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WO 03/ 028429 PCT/ US02/ 29886 -2 GOVERNMENT RI GHTS The CGovernnment has rights
to this invention pursuant to Contract No. DE- ACO4-94AL85000 awarded by
the U S. Wepamisyent of Energy. 5 BACKGROUND OF THE | NVENTIPOWUSP2/24886 of t he
I nvention (Technical Field): The present invention relates to fornulations
for neutralization of chem cal, biological and industrial toxants. 10
Background: The present invention is di-2-ected to materials and nethods for
neutralization of toxic chem cal, biological and industrial comnmpounds or

agents, especially chem cal and_ Qi ol odi pons agents, and net hods of
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activators that can be 15 delivered as foans, sprays, |iquids, fogs and
aer 0sol swérdecinhaanUes. Dhgarh@hiof@henygact i ons | eading to neutralization of

chem cal conpounds, and other additives which serve to kill or attenuate
certain biological conpounds or agents. Terrorist threats, potentially

i nvof ving weapons of mass #WWUW%F%F!EINM'I‘?@@ ng both in the 20
United States and abroad. ) use, of chem cal and

bi ol ogi Eigld cAg@endv@niidh (Tdvanic BRidgxt of weapons of nass destruction are of
paranmount concern both to national defense as well as to state and | ocal
| aw enf or centgtrresealitvanton aeiains todormutationsfer nevicization gfcnemicRingpgied aitbse a

t hr eat RX Sgtrglerlg?%itsts share chem cal 25 characteristics that present an
opportunl?y F & Mie devel opnent of counterneasures. The chem cal agents
sarin, soman, and tabun (G agents) are all exanples of

phosphor us- cont ai ni ng conpounds which, when altered chem cally, can |ose
t hei® t Badkaiqugd: Mustard, which is an exanple of the H agents, and VX,
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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

15  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.

Terrorist threats, potentially involving weapons of mass destruction, are increasing both in the
20  United States and abroad. The use, and threat of use, of chemical and biological agents in the
context of weapons of mass destruction are of paramount concern both to national defense as well

as to state and local law enforcement.

Certain chemical warfare ("CW") agents known to pose a threat by terrorists share chemical

25  characteristics that present an opportunity for the development of countermeasures. The chemical

agents sarin, soman, and tabun (G-agents) are all examples of phosphorus-containing compounds
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
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subway station (semi-enclosed), and an airport terminal or office bu1ld|ng (enclosed). A foaming

15  version is useful for extending the contact time of the formulation on vertical surface.

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, mustard). Reactions involved in detoxification of chemical agents can be

20 divided into substitution and oxidation reactions. Decontamination of biological agents is primarily
focused on bacterial spores (e.g., anthrax), which are considered to be the most difficult of all
microorganisms to kill. Additional background is discussed in U.S. Patent Applications Serial

Nos. 09/607,586 and 09/952,940.

25 A need also exists for rapid, safe, and effective neutralization of toxic industrial chemicals, such as
Malathion, Hydrogen Cyanide, Sodium Cyanide, Butyl Isocyanate, Carbon Disulfide, and Phosgene

gas.



WD 03/ 028429 PCT/ US02/ 29886 -4 U.S. Patent Application Serial No.
09/607,586 is related generally to an aqueous-based decontam nation

t echnol ogyO(030E84290") that rapidly neutralizes chem cal amdThiSot/zsgs€al
warfare ("CBW) agents. The formulation: is effective for neutralizing
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to neutralize each specific agent. Although it is relatively rrpleto
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t echnol g" gﬁa??fyaw'devﬁ%e%ﬁf’ PP?Q@-’P#‘%@%'V ®Pesponder). (2) The reaction rate for
one chem cal agent, Mustard, is rather slow as conpared to the reaction
rates for 20 other chemi cal agents. These technical problens limt the

ef f @€t i venessmejbr iblerett f00the nseaaf thedéchogegy wasritooh thé edlianffipat rasbertderda.g., - 100A,

di sclosed in U S. Patent lication Serial No. 09/952,940, addressed the
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upon the or ma at| on a single pH It does not
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techn CErslelsponder less than optimal. These technical problems include: (1) The pH of the DF-100 must be
15  adjusted to optimally decontaminate each specific chemical and biological 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 chemical agent, Mustard, is rather slow as compared to the reaction rates for

20  other chemical agents.

These technical problems limit the effectiveness of DF-100 in actual use. A modified
formulation, DF-100A, disclosed in U.S. Patent Application Serial No. 09/952,940, addressed the
requirement to adjust the pH for each specific agent (i.e., the first technical problem described

25  above). However, while DF-100A does improve upon the performance 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 reaction 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



problem (i.e., the relatively slow reaction rate with Mistard).
Addi tionally, sonme versions of DF-100/100A can use short-chain al cohols
(e.qg., iswbusarsaky isopropanol), which can cause fl ammbiPCirtusopeaské ens i f
the fornmulation is packaged in a concentrated form Al so, sone versions of
WO 03/ 028429 PCT/ US02/ 29886 -5 DF-100/100A can use diethyl ene gl ycol
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Isopr opmiicky destihge)t chain al cohol) 0.1 % Jaguar 8000 (cationic polyner)
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(bufferA%lﬁHO'Hé’lf BRRFES A teJelPwing is %WFWH? lerieipEr LRIy Atien o rqBFd @xi dant) 15
75%Mater This formulation can be adjusged to a pH value of 8 for optimal
decont am nation of Mustard and Ant hTa_spor es; and can be adjusted to a pH
val ue of 10.2%6% vsrieptsoval (cateppBl@ttarat i on of VX Decontam nation of
chem cal agents is generally effective anywhere between pH 8 and 10. As a
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0.5% Isobutanol (short chain alcohol)
10 1.6% lsopropanol (short chain alcohol)
0.1% Jaguar 8000 (cationic polymer)
1.6% Diethylene Glycol Monobuty! Ether (solvent)
4% Sodium Bicarbonate (buffer and peroxide activator)
4% Hydrogen Peroxide (liquid oxidant)
15 75% Water
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.
20 DF-100A
5.3% Variquat 80MC (cationic surfactant)
2.8% Adogen 477 (cationic hydrotrope)
0.65% 1-Dodecanol (fatty alcohol)
0.6% Isobutanol (short chain alcohol)
25 0.1% Jaguar 8000 (cationic polymer)
1.35% Diethylene Giycol Monobutyl Ether (solvent)
4% Potassium Bicarbonate (buffer and peroxide activator)
4% Hydrogen Peroxide (oxidant)
81% Water
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The present invention presents enhanced decontamination formulations (generically
designated "DF-200") that include bleaching activators, which leads to faster reaction kinetics,

15 improved performance, and the elimination of the need for pH adjustment. Although bleaching
activators are commonly used in (anionic) laundry detergents, 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.

20

Glucose pentaacetate is an O-acetyl peroxide activator 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 Publication No. 62-155203, entitled "Sterilizing Composition for
Cattle Shed" (1987)). Glucose pentaacetate is a solid at room temperature (i.e., melting point 110

25  degrees C), and is insoluble in water. In an agueous solution containing peroxide, it dissolves very
slowly in water as it reacts with the 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.
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15  or a combination thereof. The formulation may further comprise water-soluble polymer, preferably
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-hydroxypropyl 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

20  (preferably Di(propylene glycol) methyl ether or diethylene glycol monobutyl ether or a combination
thereof), and/or a carbonate salt (preferably potassium bicarbonate, sodium bicarbonate, ammonium
bicarbonate, ammonium hydrogen bicarbonate, lithium bicarbonate, ammonium carbonate, or
potassium carbonate, or a combination thereof). The bleaching activator is preferably water-soluble,
most preferably acetylcholine chloride, monoacetin (glycerol monoacetate), diacetin (glycerol

25 diacetate), 4-cyanobenzoic acid, ethylene glycol diacetate, propylene glycol monomethyl ether
acetate, methyl acetate, dimethyl glutarate, diethylene glycol monoethy! ether acetate, glycerol
diacetate (Diacetin), glycerol monoacetate, glycerol triacetate, or propylene glycol diacetate, or a
combination thereof. Alternatively, the bleaching activator may be water-insoluble, preferably

tetraacetyl ethylenediamine (TAED), n-nonanoyloxybenzenesulfonate (NOBS), or N-acetyl
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pol yacryl am de, poly (ethyl ene oxide), glycerol, polyethylene glycol 8000

(PEG 8000), or JAGUAR 8000TM (Guar Gu® 2- hydr oxypropyl ether), or a

conbi nati on thereof. The formul ati on may al so further corrprise a fatty

al cohol conmprising from8 to 20 _carbon atons vent 20

( pr ef erdysesanming, g 8 pymidiaionihgresl ThaERYRiaa;: kg '"Eﬁ‘edd’i’ @t"‘ﬁﬁr*e‘?ﬁ%fe E'ﬁ%ﬁa H

monobutyl, %teg\%ren oty %%HP&%@H) 8Nond BREGMhdnt oﬁﬁ@ﬁwntlcﬂw GREIRS BN 1-

(prefera pot'assium bl carbonat e, sodi um bi carbonate, anmoni um

bi car boma@ Benzammlnh SRRy 1-ogemopicnadhenidigetatd; tiH1B%Hybiogar Benxdes and2moni um

carbonate, or potassium carbonate, or a conbination thereof). The

bl eachlﬁ?/gpaféﬁﬁ'%ﬁ@ﬁrbp@t%ref erably water-soluble, nost preferably

acetyl choline chloride, nonoacetin (glycerol nobnoacetate), diacetin

(gl ycerol 25 diacetate), 4-cyanobenzoic acid, ethylene glycol diacetate,

propyl ene ghye flvertioR @ERbRY 4 foahingtion faxwed Atneutrdiedtibly bf Aaretahe joxditret hyl

glutarate, diethylene glycol nonoethyl ether acetate, glycerol diacetate

( Di acetdgamprisigg: yaidﬁael ongoRivaic suactant; gt lpest pos repptiveeesmReted. WhETEBRSIREE gl ycol

di acetate, or a Al t er nat

activatJET ﬁ%cgg“’%‘éomv%{“é‘i's F‘ﬂ%cgefdtffﬂ"bt%e gioup 80"551"@9 Ofb %Oﬁr%agé{ag'fjge?%qﬁ gop am ne

(TAED) , pdis: NN faesddBSarboras, sbhicrd @bk AR8429
PCT/ USOpZ 29886 - 86@5 %gdgé?ﬁ]%ﬁzﬂcfa%a conbi nati on thergof yp%g&f?sgr mul ati on,

wheto mi sealtlinvperdxysibidas; anqmoérhmrpabiasbotmg, ahlep#t ong bleanhing ectivetonselstrsfrog! tBe and

about 9.8. One enbodi nent of the |nvent|oB %ns i Sts essqgtlat} of 1- 10%

Benzal k&RATRFANESTNGrAw @zacetyl. Naeesyl o3y ndHE 9tup Li5AChRo FER Al S, 2N qv—rk?dr ogen

Per oxi d rbo%gg B n& GhEBHAS | cﬁle(\f@éclﬂw&ﬁ'rﬁ)ourﬁs-r\m%rélrmﬁ@ Bf LAY ohSsibsantof a

formul a use In neut I zat1 on | east one toxant, conprisi ng:
at | easthe @igast ahd RALHVe somrfoaﬁd ant gt leabt dneaeacrmmecmemtandéwecammpstmnd wher ei n
the at |l east one reactive conpound is selected fromthe lg;lroup consi sting

of hydr erjeanajsesatbryige mixgd @ih W igr @gﬂeqafposed to the at least one toxant, nedtralizes the at least

15  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 combination thereof. One

20 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 preferably water-soluble, most preferably acetylcholine chloride, monoacetin (glycerol
monoacetate), diacetin (glycerol diacetate), 4-cyanobenzoic acid, ethylene glycol diacetate,
propylene glycol monomethy! ether acetate, methyl acetate, dimethyl glutarate, diethylene glycol

25 monoethyl ether acetate, glycerol diacetate (Diacetin), glycerol monoacetate, glycerol triacetate, or

propylene glycol diacetate, or a combination thereof.



per oxi de, hydroperoxycarbonate, peracetic acid, sodium perborate, sodium
per oxypyrophosphate, 10 sodi um peroxysilicate, and sodi um percarbonate; at

| east onewblogmedseng activator selected fromthe group comsTAiSO2IZY88d

O acetyl, N-acetyl, and nitrile group bleaching activators; and at | east
one carbonate salt not one of the at |east one reactive conmpounds; wherein
the at | east one surfactant, the at |®ast one reactive conpound, the at

| east one bl eaching activator, and the at |east one car bonate salt, when

m xed with water and exposed to the at | east one toxaq L{tra izes the at
| east 15 ondhe txeiien isifuthenef afpraplationdar whibifuiraizationdhat Iedst ARG n, when

m xed w, otr@ §f?§} eﬁtiea@%e%atmﬁhc\éﬂllfé{:?ant QﬁEé{ﬁgﬁb RRQNE c&np@uﬁ&‘%h@n@m{ﬁeﬂ@asﬁnd t he
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sub one cat'ionic surfactant, the east one

reacti V§élec€e@Wﬂéﬁ\qﬂ@grob@@Jn@%tldgﬁﬁ@tac@ﬂ;ﬂerbaﬁpﬁﬂdmgrlla@tdu}date@dh;ngaﬂtd/atolm-:‘ at | east
one carbonate salt. The bleaching activator is preferabl illswat er-sol ubl e,
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di met hyheu@éllﬁ%@fh@'fa?leaéi'oﬁé Wérﬁ ng tied M@f@ﬂre@e"}nﬁwiﬁféﬂi Melat _RE&RRe d8BEIIWIe gl ycer ol
di acetate (D acetin), glycerol nonoacetate, glycerol triacetate, or

propy! ebieactjiny ectivaih a@e@tﬂt@,hnmhlqmd@ owbbaratii (lycerbenerotcetaly) GariPGivReol

PCT/ US02/ 29886 -9 Thelnventlonlsf t her of af atiop for use in
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reactive CO romt group consisting of dr ogen

per oxi dﬂ:acdtd‘t@@lé‘cyéﬁlﬂogﬁmrol penaxetde, glfopeht mmmmamnm@tgacolmapetabtwr@ aci d,
sodi um perborate, sodiump erog@yrophoﬁghate 5 sodi um peroxysilicate, and
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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 [east one cationic
20 surfactant, the at least one reactive compound, and the at least one water-soluble bleaching

activator.

The invention is yet further of a formulation for use in neutralization of at least one toxant, the
formulation comprising: a t least one solubilizing compound, selected from the group consisting of a
25  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



wherein the at | east one surfactant, the at |east one reactive conpound,
and the at | east one water- soluble bleaching activator, when mxed with
wat er anowexpossed to the at | east one toxant, neutralize®CrhisoarIsBeast one
toxant. In the preferred enbodi nent, the at |east one water-soluble 10

bl eaching activator is acetylcholine chloride, nonoacetin (glycerol

nonoacet ate), diacetin (glycerol diacé¥ate), 4-cyanobenzoic acid, ethylene
gl ycol diacetate, propylene glycol nononethyl ether acetate, nethyl

acetate, dinmethyl glutarate, diethylene glycol.nonoethyl eth ate,

gl ycer oftrlegrayp é’i/eé‘{:@n% ﬁ%é’\%%rte'i wjer e"bﬁ% Eﬁ?ac?f &?%Sﬁ) %%P%‘?o& po}d/rl'dy %éa rag%a?a}%ﬁ%c etate,
or propyL&necHhpeeRy, Al 8tk %Té&on@ﬁleﬁehin? ablvaRAWNEN e WRPlvateTAR sipdse@R C
surfactant preferably conprises a quaternary amonium salt, 15 nost

pr ef er athk yt lsharad toeami, meutcizasrthala leaFtome taxantul ati on preferably further
conprises at |east one carbonate salt, nost preferably potassium
bi car bonat e, sodi um bi car bonate, anmoni um bi carbonate, ammoni um hydrogen

bi cag bonat eyl j{ Brdmieas Qa{lﬁw‘eabgmmaﬁbwae%@a §s a RF. 1RQEASSI um

carbonate, or a conbination ereof . e formul ati on, when m xed with
wat er, baisodingptitheaditwemphseswe erentlad udbmBnéntandprdigLdt lc@st8wo @neilieinpeginte At
consists substantially of the at |east one cationic 20 surfactant, the at
| east offet cempenente@mpIRiRd aliepst ensd'eapingIctiyaiysindFreconst mPernt MPriNealc hi ng

activat fggs't PheT r%gctivg\éfrﬂﬁggu?ng. jﬂ?e %&temfb%irﬁng‘rﬁ{nﬁgffu e|]c &wémét%nﬁgrbaéé? fhei n

neutral rzation or a east one toxan ormulation conprising: at

| east Op@mKxed &dPhddndt ey CABMEHANCcon ALl AEr-Jolubi dolyenef LD lcastnaé Blebdhingof a
25 cationic hydrotrope and a fatty al cohol conprising from8 to 20 carbon
at o pectivaterlieprefegblyatronyieas olyen diacatdie wivoerotinep@ien and/ AHAER] the PIREEE | east

one reactive conpouynd is selected fromthe gro i sting of hydrogen
per oxi d%?mﬁffP%rg”%gaaﬂwﬁEyp@%ﬂfed%%ﬁm}%?%lﬁgPB%'/'@;%EQL%%%@,C%pré)rr] gt.g@ ipfe:yaci d,

sodi um pERARM #cht le%QﬂinHWéd@ﬁ\re%bhlawnem%ehaéaexgq@@éﬂ ORI MK Wiskédnat e, and
sodi um per carbonate; and at | east one bl eaching activator selected from

t he gr ougnmoers cahprisggdiic @D!ersEingireactiveompgund additionally @81P0SBNSYIUPCT/ US02/ 29886
-10 nitrite group bl eachi ng activators; wherein the gt Iﬁast a(rﬂn% |
sol ubi | P¥FaiRPatSnBBLIAR PrefmiEed sempoRgmay dditigng CQOWESGC%%}?HW gnedglenehé at

leagf opgoRl &Rt @c%dn%@st %fﬁrst%‘?rﬁ&emcérﬁgon\%tldam%éi@r at AAG: RS BAFARing O

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 embodiment, the first premixed component preferably additionally comprises an acid,
the at least one bleaching activator preferably comprises acetycholine chloride, the at least one

20 reactive compound comprises urea hydrogen peroxide and the at least one bleaching activator
comprises TAED, and the at least one bleaching activator is encapsUIated 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 premixed

25  component may additionally comprise water and an acid, the component comprising the at least one
reactive compound may comprise sodium percarbonate and additionally an acid, and the at least one
reactive compound may comprise urea hydrogen peroxide with the component comprising the at
least one reactive compound additionally comprising a mixture of potassium carbonate and

potassium bicarbonate.



the at |east one toxant, neutralizes the at |east one toxant. 5 The
invention is also of any of the above fornul ati ons packaged as a kit. In a
first envodsmesieg the kit conprises: a prenm xed conponentPCTArsp2/2eBeg at

| east two solubilizing agents; a first conponent conprising at |east one
bl eachi ng activator; and a second conponent conprising at |east one
reacti ve conpound. The first enbodi nent1-nay further conprise water and a
base, the prem xed conponent may additionally conprise a water-soluble
polymer, the at |east one bleaching 10 activator is preferably propyl ene
gl ycol diacetate, glycerol diacetate, and/or TAED, the prem xed conponent
may addi ti Owlel:aé, £RERE S&ndnb feXub CRBAlrthesEBEd SHiapslichbiftyblBnd Res2t car bon
atonms per nolecule, the at |east one reactive conmpound may be urea

hydr ogeinveptisroail bkesatifdrih it papt is dreatethileddsspiptiente fdlowprkeiimgpnjunetioatvith st one
reactive conpound additionally conprisin i um _percarbonate, and the

pr eni x e?FCEBRATYAG AWigS: 2addN W%’H'él?qrzgmﬁBWE?‘?@&C%OS?%'F@-'Eﬁ‘ﬁiaﬁélaorhl cohol . A 15
second S%R TR SRS & Snay e ldditl bP bRBlcEeH e HBRRBANThE AR snng at | east
two sol ubi'T1z1ng agentg anéamater; ahd a second prem xed conponent

conpr i sadvantades loe@sinverntdnbhay de healigedantl btrEitarby nsrads bfitiee iastruneasitesned r eact i ve
conpound, wherein the at |east one bleaching activator is in solid form

I n t he eswinatens PBCIEHIADROINtqdRIL NjthestPrptdeAT RS- component preferably
additionally conprises an acid, the at |east one bl eaching activator
preferably conprises acetycholine chloride, the at | east one 20 reactive
conpound conprises urea |BREPYOESCRILTION OETABORAMENGS | east one bl eachi ng

activator conprises TAED, and the at |east one bleachiqg activator is
encadsul at edhe scqompering prawings; whieh are dgeppigiedinte And fRen aparf efdasraiicaidnct i ve

conmpoung. third enbodi nent, c rises: a.premn . ,Sing at
P o e A S e e e TR
conmponepte, GANMe pPhBBlebf thERMntONErne Rfilirg¥ BrecyretAélourpdte lohiBustritingtbne or

enbodi ment, the prem xed 25 conponent nmay additionally conprise water and

an aci dmotelpesfercipmtedimensmpine Fivamjion bed are npidabe canstuedrasdiiiting e yyAP®Ind nmay
conpri se sodi um percarbonate and additionally an acid, and the at |east one
reacti v oHPYId may conprise urea hydrogen peroxide with the conponent
conpgising the at |east one reactive conpound additionally conprising a
m xture of potassium carbonate and potassium bicarbonate.

Fig. 1 is a graph of the effect of DF-200 components on Bacillus globigii (anthrax simulant)

spore kill;

Fig. 2 is a schematic diagram of a preferred mixing procedure for a first rapid deployment

20  configuration of the present invention ("DF-200HF Rapid Deployment"); and

Fig. 3 is a schematic diagram of a preferred mixing procedure for a second rapid deployment

cconfiguration of the present invention ("DF-200HF Slurry Rapid Deployment”).

25
DESCRIPTION OF THE PREFERRED EMBODIMENTS

(BEST MODES FOR CARRYING QUT THE INVENTION)

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



WO 03/028429 PCT/ US02/ 29886 -11 (bjects, advantages and novel features,
and further scope of applicability of the present invention will be set
forth in werw/ozs32e he detailed description to follow takeRrCIrusopegssnction
with the acconpanying drawings, and in part wll becone apparent to those
skilled in the art upon 5 exanination of the follow ng, or may be |earned
by practice of the invention. The obj etds and advantages of the invention
may be realized and attained by nmeans of the instrumentalities and
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conponents on Bacillus globigii (anthrax sinmulant) spore kill; Fig. 2 is a
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present invention addresses the need for a general formulation that
neut®al i zes the adverse effects of either or both chem cal and bi ol ogical

toxants, n mpo&a?w@( u%get o?ch%%dapa%q b?oﬁag@:glycompounds that the present invention

addresses is that of chemical warfare ("CW") and biological warfare ("BW") agents. However, the
present invention also addresses toxants that can cause potential adverse health effects to animals,
including humans, where such adverse health effects include infections, acute and chronic health

15  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 embodiments are discussed in U.S. Patent
Applications Serial Nos. 09/607,586 and 09/952,940. The present invention presents additional

20  embodiments that have substantial differences over both the prior art and the earlier embodiments,

as will be described below.

The word "formulation” is defined herein as the activated product or solution (e.g., agueous
solution) that is applied to a surface or body for the purpose of neutralization, with or without the
25  addition of a gas (e.g., air) to create a foam. Unless otherwise specifically stated, the concentrations,
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,0.



WO 03/ 028429 PCT/ US02/ 29886 -12 chem cal or biol ogi cal conmpound,
constituent, species, or agent that through its chem cal or biol ogical
action orwbioB@2ggeocesses can, if left untreated, cause de®CE/USIEEY386 ary

i ncapacitation, or permanent harmto humans or aninmals. This includes all
such chem cal s or biological agents, regardless of their origin or of
their nmethod of production, and regardid®ss of whether they are 5 produced
in facilities, in muni ti ons or el sewhere. Neutralization is defined as the
mtigation, de- i fication, con n f tion of
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produce, i nf(e):ausolnpmmggagemtusemed fronalthergensp lsersisting @ffafc@tnrsc suprctanfa0.f atal ity
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di fferen ove e priror art an e ear od| nments, as wll
be descphbige below. 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 neutralization, with or without the 25
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15 polymeric quaternary salts. Examples of suitable quaternary ammonium salts include: cetyltrimethyl
ammonium bromide, benzalkonium chloride, benzethonium chioride, cetylpyridinium chloride,
alkyldimethylbenzylammonium salt, and tetrabutyl ammonium bromide. A preferred cationic
surfactant is WITCO VARIQUAT 80MC™, which is a mixture of benzyl (C12-C16)
alkyldimethylammonium chlorides. The concentration of quaternary ammonium salt used in DF-200

20 formulations is preferably no more than about 10%, because at higher concentrations the quaternary

ammonium salt becomes significantly toxic to humans and the environment.

Examples of suitable cationic hydrotropes include: tetrapentyl ammonium bromide, triacetyl
methyl ammonium bromide, and tetrabutyl ammonium bromide. A preferred cationic hydrotrope is

25  WITCO ADOGEN 477™, which is a pentamethyltallow alkyltrimethylenediammonium dichloride.

Examples of suitable fatty alcohols include alcohols having 8-20 carbon atoms per molecule,

such as: 1-dodecanol, pure dodecanol, hexadecanol, and 1-tetradecanol.



constituents, or conponents listed herein are relative to the weight
percentage of the overall activated solution. The word "water" is defined
her ei n t owbrosmel4g9 i ncl ude: pure water, tap water, dei oni PET/USAL/29886

dem neralized water, saltwater, or any other liquid consisting primarily of
H2O. WD 03/028429 PCT/ US02/ 29886 -13 One exanple of a m ninmum set of
constituents for a DF-200 fornul ati on-that can achieve a significant rate
of spore kill conprises four conmponents: (1) a solubilizing agent selected
fromthe group consisting of a cationic g_urfa%t apt ée.l ., Variquat 80M),
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Dodeconal ); (2) a beaching activator selected fromthe group consisting of
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80MCTM papbbdulfofiatds) BIAdHYES (8., BRREden(ds); defokihorabiifated Feredrineagan@i um
chlorides. The concentration of quaternary amoni umsalt used in DE-200 20
f or tul amixomsofiien prdafesexids);yan godisn ByRopRTte GOl 1hess repdtiva cyBPPdsHR BReP
concentratiaons the quaterna oni | QUTES  ShRIxITiGRIGLY ahPXi ¢ toO
hunans fSHH“'%F?BS %%ﬂ%ﬁ%%ﬁ?r!egy@zggré mé(%’ g%}g%gin%%%%g c’at'?'bllr‘%ig'f:H X l;ﬁ?gt r%f)es
i ncl udepydr&efRiae Bhy L(OMYRdduBR D i LdiRg hidiégas pérpkide; and/or hydroperoxycarbonate

ions (HCO, ) produced when hydrogen peroxide is combined with a carbonate salt.

Hydroperoxycarbonate ions (HCO4_) are a much stronger oxidant than hydroxyl ions (OH) or

15 hydroperoxide ions ((OOH), and are especially effective in reacting with biological toxants. When
using hydrogen peroxide in DF-200 formulations, its concentration is preferably less than about 10%
because higher concentrations are significantly corrosive, especially in the range of 30-50%

hydrogen peroxide concentration.

20 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 peroxide 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 carbonate salts can also

25  puffer the formulation to optimize the pH.

Hence, a minimum set of constituents for DF-200 formulations that can achieve a very high

rate of spore kill can comprise five components:



met hyl ammoni um brom de, and tetrabutyl ammoni um brom de. A preferred
cationic hydrotrope is 25 WTCO ADOCGEN 477TM which is a pentanethyltall ow
al kyl t ri reOlwglozsaeddi anmmoni um di chl ori de. Exanpl es of suit alpice/fsar/e9gsal cohol s
i ncl ude al cohol s having 8-20 carbon atons per nol ecule, such as:

1- dodecanol, pure dodecanol, hexadecanol, and 1l-tetradecanol. WD 03/028429
PCT/ US02/ 29886 -14 Exanpl es of suitabl® bl eaching activators are di scussed
subsequently Exanpl es of suitable reactive conpounds i ncl ude: peroxide
conpounds; dro en. per oxi hydr o er borat e;
sodi um per carbdarkl @@8?@&?'@%{?%% the gbogP%yQﬂSgt%o gdnac S%gﬁa&mw ek
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pyrophosphates; citrates; sodiumsulfate; urea; and sodi umsilicate; an
activated peroxuﬂﬂemmamound (e.qg., hydrogen perOX|de + blcarbonate)
peracetic acid; oximates nat nd
benzohydroxaﬁh?@?aChﬁlgfﬁwa&éégfﬁeﬁg%m WSPWB?(F%"@SQWGD% ?108 ?(3] Ce& c{h(ggr('l%des
(e.g, aryl sub I coliidehwses (e. g ,
gIug%raldehyde)§ﬁ&%ro§§ﬁ8%§§ﬁsggﬁg ngﬁ%%ﬁ%g reage%? (a 10 m xture of iron
and per oxi dejB) aasuttigoaimpondny (sox Hyompéreperdisie, prradetiead, etsact i ve conpounds in
DF-200 fornulations can produce a variety gf negati vel y- char ged
nucleophlIes@)écgmmnﬁ98¥U?@ISP%W§b€@PWw§%§” hydr oper oxi de i ons ((OOH)

pr oduced mheﬁ %gpg hydr ogen peroxi de; and/or hydroperoxycarbonate ions
(HCX-) prod E when hydrogen peroxide is conbined with a carbonate salt.
Hydr oper oxycar bonate ions (HCO4) are a nuch stronger oxi dant than hydroxyl

ions (OH) or 15 hydroperoxide ions ((OOH and are especi al l ffﬁctive in
reating wit ﬁxmmwusw@bletcesbam’f@ saligynsiyde: d%qt??@'”ﬁ'ﬁﬂ?a&j’@ﬁe p@?‘&?l%@eﬁ’f’ﬂa BF- 200

Lloég:. a%llgﬁlgriml Hg%rbglﬁagecg%g SI gnl §arpl§($afrb%lﬁ§tgl IMhlurﬁﬁn%artog'r% %R%BIUI:"IO% because

corrosive, espeC|aI y I n the range

of 30- SQm@mQ%d&QggﬁﬁggﬁQgﬁﬂQﬂgoncentratlon 20 To achieve very high rates
of spore kill, a carbonate salt (e.g., sodium bicarbonate or potassium

bi car bonat e) is preferably added to the mini mum set of constituents for
gdrzggenf Bér (Léy?% ?%ilg%ers{ggdlts %Pde%gﬁgrginatlon ?e%ts%%' Badinés é?c%lé?)gpgr%s &%‘gpound (e.g.
15 concentration 10" spores/ml). The spores were exposed to four different sub-combinations of the
various components of DF-200 formulations for 1 hour (the pH of the formulation was 9.8). The
degree of spore kill was determined by culturing surviving organisms. As shown in Figure 3,
significant spore kill was achieved by using two different combinations: (1) an aqueous solution of 2%
Variquat (cationic surfactant), 2% propylene glycol diacetate (bleaching activator), and 2% hydrogen
20 peroxide (oxidant) and (2) an aqueous solution of 2% Variguat (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 solution of 2%
Variquat (a cationic surfactant), 2% propylene glycol diacetate (bleaching activator), 5% potassium
bicarbonate (buffer and peroxide activator) and 2% hydrogen peroxide (oxidant).
25

Next, a variety of alternative embodiments and configurations of DF-200 formulations will be

presented.



reactive conpound for DF-200, the added carbonate salt conbines with, e.g.,
hydr ogen peroxide to formthe highly reactive hydroperoxycarbonate species
(HCO4). Aasoiosiozsa2of carbonate salts can also 25 buffer treTfusomedsssi on to
optim ze the pH Hence, a mninumset of constituents for DF-200

formul ations that can achieve a very high rate of spore kill can conprise

five conponents: WO 03/028429 PCT/ US02/1®9886 -15 (1) a solubilizing agent

selected fromthe group consisting of a cationic surfactant (e.g.,

Var i quabgggﬁ? il Fcat : oni ¢ hydrotrope (e.g., Adogen 477), and a fatty

al cohol =& conal); (2) a beaching activator selected fromthe
group consi s{jid\gedtht iReAgEH MbvidddaAGhhanted dAbhtaHihktich @ormBlafidrofihigheoanxi de
activators (e.g., propylene glycol diacetate); (3) a reactive conmponent
(e.g., hypticatige("HFezadtiFte Anpaaragedi afousiation fot BF-ROOHR epmpssesar bonat e sal t
(e.g., sodium bicarbonate); and (5) water. 10 Exanples of suitable
carbonate salts include: potassium bicarbonate, sodi um bi carbonat e,

amogii um bi car bonat e, anmmoni um BygdpsgeRidRiFeanponat e, |ithi um bi carbonate,
ammoni um carbonate, and potassium carbonate. Figure 1 shows the results of
decont am nati-o% (preferablydtio) Beagnddt 66MQ laabingd surfegiates (initial 15 concentration

of tho " var % SEREEREIS ATFOBHT S0 ¢ B HAPE O Bns. for 1 hour (the pH of the
surviving organy BN R R DRl PR SRR T cant spore kil was
achi eved by a,qssi-mg/otjmadiaddoqfcamicwamfb'smma;imrymer)( 1) an aqueous solution of 2%
Variquat (cationic surfactant), 2% pro&yl ene glycol diacetate (bl eaching
acltﬂﬁt)/at or)],c Céﬁ(jd\?@/@%ﬂﬁﬂ%@?ﬂ) Methy sk (9eCloxi da)nt)S?/nd §2) an aqg_eousb t
solution o /A | 30 - : : o pot assi um bi carbonat e
(buffer and Ozp%%%é:(’pé%g%évi ?a@%b’?r%%@P%%%%l%ggn peroxi de (oxidant).

However, vergy1-hdeg(preferably 2-8%) Bicarbonate salt (buffer and peroxide activator)

1-4% Propylene Glycol Diacetate (bleaching activator)
67-97% Water

15
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 cationic water-soluble polymer (e.g., Jaguar 8000™), which increases the bulk
viscosity of the solution and produces a more stable foam.

20

Examples of suitable non-anionic water-soluble polymers include: polyviny! alcohol, guar
gum, (cationic or non-ionic) polydiallyl dimethyl ammonium chloride, polyacrylamide, 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

25  alcoho! 1-dodecanol serves to increase the surface viscosity of the foam lamellae to also increase

foam stability against drainage and bubble collapse.



spore kill was achieved by using a third conbination, conprising (3) an
aqueous solution of 2% Variquat (a cationic surfactant), 2% propyl ene

gl ycol diwoesaes29 bl eaching activator), 5% potassi um bi c@Cyarsar/eosgbduf f er
and peroxide activator) and 2% hydrogen peroxi de (oxidant). 25 Next, a
variety of alternative enbodi nents and configurations of DF-200
formulations will be presented. WO 0311528429 PCT/ US02/ 29886 -16- DF-200HF
(H gh Foanm) The present invention provides an enhanced decontam nation

f or mul giﬁgn LE gr E: %h foam applications ("DF-200HF"). An exanple of a

f or mul at WEEEBOHF conpri ses: 5 DF-200HF (High Foam) 1-4 %

(pref er abl y TR AR inGetabn HOMEed fadnh b€ dsohtbRmhbaMtHrmuliisn @Yot fueef er abl y 1
% Adogen 477 (cationic hydrotrope) 0.2-0.8% (preferably 0.4% 1-Dodecanol
(fatty aiptatiols)"DFER00EE'D. An exaimptprd p f@OdBtion deitDFo#IOEF eRIerfises ol ubl e pol yner) 10
0.5% Di (propyl ene glycol) Methyl Ether (solvent) 0.1-10% (preferably 1-4%
Hydr ogen Peroxi de (oxidant) 0.1-10% (preferably 2-8% Bi carbonate salt

(bufd er and peroxi de activator) prledt¥Rivwianine A ycol Diacetate (bl eaching
activator) 67-97% Water 15 This fornulation is effective at a pH val ue

bet ween 7. 5 4&r\hriq@at BOMTH¢adiofiosuriabtati on can be adjusted to a pH val ue

"R g Foant O HPols B Mhi PR BT iec i) CerRREREL) Ser (e g,

Jaguar 80007 My, P%’?&@% ény&isaééﬁet(%c}%Js:ﬁvétwcosi ty of the solution and
produces a nore staple 1oam

0.5% Di(propylene glycol) Methyl Ether (solvent)

10 0.05-0.1% Jaguar 8000 Polymer (cationic water-soluble polymer)
0.1-10% (preferably 1-4%) Hydrogen Peroxide (oxidant)
0.1-10% (preferably 2-8%) Bicarbonate salt (buffer and peroxide activator)

71-94% Water

15 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.

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
20 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 propyiene glycol

diacetate (a preferred bleaching activator).



20 Exanpl es of suitable non-anionic water-soluble polyners include:

pol yvi nyl al cohol, guar gum (cationic or non-ionic) polydiallyl dinethyl
anmoni umwbloat2sdeg pol yacryl am de, pol yethyl ene gl ycol 8®QE/USPEBS8O00),
and JAGUAR 80007M (Guar Gum 2- hydroxypropyl ether). A cationic polymer is
preferred over a non-ionic polyner; an anionic polyner does not work well.
The fatty 25 al cohol 1-dodecanol serve®-to increase the surface viscosity
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present invention provides an enhanced decontam nation formulation for |ow
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The term' H gh Foami refers to t he ability of a fornulation to forma
hi ghly stable and persistent foam whereas a 'Low Foam formnulation forns a
much: | ess stable foam The followng 20 tables show the inproved
per formance of DF-200HF and DF-200LF as conpared to DF-100A. The
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,0O./ 4% Bicarb) 66 99 ND
DF-200LF (2.5% PGD / 3% H,0,/ 4.5 Bicarb) 79 98 ND
10 Table 3: Summary of the reaction rates for G Agent simulant (Diphenyl chiorophosphate).
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

Table 4: Summary of the kill rates for Anthrax simulant (Bacillus globigii spores)

*° Anthrax Simulant Anthrax Simulant
Formulation % Kill after 30 Minutes | % Kill after 60 Minutes
DF-100A (pH 8) 99.99 00.99999
DF-100A (pH 9.2) 90 99.9
DF-200HF (2% PGD / 3% H,0,/ 4.5 Bicarb) 99.99999 00.99999
DF-200LF (2.5% PGD /3% H,0,/ 4.5 Bicarb) 99.99999 99.09999




notation "ND' refers to a concentration bel ow detectable limts, and "PGD
refers to propylene glycol diacetate (a preferred bleaching activator). WO
03/ 028429WP03H028802/ 29886 -18 Table 1: Summary of the reaeCiramsoz/zses for
Miustard simul ant (2-Chloroethyl phenyl sulfide). Mstard Simulant (%
Decontam nated) Formulation 1 Mnute 15 Mnutes 60 M nutes DF-100A H 8) 18
42 81 DF-100A (pH 9.2) 16 38 83 DF-20BHF (2% PG / 3% H202/ 4.5% Bi carb)
42 62 ND DF-200HF (2% PGD / 3.5% H202/ 4% Bi carb) 94 98 ND DF-200LF (2.5%

PGD / 3%1-1202/4.5%Bicarb 5 D S
rates f%%ef‘%/)@eéP?FWP%{‘rf%rntuﬁpt@fsrﬁ;%ngo H@/Pp@ﬁ@?% 'bﬁlltggghmgﬁgh?];at 2)6 r\e/?(ctlon

Si mul ant (%, Decopta I it an
oF-100A H 10 45 55 E%Ea%ﬁgf@gﬂgt@ﬁ%dt%} aésgm? 9?%@%‘8&3 ?3@%@3 o

H2 R/  Auahide Betwasidbobty . DandND.5; D@6 etHeie2p PGIuds BB [HROR 0. 287 Biscaltt3 66 99
ND DF-200LF (2.5% PG / 3% H202/ 4.5 Bi car b) 79 98 ND 10 Table 3: Summary
of the Pesiefiecire 3t aHyalupheteseRFRAY! PEGAAWRS (Di phenyl chl or ophosphate). G

Agent Si mul ant (#%ggg%gg{qﬁﬁg%{%mamg%m At&stal M nute 15 M nutes 60

M n(t es DF- 100A
DF-200 has better performance against bacterial spores;

. 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;
10 . DF-200 has a lower concentration of the foam stability component, 1-Dodecanol;
. DF-200 doesn't use a short-chained alcohol (e.g., isobutanol, isopropanol), which

causes flammability problems when the formulation is packaged in a concentrated form;
J 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
15  used in some military settings); and
. DF-200 can contain a lower concentration of hydrogen peroxide, which also reduces

the (already low) toxicity and corrosivity properties of the formulation.

Additional differences between DF-200 and DF-100A include:

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

. DF-200 has more individual components that should be stored separately (e.g, the
hydrogen peroxide and the bleaching activator) from the bulk formulation until use, as compared to

25  DF-100A (where only one component, hydrogen peroxide, should be stored separately). This will be

discussed in greater detail below.

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.,



DF-100A (pH 9.2) ND ND ND DF-200 HF (2% PG / 3% H202/ 4.5 Bicarb) ND ND ND
DF- 200HF (2% PGD / 3.5% H2024% Bi carb) ND ND ND DF-200LF (2.5% PGD / 3%
H202 4. 5%Biocaeday9 ND ND ND Tabl e 4: Summary of the kill pagasot/zas8ént hr ax
simul ant (Bacillus globigii spores) 15 Anthrax Sinulant Anthrax Sinulant
Formul ation % Kill after 30 Mnutes % Kill after 60 M nutes DF-100A (pH 8)
99.99 99.99999 DF-100A (pH 9.2) 90 9928 DF- 200HF (2% PGD / 3% H202/ 4.5
gbcgg8989vg?89? 99. 99999 DF-200LF (2.5% PGD /3% H2Q2/ 4.5 Bicarb) 99.99999
99. 99999 WD 03026429, PCT{ U902/ 20600, -9 RLLLSKENGES. Bl MEBReh byl at | ons

|ve agal nst all agents at
a si nglg%uﬁak'tham%ctfmn méls%agqmnuc@o&fnfce@aﬂoy@oxaftanmm o) m&lob@etrm@énawdout 7.5
and 10.5; 'I1s nore effective at pH val ues betmeen about 9.2 and 9.8; and is
nost efsbewds, whiclbrephdre efficians okidizanethan Aysiegenprlogidgalgntd 9. 8; 5 DF- 200 has
better performance against Mustard; DF-200 has better perfornmance agai nst
bacterial spores; DF-200 has |ower concentrations of both the cationic
surfactant and/or the cationic hydrotrope, which further |owers the
(already |l owy toxicity andocorrosivity properties of the fornulation; 10
DF- 200 has ajl ower concentnation of the foamstability conponent,
1- Dodecanol rc—IDFo200 dPesrct—aie+a” short - chai ned al cohol (e.g.,

i sobutanol, isopropanol), which causes flammbility problens when the
formul ation is packaged in a concentrated form
10 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-
nonanoyloxybenzenesulfonate (NOBS), which is primarily used in the United States. NOBS is a
proprietary chemical of the Proctor and Gamble company. Ina laundry detergent, hydrogen peroxide
15 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.

It should be noted that TAED and NOBS bleaching activators are extremely insoluble in water
20 (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 peroxide in the detergent. However, agitation in the field
of DF-200 formulations presents practical problems; hence, a water-soluble bleaching activator is
preferred.

25

Useful water-soluble bleaching activators include short-chained organic compounds that
contain an ester bond, e.g., ethylene glycol diacetate, propylene glycol monomethyl ether acetate,
methyl acetate, dimethyl glutarate, diethylene glycol monoethyl ether acetate, glycerol diacetate
(Diacetin), glycerol monoacetate, glycerol triacetate, and propylene glycol diacetate. A preferred

30  water-soluble bleaching activator is propylene glycol diacetate (PGD), which is shown below.



DF- 200 doesn't use Diethylene G ycol MnoButyl Ether (DEGVBE), which can
cause false alarns on sone chem cal agent sensors and detectors

(especi alWwp oolozkae9 sensors which are 15 used in sone ml it &CY/He2/2988¢s) ; and
DF- 200 can contain a | ower concentration of hydrogen peroxide, which also
reduces the (already low) toxicity and corrosivity properties of the
fornul ation. Additional differences bel'ween DF-200 and DF-100A incl ude: 20
DF- 200 perforns optinmally at a higher pH (about 9.6 to 9.8) as conpared to
DF- 100A. Howevé& , not@thQt this is the typical pH value for common
househol d produdts C sl ndry detergents, shanpoos, and di shwashi ng
detergents;Cﬁha'C‘Iﬁ&gD Eg_ﬁg—ﬁe i ndi vi dual conponents that shoul d be
stored separately (e.g, the hydrogen peroxide and the bl eaching activator)
fromthe bulk fornulation until use, as conpared to 25 DF-100A (where only
one 5corpsmenkculehyahtogitrhyprpesiydeions K N oiyiag &b Slecagteskqnds Rt TRIMYC This wil |
be discussed in greater detail below One reason for the better
perforr?&FPé&geBFteﬁlﬂ-g"f@ ®¥ormul ati ons (e.g., DF-200HF and DF-200LF) over
DF-100 and DF-100A fornulations is the addition of a bl eaching activator
(e.g., WD 03/028429 PCT/ US02/ 29886 -20 propyl ene glycol diacetate).

Bl eachi ng aptdpylah@gigcotdiacetats aisraoasds onganie soiverd thals higbluatieativaiget yl - gr oups
that react with the stro&glg Pucleo hi “@f hl_é(rjro eF 0X anion (OOH') to yield
per oxy geaNIER ingglells rganiGipieqyles (@I nyIPFREr YT & e”SX?Sél’ezgrs {han hydrogen
per pxi Cg:t‘ b‘ﬂi%&?@ooéerg(g h 4d 1-4ddecdRor dnd TalteHide BEAG OMhareforel 8h RdRE @intlid 01 950" s, a
nunber o1 @ TTerent bl eac Ing activators have been used in commerci al

| aundr ythid @brRF@@B isSthatatsated Uised s Dphlementdimrmaietoyiere ghca doolzty! Ther (RESMBEd nmon
activators are

solvent that is used in DF-100 and DF-100A, or to supplement the Di(propylene glycol) methy! ether
solvent used in some DF-200 formulations, thereby allowing the propylene giycol diacetate to serve a
dual purpose (i.e., solvent and bleaching activator).

15

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.,

20 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

reacting with the peroxide component until both components are mixed in water).

Another example of a water-soluble bleaching activator is ethylene glycol diacetate, which
25 works well in DF-200 formulations. However, when ethylene glycol diacetate reacts with hydrogen
peroxide, it forms ethylene glycol (i.e., anti-freeze), which is a relatively toxic byproduct. Propylene

glycol diacetate, on the other hand, does not form this relatively toxic byproduct.

DF-200NF (Non-Foaming)

30 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



tetraacetyl ethyl enediamne (TAED), which is primarily used in Europe and
Asi a; and n- nonanoyl oxybenzenesul fonate (NOBS), which is primarily used in
the Unit ewlOSB@aesag? NOBS is a proprietary chem cal of thePPTashoeIssnd
Ganbl e conpany. In a |laundry detergent, hydrogen peroxide 15 is provided in
a solid form (usually as sodi um perborate, which reacts in water to form
the hydroperoxy anion). The addition-4f a bl eaching activator greatly
enhances the ability of a laundry detergent to renove stains from

lothing. It should b ted that TAED. i o
o b DA BB #3teel 0 PR BB oL 5,
To get p?éf&wa%xskmbné oPhR R Bkiidh BmbAsB tiouaBtiREGRs);: the solid TAED or NOBS

particles are kept 1 n suspension by the agitating action of the washing
machi ne, where they slowy react with the hydrogen peroxide in the

detergent. However, agitation EE ¢E§:$ke#da pﬁ DF- 200 formul ati ons presents
practical problens; hence, a €Y~ aching activator is
prefserred. 28.4sabilonet £ rababhamdtarbiRgoncsdmabar s i ncl ude
shoFt-chainei %ﬁg%ni%“@%np%unds that contain an ester bond, e.g., ethylene

gl ycol di acesst Rropyerelyehbagtapcdleaciorgastitaly) et her acetate, nethyl
acetate, dinethyl glutarate, diethylene glycol nonoethyl ether acetate,
gl ycerol di AdB¥aiverodepPaedts @¥idand) ycer ol nonoacetate, glycerol triacetate,

and pr opyl| ?Q-%%gﬁéfgﬁg‘unpéi@%%n@fquﬁffg‘rMa‘:ﬁ(eﬁfxfd@@ciﬁ@to)’)’a? er-sol ubl e bl eachi ng

activator is propylene glyco acetate (PA), which is shown bel ow. WO
03/ 028429 PeFLIU5BHRABB6 -21- O CH3 O Il | Il CH3 -COCH2 CHO G CH3 5
This nol ecul e reacts with hydroperoxy anions (OOH'), giving up the ester
bont's to formtwo peroxygenated nol ecul es. Propyl ene glycol diacetate al so

acts asTh%Qor%ru%ﬁcm gansocéla\éﬁgtted %oh:%H \iaﬁjememlex agéuft @.%ta-hé( §.8ifc9 optimum performance,

and is effective for decontamination of all target agents.

DF-100E
15 The present invention is also of an enhanced version of DF-100A that utilizes the propylene

glycol diacetate bleaching activator. A preferred embodiment of this enhanced formulation, ("DF-

100E") comprises (amounts illustrative):

20



sol ubilizing insoluble organic nol ecules (e.g., chem cal warfare agents, as
wel|l as foam 10 stabilizers/boosters (such as 1-dodecanol and Lauram de
DEA) ). ThwoeBoesa29 an added function of this conpound is PRAUSVL29880 be
used to suppl enent the diethylene glycol nonobutyl ether (DEGVBE) sol vent
that is used in DF-100 and DF-100A, or to supplenment the D (propyl ene
glycol) nethyl ether solvent used in-3one DF-200 fornul ations, thereby

al l owi ng the propyl ene glycol diacetate to serve a dual purpose (i.e.,

sol vent and bl eaching activator). 1|§F_ﬁ%ﬁachi ng activators are generally not
stable in water for long periods of=tTme. This is especially true when the
aqueous sol HE%%riE@at@bM@ hi gh pH (>10). Therefore, for long shelf life, the
propyl ene glycol diacetate (or other bleaching activator) is preferably
stored sepa?@weddopegdi’ne aqueous solution until use. This is not unlike

ot her pr oduc%g\%t h@t ut i li ze bl each activators (e.g., 20 laundry

det er gent s) 95%AdF9FI° he conponents of the formul ation are kept dry and
sepay at ed upkilisopiBol(i N the case of laundry detergent, the bleaching
activator is encapsulated to prevent it from reacting with the peroxide
conponent ufti¥lJagoarB0ednponents are mxed in water). Another exanple of a
wat er - sol ubl e_bl eachi ng_activa et hyl ene gl ycol diacetate, which 25

or is
wor ks wel | RS PRIShENESF I M‘P’?O%H%'.éﬂ?%mever, when et hyl ene gl ycol diacetate
reacts with _@%ﬁggﬁg}lateog,toxi de, it fornms ethylene glycol (i.e.,
ant i -freezef, rch'is arelatively toxic byproduct. Propylene glycol
di acet ate, oa%theirajieh®erdidad, does not formthis relatively toxic
byproduct. DF-200NF ( Non-Foam ng) 30 The present invention is also of a
nontG oani ng 1 ¥MIYEPHRISCI(CODR2SHBRIF" ) t hat may be used for specific
applicati ONS,5 o€y Quatert he kill of biological organisns, batch processing
(such as in cﬁen‘i cal’ WO 03/028429 PCT/ US02/ 29886 -22 agent
dem litarization neutralization processes, i.e., in a bath of solution), or

spray applications. A preferred exanple of this fornul ation conprises
(anount Bhig foimuatipm canke) adj\pied 298 N#v@mbgtmrﬁbﬁlﬁﬁﬁ and 9.8 for optimal performance

against all agents. The performance of DF-100E (2% PGD/ 3.00% H,0,/ 3.75% Bicarbonate salt)

15  against chemical simuiants is shown below in Table 5:

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

20

Tests against the anthrax spore simulant (Bacillus globigii spores) demonstrated 99.9999%

(7-Log) kill after a 30 minute exposure to DF-100E.

Other bleaching activators (such as water-insoluble NOBS or TAED) can be used in place of
25  Propylene Glycol Diacetate in DF-100E. However, as noted above, this produces a slurry mixture

instead of a true liquid solution.



5 1-10% (preferably 2.5% Benzal konium Chloride (cationic surfactant) 1-8%
Propyl ene dycol Diacetate (bleaching activator) 1-16% Hydrogen Per oxide
(oxi dant )wP-08%rd2et assi um Bi car bonate (buffer and peroxi de PaTISVALIS89
65.5-93. 5% Water 10 The fornul ation can be adjusted to a pH val ue between
about 9.6 and 9.8 for optimum perfornmance, and is effective for

decontam nation of all target agents.-#F-100E 15 The present invention is
al so of an enhanced version of DF-100A that utilizes the propylene glycol

di acetate bI each| tivator er red anced
formul ati on/g Q'BW'“%lt%g%S‘ﬂm'E?fﬁﬁ? ?@gesde ?G%Neﬁnﬂiul i:!aPl ve§lb D%Oﬁ) 03/ 028429
PCT! USOR 28RBS 288 FCbT 380, af 6%6@#'31&@& 80MC 2. 8% Adogen 477 0.65%
1- Dodecanol . 5% | sobut anol 0. 1% Jaguar 8000 1.35% Di et hyl ene d ycol

Monobut yl Et her 2- 8% Bi car bonat e Salt " 1- 4% Hydr ogen Peroxide 10 1-4%

Propyl ene G.ycol Diacetate 7 %
Py XbeG Comparison ofVarlgus 5econ mlnatlon Formulations

5
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- N Y Y Y Y

Slurry

Kit Configurations

In the following sections, various examples of 2-part, 3-part, and 4-part "kit" configurations
10  are shown for the different embodiments of DF-200 formulations. In general, the 2-part and 3-part
kits have the bulk of the water already "pre-packaged"” in one of the two (or three) containers (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.

15 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).



This fornulation can be adjusted to a pH val ue between about 9.6 and 9.8
for optinmal performance against all agents. The performance of DF-100E (2%
PCGD 13. 00W©OH3028429 3. 75% Bi carbonate salt) 15 agai nst che®CTaiSoy29s8é ants i s
shown below in Table 5: Table 5: Summary of the reaction rates for the

DF- 100E fornulation in kinetic testing. % Decontam nated Sinmulant 1 M nute
15 Mnutes 60 Mnutes Mistard (HD) 83592 ND G Agents ND ND ND VX 66 96 ND
20 Tests against the anthrax spore si mJI ant (Bacillus globigii spores)

d trated 99.9999% (7- kill 100E.
oo R el el P
used im,pl Q&sgﬁof or AR QRYLARIG FHcRbiicliccet at e i n DF- 100E. However, as

not ed a%ove produces a slurry mxture instead of a true I|qU| d

sol ution. WO 03/ 028429 PCT/ US02/ 29886 -24 The follow ng table sunmari zes
sonme di fferences between DF- 100, DF-100A, DF-100E, DF-200HF, DF-200LF,

DF- 200NF, and DF-200HF Slurry: Table 6: Conparison of Various

Dec%nt | BLE 9 EQF @5,4 ons 5 Reduction of Requires pH Inproved Fl ammabl e
For wat er Formul ati on Adjustnent Kinetics

Constl tuent‘a‘he‘ﬂblabbmﬁ:fommlétnn cvilesopiigWed @ a 4BRrtkeNY thenNrepargd fqnfield 8 N N N

Y N _ ‘
as follows (amounts illustrative):

DF-200 HF (4-part kit)

10 Part A {(Foam Concentrate):

20 g Variquat 80MC
10 g Adogen 477
4 g b-Dodecanol
1 g Jaguar 8000 Polymer
15 5 g Di(propylene glycol) methyl ether
7.5 g Potassium Bicarbonate
141 g Water
Part B (Solid Component):

50 g Sodium Percarbonate
20 50 g Urea Hydrogen Peroxide

Part C (Bleaching Activator):

20 g Propylene Glycol Diacetate
Part D (Make-up Water):

800 g Water
25
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



DF-100ENY NY Y DF200HF NY Y YY DF-200LF NY Y NY DF200NF NY YN
Y DF-200HF- NY Y YY Slurry Kit Configurations In the follow ng

secti ons,wWoasizs439 exanpl es of 2-part, 3-part, and 4-part 'PKirfUs02/29886
configurations 10 are shown for the different enmbodinents of DF-200

formul ations. In general, the 2-part and 3-part kits have the bulk of the
wat er al ready "pre-packaged" in one of28he two (or three) containers
(usually the foam conponent). This allows for rapid deploynent of the

decontani_nati g

and doe¥Himg! Fieggrmsa}%ge ;'hilpo‘g@?l?tgn Wa? scrll%edsabgg\Le wﬁ@‘gg@c&q%etrﬁkﬁﬁp ?m Qg\gtlggacks)
Conver sglgys e>1ah1%le43cm{n¢ pefédriSor8Rapsikd ¥ pdrRaLf ihe hymgedﬂ@eomk@pmn\mtmr is
added in the field at, or near, the site of contam nation. This allows the

" packagiitarioateadni arigase Fre boffdiag the lsplationpZhe maBdereof thelwdropengisride isphi ch nakes

it easier to ship a dstore ke- ' ' '
the 11 e PISHY DI o Eog PorpEor e iR B S o Bl S abBhags, "
geneg al go.tNfRis g(zargﬁcg 'fh%r\mébs?tk LORS fofrANatBR c&PHY ddflistado Bé bdiREerwdYut 49 him’/k, he
bul k of the water pre- packaged", or w thout, depending on the

app:cl cati gn 5 DF- 200HFk(K|t anfl gur ation) The DF- 200HF fornul ati on can be
configured as art t th f :

(amount s |1 Aretiel Gyenteistegpoassaepa it Ty moe PPt Prmien ' "
Concent gk kea 2% LpXakl, i BkanfC

10 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.

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,

15 preferably, within 8 hours of first mixing Parts A+C into Parts B+D.

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)

20  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

25  is aconcern. It will also minimize the time required for decontamination, which is especially

advantageous for military use (on the battlefield or at fixed sites).



10 g Adogen 477 4 g b-Dodecanol 1 g Jaguar 8000 Polymer 15 5 g Di (propyl ene
glycol) nethyl ether 7.5 g Potassium Bi carbonate 141 g Water Part B (Solid
Conponentwo 03028g260di um Per carbonate 20 50 g Urea Hydr og@oTRSpDxIsse Part
C (Bl eaching Activator): 20 g Propylene dycol Di acetate Part D (Make-up
Water): 800 g Water 25 In this exanple of a 4-part configuration, the bulk
of the water is not included in the “Y9ackage" (i.e., Parts A B, and C),
whi ch minimzes the wei ght of the package for shipping and storage. Here,

Lhe k- U tglcl. (ERLL D00l 05 SURRLAE: Bl b st or near, the

ornul At ron' can be adjusted to be
bet wee R, RRaktns O TR BHE b&oﬁ shéifs D8RR RARD 1R L HGDR/ 088 B% PGB 1 6s0%mal
performance. The fornulation as described above will produce 1 liter of
"hi gh" H0dmosoBindrbonate saltywithtsalwassrdni, @0 m@@tdﬁisfé@v%o@&hat e supplies a
portion of the hydrogen peroxide, a portion of the bicarbonate, and a base
for buffering the solution. The renai nder of the hydrogen peroxide is
supgl i ed byie7-Us Bandly StRORACHRA TR BEDF-TdiFtiealatibl/ @l ¢oen 3paHed dev
concentration is approximately 5 3%in this exanple. The viscosity of the
f or mul @ida@bha@asalt) bath saljvaiet eshdtas tHeandketupwater PGR)- 4-9 nmm2/s. A variety of
different nmethods can be used in the field to m x the DF- 200HF fornul ati on

% Decontaminated
Simulant 1 Minute 15 Minutes 60 Minutes
Mustard 24 42 89
G Agents ND ND ND
VX 62 96 >99

10
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.

Surface testing was conducted with DF-200HF against the Mustard and VX simulant. For this
15  test, 8 rng 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 1 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
20  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.



configured as a 4-part kit, for exanple: 10 Method 1: Supply the nmake-up
water (Part D). Then, mx Part Binto Part D. Then, add Parts Cand A to
Part B+D.wOg/0293eef erably, within 8 hours. Method 2: M x PamTtus@/29s8® Part
A. Supply the make-up water (Part D). Then, mx Part B into Part D. Keep
separate until use. Wien use is required, mx Part A+C into Part B+D. Use,
15 preferably, within 8 hours of first2&ixing Parts A+C into Parts B+D. In
general , activated DF- 200 formul ations are used preferably within 8 hours
after m xing, . however, the till ef ive for up to 24 hours and
| onger. DF- 28R mugﬁwéféag#%awgb%%%B%%%éggé-a surface for a long period
of time, and then rinsed off. However, DF-200LF (Low Foan) 20 can be used
in a dq _ 00T AP ORSTHIRNO - 200ml MUSERSInalldnbN$ .
| nstegd of | eavipegorfor@@dioh Oon a SyUhrasstedistiuldnOsly |p@nraaded simutantan, |it can
be applied to a surface, left for smaeeﬁtqr%hivutsﬁoquurfp@raﬁmmminutﬁ% (e.g.,
15-60dJ£1'Lnutes), and then rinsed off with a high pressure freshwatef or

I

salt Vater spray e will mininmze corBB&i%n of the natBPE%E towhich it
is ap LiLed, ) "‘Pbﬁ-qoo‘ﬂi(éklg.ﬂak? i]t especi al | 'y, yseful flor decontgani nating

ai r cr gft—and—other—equrprent—where[corrosion 25 15 @ concern. 1t wlill also
m ni m|ze_dobier D equik@ds.fwsicaigcpnt am natd on, which is egfecially
advantageous tor mlitary use (on the battlefield or at fixed sites). WO
03/ 028429 PCT/ US02/ 29886 -27 Saltwater can also be effectively used as the
make-up water (Part D) for DF-200 formulations. The table bel ow shows the
resdlts of kinetic tests usi ng DF-200HF (2% PGD / 3.50% H202 14.0%

Bi car b%ﬁ%(%kﬁaélgr}”(\Mtbgnf@@,lag&?t er (35,000 ppmtotal dissolved solids): 5
Tabl e 77 —Summary o0 e reaction rates for DF-200HF formul ation (2% PGD /
3.5% H2Q2/ 4in&dblBlemh baivatbes (siah e TAEPINGRS, endNecetiigtigosamingl 6ambke- up wat er

0 ) .
(2 zazftz gg;iiizec/lo ir|1:)g|(a:c(:)enc'gfz’flhne1 (gvgtgsgalu%ller)rgrlogﬂ(tenelgthéolndfgc(eatat]é%or%ﬂ%o%grm%%tigﬂsn oewsever,lvlJSt ard

in this case, the formulation results in a slurry when mixed with water, instead of a true aqueous

10 solution.

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 matter). This embodiment, designated "DF-200HF Siurry", is a
15  modification of the DF-200HF formulation. An example of a 4-part kit configuration is shown below

(amounts illustrative):



G Agents ND ND ND VX 62 96 >99 10 Tests agai nst the anthrax spore sinulant
(Bacillus globigii spores) denonstrated 99.9999% (7-Log) kill after a one
hour expo&0rog/oesa2OF- 200HF with sal twat er used as the nakePap/usar/essse Surface
testing was conducted wi th DF-200HF agai nst the Mustard and VX sinul ant.
For this 15 test, 8 rng of simulant was applied to a 2" dianeter test
coupon nmade of CARC (Chem cal Agent R@sistant Coating). CARCis a naterial
commonly used to paint mlitary vehicles to protect them against chem cal

agent attack. After waiting one 61 th LESL, coupon was placed in a

hori zontal position and covere iy DF- 200HF (2% PGD / 3. 5% H202
/ 4.0%Bic g}plgﬁ%g ﬁ bant ?@f:ter 60 m nutes, the test coupon was inmersed
in 25 m 01?[5 Trrite fof 15 minutes to extract unreacted 20 si mul ant

fromthe surface20 dheariqeataosict i on sol vent (acetonitrile) was then anal yzed
for the unreacted sinulant. Results (shown in Table 8) denonstrate nore
ef fective decont ¥h¥ A499eBA’Of the test coupon as conpared to DF- 100A. WO
03/ 028429 PCT/ USQ@/@@%)@(& or 28 Table 8: Results of Surface Testing of

DF- 200HF on CARC. “ng 8Pl ant My Mustard Sinmulant Decon Fornmul ation
(Unreacted si nul agtiaguar §ddorPeleieed si nmul ant on surface after 60 m nutes)
surface after 60 mnutes) Control 80 0.3 8.0 0.3 DF100A (pH9.2) 2.9
4.5 DF-200HF (ZQ’@IEE@OPV@@%CP\?WW@@% Bicarb) 1.4 2.5 5 DF-200HF Slurry
(Kit Configurati 9@) Flo?assgllLM%Jicgrbl%&gCh activators (such as TAED, NOBS, and
N-acetyl gl ucosam r?e) can be

161 g Water
10 Part B (Solid Component):

50 g Sodium Percarbonate
50 g Urea Hydrogen Peroxide

Part C (Bleaching Activator):

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

15 Part D (Make-up Water):

800 g Water (can be freshwater or saltwater supplied at the site where use is to

occeur)

The formulation as described above will produce 1 liter of foam solution. The pH of the final
20 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.

The performance against each chemical agent simulant for DF-200HF Slurry (1% TAED / 3%

25  H,0,/4% Bicarbonate salt) is shown below in Table 9:



utilized in place of the (water-soluble) propylene glycol diacetate for
DF-200 formul ations. However, in this case, the fornulation results in a
slurry whwoomiozsaey wi th water, instead of a true aqueous 1@®Csalsat/zesse The
present invention also provides a method to utilize a water-insoluble solid
bl each activator (e.g., TAED) to produce a reactive slurry (wherein a
slurry is defined as a watery m xt ur e-30t hat i ncl udes insol ubl e, undi ssol ved
matter). This enbodi nent, designated "DF-200HF Slurry", is a 15

nodi ficatiaon of the DF-200HF fornul atio : : i

confi gur at i GR'&i% SHBWRY ‘H&edﬁ?d'?%%jﬁ?réhﬁ Wé@ﬁ?ﬁfwef m %&b@}( @%ﬁggh&

PCT/ Usga{e%%&ﬁﬁﬁpé%\ie%%e%mg%%gn 5 HeHiaved By siigthidhief Joncdrabtionéof TAEINGe.g., 2%
Concentrate): g Variquat 80MC 10 g Adogen 477 5 4 g 1-Dodecanol 1 g
Jaguar TREDUndteddyatete BAEP).Di (propyl ene glycol ) nethyl ether 7.5 g Potassium
Bi carbonate 161 g Water 10 Part B (Solid Conponent): 50 g Sodi um
Percarbonate 50 g Urea Hydrogen Peroxide Part C (Bleaching Activator): 10

g TAED (preferabl yWSMW D
(Make-up Water): 800 gf \i\ats%ulg&an be f c;'IM}Iﬁﬁtgl ‘bqgﬁ&g@te%owmgge at

the site where use fs—+to
Mustard (HD) 67 96 ND
G Agents ND ND ND
VX 33 95 ND

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),

10 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.

DF-200 Rapid Deployment Configurations

The present invention is also of configurations emphasizing the rapid deployment of DF-200
15  formulations, and/or its deployment using small-scale deployment equipment (such as hand-held
units, backpack units, or units mounted on small dollies). For these applications, ali 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):



occur) The fornul ation as descri bed above will produce | liter of foam
solution. The pH of the final 20 fornulation can be adjusted to be between
about 9. ewerud/ox489 f or opti mal perfornmance. The fol |l owi ng PEiTAISIY2988©Ccedur e
can be used: Mx Part Binto Part D. Then, add Parts C and A to Parts B+D.
Use, preferably, within 8 hours. The perfornmance agai nst each chem cal
agent sinulant for DF-200HF Slurry (1%TAED / 3% 25 H202 / 4% Bi car bonat e
salt) is shown below in Table 9: WO 03/028429 PCT/ US02/ 29886 -30 Table 9:
Sunmmary of the reaction SkiRRry fornulation in
kKinetic testing. Note tfie s ormance can be achi eved by using
hi gher concggi A atid i Soatf coieredte. 9., 2% TAED, instead of % TAED). 5 %
Decontam nated Simulant 1 Mnute 15 Mnutes 60 Mnutes Mistard (HD) 67 96
ND G Agents ND N0 lariquxt ®BICO5 ND The above exanpl es of different
enbodi nents of DF- 2%8 woalﬁj typically be used in |large scal e operations
wher e dedi cat ed EI%B SHYB equi pnent and a source of make-up water is
reagily avail ablg (§od@canof OF use by the nilitary to decontam nate 'fixed
sites' such as airbases and seaports), 10 or used to minimze the volune
of ' pre-packageds gwatydEthylened®xdd®) to mi nim ze the wei ght of the fornulation
t hat needs to be shipped and store@. DF- 200 Rapi d Depl oynent
Configurations TA& QirR0ACYCANNPPEH B al so of configurations enphasi zi ng
the rapid depl Oy BR) {op@EndPF- 200 15 formul ations, and/or its depl oynent
usi ng smal | -scal e "depl oynment equi pnment (such as hand- hel d

45 g Potassium Bicarbonate

10 approx. 19 g Potassium Hydroxide (the pH of Part A should be approximately 10.2)
933 g Water
Part B (Solid Oxidant Component):

97 g Urea Hydrogen Peroxide

Part C (Liquid Bleaching Activator):

15 20 g Propylene Glycol Diacetate

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
20  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.
25
% Decontaminated
Simulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 48 82 ND
G Agents ND ND ND
VX 71 97 >09




units, backpack units, or units nmounted on snall dollies). For these
applications, all of the water is 'pre-packaged' into the fornulation, so
that no eworeaoeer is required in the field. A first exampTarsot/2®86 3- part
kit configuration for a Rapid Deployment version of DF-200HF, "DF-200HF
Rapi d Depl oynent #1", conprises (anounts illustrative): WO 03/028429

PCT/ US02/ 29886 -31 DF-200HF Rapid Depl2oynent #1 (3-part kit) Part A

(Li qui d Foam Conponent): 20 g Variquat 80MC 10 g Adogen 477 5 4 g

1- Dodecanol 5 g Poly (Ethylene Oxide) 8 g D ethylene dycol Mnobutyl Ether
5 g I sobutanol 45 g Potassi um Bi carbonate 10 approx. 19 g Potassium

Hydr oxi de (fhes Ridimf ihPaktbraPsohosihdiaResanps gubigesmeley) dbhoRstratdiIR agotat er Part
B (Solid Oxi dan%HéIConponenrta) :p%97 g Urea Hydroggflépgeer)oxi ((j)e rPart gg (Liquid

Bl eachi(hgog)iliaitart 2030 mint e@®siye Rr DpPPTeRaEid/ReFloyDedicet at e This confi guration
will produce | liter of foamsolution. The pH of the final formulation can
be adjusted to be between about 9.6 and 9.8 for optiml performance. The

f Ol bOWI NG Mh Xt BEAHH & o pRATraR ik sfoccilik 1B 1Bt chthple Bed i, AT L er
di ssol ution of the urea hydrogen peroxide, add Part Cto 20 Part A+B. Use,
pr ef er ateblgymanit thrifiguratidno DS-200Heis skevinon Fignee. dfreFdroeHPRr g EFSEEE oy nent
agai nst chem cal _agent sinulants i s, shown ' :

rapidly in water. Thegrefore, the formulation can be prepareé) gr|1d0 Xgplog}ed-li_r"li glvgry]égért 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

10 at the location of a CBW attack), and/or the military.

However, the particular bleaching activator (propylene glycol diacetate) used in this
formulation is not stable in an agueous solution where the pH is greater than approximately 9.9.
Therefore, it is important to mix the right components in the correct order. For example, if Part C is
15  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.

20 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) methy! 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

25  (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 bF—ZOOHF, it is not a problem 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,



Tabl e 10: Reaction rates fromkinetic testing of DF-200HF Rapid Depl oynent
#1 configuration. 25 % Decontam nated Sinmulant 1 M nute 15 M nutes 60

M nutes WDIB@rsd2HD 48 82 ND G Agents ND ND ND VX 71 97 PeI/UAR/BRO28429
PCT/ US02/ 29886 -32 Tests agai nst the anthrax spore sinulant (Bacillus

gl obigii spores) denonstrated 99.9999% (7-Log) kill after a 30 mnute
exposure to DF-200HF Rapi d Depl oynent :335 A schematic exanple of a preferred
m xi ng procedure for this first exanple of a rapi d depl oynent

configuration of DF- OHF shown in Fi i de
di ssol \F'??sfom?“é?ﬁi”ﬂ'?rﬁfﬁr%’ Wcigls a'ﬁﬁrﬁ'@rp@fy@?r p&ﬂ: A eg?r?ufj;?tp %ﬁtﬂéggﬁﬁ%&%é@gar ed and
depl Oy%ﬂe dtﬁbr% f‘rrdSésérTE)@& bFlzb@%rrﬁﬁlatbhﬁ .S 0RAEr SﬁOO)ar'rmsrmrdané pblpel iviiseg

al” or

chem c ogi cal warfare agents maki ng i deal for use by civilian
first rbe@pne@a@mar gobosedisagiut stalde mmaazmm pwwvnrgnmemt)pf tbehomdff@afewﬂona{éeﬁ 6t hers
who woul d be the first to arrive ocat | nof hack) ,

and/ or °f & r3Rq qepieygrentiprmspRon. A?Cr?édl 'Eé}'r?ﬂ? "39 Qﬂmelgé%f%rgmgzcotglﬁ vwaF{égr (propyl ene
gl y%ol [g rﬁérﬁ’#%oM gdgin this formulation is not stable in an aqueous

sol utlon ere EH I's greater than approximately 9.9. Therefore, it is
inportant to mx the right conponents in the correct order. For exanple, if
Part Cis 15 mxed into Part_A before the addition of Part B, there may be

sone | oss of activity in DF-2odigHFRagidDenloyment#l \ | ane gl ycol diacetate is
exposed to a,g Vi Aiee siPraangiNi s is not true, however,
bl RN E e R 2l

if Part B i ore the addition of Part C, since the
addi tion of gBa (pkeférabliPavs) Ado@exbmmgsuohfaeyqtrbframb)the Part A+B mixture to a
val ue bel ow about 9.9. 20 The sol vent |CeC$I{(1)¥I ene gl ycol nonobutyl ether,

use® i n Par 0-2/.8% trsefewhbn04d) dodenanelifaing! st
0.5-8% (preferably 0.5%) Poly (Ethylene Glycol) (polymer)

0.6-1.2% (preferably 0.8%) Diethylene Glycol Monobuty! Ether (solvent)

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

0.1-10% (preferably 2-8%) Bicarbonate salt (buffer and peroxide activator)
15 0.1-10% (preferably 1-4%) Hydrogen Peroxide (oxidant)

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

52-97% Water

The formulation can be adjusted to a pH value between about 9.6 and 9.8 for optimal performance,

20 and is effective for decontamination of all target agents.

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):



exanpl e shown above for DF-200HF Rapi d Depl oynent #1 is different than the
sol vent that was wused in the previously described DF- 200HF fornul ation

(Di (propywerna/ogtsgeol ) net hyl ether), because D (propyl en@cglusonbdsseret hyl
ether is not stable in the high pH environment required for the foam
conponent (Part A) in the rapid deploynent configuration. Al so, note that a
short-chai ned al cohol 25 (i.e., isobutdfol) has been added to the foam
conmponent (Part A) in the rapid deploynent configuration #1 of DF-200HF.

VWhile this | ow nol ecul ar ﬁﬂ%&) E:I.\%I o | lIit ammabi lity problens in
hi ghl y concentr at ed confim%m&%%@%g%ﬁﬁ—w , S not a problemin the
| ess concemrakd @FuiaTabh Ddmabeans descri bed herein. The use of i sobutanol

al so hel ps solubilize the 1- dodecanol in Part A, and inproves the kinetics
(chemical reacti\A0tgVarigpate®dCf or mul ati on. In addition, WD 03/028429

PCT/ US02/ 29886 -33 formul ation preferably uses a different polyner,
poly (ethyl ene oxﬁc?e’%‘l,g’s?%% the polyner used in the other earlier

desqy i bed DF-200 4 o1-mabatbhdns (i.e., Jaguar 8000). This alternative polyner
is used because Jaguar 8000 is also not stable in the high pH environnent
of the liquid fo@dhgRaitetholeng Gheal 8200 polyner he r api d depl oynent fornul ati on.
Accordingly, a preferred fqr atio r DF-200HF Rapid 5 Depl oynent #1
conpri ses: DF- ZOMSQQ%IFBB (%é?rﬂr’lv%ﬁ%w[}' é@er 1- 4% (preferably 2% Variquat 80MC
(cationic surfactpfisdoutdhod- 3% (preferably 1 % Adogen 477 (cationic
hydrotrope) 10 0.2-0.8% (preferably 0.4% 1-Dodecanol (fatty al cohol)

0. 5- 8% ( pr ef er abl5p gPBa4piuPddicarkoretay| ene d ycol ) (pol yner) 0.6-1. 2%
(preferably 0.8% Diethylene dycol | butyl Ef her ol vent, - 1%

(br Bt or anl y 0. B4 PPEBHARGAR VBB PoER ArPEr S EhSlo b 88 SPTEYR BV 4Pl ab y
2-89%) Bi carbonat g5 Matglbuffer and peroxide activator) 15 0.1-10%
(preferably 1-4% I—& rogen Peroxide (oxidant) 0.1-10% (preferably 1-4%
Propyl ene GPpga@ (Sbii0xtismt €orfifadnestt hi ng act i vat or)

97 g Urea Hydrogen Peroxide
Part C (Liquid Bleaching Activator):

15 20 g Propylene Glycol Diacetate

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

20 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):



52-97% Water The formul ati on can be adjusted to a pH val ue between about
9.6 and 9.8 for optimal performance, 20 and is effective for

decont amwetoozs4ed all target agents. A second exanpl e of PaTASpaRISsKi t
configuration for a Rapid Depl oynent version of DF-200HF, "DF-200HF Rapid
Depl oynment #2", conprises (anmounts illustrative): WO 03/028429

PCT/ US02/ 29886 -34 DF-200HF Rapi d DepB®ynent #2 (3-part kit) Part A

(Li qui d Foam Conponent): 20 g Variquat 80MC 10 g Adogen 477 5 4 g

1- Dodecanol 20 g Pol yet hyl e ) .8 g Diethyl ene dycol

Monobutyl Ether 5 g | sobutearo 5 Potassturirbrcar bonate 10 approx. 25 g
Pot assi um Hydg oxd 6id EbAE dekp&fenffart A shoul d be approximately 10.2) 933 ¢
Water Part B (Soltd Oxi dant Conponent): 97 g Urea Hydrogen Peroxide Part C
(Li quijd Bl ea?:hi ng;oigdldriqwteﬁl\)ﬂc 15 20 g Propylene dycol Diacetate In this
second exanpl e, Pal yet hyl ene G ycol 8000 pol yner repl aced the pol

(Et hyl ene Oxi de) 10@0’1%99%?”@3% i n DF-200HF Rapid DeBI oynent #1I.O 2% Athird
exanpl e of a 3-pardkbiecgfiguration for a Rapid Depl oynent version of

DF- 200HF, " DF- 200HF Rapi d Depl oynent #3", conprises (anounts
illustrative): 20 g Polyethylene Glycol 8000 polymer

10 g Hexylene Glycol
45 g Potassium Carbonate
5 g Potassium Bicarbonate
10 700 g Water
Part B (Solid Oxidant Component):

83 g Urea Hydrogen Peroxide
Part C (Liguid Bleaching Activator):

20 g Glycol Diacetate (i.e., Diacetin)

15
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 polymer. 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.

20  These changes in the third example were made to reduce or eliminate the use of short-chained
alcohols and/or high vapor-pressure solvents 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

25  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 potassium 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.



WO 03/ 028429 PCT/ US02/ 29886 -35 DF-200HF Rapi d Depl oynent #3 (3-part kit)
Part A (Liquid Foam Conponent): 20 g Variquat 80MC 10 g Adogen 477 5 4 ¢
1- Dodecarwb 020283290l yet hyl ene A ycol 8000 pol yner 10 g Hexylesam2988¢/col 45
g Potassium Carbonate 5 g Potassium Bi carbonate 10 700 g Water Part B
(Solid Oxidant Conponent): 83 g Urea Hydrogen Peroxide Part C (Liquid

Bl eaching Activator): 20 g Aycol D acééate (i.e., D acetin) 15 In this
third exanple, Polyethylene dycol 8000 polynmer replaced the poly (Ethylene
Oxi de) polyner used in DF-200HF Rapid Depl oynment #1 as a water-soluble
pol yner. Al so, Hexylene Gycol replaced Diethylene Gycol Mnobutyl Ether
and | sobutanol used as a solvents. Finally, Aycol D acetate (i.e.

Di acetin) replaced Propylene G ycol Diacetate used as the bl eaching

acti vat Jhesg the third exanple were nade to reduce or

ellnlnate-th use>of she}t hai_ned ] cohol s. and/ or  h re
Sol vencs 1 o The SRt RBents detoy Bo et v euraisP e ¢ vl SeBPurSR RERRIEST o

years) sifd brbbdif Silimf Sfoddinfst Ep- QWHF@W%WD&O%?%EntALm ve&ﬁ&ﬁse Ary at hi gh
anbi ent storage tenperatures, due to evaporation’ of e nost-vol ati
c onponenther. solMoegoxideadctitalee) is ofitbehzs thebieashing Sctivgton Méhisodxapple @bz fapich car bonat e

and the 5 grans of potassium bicarbgnate were chosen to s %IX
deployment configuration also requires no additional water to be added in the field (% ounts

illustrative):

10 DF-200HF-Slurry Rapid Deployment (2-part kit)

Part A (Liguid Foam Component):

20 g Variquat 80MC
" 10 g Adogen 477
4 g 1-Dodecanol
15 5 g Poly (Ethylene Glycol)
8 g Diethylene Glycol Monobutyl Ether
5
50 g Potassium Bicarbonate
28 g Potassium Hydroxide (the pH of Part A should be approximately 10.4)
20 953 g Water
Part B (Solid Oxidant and Bleaching Activator):

97 g Urea Hydrogen Peroxide
30 g TAED (preferably in encapsulated form, such as Warwick International B637)

25 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



25 both the right anmount of carbonate/bicarbonate, and to adjust the pH
appropriately. Alternatively, 50 grans of potassium bicarbonate coul d have
been usedwOwBOIB42®D pot assi um carbonate), and then the ri gou/tsoeasse of

pot assi um hydr oxi de (base) could have been added to increase the pHto the
desired value, as is well-known in the art. WO 03/028429 PCT/ US02/ 29886
-36- DF-200HF Slurry Rapid Depl oynent -Bhe present invention is also of a
2-part kit configuration of a rapid depl oyrrent enbodi ment 5 of the

DF- 200HE . SE?P od'_ nt f DF- 200HF SI 8 Dﬁp % i ich
TAED ( o5 aberSie aMSEPLsei e iz op s oyt TR saes PEREopb st
acti vat Qémag-gmrélogémlnﬁsgf otﬁerrcaﬂbgweng%ﬂh@H@@é}ﬁneﬁpégvlcgUH@\R/é\féF‘ t/d SO requires
no addi ti onal er to be added 1n the field (amunts illustrative): 10
DF- 200 Hfn8liationys iRagyi for UBe pbwyximately (12ripate eftek pddition Rathe TAEDIpadigieslinfRzd A to
Corrponeﬁtl)t: 20 g Variquat 80MC 10gAdogen477 4 g 1-Dodecanol 15 5 g Poly
(Ethyle gty ycol) 8 g Diethylene dycol Mnobutyl Ether 5 50 g Potassium
Bi cag bonate 28 g Potassi um Hydroxide (the pH of Part A should be
approximately 10.4) 20 953 g Water Part B (Solid Oxi dant and Bl eachi ng
Activat or): Iti9dsajultr @epldyarengarsulBizd docmcbé TAED g tﬁ'sé\amfigtpatfwfnéoram Yeapamns.
encapsulated form such as Warw ck | nternational g

First, the protective 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

10  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 encapsulated form of TAED will

minimize its exposure to the high pH conditions immediately after Part B is mixed into Part A. The

15 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.
20
% Decontaminated
Simulant 1 Minute 15 Minutes | 60 Minutes
Mustard (HD) 76 97 ND
G Agents ND ND ND
VX 57 97 ND
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.
25 A schematic illustrating an example of a process for field mixing DF-200HF Slurry Rapid

Deployment is shown in Figure 3.



25 This fornmulation 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 opti mal
per f or marwe.03/0ks329 ol | ow ng procedure can be used to m x tRETASOr/P98B@t i on:
Mx Part Binto Part A Then, wait for at |east one mnute before use to
allowtinme for the TAED to react with the hydrogen peroxide. Use,
preferably, within 8 hours. It is useft#8-to note that TAED w ||l not

i mredi ately dissolve in water, but will remain as solid particles for at
| east 15-20 WO 03/028429 PCT/ US02/ 29886 -37 minutes. Therefore, a filter
or screen may be required so that the undi ssol ved TAED particles will not
damage or clfg BB HEMPa v KERBIEs 6QERO BEISFehf cohftriER ey d®pdo devi ce.
However, the formulation is ready for use approximately 1 mnute after
addi t i oferrpfilatiodne. Ag\EIestnot by bessofiordinRay $killB the artRdlrer rahid deploymers codigfinationso

enpl oy an enc ulated formof TAED. [n this configuration for tw reasons.
i st BREoRTE BLTGES o BrAHgeRUAPOIHoGOM Jeunes b s em ARt er ) vi ||
protgct the TAED so that it will not react with the urea hydrogen peroxide
during storage. Second, the coating will protect the TAED fromthe high pH
condi ti ons i TheRagsentAnventionlis 3l$meof amesthdlyfarpograringiiee mrmcemgorssho(Pag#\) aiitbe | ower s
the pH of 10 the fornulation_to a value bel ow approxi mately 9.9. TAED

shoul d F@idgsalaymantgondiopaions. hemRiawing's ane@mpleahaic) a/edioddi acet ate with
respect to pyot ec,g,iﬂgég?égb?m%%t%%ts%fmgiimghx%gﬁég{e to high pH solutions.
of Its'e a

TAED wi | | | ose nuc ectiveness as eaching activator if it is
exposed to ol utwairsstithg heavaringhe albx@rg vessen add Be bithresefos=st, Stinatiuse of an
enca&sul ated formof TAED will mnimze its exposure to the high pH

cond? t | epTarietarEigFelYedl y after Part B is mixed into Part A The 15

perornce 81, CoSRApLES B 1 Y SR PSR B BRSBTS
t est i ngsifriMg. tHeecakdful RO Iphps! Sy fRegiptbxPRfd Y0 MRIAttes, fa0s AMiimirhon. 20
4, While stirring the foam solution in the mixing vessel, add the Variquat 80MC. Stir
until cdmpletely mixed.
15 5. While stirring the foam solution in the mixing vessel, add the Adogen 477. Stir until
completely mixed.
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.
7. While stirring the foam solution in the mixing vessel, slowly add solid KOH until the

20  pH reaches the appropriate value.

Alternative DF-200 Formulations

The invention is also of the following alternative DF-200 formulations:
1. An alternative formulation that includes propylene glycol to lower the freezing point of
25  the solution;
2. An alternative formulation that utilizes sodium percarbonate as a solid source of
hydrogen peroxide,

3. An alternative formulation that includes a corrosion inhibitor,



% Decontam nated Sinulant 1 Mnute 15 Mnutes 60 Mnutes Mistard (HD) 76
97 ND G Agents ND ND ND VX 57 97 ND Tests against the anthrax spore

si mul ant WBaagiokd4es gl obi gii spores) denonstrated 99. 9999%PCTAISOZ}98Ré | |
after a 30 m nute exposure to DF-200HF Slurry Rapid Deploynment. 25 A
schematic illustrating an exanple of a process for field m xing DF-200HF
Slurry Rapid Deploynment is shown in F3§ure 3. WO 03/028429 PCT/ US02/ 29886
-38 The above are only a few exanples of rapid depl oyrrent configurations

for DF-200 fornu|at of or ar kKill jn the
art, other rhpid %’éﬂie M”E‘g‘ﬂ?q fﬁﬁtr'%‘?‘idSﬁélyceé‘%@SBB@%QSHn%“%?;%ﬂtOP‘FriaQ?”ﬁg t he
fundamg@&lasggngbgﬁ{aﬂ”\aga@ presented in this application. 5 The present
invention is also of a nethod for preparing the foam conponent (Part A) of
the rapid depl oyhesiterrabve forguiation tatsutiliZEh ©-daely Idedchigy acivatorseikelmigeonef such a
met hod: % Pl ace t he agﬁ%oprl ate mass of water in a mxing vessel. 2. Wile
stirri n"EnE aYEHR8IE 17 fPIE FEMANdi ng vessel, add the bicarbonate salt. Stir
untig. 10 conpl et gl éﬂtemaﬁ\%ql)ﬁ%%tlor{sma@tl%ﬁ b@gﬁh ﬁdﬁtl\Pa@clr)for(tanhygﬁMe ?OM;?Ol )
polyner to the m xing vessel le rapid stirring. Be careful to avoid

| unps. Stir for approximtely 30 m nutes at a mnimum 4. Wile stirring
the foam solution in the m xing vessel, add the Variquat 80MC. Stir until
conpl et BFs208 it RroplygnesGlveghi | e stirring the foam solution in the m xing

vessel , add ‘rh&‘ fo'ﬁqﬂgg?ig a%?szexaﬁpierof ld@trjah kit Emﬁrgﬁoﬂlfé(r dﬁ-ﬁb‘%ﬂF that includes

propylene glycol as a freezing point depressant, and where all of the water is ‘pre-packaged’ in Part

10 A, comprising (amounts illustrative):

DF-200HF Rapid Deployment with Propylene Glycol, first example (2-part kit)

Part A (Liguid Foam Component):

20 g Variquat 80MC
15 10 g Adogen 477
20 g Poly (Ethylene Glycol) (MW 8000)
8 g Diethylene Glycol Monobutyl Ether
5 g Isobutanol
4 g 1-Dodecanol
20 20 g Propylene Glycol Diacetate
150 g Propylene Glycol (freeze-point depressant)
approx. 6 g of 10% HCI Solution (sufficient to give a final pH of 2.5 in Part A)
777 g Water
Part B (Solid Additive):

25 97 g Urea Hydrogen Peroxide
12 g Potassium Bicarbonate

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



6. Mx the diethylene glycol nonobutyl ether, isobutanol, and 1-dodecanol
In a separate vessel. Slowy add this mxture to the foam solution while
stirring.wo.03Md4be stirring the foam solution in the m xi RgTUSeTZI886 S| oW y
add solid KOH until the 20 pH reaches the appropriate value. Alternative
DF- 200 Formul ati ons The invention is also of the followng alternative
DF-200 formul ations: 1. An alternative4fornul ation that includes propyl ene
glycol to lower the freezing point of 25 the solution; 2. An alternative
fornula%'

| i1 di . i d
nyar ogon RRrrinn s OAES (RSB GARRS R R Palbm Rud it E8aBled osi on

i nhi bi t Bbe K¥IEREORRB4EUNPTR/ /N4 BEROIMancd AdbersOR ofdrlifsr il iM ereferviul at i on

that includes glycerol as a viscosity builder for operations such as skin
decont awidetstandthat Be ratie of petessivan ¢ajkonstetapatassiuorbicarkenatgupdd iz Bert Bearks vyl

bl eachin ct.ivator L, ncl udi e . which js availab | n,salld rm and
3 6 Anoay B R AR O edRrd el ol elor ¥ abol ol Bl et
cont &i Njngs xaipld, tHeSoBk QMR carbbiateZdRelial Botfh ®Rse/Mad sslixeéed The following is
a first exanple of a 2-part kit configuration for DF-200HF that includes

pr opy! ecebakipdidartasata. o erepam thigfoinndatide prieBarhBinto BartiA whes, preferdblyofvithim@ wat er

Is 'pre-packaged’. in Part 10 A co | Si amounts illustrative):
OF- 200 P P8 PREBIBy A P L OB B PPy el RS B Rar ¢ i t)
Part A LddnfdihndiafOAEnEANReReRYY: 20 g Variquat 80MC 15 10 g Adogen 477

10 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

Tests against the anthrax spore simulant (Bacillus globigii spores) demonstrated 99.9999%

15 (7-Log) kill after a 30 minute exposure to DF-200HF with propylene glycol (first example).

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

20 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.

This configuration also incorporates the bleaching activator, propylene glycol diacetate, into
25  the foam component 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



20 g Poly (Ethylene dycol) (MN8000) 8 g Diethylene dycol Mnobutyl

Ether 5 g Isobutanol 4 g 1-Dodecanol 20 20 g Propylene dycol D acetate
150 g Propoloanes4® ycol (freeze-point depressant) approx. @Cy/usb2/19886 HCl
Solution (sufficient to give a final pHof 2.5 in Part A) 777 g Water Part
B (Solid Additive): 25 97 g Urea Hydrogen Peroxide 12 g Potassium

Bi carbonate 38 g Potassium Carbonate (Bi#ffer, to adjust final pH WO

03/ 028429 PCT/ US02/29886 -40 This formulation will produce | liter of foam

sol utiop, .The .p of t | ti n o] e bet ween
about | oraRcoBHeeaertEartd Bls 8ol ele FRRLES bR Bap Rarh¥ sic 11 i
the art coMigdratiod RE6LSEARE pbifEtitylchB Slyéat bolim&H | PIOQ BAGS kdi MsEaaiysHRatRmieht. MRlsassi um
bi carbonate used in Part B can be adjusted to achieve the desired final pH

of the pdymarlisatseoin r(x@m'e:bsn@l@s9nobzb@merrely60bbleab®§ttablgmaﬂ)ateer\m@léltlors itiign th| S
exanpl e, the pot rbonat erves, as th a ba a source

car bona??/%?dﬁ'?‘ﬂg ?ﬁ' o ?%ﬁ&&oé’atoh? E'glf’ @Pﬁﬁﬁ%{weéﬁﬁ"?p?iﬁ?ﬁ X% HPE ! art A.
Use, 5prggegrn@mayetﬁéatg,mencﬁc,dtm rs. The performance of this first exanple of
DF- 200HF wi th propyl ene ‘gl ycol against chemi cal agent sinulants is shown

in Table 12. 10 Table 12: Reaction rates fromkinetic testi ng f or DF- 200HF
\im5t r,\]/] EL? g)s/l gl'n?sm%ﬂ C%IO Tnlczlﬁges prﬁ)§|gr@ gly? ol as%ef?eoegtta %g?ntncfietpsegsants ! IJTr‘clfpyfl ne gI])'/coMant €
considered to be an environmentally friendly antifreeze. In this case, the concentration is
approximately 15% by weight, which lowers the freezing point of Part A to approximately —20°C. This
10 configuration has also been tested with good results with propylene glycol concentrations as high as

40% by weight.

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,
15  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):



Mustard (HD) 16 80 ND G Agents ND ND ND VX 66 90 >99 Tests against the
ant hrax spore sinulant (Bacillus globigii spores) denonstrated 99.9999% 15
(7-Log) kwblo3mtgsed a 30 mi nute exposure to DF-200HF with mpcopsozzassgl ycol
(first exanple). Wien all of the water is "pre-packaged" in Part A, the
m xing of the formulation for use can be acconplished in a very short tine
since it only consists of two parts. THerefore, it could be deployed very
rapidly at the scene of an incident involving chem cal and biol ogi cal
war f are agent Lvidian first
responder (fi refsgnte X7 VB S e otrrer s who
woul d be th@:ahlp{(ﬁfquﬁjqro%rdo%oﬁént)t he Iocatl on of a CBW attack) However, it
is heavier to carry than other configurations that add water in the field.
Thi s confi gurati @ s¥VxiguitBe¥Cpor at es t he bl eachi ng activator, propyl ene
gl ycol di acet ate1og$cﬁj %7 he foam conponent Part A (rather than storing
it as a separate, 't d°t réonent) This is possible because the pH of the
f oang conponent i nge BsRwy e6w) 9l ycol diacetate will hydrolyze in
W 0 oaBa2s perPOEEM, ol Ut ohs of pH greater than 3, but is
hydrol ytically stsag)DethyhnsGIymIiVbn@um Etpet | ess than 3. This configuration
al so uses the pol et hgl ene glycol polymer (PEG 8000) for viscosity
enhancenent. Thi is used in many cosnetics and is extrenely
sol ubl e and stabl4e ) ﬁ(g, In addition, it is easier to mx into
sol ution than Jaguar § 00 or a high nDIecuIar wei ght pol y(et hyl ene oxi de),
since it 5 does 20ajPropyanetGigol Bagatecy to cl unp. This configuration
i ncl udes propyl ene glycol as a freeze-point depressant. Propylene glycol is
condPdered to be &R ge%wyr‘e@ﬁ@&ﬁ?‘éﬁfqeyewo?m@ﬁa'reysaéz tifreeze. In this case, the
concentration is r b ey freezing
point of Part A taggéagpféé{@a/% IS%%g%p(f}é f#ﬁéfgml ewﬁ%r%%ratllgﬁgﬁg)s al so been
tested with good a7ggulatsr Wit h propyl ene glycol concentrations as high as
40% by wei ght .

Part B (Solid Additive):

90 g Sodium Percarbonate

15 15 g Citric Acid (buffer, to adjust final pH)

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

20  (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

25  proplyene glycol (utilizing sodium percarbonate).

% Decontaminated

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




An alternative to the first exanple of DF-200HF with Proplyene dycol shown
above is to use sodium percarbonate as the source of the bicarbonate and
as a portwon3otssehe peroxide in Part B, 15 instead of usi mgTarsez248yer ogen
peroxi de. This substitution is useful because sodi um percarbonate is much
| ess expensive than urea hydrogen peroxide. This second exanpl e of DF-200HF
with Proplyene dycol is shown bel ow ¢8mounts illustrative): W 03/028429
PCT/ US02/ 29886 -42 DF-200HF Rapi d Depl oynment with Proplyene G ycol, second
exanple (2-part kit) Part A (Liquid Foam Conmponent): 20 g Variquat 80MC
10 g Adogen 477 5,20 Pal Et.hyl ene I 000) . 8 Di ene

G yool Nomodegta e resre by Npds M ol BRe o b e P bEb e

G ycol BiraebabsnldidddR rartfA MRS (Hcieasd the bisedzrn PObIYY, sdepmessant )

approx. 6 g of 10% HCI Solution (sufficient to give a final pHof 2.5 in
Part A) pergarongiaandie npgdito Bonraimately Adel meshesize fgpisg indbid cenfigwelianar bohaee 15

15 g.CGtric Acid (huffer, to adjust final This fornul ation w.l produce
171 {7 or Fst PRSI ssRtpirEirr i B Serena e doten & HEE lrral'? ol Lot e
to be bainR8WhaR Rilled BofurdRercibéhalcllasqRbd. Ml performance. The fol | owi ng
m xi ng procedure can be used: Mx Part Binto Part A Use, preferably,

within 8 hours. Alternatively, sodiumbisulfate 20 (a commmon pool .
fgngld} :JgEl Eg ﬁ#gmr&%r)mhi&{or ot her acid, can be used in place of citric acid

Corrosion inhibitors can be added to DF-200 formulations to reduce their corrosivity. A
10  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-dibenzylamine, can be used. The Corrosion inhibitors

added to DF-200 formulations can serve multiple purposes:

15

-

a corrosion inhibitor,

2 a pH buffer,

3. a solvent to keep 1-dodecanol in solution, and
4

a co-solvent to solubilize insoluble chemical agents, such as sarin or mustard.

20  Anexample of a 3-part kit configuration of DF-200HF with a corrosion inhibitor comprises (amounts

illustrative):



pH. The performance of this second exanple of DF-200HF with Proplyene

A ycol (utilizing sodium percarbonate) agai nst chem cal agent simulants is
shown in wabbm2gu3e Table 13: Reaction rates from ki netic PeETISNZ2488¢ t he
second exanple of DF-200HF with 25 proplyene glycol (utilizing sodium

per carbonate). % Decontam nated Sinmulant 1 M nute 15 M nutes 60 M nutes
Mustard HD 80 ND ND VX 76 96 >99 WD 034028429 PCT/ US02/29886 -43 In
general , sodi um percarbonate di ssol ves much nore slowly than urea hydrogen
peroxide after it it 0 Pag - l.ncrease the

di ssol ution vel ocit Seins : Ped-to approximately a
100 nesh si z;;eartf,@(q_,qu:()bm écmpgné:ngnfl guratl on. The tinme 5 to dissolve the
sodi um per carbonate was decreased from approxi mately 30 mnutes to about 2
m nutes when ni | 128y ¥auatreOer car bonat e was used. DF-200 with Corrosion

I nhi bitor Corrosion jnhi b| ors can be added to DF-200 fornulations to
reduce their corr@sq)\')‘?%gﬁn W 10 preferred corrosion inhibitor for use in

DF- 200 fornul ati ong1ip3gdbafidi met hyl et hanol anmi ne. However, other corrosion
i nhi bitors, such as triethanol am ne, ethanol am ne salts of C9, C10, and C12
diacid m xtures,5 gPalyHtifiereydlycalm ne nitrite, and N, N-di benzyl am ne, can be
used. The Corrosi on inhibitors added to DF-200 formnul ati ons can serve

mul tipl e purposes'0 4B Ndimethyd siaeplamype (CARGATIEKOMON 2 o pH buffer, 3. a

solvent to keep ]qodé)g&gémm B,bép?]o%ggeutl on, and 4. a co-solvent to solubilize

i nsol ubl e chem cal "agents, such as sarin or nustard. 20 An exanple of a
3-part kit confi gappadxi t8g Potadsharm2@@hdixidei(sulticantio pive aifindl pHohi M2 hdartddnpr i ses

(amount s
10 936 g Water
Part B (Solid Oxidant Component):
97 g Urea Hydrogen Peroxide
Part C (Liguid Bleaching Activator):
20 g Propylene Glycol Diacetate
15

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 A+B. Use, preferably, within 8 hours. The performance of DF-200HF with corrosion inhibitor is

20  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

25
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



illustrative): WD 03/028429 PCT/ US02/ 29886 -44 DF-200HF Rapi d Depl oynent
with Corrosion Inhibitor (3-part kit) Part A (Liquid Foam Conponent): 20 ¢
Vari quat 8OM3028400 g Adogen 477 5 4 g 1- Dodecanol 5 g Pol yPCEftusyt/zas86 A ycol )
10 g N, N-di net hyl ethanol am ne (corrosion inhibitor) 50 g Potassium

Bi car bonat e approx. 18 g Potassi um Hydroxi de (sufficient to give a final pH
of 10.2 in Part A) 10 936 g Water Par#5B (Solid Oxi dant Conponent): 97 g
Urea Hydrogen Peroxide Part C (Liquid Bleaching Activator): 20 g Propyl ene

G ycol Diacetate. This formul ation w [O li.t er, of

ol ut1 oS hBosias fdefiredb e? b PR ellionaBi F P 20p augrsionefisel 885 ween
about 9pf hadkb Pedufrefeitioh iR peRSaRid B DFR00H R 8gdindt biobied agdns. FmiRF ocedur e
can be used: Mx Part Binto Part A Then, after dissolution of the urea

hydr ogefgsyismesd eliainetduheRantaltenatige capegsion mhiBitor ' fricihaadlamiadwas usgd hi n 8
hours. The performance of DF-200HF with corrosion inhibitor is 20 shown
bel ow agai nst chem cal agent sinulants is given in Table 14. Table 14:
Reack i oprhad ®sh GRcdebinetic testing for DF-200HF with a corrosion inhibitor.

% Decontam nated Sinmulant 1 Mnute 15 Mnutes 60 M nutes
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:

10 1. Viscosity builder,
2. a humectant (i.e., a substance which moisturizes the skin),
3. a solvent to keep 1-dedecanol in solution, and
4, a co-solvent to solubilize insoluble chemical agents, such as sarin or mustard.

15 An example of a 3-part kit configuration of DF-200HF with glycerol comprises (amounts

ilustrative):

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

Part A (Liguid Foam Component):

20 20 g Variquat 80MC
10 g Adogen 477
4 g 1-Dodecanol
40 g Glycerol (viscosity builder)
40 g Potassium Bicarbonate
25 approx. 17 g Potassium Hydroxide (sufficient to give a final pH of 10.2 in Part A)
906 g Water



Mustard (HD) 7 41 79 VX 58 94 99 25 Tests agai nst the anthrax spore
simulant (Bacillus globigii spores) denonstrated 99.9999% (7-Log) kill
after a 6WOrBLE4R9 exposure to DF- 200HF with a corrosion i moirhiSopeessdhe
addition of the WO 03/028429 PCT/ US02/29886 -45 corrosion inhibitor has a
detrinmental effect on the performance of DF-200 agai nst chem cal agents,
but has no neasured effect on the perfdfnmance of DF-200HF agai nst

bi ol ogi cal agents. Simlar results were obtained when an alternative
corrosion inhibitor, 1 %triethanol am ne, was used. 5 DF-200 wth d ycerol

I n anot her enbodi nent of a DF-200 fornul ation, glycerol may be enpl oyed as
a Vviscosity pahW (sdRf okifarPbaseoreht). Jaguar 8000, poly (ethyl ene oxide), or

pol yet hyl ene glycol. dycerol 1s a coomobn ingredient in cosnetics, where
it is used a vi scdd YpabydrpgharPerexislewel | as a sol vent, hunectant and

enol | i ent. % the se, .of | ycerol in DF-200 fornul ati ons can serve

mul tiple pu buil der, 2. a hunectant (i.e., a
subsgance which rmlgsﬁsrgw@@@)tcbm@&@tam 3. a solvent to keep 1-dedecanol in
solution, and 4. a co-solvent to solubilize insoluble chem cal agents, such
as sarin or rrustard 15 An exarrpl e of a 3-part kit configuration of

DF- 200 th t | ustr at O0HF R d
Dot oy it U B LEPHES ( Beh ok o panereHhet (e el o e e g GHRES . 20
20 g VapifyaivedR %ut 5@ Hd 8BRtiAL pertorBardseDRASERMMg mixing procedure can be

used: Mix Part B into Part A. Then after dissolution of the urea hydrogen peroxide, add Part C to

10 Part+/B. Use, preferably, within 8 hours. The performance of DF-200HF with glycerol against

chemical agent simulants is given in Table 15.

Table 15: Reaction rates in kinetic testing for DF-200HF with glycerol.

15
% Decontaminated
Simulant 1 Minute 15 Minutes | 60 Minutes
Mustard (HD) 63 96 ND
G Agents ND ND ND
VX 76 99 ND
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.
20 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
peroxide. 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 temperature conditions (i.e.,

25  warm temperature conditions).



40 g G ycerol (viscosity builder) 40 g Potassium Bi carbonate 25 approx. 17
g Pot assi um Hydroxi de (sufficient to give a final pHof 10.2 in Part A)

906 g Vatwp 09edady 028429 PCT/ US02/ 29886 -46- Part B ( Sol iPdT@Ms0ziz0886
Component): 97 g Urea Hydrogen Peroxide Part C (Liquid Bleaching
Activator): 5 20 g Propyl ene A ycol D acetate This formulation will produce
1 liter of foamsolution. The pH of thé7final fornulation can be adjusted
to be between about 9.6 and 9.8 for optinmal perfornmance. The foll ow ng

m Xi ng procedure can . ed:, M x Part i Part . A Then

i ssorutt on o ERE e Bersap cuntretied Blard a4 o fe pE BB e e,
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agai nst chem cal agent sinmulants is given in Table 15. Table 15: Reaction
rates i @#ekialeble i gobigformg for DF- 200HF with glycerol. 15 % Decont ami nat ed
Simulant 1 Mnute 15 Mnutes 60 Mnutes Mistard HD 63 96 ND G Agents ND ND
ND VX 76 99 ND Tests against the anthrax spore sinulant (Bacillus

gl obs gi br3pPE@SAcHMBIEIdHad 99. 9999% (7-Log) kill after a 30 minute
exposure to DF-200HF wth glycerol. 20 This formul ati on can be used for

di rect appl i 8ditiCacety blharhingsclivators tee9. tdsetylghglioe eliridgi whichas pfteagiseiinhunect ant .
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The chemical structure of this O-acetyl bleaching activator is shown below. As can be seen, the

molecule contains an O-acety! group that can activate peroxide, and it is a quaternary compound,
10 which is very compatible with DF-200 formulations. Acetylcholine chloride is also soluble in water

and is very hygroscopic.

i T
CH,—C—OCH, CH, —r~l~l+—CH3 Cl ™
CH,

An example of a 2-part kit configuration of DF-200HF using acetylcholine chloride comprises

15 (amounts illustrative):



foam ng constituents (such as 1-dodecanol and Adogen 477), and by reducing
the concentration of peroxide. However, a drawback to the use of glycerol
is that iwoiog/ossake¢d at a fairly high tenperature (bel ow ZcO0tSOLBE6
Therefore, it would preferably be used in controlled tenperature conditions
(i.e., 25 warmtenperature conditions). WO 03/028429 PCT/ US02/ 29886 -47
Propyl ene gl ycol diacetate, a bl eachingdactivator used in many of the

activators (@ (LiggetodmTdalvbh@nchl oride, which is often used in eyedrop
sol utions) can be used in DF-200 fornulations in place of (liquid)

propyl ene gl ycol Wigd¢eigaat80MCThe chemi cal structure of this 0-acetyl

bl eachi ng acti vat Orgr&fogglg bel ow. As can be seen, the nolecule contains

an O acetyl groupmt activate peroxide, and it is a quaternary

conpgund, 10 whi %d%lW@iMleﬁ@@R@&li ®ivestdol h DF-200 formul ations.
Acetyl choline chloride is also 'soluble in water and is very hygroscopic. O
CH3 CH3 - - O HB3 ¢biethylsie Glghly MoGhsityARthexanpl e of a 2-part kit
configuration of DF-200HF using acetyl choline chloride conprises 15
(amounts il lustraty $eyutan@p 03/ 028429 PCT/ US02/ 29886 - 48 DF- 200HF Rapi d
Depl oynment usi ng 1 ine Chloride (2-part kit) Part A (Liquid Foam
Conponent): 20 g %?:Déh%taﬂ IONE:

150 g Propylene Glycol

10 50 g Potassium Bicarbonate
approx. 17 g Potassium Hydroxide (sufficient to give a final pH of 10.2 in Part A)
803 g Water
Part B (Solid Additive):

97 g Urea Hydrogen Peroxide
15 25 g Acetycholine Chloride (solid bleaching activator)

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

20  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.

25
% Decontaminated
Simulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 60 98 ND

VX 10 85 >99




10 g Adogen 477 5 30 g Poly (Ethylene dycol) (MN8000) 8 g D ethylene

A ycol Monobutyl Ether 5 g Isobutanol 4 g 1-Dodecanol 150 g Propyl ene

d ycol 10wb®3@242et assi um Bi carbonate approx. 17 g Pot assi BeTHisd2/ze88¢1e
(sufficient to give a final pHof 10.2 in Part A) 803 g Water Part B
(Solid Additive): 97 g Urea Hydrogen Peroxide 15 25 g Acetycholine Chloride
(solid bleaching activator) This form#&tion wll produce approximtely 1
liter of foam sol ution The pH of the final forrmulation can be adjusted to
be between about 9.6 and 9.8 for op erfor manc To use this |
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per f or MG @ ordFa 30 té@apag,r%@w%bwgaﬁaéaaglcﬂaln%hngﬁdeagal nst cheni cal

agent sinu S 1s shown 1nh Table 16. Table 1 Reaction rates fromkinetic
testing for the DF-200HF using acetyl choline chI or| de as an actl vator. 25
% Decont am nated Sinmulant 1 Mnute 15 M nute tes Mistard (HD) 60
98 ND VX 1d“8®thes§-aaesyrsashindadvasesy iBeo9e58 gorl '2?9“0?8%"@ %giaﬁgtp t he
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these compounds have also proven to be extremely effective bleaching activators. These

compounds are water-soluble liquids.

Experiments have also shown that the peroxide in DF-200 formulations is also effectively
10  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.

DF-200 using Peracetic Acid

15 Tests were conducted using peracetic acid as the oxidant in DF-200, instead of hydrogen

peroxide. The following formulation was used:

2% Variquat 80MC (cationic surfactant)
2% peracetic acid (oxidant)
20 5% potassium bicarbonate (buffer and activator)

91% water

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 formulation is shown in Table 17 against

25  chemical agent simulants.



(7-Log) kill after a 30 m nute exposure to DF-200HF using acetyl choline
chloride. Two other O acetyl bleaching activators, nonoacetin (glycerol
nonoacet awe)o3ard2di acetin 5 (glycerol diacetate), have alPsw/userrssest ed
for their effectiveness in DF-200 fornul ations. Both of these conpounds
have al so proven to be extrenely effective bleaching activators. These
conpounds are water-soluble |iquids. ERperinents have al so shown that the
peroxide in DF-200 fornulations is also effectively 10 activated by a

eroxide in DF:: :
vt er - Sol ublTae by oA RE R R sAingo SRR ErAGheead [

neutralization of both chem cal agent and biol ogical agent sinulants.

DF- 200 using Peracetic Acid 15 Tests were conducted using peracetic acid as
t he oxidant in DF-2Q0, Tnstead of hydrdgen per oxiD@eontdhigatédl | owm ng
formul ati on was usedl: 2% Vaimgarat 80MC|( camirafd C |Sus atteant) 60 Rfl%umercceti c
acid (oxidant) 20 5% pot amgstamayim)car bonat e ghuffer angh actijvatosd 91 %
wat er The pH was adjjusted tov&.8 wth soli ds&OH and tTe fonnul agd on Vjas
tested against the sinmulants for nustard, VX, and anthrax spores. The
performance of this fornulation is showm in Table 17 against 25 chem cal

| 3/ 028429 PCT/ US 2 50 T t
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Tests were also conducted for DF-200 using a higher concentration of peracetic acid (3.5%)

in the following formulation:

10
2% Variquat 80MC (cationic surfactant)
3.5% peracetic acid (oxidant)
5% potassium bicarbonate (buffer and activator)
89.5% water
15
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 formulation is shown in Table 18 against
chemical agent simulants.
20 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
25 The results show that use of peracetic acid as an alternative oxidant is effective against

chemical agent simulants, but is not as effective as DF-200 formulations using activated hydrogen



5 Tests against the anthrax spore sinulant (Bacillus globigii spores)
denonstrated 99.9999% (7-Log) kill after a 30 m nute exposure to DF-200

wi th 2% pwoasmeed4ed aci d. Tests were al so conducted for DF- POO/use?/zags@ hi gher
concentration of peracetic acid (3.5% in the following fornulation: 10 2%
Variquat 80MC (cationic surfactant) 3.5% peracetic acid (oxidant) 5%

pot assi um bi carbonate (buffer and acti-f&tor) 89.5% water 15 The pH was
adjusted to 9.8 with solid KOH and the formul ati on was tested agai nst the
sinmulants for. stard, VX .. and ant hrax spgres. The perfornmance S
For mut ar TN - i stea B e R g R 0 PR LR il o5,
Tabl e 18e ofReAEt HOReVeRHIRSDE-DodioRtlidtiend R 318% fperacddc-adld @raMehherBecth&ddper acet i €
acid. % Decontam nated Sinmulant 1 Mnute 15 Mnutes 60 Mnutes Mistard
(HD) 40sm@ KNID NeXerinélegs udgof tRiS oitiant is@sidstadirastine\@sthiidroganseraxfde pesagieset i ¢ aci d

as an alterpative oxidant is effective against. chem cal t .sinmulants,
ot 15 FoteeHas ot ety Bieblabs Pt ran e B Bgnd e e RerPbgon o
03/ 028429, Ec;jﬁr,t,éggpg{z%se -51 peroxide (i.e., the conbination of hydrogen
per oxi de, bi carbonate, and propyl ene glycol diacetate) as the oxidant.
However, the DF-200 fornulations with 2-3.5% peracetic acid are very
effective for spore kill. Nevertheless, use of this oxid Pt IS ng.t as
attractive J@Stﬁ%'iec?&é’r?ob‘@ﬁ?fit?j%et?f@@_ﬁl??é“'”ﬁ%‘ﬁ@@ftltf?”ﬁd?%'rﬁg °_ﬁ§ﬁ°repif" Bént |y
?Y:L: gb bE.2bdofniAbR whih NSS! SithcefOldidhs R daN fhdaGestii€hbicaté ingt dly thide
constituents, i.e., peracetic acid, bicarbonate and the cationic surfactant, are necessary to achieve

10 high rates of spore Kill.

Live Agent Tests Using DF-200HF

Live agent tests on three chemical agents (soman ("GD"), VX, and mustard ("HD")) and two
biological agents (anthrax spores and Yersinia pestis) were conducted. The results of kinetic testing

15  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
1 minute 15 minutes 60 minutes
Chemical Agent
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

20
After exposure of GD to DF-200HF, methylphosphonic 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

25  EA2192 (a toxic byproduct which can also be produced during VX degradation). Lastly, after

exposure of HD to DF-200HF, the initial degradation products for HD comprised a mixture of the



5 formis rather short. Tests were al so conducted to determ ne the m ni num
constituents required for spore kill in a DF-200 fornulation which
utilizes worlaoetdee acid as an oxidant. These results indi eerasohizassonl y
three constituents, i.e., peracetic acid, bicarbonate and the cationic
surfactant, are necessary to achieve 10 high rates of spore kill. Live
Agent Tests Using DF-200HF Live agent t@sts on three chem cal agents (sonan
("&'), VX and nustard ("HD)) and two biol ogi cal agents (anthrax spores
and Yer uct g ihetic t 15 of
o 2001 Bt RG4S A 0BoRu Mg e U Ra s Booplifiez o 6T B " Shown
i n Tabl gypl&yuct§aférdokAnutéeact i on rat es in kinetic testing for DF 200HF

agai nst chem cal agents. % Destruction of Chemical Agent at Time Interval
1 mnute 15 mnutes 60 mnutes Chem cal Agent GD 99.98 0.01 99.97 0.01
99.98 0.01 56 .99 800. 08 99, 880. 3 ,10.5 98 46 1.43
99.84 0.32 Rgf%ﬁ"s/ﬁjffeég R B AN SPOED S PBOYED gﬁ‘&iﬁ:HB ?Pgﬂlﬂi ﬁ%%’bsﬁX HFiaci d
(MPA3  apekipiiRaeR! ydguaBhdHUR AERAGRH B TaRE 28l (NEMRA toned @rowme; Ntrid de@tics
byproducts. After exposure of VX to DF-200HF, ethyl nethyl phosphonic acid
(EMPA)  &mitifoMPasanieste weaelf®tGHRU/md Note tbqtmedelmrtosrs i Hies%iRedidian’'edlumh tgkes e
destruction of the VX followed the nore desirable path to the phosphonic
aci ds, PEOHE ?F“P'E)““?'B EA2192 (a toxic byproduct which can also be
produced during VX degradation). Lastly, after exposure of HD to DF-200HF,
the initial degradation products for HD conprised a m xture of the WO

03/ 028429 POEbIEQ02KAIBBSfor Boehiisadis ANESIRIIRREbrevih eniatidng DEROHE, f ol | owed

| at % by nearly conpl ete di sappearance of each of these

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

Table 21: Kill rates for B. anthracis ANR-1 spores in a solution of DF-200HF.

15
B. anthracis ANR-1 Average CFU/mI 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

20

Table 22: Kill rates for Y. pestis cells in a solution of DF-200HF.

Y. pestis (ATCC 11953) Average CFU/mI 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




byproducts after 60 mnutes. Results of tests against anthrax spores is
shown in Tables 20 and 21 and against Yersinia 5 pestis (i.e., the plague
bact eri umvoas®2sbown in Table 22 (NG refers to 'no growt h'PLT/UBhz29868¢ ect i on
limt for these tests were 10 CFU/ m . Note that the "error bars' in the '%
Reduction' colum takes into account this detection |limt. Table 20: Kill
rates for B. anthracis AMES-RIID spore®3in a solution of DF-200HF. 10 B.
anthracis AMES-RI D Average CFU/ m Log Reduction % Reduction Control

1. 21E+07 O 00 15 mn nt act 7 100.00004 . 30 m.n n t ‘
T00. 00004 6§eRe B Bef TRES0raNG G 680R" Prappes vhe Seled BF A Pifpng
ant hr acing té¥NRo LeFPPLESF-LAHE 120 AR Riled thBEpfE) Hiher dan Bist dRbiliargs ANR- 1
Average CFU m Log Reduction % Reduction Control 6.42E+07 0 0/00 15 min
cont act gN@th7 NeCDowdD004ny & herriehii dishes wes oNaved afEothe@08ly pe®dni n cont act NG 7
100. 00004 Table 22: Kill rates for Y. pestis cells in a solution of
DF- 200HF. Y. pestis (ATCC 11953) Average CFU ml Log Reduction %Reducti on
Contg ol TdyiSREdR I Ondhit TekR VB kostoftet NG 7 100. 00004 30 min contact NG 7
100. 00004~ 60 m n contact NG 7 100.00004 20

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
10 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.

15
TIC % Decontaminated
1 minute 15 minutes 60 minutes

Malathion (liquid) 89 95 Below Detection
Hydrogen Cyanide (gas) >99 >99 >99
Sodium Cyanide (solid) 93 98 >99
Butyl Isocyanate (liquid) 99 Below Detection Below Detection
Carbon Disulfide (liquid) >99 >99 Below Detection

Phosgene (gas) 98 >99 >99

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

20 preceding examples.

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



WD 03/ 028429 PCT/ US02/ 29886 -53 The petri dishes used for cell growth on
each of these tests were saved for 21 days followng the tests to verify

t hat DF- 290HB/otsaeld actual |y killed the spores, rather thanPCWAiS02/2d88biti ng
their growth. No growmh on any of the petri dishes was observed after the
21-day period. 5 Toxic Industrial Chem cals Tests Using DF-200HF Sever al
toxic industrial chemicals (TlICs) have5& so been tested agai nst DF-200HF. A
sumary of the TICs tested to date and the results of those tests is shown

in Table 23. Note that the r s for Iat u C sodi um
cyani deS°Var earpgife F'@'msfai"(iﬁéc c?’ ic tt?l“ﬁ? e'gﬁny?eyef?/'rr?gd ?CE)PM?%%aﬁnr eact ed
chem Ca.leféréhcwaaablégdou& lp%ntsMHdlp@bikaﬁong gieddl atb§veféPé h&BS BRRARNEBbBlerinbed 10
by analyzing for the chemcal in the headspace above a foam sol ution. These
results denonstrate very effective neutralization of these toxic
industrial chemicals. Table 23: Summary of Toxic Industrial Chenmical (TIC
Neutralization Tests wth DF-200HF. 15 Decontaminated TIC 1 mnute 15

m nutes 60 mnutes Malathion (liquid) 89 95 Bel ow Detection Hydrogen
Cyani de (gas) >99 >99 >99 Sodi um Cyani de (solid) 93 98 >99 Butyl

| socyanate (liquid) 99 Bel ow Detection Bel ow Detection Carbon Disulfide
(liquid) >99 >99 Bel ow Detection Phosgene (gas) 98 >99 >99 The precedi ng
exanpl es can be repeated with simlar success by substituting the
generically or specifically described reactants and/ or operating
conditions of this invention for those used in the 20 precedi ng exanpl es.
Al t hough the invention has been described in detail with particular
reference to these



preferred enbodi nents, other enbodi nents can achi eve the sane results.
Variations and nodifications of the present invention will be obvious to

t hose skiwbedoz8329 he art and it is intended to WO 03/ 0284P8TRGSVIZ/2988¢/ 29886
-54 cover in the appended clains all such nodifications and equival ents.
The entire disclosures of all references, applications, patents, and
publications cited above are hereby ri%orporated by reference. WD 03/ 028429
PCT/ US02/ 29886 -55 CLAIMS What is clained is: 5 1. A fornulation for use
in neutralization of at |east one Eﬁﬁﬁ@t’ said fornmulation conprising: at

| east two sol ubilizing conpounds, in at |east one solubilizing
conpound is a cationic surfactant and at |east one solubilizing conmpound is
a cationic hydrotrope; at |east one reactive conpound, wherein said at

| east V¥meiscclaénerd iste conmpound 10 is selected fromthe group consisting of
hydr ogen peroxi de, urea hydrogen peroxi de, hydroperoxycarbonate, peracetic
aci d, sodi um perborate, sodi um peroxypyrophosphate, sodium peroxysilicate,

ang sodi um per CALhRDBIR foraRd indleulrfiRstion ONA Id2kEME Rixagk, &id fowali@onsel ected from
the group consisting of O0- acetyl, Nacetyl, and nitrile group bl eaching

act i vgomopisingl5 wherein said at | east two sol ubilizing conmpounds, said at
| east one reactive ¢c ound, and said at |east qne bl eachjng activator,
when nixed with wat e?t?%HtW@)?B'B@Ezﬂ]gtc(?mto?@dﬁ'tv"%efe@aagﬂéafﬁ Oé‘ets8§€g' 1% neutral i zes
the atol6aRk iCNEatibAX &Mactark-and BBedLbRBLALIIBRy &FRIH 98 chiRnfd rRhlirdpenher ei n
said cationic surfactant conprises a 20 quaternary ammoniumsalt. 3. The
formul ati on accor di ng 4=t @leaearti® edngoaid) wherkid sgjd at leashang/reactive ndropaugdl t i s
10  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;
15 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

20  quaternary ammonium salt.

3. The formulation according to claim 2 wherein said quaternary ammonium salf is
selected from the group consisting of cetyltrimethyl ammonium bromide, benzalkonium chioride,
benzethonium chloride, cetylpyridinium chloride, alkyldimethylbenzylammonium salt, tetrabutyl

25  ammonium bromide, and WITCO VARIQUAT 80MC™, and combinations thereof.

4, The formulation according to claim 1 further comprising a water-soluble polymer.



selected fromthe group consisting of cetyltrimethyl amroni um brom de,
benzal koni um chl ori de, benzethonium chl oride, cetyl pyridiniumchloride,

al kyl di mewbyBioesa2zy| ammoni um salt, tetrabutyl 25 amoni umpPorarsozzyssand

W TCO VARI QUAT 80MCTM and conbi nations thereof. 4. The fornul ation
according to claim21 further conprising a water-soluble polyner. WO

03/ 028429 PCT/ US02/29886 -56 5. The-¥ormul ati on according to claim4
wherein the water-soluble polymer is selected fron1the group consi sting of

| i | | h . . di | h
D i i Bl oot e o T R OBy AR s SR el ™Y
pol yetyay tﬁé‘@ro% &’&Qﬂstlr%Q)@Qolyv{nP FoR00ar g&ﬂQca’crﬁ@J&%oﬁQ&ﬁ%%lg@@rdn@tml

2- hydr oxypropyl ether), and conblnatlons t her eof he formul ati on
accor égimnpntupm alcaidlenpblyéanriarhice, polvmihw@emglda) lacere), palyetbilete @ynepddo8i ng from 8

Fur ¢ e A e o BT L ey epM PP P TSP TS i m 7

whegrein the solvent conprises a nmenber of the group consisting of

D (propyl ene glycol) nethyl ether and diethyl ene glycol nonobutyl ether and
a conbi na6.i on Theiomofatiod dccdrdingheclbior huttiar compriaing erfatiyratpohd cohprisimgl f urt her
conpri si a carbonate salt. 10. The fornulation according to claim9
mhereﬁW“F%@28&?@8%§P@S§%T?m?§bselected fromthe group consisting of

pot assi um bi car bonate, sodi um bi carbonate, ammoni um bi carbonate, ammoni um
hydr ogen bi carbonate, |ithium bicarbonate, ammoni um carbonate, and

pot assi um zar bomad fermutatidn 2éxocingtie daiti Dioghdrbengisfng akadlventhe f or nul ati on
according to claim1l wherein said at | east one bl eaching activator is
wdPer - sol ubl e. WD 03/ 028429 PCT/ US02/ 29886

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.
15 9. The formulation according to claim 1 further comprising 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 carbonate, and

20 combinations thereof.

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

water-soluble.



-57 12. The fornul ation according to claim 11l wherein said at |east one

wat er - sol ubl e bl eaching activator is selected fromthe group consisting of
acet yl chowprea/ozdabor i de, nonoacetin (gl ycerol nobnoacet at ePCTAiSa229886
(glycerol diacetate), 4-cyanobenzoic acid, ethylene glycol diacetate,
propyl ene glycol nononethyl ether acetate, nethyl acetate, dinethyl
glutarate, diethylene glycol 5 nonoefhyl ether acetate, glycerol diacetate
(Di acetin), glycerol nonoacetate, glycerol triacetate, and propyl ene

gl ycol digceta and_conbi natiaons. I lat,hen accordi ng
to claim ﬁgwher Fﬁor@@?tﬁ’ &t Colrée%%&g C%Hﬁet‘]ﬁ{vﬁeg%ﬂF%d;)ata{%{;?%%%dyisgwg

vat erpdRaRk alvator &Qeldded fldhetht QFdib baisistiny sieeayictiong dnricd, aiamdddtimher ei n sai d
at | east one water-insoluble peroxide activator is selected fromthe group
consi (Slcarg ndnoacstateladiaceln (obeerg| digsetatedrfrfanqbempem)acid, ethylene glycol diacetate,

n- nonanoyl oxybenzenesul f pnat e, ( NOB t and

conbi M3k |%‘ﬁ@nfﬁé'?oé’BW?tHYﬂg%fﬁce‘P&eemfeo Ry agel’ %%g@c%drtaé%’gﬁ %o cezir}’ﬁmn? """ wher ei n
the fﬂsmé{rgFét%,ac%@,%lﬂB%ﬁdiad&a& DIRESRH), glychidbménopddtata | giyeerokitiaveete, ahout 9. 6
and about 9.8. W) 03/028429 PCT/ US02/ 29886 -58 16. A formulation for use

i N neprbpydEnehtolaiecetbteandicembinationethesent , said fornul ati on conprising: at

| east one cationic surfactant; at |east one reactive conpound, wherein said
at | east one reactive conmpound 5 is selected fromthe group consisting of

hydr ogen pgr oXi{ forkli@fonbEEirAHER Rfth @X%heRin sali)slcaN SO K¥EGRING Bk isper acet i C
acid, sodium perborate, sodium peroxypyrophosphate, sodium peroxysilicate,

and swsterinsqiecar bonat e; at | east one bl eaching activator selected fromthe
group consisting of 0- acetyl, Nacetyl, and nitrile group bl eaching
attivators; and

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-nonanoyloxybenzenesuifonate (NOBS), and N-acetyl glucosamine, and combinations thereof.

15 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.



10 at | east one carbonate salt not one of the at | east one reactive
conpounds; wherein said at | east one surfactant, said at |east one

reacti ve worppoesIdd said at | east one bl eachi ng acti vat or PCAA$0%248686 at

| east one carbonate salt, when m xed with water and exposed to the at

| east one toxant, neutralizes the at |east one toxant. 15 17. The

formul ation according to claim 16 whé8ein the formul ati on, when m xed with
wat er, has a pH val ue between about 9.6 and about 9.8. 18. The fornul ation
according to claim16. wherein sai ationic surfactan jses a

quat er nar y%sarrrm hﬁ'ﬂ@%@f’ oruon1s r#ﬁag'o? 8'% ‘elaséttop%tr?x%né'csgﬁdcfl&r@\g%'%écI aim 18

wher ecénsiing. quat ernary ammoni um salt conprises benzal koni um chlori de. 20.
The formul ati on according to claim 16 wherein said at | east one carbonate
salt is 25 sel ect edatfigastone hetiogicsufirctantisi st i ng pot assi um bi car bonat e,

sodi um bi car bonate, gmoni um _bi carbonate, ammoni ym hydrogen bi carbpnat e,

l'i t hi um bi car bonat e, aa[é‘?’?ﬁjoorﬁ‘?ﬂ‘?ﬂcgvﬁrcﬂ@ﬁglfng; WiGten S%%?tiesa?{] rg%ﬁf)eoﬁoﬂpé’?ndgnd
cogbi palj.eRs rbehe@bup RiNR 028AR3eEerb D dled AitR&yen padxidd. The formul ation
according to claim 16? consi sting substantially of said at | east one

cat i ohjaommmferbanate, pssadetic @td, bedist perheatecsedivmerappypwhosphaieasadiuat | east one
bl eachi ng activator, and said at |east one carbonate salt. 5 22. The

fornuP%rPWéﬂca&%(?@F’&P‘}w“PﬁcﬁfP%Wf 16 wherein said at |east one bl eaching
activator is water -a@éaetbdn@-bleaémngTe{}ﬁvaft&rsQM&@a fr&?th@%%?fébﬁk&tiﬁ&g@-m m 22

wherein said at | east one water-soluble bleaching activator is selected

f r om bbayl gu-acyl camasitdé yrogp néacaimgbytivetocst ame chl ori de, nonoacetin 10

(gl ycerol nonoacetate), diacetin (glycerol diacetate), 4-cyanobenzoic acid,
t

efifiyl ene gl ycol di ac@iereane cpbeps edohipchine FbRETREHFPCE RETPUELY at e,
methyl acetate, di rre\tlvlbéféin %lé’gﬁéa%{ &e s(al'fgét:;}xlsgi'a%t Iggs)f 894 reactive compound,

said at least one bleaching activator, 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.

15 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.

20

19. The formulation according to claim 18 wherein said quaternary ammonium salt

comprises benzalkonium chloride.

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

potassium carbonate, and combinations thereof.



nonoet hyl ether acetate, glycerol diacetate (Diacetin), glycerol

nonoacet ate, glycerol triacetate, and propylene glycol diacetate, and
conbi nat iwe3besdeeof . 15 24. The fornul ati on accordi ng toP€Elraisn/298p@ackaged
in a kit configuration. 25. The fornul ati on according to claim24 wherein
said kit configuration conprises: a prem xed conponent conprising said at
| east two solubilizing agents; a fi®8t conponent conprising said at |east
one bl eaching activator; and 20 a second conponent conpri si ng said at | east

one reactiye Cgﬁ?gw@ugtl%aagcéorgﬁge/tofc%ﬁrgl’f% a(gl’{S% S%%S%arglap égdg l . further

conpri si n&1wat @ion-ae aim 25

wher ebﬁloﬁ@bﬂ—f&fa‘ﬁ%é‘@g’c lé‘é%ﬂ&%’?@é&w@é%pbhm@éldi Mt Iea%5orfé®l§éblhlﬁg3§ctlaatw@h|&f sol ubl e
pol ymer. 28. The fornulation according to claim25 wherein said at | east
one bbadeteasyormcdarboattesali. s sel ected fromthe group consisting of propyl ene
gl ycol diacetate, glycerol diacetate, and TAED, and conbinations thereof.
WO 03/ 028429 PCT/ US02/ 29886 -60 29. The fornul ati on according to claim 25
wher ei n - saixd prﬁmfmuaﬁ&me&@ng 1Pkt t1b Rk InYsaid GPRRS bfEBledhing abivait BOOI
conprising from8 to 20 carbon atons per nolecule. 5 30. The fornul ation
accor detegsdiblel ai m 25 wherein said at | east one reactive conpound

conpri ses urea hydrogen peroxi de and wherein said second conponent
conprising said at |east one reactive conpound additionally conprises

sodi um pergar bopatg., %on %&dlﬁgﬁmnﬁbb%e@%@m% R8st bRe whidi-spIAR Wher ei n sai d
prem xed conponent Cl{' I'ti1onal conprises a short-chained al cohol. 32.
The f Bl’ea&hin@tacwmc&mredlengomcrheojrmprmaslstmefaetylcstamejcﬂ{cprtdecmmoag&jmat i on
conprises: a first prem xed corrponent conprising sai

(f!, at | ea %J t
589 ublahjcgiohgorrgesiete). daprinitcero! digsrtpia)s* 8y 20RREIARC e Al XEge %%?f) ﬁ‘ée;{LF?e'
conpr | %Ip{/]gwe gehllc%l r%gn m%ﬁh?t etf?epgcé?étg,%émwgcetate, dimethyl glutarate, diethylene glycol

monoethy! ether acetate, glycerol diacetate (Diacetin), glycerol monoacetate, glycerol triacetate, and

propylene glycol diacetate, and combinations thereof.
15 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

20 a second component comprising said at least one reactive compound.
26. The formulation according to claim 25 further comprising water and a base.
27. The formulation according to claim 25 wherein said premixed component additionally

25  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,



activator and said at | east one reactive conpound, wherein said at |east
one bl eaching activator is in solid form 33. The fornulation according to
cl ai m 32 wbhes@rsd2sai d first prem xed conponent 20 additi @calusy2/2986@ri ses
an acid. 34. The formul ation according to claim32 wherein said at | east
one bl eaching activator conprises acetycholine chloride. 25 35. The
formul ati on according to claim32 whei®in said at | east one reactive
conmpound conprises urea hydrogen peroxi de and wherein said at | east one

bl eachi ng activator conprises TAED. WD 03/028429 PCT/ US02/ 29886 -61 36.
The formnul ation according to claim32 wherein said at | east one bl eaching
activator 26 enkaPmIAbE BocbRIingiEVIgRt 2507 1RFSH sHicoremRed dofbonert Bddiwndiyat | east
one reactive conpound. 37. The fornulation according to claim24 wherein
sai d kpPmpiisep f ifajirraéeohe sorryispps frams: to 80 earperegtpmreper cigswient conpri sing said at
| east two solubilizing agents and said at |east one bl eaching activator;
and a conponent conprising said at | east one reactive conpound. 38. The
fogmul at i ogy. accoRdlioRsuidton GéBidNg3d ciiersaiHreiRél R8I one e MEBARBLNnd
additionally 10 conprises water and an acid. 39. The formul ati on accordi ng
t o cl aPmpBEEs wearngimgeraietbxsleo apdbwkerein saidpedosd pgmppaet camprisingsgid ableastoaact i ve
conmpound _conprises sodi ym percarbgnate and gdditionally conprises an acid.
15 40.°3FH¢ %B}pﬁﬁqd}ng'ﬂ”ag@é p&'?‘?‘?gsogwmcqefﬁa ° %ewher ein said at |east one
reacti ve conpound conpri ses urea hydrogen peroxi de and wherein said
conponent conprising said at | east one reactive conpound additionally
conpri ses . m xToe ernaflatipn bassingrio claim2dveteesirasail pemniassiompondit edditmoalyt e. WO

03/.028429 PCT/ USQ2/ 29886
1 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
15 \ a second premixed component comprising said at least one bleaching
activator and said at least one reactive compound, wherein said at least one bleaching activator is in

solid form.

33. The formulation according to claim 32 wherein said first premixed component

20  additionally comprises an acid.

34. The formulation according to claim 32 wherein said at ieast one bleaching activator

comprises acetycholine chloride.

25 35, The formulation according to claim 32 wherein said at least one reactive compound
comprises urea hydrogen peroxide and wherein said at least one bleaching activator comprises

TAED.



-62 41. A fornulation for use in neutralization of at |east one toxant,
said fornulation conprising: at |east one cationic surfactant; at | east
one reactwoaspzsspound, wherein said at | east one reacti vePCORSOUZI$86 5 i S
selected fromthe group consisting of hydrogen peroxi de, urea hydrogen
per oxi de, hydroperoxycarbonate, peracetic acid, sodium perborate, sodium
per oxypyr ophosphat e, sodi um peroxys#licate, and sodi um percarbonate; and
at | east one water-sol ubl e bl eaching activator selected fromthe group

cons’ ST NGLOT Gl lation ScBGEhY bl % Q‘nérrefns o 1 ol S okl Kat or s;

10 wher ei ac one eactl ve

CONMPO&HE psuia®difto HRivEntRrenhBRS Foabiioh wwatsaa aﬁl@ééﬂbrh@reﬁﬂtle@é‘dmmgncaﬁ i vator, when
m xed w ?h wat er and exposed to the at |east one toxant, neutralizes the

at | east one toxant. 42. The fornul ation according to claim41l wherein said

at | east aqnpe er-sol ubl e 5 bl eachi ng_acti v fromthe
group cons¥'st %eé?r”’gl?ﬁ?%%ﬂ%m’ E’ C'H ?6?"’98@” Sn%%tgg%ng l?rat%o(?"(c %%%%S

nogloacet ate), diacetj &emba/@c%daherdb@ﬁ&ts%%d aﬂieé‘éf&%@@@ﬂiﬁﬂh@ag@ﬁﬂs@nd et hyl ene
gl ycol diacetate, propylene glycol nononethyl ether acetate, nethyl

acet asad adeasbore/leaghing actisitter; ami et hyl ene gl ycol nobnoet hyI et her acetate,

gl ycerol diacetate (D acetin), cer nonoacet rol triacetate,
and propyl ene gl yco"l‘C‘H“pge"é‘ct&?’%‘%'séﬂaa'ga%?%ﬁrﬁ "5AT V?%ogﬂ)@ﬁ g 20 43. The

formul ati on according to claim4l wherein said cationic sur f act ant
conprises a quaternary ammonium salt. 44. The fornul ation according to

cl ai m 43 wiser ei Thesfaidiiatjoraceomiag jo @ainman whateisald préxecionppersptaddiinaal koni um
chloride. 45. The fornul ation according to claim41l further conprising at
| @st conRIsenyaBhR‘eNSalt . WO 03/ 028429 PCT/ US02/ 29886

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.

15 40. The formulation according to claim 37 wherein said at least one reactive compound
comprises urea hydrogen peroxide and wherein said component comprising said at ieast one
reactive compound additionally comprises a mixture of potassium carbonate and potassium

bicarbonate.



-63 46. The fornul ation according to claim45 wherein said at | east one
carbonate salt is selected fromthe group consisting potassium

bi car bonawe,03s28d2um bi car bonat e, amoni um bi carbonat e, amgBAISORISYEr ogen
bi carbonate, |ithium bicarbonate, ammoni um carbonate, and potassium
carbonate, and conbinations thereof. 5 47. The fornul ation according to
claima4l wherein the forrul ation, whed®-m xed with water, has a pH val ue
bet ween about 9.6 and about 9.8. 48. The formnul ation according to claim4l

i sti b i all f id | 0 i.oni f , id
a Teast oAb reBanTbRYThRsa T e PR esdp-RR e OBy Dol e

bl eachbmgrigift | vator. 49. The formulation according to claim1l consisting
substantiall'y of: 1-10% benzal koni um chl oride; 15 1-8% propyl ene gl ycol
di acetate; 1-16% hydrlezptpnepationd sdfactanid  2- 8% pot assi um bi car bonate. WO
03/ 028429 PCT/ US02/ 29886, -64 50. A foqrggukati on, f?r use in neutrali 5ati on
of at least one toxaft %8 FYYNIATHRHSh WhEEIHSAIISH R 0% CPENE FOBRRAN
Solsubiid icfdcRfd RTIRE YRate céﬁlsﬁfrrgto@ﬁlydwg@mp&rbﬁdgru%émy&r@?&i stdxg, of a cationic
hydrotrope and a fatty al cohol conprising from8 to 20 carbon atons per
nmol ec ulydrppdroxytarbecedd, peraectic @aid tsodiemeerippaten dodiwnn perexypyrsidiosphate, bestiigt one
reactive conpound is selected fromthe group consisti'ng of hydrogen

per oxiPGEXYgiicats FFReABPeraPeRaa™ hydr oper oxycar bonat e, peracetic acid,

sodium per bor ate, sog] gD BRrRRIRK,BBRASAIY RivAqdbbiRa REF REYRI cate, and

sodi um per car bonat e;
consisting of O-acetyl, N-acetyl, and nitrile group bleaching activators;

10 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
15  bleaching activator is selected from the group consisting of acetylcholine chloride, monoacetin
(glycerol monoacetate), diacetin (glycero! diacetate), 4-cyanobenzoic acid, ethylene glycol diacetate,
propylene glycol monomethyl ether acetate, methyl acetate, dimethyl glutarate, diethyléne glycol
monoethyl ether acetate, glycerol diacetate (Diacetin), glycerol monoacetate, glycerol triacetate, and
propylene glycol diacetate, and combinations thereof. '
20
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

25  comprises benzalkonium chloride.

45, The formulation according to claim 41 further comprising at least one carbonate salt.



at | east one bl eaching activator selected fromthe group consisting of O-
10 acetyl, N-acetyl, and nitrile group bl eaching activators; wherein said
at | east wo@3®zH4eDi | i zi ng conpound, said at | east one rea®CilsS02/z988pound,
and said at | east one bl eaching activator, when mxed with water and

exposed to the at |east one toxant, neutralizes the at |east one toxant.

-63-
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 carbonate, 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
10 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;
15 1-8% propylene glycol diacetate;
1-16% hydrogen peroxide; and

2-8% potassium bicarbonate.
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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
i§ 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 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.



