proplyene Glycol is shown below (amounts illustrative):
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DF-200HF Rapid Deployment with Proplyene
Glycol, Second Example (2-part Kit)

[0324] Part A (Liquid Foam Component):
[0325] 20 g Variquat 8OMC
[0326] 10 g Adogen 477
[0327] 20 g Poly (Ethylene Glycol) (MW 8000)
[0328] 8 g Diethylene Glycol Monobutyl Ether
[0329] 5 g Isobutanol
[0330] 4 g 1-Dodecanol
[0331] 20 g Propylene Glycol Diacetate

[0332] 150 g Propylene Glycol (freeze-point depres-
sant)

[0333] approx. 6 g of 10% HCI Solution (sufficient to
give a final pH of 2.5 in Part A)

[0334] 777 g Water
[0335] Part B (Solid Additive):
[0336] 90 g Sodium Percarbonate
[0337] 15 g Citric Acid (buffer, to adjust final pH)

[0338] This formulation will produce 1 liter of foam
solution. The pH of the final formulation can be adjusted to
be between about 9.6 and 9.8 for optimal performance. The
following mixing procedure can be used: Mix Part B into
Part A. Use, preferably, within 8 hours. Alternatively,
sodium bisulfate (a common pool conditioning chemical), or
other acid, can be used in place of citric acid to adjust the
pH. The performance of this second example of DF-200HF
with Proplyene Glycol (utilizing sodium percarbonate)
against chemical agent simulants is shown in Table 13.

TABLE 13

Reaction rates from kinetic testing for the
second example of DF-200HF with proplyene
glycol (utilizing sodium percarbonate).

% Decontaminated

Simulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 80 ND ND
VX 76 96 >99

[0339] In general, sodium percarbonate dissolves much
more slowly than urea hydrogen peroxide after it has been
added to Part A. However, to increase the dissolution
velocity, sodium percarbonate can be milled to approxi-
mately a 100 mesh size for use in this configuration. The
time to dissolve the sodium percarbonate was decreased
from approximately 30 minutes to about 2 minutes when
milled sodium percarbonate was used.

[0340] DF-200 with Corrosion Inhibitor

[0341] Corrosion inhibitors can be added to DF-200 for-
mulations to reduce their corrosivity. A preferred corrosion
inhibitor for use in DF-200 formulations is N,N-dimethyl
ethanolamine. However, other corrosion inhibitors, such as
triethanolamine, ethanolamine salts of C9, C10, and C12
diacid mixtures, dicyclohexyl amine nitrite, and N,N-diben-
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zylamine, can be used. The Corrosion inhibitors added to
DF-200 formulations can serve multiple purposes:

[0342] 1. a corrosion inhibitor,
[0343] 2. a pH buffer,

[0344] 3. a solvent to keep 1-dodecanol in solution,
and

[0345] 4. a co-solvent to solubilize insoluble chemi-
cal agents, such as sarin or mustard.

[0346] An example of a 3-part kit configuration of
DF-200HF with a corrosion inhibitor comprises (amounts
illustrative):

DF-200HF Rapid Deployment with Corrosion
Inhibitor (3-part Kit)

[0347] Part A (Liquid Foam Component):
[0348] 20 g Variquat OMC
[0349] 10 g Adogen 477
[0350] 4 g 1-Dodecanol
[0351] 5 g Poly (Ethylene Glycol)

[0352] 10 g N,N-dimethyl ethanolamine (corrosion
inhibitor)
[0353] 50 g Potassium Bicarbonate

[0354] approx. 18 g Potassium Hydroxide (sufficient
to give a final pH of 10.2 in Part A)

[0355] 936 g Water
[0356] Part B (Solid Oxidant Component):
[0357] 97 g Urea Hydrogen Peroxide
[0358] Part C (Liquid Bleaching Activator):
[0359] 20 g Propylene Glycol Diacetate

[0360] This formulation will produce 1 liter of foam
solution. The pH of the final formulation can be adjusted to
be between about 9.6 and 9.8 for optimal performance. The
following mixing procedure can be used: Mix Part B into
Part A. Then, after dissolution of the urea hydrogen perox-
ide, add Part C to Part A+B. Use, preferably, within 8 hours.
The performance of DF-200HF with corrosion inhibitor is
shown below against chemical agent simulants is given in
Table 14.

TABLE 14

Reaction rates in kinetic testing
for DF-200HF with a corrosion inhibitor.

% Decontaminated

Simulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 7 41 79
VX 58 94 99
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[0361] Tests against the anthrax spore simulant (Bacillus
globigii spores) demonstrated 99.9999% (7-Log) kill after a
60 minute exposure to DF-200HF with a corrosion inhibitor.
The addition of the corrosion inhibitor has a detrimental
effect on the performance of DF-200 against chemical
agents, but has no measured effect on the performance of
DF-200HF against biological agents. Similar results were
obtained when an alternative corrosion inhibitor, 1% trietha-
nolamine, was used.

[0362] DF-200 with Glycerol

[0363] In another embodiment of a DF-200 formulation,
glycerol may be employed as a viscosity builder in place of
Jaguar 8000, poly (ethylene oxide), or polyethylene glycol.
Glycerol is a common ingredient in cosmetics, where it is
used a viscosity builder, as well as a solvent, humectant and
emollient. Thus, the use of glycerol in DF-200 formulations
can serve multiple purposes:

[0364] 1. Viscosity builder,

[0365] 2. a humectant (i.e., a substance which mois-
turizes the skin),

[0366] 3. a solvent to keep 1-dodecanol in solution,
and

[0367] 4. a co-solvent to solubilize insoluble chemi-
cal agents, such as sarin or mustard.

[0368] An example of a 3-part kit configuration of
DF-200HF with glycerol comprises (amounts illustrative):

DF-200HF Rapid Deployment with Glycerol
(3-part Kit)

[0369] Part A (Liquid Foam Component):
[0370]
[0371]
[0372]
[0373]
[0374]

[0375] approx. 17 g Potassium Hydroxide (sufficient
to give a final pH of 10.2 in Part A)

[0376] 906 g Water

20 g Variquat 8OMC

10 g Adogen 477

4 g 1-Dodecanol

40 g Glycerol (viscosity builder)

40 g Potassium Bicarbonate

[0377] Part B (Solid Oxidant Component):
[0378] 97 g Urea Hydrogen Peroxide

[0379] Part C (Liquid Bleaching Activator):
[0380] 20 g Propylene Glycol Diacetate

[0381] This formulation will produce 1 liter of foam
solution. The pH of the final formulation can be adjusted to
be between about 9.6 and 9.8 for optimal performance. The
following mixing procedure can be used: Mix Part B into
Part A. Then after dissolution of the urea hydrogen peroxide,
add Part C to Part+/B. Use, preferably, within 8 hours. The
performance of DF-200HF with glycerol against chemical
agent simulants is given in Table 15.
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TABLE 15

Reaction rates in kinetic testing for DF-200HF with glycerol.

% Decontaminated

Simulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 63 96 ND
G Agents ND ND ND
VX 76 99 ND

[0382] Tests against the anthrax spore simulant (Bacillus
globigii spores) demonstrated 99.9999% (7-Log) kill after a
30 minute exposure to DF-200HF with glycerol.

[0383] This formulation can be used for direct application
to humans because the glycerol will act as a humectant. This
formulation could also be utilized, e.g., as a spray or shower,
by removing foaming constituents (such as 1-dodecanol and
Adogen 477), and by reducing the concentration of perox-
ide. However, a drawback to the use of glycerol is that it is
solid at a fairly high temperature (below about 10° C.).
Therefore, it would preferably be used in controlled tem-
perature conditions (i.e., warm temperature conditions).

[0384] Propylene glycol diacetate, a bleaching activator
used in many of the previously described DF-200 configu-
rations is not presently available in solid form. However,
other bleaching activators are available in solid form.

[0385] DF-200 with Acetylcholine Chloride

[0386] Solid O-acetyl bleaching activators (e.g., acetyl-
choline chloride, which is often used in eyedrop solutions)
can be used in DF-200 formulations in place of (liquid)
propylene glycol diacetate. The chemical structure of this
O-acetyl bleaching activator is shown below. As can be seen,
the molecule contains an O-acetyl group that can activate
peroxide, and it is a quaternary compound, which is very
compatible with DF-200 formulations. Acetylcholine chlo-
ride is also soluble in water and is very hygroscopic.

CH,

CH;—C— OCH,CH,—N*—CH; CI'

CH,

[0387] An example of a 2-part kit configuration of
DF-200HF using acetylcholine chloride comprises (amounts
illustrative):

DF-200HF Rapid Deployment using Acetylcholine
Chloride (2-part Kit)

[0388] Part A (Liquid Foam Component):
[0389] 20 g Variquat 8OMC
[0390] 10 g Adogen 477
[0391] 30 g Poly (Ethylene Glycol) (MW 8000)
[0392] 8 g Diethylene Glycol Monobutyl Ether
[0393]
[0394]

5 g Isobutanol
4 g 1-Dodecanol
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[0395] 150 g Propylene Glycol
[0396] 50 g Potassium Bicarbonate

[0397] approx. 17 g Potassium Hydroxide (sufficient
to give a final pH of 10.2 in Part A)

[0398] 803 g Water
[0399] Part B (Solid Additive):
[0400] 97 g Urea Hydrogen Peroxide

[0401] 25 g Acetycholine Chloride (solid bleaching
activator)

[0402] This formulation will produce approximately 1
liter of foam solution. The pH of the final formulation can be
adjusted to be between about 9.6 and 9.8 for optimal
performance To use this formulation, mix Part B into Part A.
Use, preferably, within 8 hours The performance of
DF-200HF using acetylcholine chloride against chemical
agent simulants is shown in Table 16.

TABLE 16

Reaction rates from kinetic testing for the
DF-200HF using acetylcholine chloride as an activator.

% Decontaminated

Simulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 60 98 ND
VX 10 85 >99

[0403] Tests against the anthrax spore simulant (Bacillus
globigii spores) demonstrated 99.9999% (7-Log) kill after a
30 minute exposure to DF-200HF using acetylcholine chlo-
ride.

[0404] Two other O-acetyl bleaching activators, monoace-
tin (glycerol monoacetate) and diacetin (glycerol diacetate),
have also been tested for their effectiveness in DF-200
formulations. Both of these compounds have also proven to
be extremely effective bleaching activators. These com-
pounds are water-soluble liquids.

[0405] Experiments have also shown that the peroxide in
DF-200 formulations is also effectively activated by a
nitrile-containing compound, such as 4-cyanobenzoic acid
(which is water-soluble), at a concentration of, for example,
2%, for the neutralization of both chemical agent and
biological agent simulants.

[0406] DF-200 using Peracetic Acid

[0407] Tests were conducted using peracetic acid as the
oxidant in DF-200, instead of hydrogen peroxide. The
following formulation was used:

[0408] 2% Variquat 8OMC (cationic surfactant)

[0409] 2% peracetic acid (oxidant)

[0410] 5% potassium bicarbonate (buffer and activa-
tor)

[0411] 91% water

[0412] The pH was adjusted to 9.8 with solid KOH and the
formulation was tested against the simulants for mustard,
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VX, and anthrax spores. The performance of this formula-
tion is shown in Table 17 against chemical agent simulants.

TABLE 17

Reaction rates in kinetic testing for
DF-200 with 2% peracetic acid.

% Decontaminated

Simulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 27 58 68
VX 68 76 95

[0413] Tests against the anthrax spore simulant (Bacillus
globigii spores) demonstrated 99.9999% (7-Log) kill after a
30 minute exposure to DF-200 with 2% peracetic acid.

[0414] Tests were also conducted for DF-200 using a
higher concentration of peracetic acid (3.5%) in the follow-
ing formulation:

[0415] 2% Variquat 8OMC (cationic surfactant)
[0416] 3.5% peracetic acid (oxidant)

[0417] 5% potassium bicarbonate (buffer and activa-
tor)
[0418] 89.5% water
[0419] The pH was adjusted to 9.8 with solid KOH and the
formulation was tested against the simulants for mustard,

VX, and anthrax spores. The performance of this formula-
tion is shown in Table 18 against chemical agent simulants.

TABLE 18

Reaction rates in kinetic testing for
DF-200 with 3.5% peracetic acid.

% Decontaminated

Simulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 40 94 ND
VX 74 96 98

[0420] The results show that use of peracetic acid as an
alternative oxidant is effective against chemical agent simu-
lants, but is not as effective as DF-200 formulations using
activated hydrogen peroxide (i.e., the combination of hydro-
gen peroxide, bicarbonate, and propylene glycol diacetate)
as the oxidant. However, the DF-200 formulations with
2-3.5% peracetic acid are very effective for spore kill.
Nevertheless, use of this oxidant is not as attractive as
hydrogen peroxide because peracetic acid is not presently
available in a safe, convenient solid form, and the shelf life
of the liquid form is rather short

[0421] Tests were also conducted to determine the mini-
mum constituents required for spore kill in a DF-200 for-
mulation which utilizes peracetic acid as an oxidant. These
results indicate that only three constituents, i.e., peracetic
acid, bicarbonate and the cationic surfactant, are necessary
to achieve high rates of spore kill.

[0422] Live Agent Tests Using DF-200HF

[0423] Live agent tests on three chemical agents (soman
(“GD”), VX, and mustard (“HD”)) and two biological
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agents (anthrax spores and Yersinia pestis) were conducted.
The results of kinetic testing of DF-200HF (using a three-
part configuration) on the chemical agents is shown in Table
19.

TABLE 19

Reaction rates in kinetic testing
for DF-200HF against chemical agents.

% Destruction of Chemical Agent at Time Interval

Chemical Agent 1 minute 15 minutes 60 minutes
GD 99.98 + 0.01 99.97 £ 0.01  99.98 = 0.01
VX 91.20 = 8.56 99.80 = 0.08  99.88 = 0.04
HD 78.13 = 10.53 98.46 + 1.43  99.84 £ 0.32

[0424] After exposure of GD to DF-200HF, methylphos-
phonic acid (MPA) and pinacolyl methylphosphonic acid
(PMPA) were identified as byproducts. After exposure of
VX to DF-200HF, ethyl methylphosphonic acid (EMPA)
and MPA were identified as byproducts. This indicated that
the destruction of the VX followed the more desirable path
to the phosphonic acids, rather than to EA2192 (a toxic
byproduct which can also be produced during VX degrada-
tion). Lastly, after exposure of HD to DF-200HF, the initial
degradation products for HD comprised a mixture of the
sulfoxide and sulfone byproducts, followed later by nearly
complete disappearance of each of these byproducts after 60
minutes.

[0425] Results of tests against anthrax spores is shown in
Tables 20 and 21 and against Yersinia pestis (i.e., the plague
bacterium) are shown in Table 22 (NG refers to ‘no
growth’). The detection limit for these tests were 10 CFU/
ml. Note that the ‘error bars’ in the ‘% Reduction’ column
takes into account this detection limit.

TABLE 20

Kill rates for B. anthracis AMES-RIID
spores in a solution of DF-200HF.

B. anthracis

AMES-RID Average CFU/ml Log Reduction % Reduction
Control 1.21E+07 0 0.00
15 min contact NG 7 100 = .00004
30 min contact NG 7 100 = .00004
60 min contact NG 7 100 = .00004
[0426]

TABLE 21

Kill rates for B. anthracis ANR-1
spores in a solution of DF-200HFE.

B. anthracis

ANR-1 Average CFU/ml Log Reduction % Reduction
Control 6.42E+07 0 0/00

15 min contact NG 7 100 = .00004
30 min contact NG 7 100 = .00004
60 min contact NG 7 100 = .00004
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[0427]

TABLE 22

Kill rates for Y. pestis cells in a solution of DF-200HF.

Y. pestis

(ATCC 11953) Average CFU/ml Log Reduction % Reduction
Control 1.33E+07 0 0.00

15 min contact NG 7 100 = .00004
30 min contact NG 7 100 = .00004
60 min contact NG 7 100 £ .00004

[0428] The petri dishes used for cell growth on each of
these tests were saved for 21 days following the tests to
verify that DF-200HF had actually killed the spores, rather
than just inhibiting their growth. No growth on any of the
petri dishes was observed after the 21-day period.

[0429] Toxic Industrial Chemicals Tests Using DF-200HF

[0430] Several toxic industrial chemicals (TICs) have also
been tested against DF-200HF. A summary of the TICs
tested to date and the results of those tests is shown in Table
23. Note that the results for malathion, butyl isocyanate,
sodium cyanide, and carbon disulfide were obtained by
analyzing for the unreacted chemical in foam solution, while
the results for phosgene was obtained by analyzing for the
chemical in the headspace above a foam solution. These
results demonstrate very effective neutralization of these
toxic industrial chemicals.

TABLE 23

Summary of Toxic Industrial Chemical (TIC)
Neutralization Tests with DF-200HF.

% Decontaminated

TIC 1 minute 15 minutes 60 minutes
Malathion (liquid) 89 95 Below Detection
Hydrogen Cyanide >99 >99 >99

(n9)

Sodium Cyanide 93 98 >99
(solid)

Butyl Isocyanate 99 Below Detection Below Detection
(liquid)

Carbon Disulfide >99 >99 Below Detection
(liquid)

Phosgene (gas) 98 >99 >99

[0431] The preceding examples can be repeated with
similar success by substituting the generically or specifically
described reactants and/or operating conditions of this
invention for those used in the preceding examples.

[0432] Although the invention has been described in detail
with particular reference to these preferred embodiments,
other embodiments can achieve the same results. Variations
and modifications of the present invention will be obvious to
those skilled in the art and it is intended to cover in the
appended claims all such modifications and equivalents. The
entire disclosures of all references, applications, patents, and
publications cited above are hereby incorporated by refer-
ence.
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What is claimed is:
1. A formulation for use in neutralization of at least one
toxant, said formulation comprising:

at least two solubilizing compounds, wherein at least one
solubilizing compound is a cationic surfactant and at
least one solubilizing compound is a cationic hydro-
trope;

at least one reactive compound, wherein said at least one
reactive compound is selected from the group consist-
ing of hydrogen peroxide, urea hydrogen peroxide,
hydroperoxycarbonate, peracetic acid, sodium perbo-
rate, sodium peroxypyrophosphate, sodium peroxysili-
cate, and sodium percarbonate; and

at least one bleaching activator selected from the group
consisting of O-acetyl, N-acetyl, and nitrile group
bleaching activators;

wherein said at least two solubilizing compounds, said at
least one reactive compound, and said at least one
bleaching activator, when mixed with water and
exposed to the at least one toxant, neutralizes the at
least one toxant.

2. The formulation according to claim 1 wherein said
cationic surfactant comprises a quaternary ammonium salt.

3. The formulation according to claim 2 wherein said
quaternary ammonium salt is selected from the group con-
sisting of cetyltrimethyl ammonium bromide, benzalkonium
chloride, benzethonium chloride, cetylpyridinium chloride,
alkyldimethylbenzylammonium salt, tetrabutyl ammonium
bromide, and WITCO VARIQUAT 80MC™, and combina-
tions thereof

4. The formulation according to claim 1 further compris-
ing a water-soluble polymer.

5. The formulation according to claim 4 wherein the
water-soluble polymer is selected from the group consisting
of polyvinyl alcohol, guar gum, (cationic or non-ionic)
polydiallyl dimethyl ammonium chloride, polyacrylamide,
poly(ethylene oxide), glycerol, polyethylene glycol 8000
(PEG 8000), and JAGUAR 8000™ (Guar Gum 2-hydrox-
ypropyl ether), and combinations thereof.

6. The formulation according to claim 1 further compris-
ing a fatty alcohol comprising from 8 to 20 carbon atoms per
molecule.

7. The formulation according to claim 1 further compris-
ing a solvent.

8. The formulation according to claim 7 wherein the
solvent comprises a member of the group consisting of
Di(propylene glycol) methyl ether and diethylene glycol
monobutyl ether and a combination thereof.

9. The formulation according to claim 1 further compris-
ing a carbonate salt.

10. The formulation according to claim 9 wherein the
carbonate salt is selected from the group consisting of
potassium bicarbonate, sodium bicarbonate, ammonium
bicarbonate, ammonium hydrogen bicarbonate, lithium
bicarbonate, ammonium carbonate, and potassium carbon-
ate, and combinations thereof.

11. The formulation according to claim 1 wherein said at
least one bleaching activator is water-soluble.

12. The formulation according to claim 11 wherein said at
least one water-soluble bleaching activator is selected from
the group consisting of acetylcholine chloride, monoacetin
(glycerol monoacetate), diacetin (glycerol diacetate), 4-cy-
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anobenzoic acid, ethylene glycol diacetate, propylene glycol
monomethyl ether acetate, methyl acetate, dimethyl glut-
arate, diethylene glycol monoethyl ether acetate, glycerol
diacetate (Diacetin), glycerol monoacetate, glycerol triac-
etate, and propylene glycol diacetate, and combinations
thereof.

13. The formulation according to claim 1 wherein said at
least one bleaching activator is water-insoluble.

14. The formulation according to claim 13 wherein said at
least one water-insoluble peroxide activator is selected from
the group consisting of tetraacetyl ethylenediamine (TAED),
n-nonanoyloxybenzenesulfonate (NOBS), and N-acetyl glu-
cosamine, and combinations thereof.

15. The formulation according to claim 1 wherein the
formulation, when mixed with water, has a pH value
between about 9.6 and about 9.8.

16. A formulation for use in neutralization of at least one
toxant, said formulation comprising:

at least one cationic surfactant;

at least one reactive compound, wherein said at least one
reactive compound is selected from the group consist-
ing of hydrogen peroxide, urea hydrogen peroxide,
hydroperoxycarbonate, peracetic acid, sodium perbo-
rate, sodium peroxypyrophosphate, sodium peroxysili-
cate, and sodium percarbonate;

at least one bleaching activator selected from the group
consisting of O-acetyl, N-acetyl, and nitrile group
bleaching activators; and

at least one carbonate salt not one of the at least one
reactive compounds;

wherein said at least one surfactant, said at least one
reactive compound, said at least one bleaching activa-
tor, and said at least one carbonate salt, when mixed
with water and exposed to the at least one toxant,
neutralizes the at least one toxant.

17. The formulation according to claim 16 wherein the
formulation, when mixed with water, has a pH value
between about 9.6 and about 9.8.

18. The formulation according to claim 16 wherein said
cationic surfactant comprises a quaternary ammonium salt.

19. The formulation according to claim 18 wherein said
quaternary ammonium salt comprises benzalkonium chlo-
ride.

20. The formulation according to claim 16 wherein said at
least one carbonate salt is selected from the group consisting
potassium bicarbonate, sodium bicarbonate, ammonium
bicarbonate, ammonium hydrogen bicarbonate, lithium
bicarbonate, ammonium carbonate, and potassium carbon-
ate, and combinations thereof.

21. The formulation according to claim 16 consisting
substantially of said at least one cationic surfactant, said at
least one reactive compound, said at least one bleaching
activator, and said at least one carbonate salt.

22. The formulation according to claim 16 wherein said at
least one bleaching activator is water-soluble.

23. The formulation according to claim 22 wherein said at
least one water-soluble bleaching activator is selected from
the group consisting of acetylcholine chloride, monoacetin
(glycerol monoacetate), diacetin (glycerol diacetate), 4-cy-
anobenzoic acid, ethylene glycol diacetate, propylene glycol
monomethyl ether acetate, methyl acetate, dimethyl glut-
arate, diethylene glycol monoethyl ether acetate, glycerol
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diacetate (Diacetin), glycerol monoacetate, glycerol triac-
etate, and propylene glycol diacetate, and combinations
thereof.

24. The formulation according to claim 1 packaged in a kit
configuration.

25. The formulation according to claim 24 wherein said
kit configuration comprises:

a premixed component comprising said at least two
solubilizing agents;

a first component comprising said at least one bleaching
activator; and

a second component comprising said at least one reactive

compound.

26. The formulation according to claim 25 further com-
prising water and a base.

27. The formulation according to claim 25 wherein said
premixed component additionally comprises a water-soluble
polymer.

28. The formulation according to claim 25 wherein said at
least one bleaching activator is selected from the group
consisting of propylene glycol diacetate, glycerol diacetate,
and TAED, and combinations thereof.

29. The formulation according to claim 25 wherein said
premixed component additionally comprises a fatty alcohol
comprising from 8 to 20 carbon atoms per molecule.

30. The formulation according to claim 25 wherein said at
least one reactive compound comprises urea hydrogen per-
oxide and wherein said second component comprising said
at least one reactive compound additionally comprises
sodium percarbonate.

31. The formulation according to claim 25 wherein said
premixed component additionally comprises a short-chained
alcohol.

32. The formulation according to claim 24 wherein said
kit configuration comprises:

a first premixed component comprising said at least two
solubilizing agents and water; and

a second premixed component comprising said at least
one bleaching activator and said at least one reactive
compound, wherein said at least one bleaching activa-
tor is in solid form.

33. The formulation according to claim 32 wherein said

first premixed component additionally comprises an acid.

34. The formulation according to claim 32 wherein said at
least one bleaching activator comprises acetycholine chlo-
ride.

35. The formulation according to claim 32 wherein said at
least one reactive compound comprises urea hydrogen per-
oxide and wherein said at least one bleaching activator
comprises TAED.

36. The formulation according to claim 32 wherein said at
least one bleaching activator is encapsulated to prevent
premature reaction with said at least one reactive compound

37. The formulation according to claim 24 wherein said
kit configuration comprises.

a premixed component comprising said at least two
solubilizing agents and said at least one bleaching
activator; and

a component comprising said at least one reactive com-
pound.
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38. The formulation according to claim 37 wherein said
premixed component additionally comprises water and an
acid.

39. The formulation according to claim 37 wherein said
component comprising said at least one reactive compound
comprises sodium percarbonate and additionally comprises
an acid.

40. The formulation according to claim 37 wherein said at
least one reactive compound comprises urea hydrogen per-
oxide and wherein said component comprising said at least
one reactive compound additionally comprises a mixture of
potassium carbonate and potassium bicarbonate.

41. A formulation for use in neutralization of at least one
toxant, said formulation comprising:

at least one cationic surfactant;

at least one reactive compound, wherein said at least one
reactive compound is selected from the group consist-
ing of hydrogen peroxide, urea hydrogen peroxide,
hydroperoxycarbonate, peracetic acid, sodium perbo-
rate, sodium peroxypyrophosphate, sodium peroxysili-
cate, and sodium percarbonate; and

at least one water-soluble bleaching activator selected
from the group consisting of O-acetyl, N-acetyl, and
nitrile group bleaching activators;

wherein said at least one surfactant, said at least one
reactive compound, and said at least one water-soluble
bleaching activator, when mixed with water and
exposed to the at least one toxant, neutralizes the at
least one toxant.

42. The formulation according to claim 41 wherein said at
least one water-soluble bleaching activator is selected from
the group consisting of acetylcholine chloride, monoacetin
(glycerol monoacetate), diacetin (glycerol diacetate), 4-cy-
anobenzoic acid, ethylene glycol diacetate, propylene glycol
monomethyl ether acetate, methyl acetate, dimethyl glut-
arate, diethylene glycol monoethyl ether acetate, glycerol
diacetate (Diacetin), glycerol monoacetate, glycerol triac-
etate, and propylene glycol diacetate, and combinations
thereof.

43. The formulation according to claim 41 wherein said
cationic surfactant comprises a quaternary ammonium salt.

44. The formulation according to claim 43 wherein said
quaternary ammonium salt comprises benzalkonium chlo-
ride.

45. The formulation according to claim 41 further com-
prising at least one carbonate salt.

46. The formulation according to claim 45 wherein said at
least one carbonate salt is selected from the group consisting
potassium bicarbonate, sodium bicarbonate, ammonium
bicarbonate, ammonium hydrogen bicarbonate, lithium
bicarbonate, ammonium carbonate, and potassium carbon-
ate, and combinations thereof.

47. The formulation according to claim 41 wherein the
formulation, when mixed with water, has a pH value
between about 9.6 and about 9.8.

48. The formulation according to claim 41 consisting
substantially of said at least one cationic surfactant, said at
least one reactive compound, and said at least one water-
soluble bleaching activator.

49. The formulation according to claim 1 consisting
substantially of:

1-10% benzalkonium chloride;
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1-8% propylene glycol diacetate;
1-16% hydrogen peroxide; and

2-8% potassium bicarbonate.
50. A formulation for use in neutralization of at least one
toxant, said formulation comprising:

at least one solubilizing compound, selected from the
group consisting of a cationic hydrotrope and a fatty
alcohol comprising from 8 to 20 carbon atoms per
molecule;

at least one reactive compound, wherein said at least one
reactive compound is selected from the group consist-
ing of hydrogen peroxide, urea hydrogen peroxide,
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hydroperoxycarbonate, peracetic acid, sodium perbo-
rate, sodium peroxypyrophosphate, sodium peroxysili-
cate, and sodium percarbonate; and

at least one bleaching activator selected from the group
consisting of O-acetyl, N-acetyl, and nitrile group
bleaching activators;

wherein said at least one solubilizing compound, said at
least one reactive compound, and said at least one
bleaching activator, when mixed with water and
exposed to the at least one toxant, neutralizes the at
least one toxant.



