;wxyz{| e3eccz68T 6,91 7 F E 8 200;i .1. ENHANCED FORMULATI ONS FOR
NEUTRALI ZATI ON OF CHEM CAL, BI OLOG CAL AND | NDUSTRI AL. TOXANTS
CROSSREFERENCE TO RELATED APPLI CATIONS This application is a 47 FF8 2008
continuation-in-part application of U S. Patent Application Seri al

091807, 586, entitled "Fornul ations for Neutralization of Chem cal and

bi ol ogi cal Toxants", filed on June 29, 2000) now U.S. Patent No. 6, 56B, 574,
whi ch was a continuation-in-part application of U S. Patent Application
Serial No. osrlDe, 235, entitled "Aquecus Foans for Mtigaticn one 1D
Decont am nati on of Chem cal and Biol ogkcal Wapons Agents", filed on June
3D, 1998, now abandoned, one which clainmed the Benefit of the filing of

U. S. Provisional Patent Application Serial No. 60/146,432, filed on July
29, 1999, and the specifications thereof are incorporated herein by

reference. 15 This amﬂnm&theoadmmmmmmrmuaﬂm#n part application
of u.S. Patent Application Seri 940, now Patent Publication

No. 2003!a60517, enti (GHEM %WBE‘H‘E‘F@& A ﬁ&FﬁTﬁ’é‘tTwTénd Met hods f or
Neutrali zing Chem cal and Biol ogi cal Toxants", flied on Septenber 14, 2001,
whi ch was a continuation- | n-part_ap Dl i catl on of U S Patent Appli catl on
Serial No. 091607, 586, ISR EERRENCETAR FH 88t ral i zati on of

Cheni cal and Bnﬁlaalgmla:l .sIGmmaﬁo'hﬂn-;Bheﬁbli&Eanﬂue %&m;ﬂ:ﬁl&mn aa@ the 20

speci fications thereof are incorporated herein by reference. This

appl i cat i dif- &Y ?W@e"bﬁcﬁ‘@‘[‘ki‘"f’“s NFﬁ‘é"“ZFW’PWﬂ‘e@Fa' ?J‘@'““Igl”a\f?’gf"éng?d Pat ent

Appl i cat i o sqerdopdood\aew 681 B hﬁ%sssam WwhittEwehs 2 RintiRQfmANprRB@EmEef For nul at i on
i ation, of CBW Agents and Bialo |cs| Pat hogens",

for Deconta tion and _Mti

filed on &g&%@ﬁ‘??“ﬁ%ﬁb?‘?mb ) ?)’55‘3“"'f5|°d“\ﬂ“g‘1“6f1°5f“sf95?“@$ﬁ“° @Application
Seri al 10No. pd&atiaebsiohil Chepidal dnk eddiog ﬁonéapgurpgémm&d BroJund iue1d§a,p.bd Depl oynent of
DF- 200", filed on of U S. Provisior Pat ent

Appl i cat i o?ﬁ’a@é’PefdaT"“NBhg%WW bff‘)‘%mjfg‘ﬁﬁnﬁ Plet’ 'Pfﬁé‘é‘?fﬁ{%ﬁ’ﬁ“f‘éﬁpp_ "E8hul ati ons”,
filed on Jndeot4s429)Gad oraungl 28, Ne99SPe Gie bpecifidalinn diedetiarza@bpatited hepgypor at ed

her ei n by l,rm%I&(%tr:e(.ance. 1 7 EEC 2G~i WD 03/028429

15 This application is also a continuation-in-part application of U.S. Patent Application Serial
No. 09/952,540, now Fatent Publication No. 2003/060517, entitled "Concentrated Formulations and
Methods for Neutralizing Chemical and Biological Toxants”, filed on September 14, 2001, which was
a continuation-in-part application of U.S. Patent Application Serial No. 09/607,586, entitied
"Formulations for Neutralization of Chemical and Bioclogical Toxants™, fded on June 28, 2000, and the

20 specifications thereof are incorporated herein by reference.

This application claims the benefit of ihe filing of U.S. Provisional Patent Application Serial
No. 60/328,508, entitled "DF-200 — An Ephanced Formutation for Decontarination and Mitigation of
CBW Agents and Biclogical Pathogens™, filed an October 1, 2001, and of U.S. Provisional Patent
25 Application Serial No. 60/334 271, entitied "Configurations for the Rapid Deployment of DF-200",
filed on November 30, 2001, and of U.S. Provisional Patent Application Serfal No. 60/387,104,
entitted "Decontamination Formulalions”, filed on June 7, 2002, and the specifications thereof are

incorporated nerein by reference.




-2 GOVERNMENT RI GHTS PCT/ US02129886 The Governnent has rights to this

i nvention pursuant to Contract No. DE- AC04-94AL85000 awar ded bw ?hPE&lﬁm%
Department of Energy. 5 BACKGROUND OF THE | NVENTI ON Fi el d of the'lnvéention
(Technical Field: The present invention relates to formulations for
neutralization of chem cal, biological and industrial toxants. 10
Background; T resent invention is directed to mater.l nmet hods for
neutralizgw(gn&%9 toxi ¢ chem cal, biological and indggbﬁgglﬁggnpounds or
agents, especially chem cal and bi ol ogi cal weapons agents, and net hods of
maki ng sane. In particular, the presgnt invention is directed to materials
cont ai ni ng sol ubilizing conpounds, reactive conpounds and bl eachi ng
activators that can be 15 delivered as foans, sprays, |iquids, fogs and
aerosol s to enhance the rate SHERNMEMIRIBETS cading to neutralization of

cheni cal coOMPRURNSIMANEs R & thisifihion Y@ Suaiil ohiras@loVeE-AcvalobAllgscop at t enuat e
certain biological conpounds or agents. Terrorist threats, potentially

i nvol vi ngvafied fotie U fDepaiggntge®eietict i on, are increasing both in the 20 United
States and abroad. The use, and threat of use, of chem cal and bi ol ogi cal
agents in the context of weapons of nmass destruction are of paranount
concefn both to national GAERGROWNIORBHEINVENTION state and | ocal | aw
enforcenﬁgEbHQQPEﬁkpgﬁmﬁg3ﬁ%h.marfare ("CW) agents known to pose a threat
by terro 25 characteristics that present an opportunity
for the develTogmesatt ingdntion Caletes ér formelstioneisr. nelflalzativh efvhapdal, igegielangar i n, soman,
and tabu%m%g}ﬁ eqés) are all exanples of phosphorus-containing conpounds
whi ch, WhER 81'TeFed chemcally, can lose their toxicity. Mustard, which is
an exanple of the H agents, and VX, which is an exanple of the V-agents,
can also be altered chemically and rendered harm ess. In addition, certain
of thd kﬁ%ﬁﬁgﬂﬁVagents i ncl ude botulinumtoxin, anthrax and other

The present invention is directed to materials and methods for neutratization of toxic
chemical, biological and industrial compounds or agents, especially chemical and biological weapons
agents, and methods of making same. In particular, the present invention is directed to materials
containing solubilizing compounds, reactive compounds and bleaching activators that can be

15 delivered as foams, sprays, liquids, fogs and aerosols to enhance the rate of reactions leading to
neutralization of chemical compounds, and cther additives which serve to kil or attenuate cerain

biclogical 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 kriown 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




1'~"!-EB ~~Ca WO 03l 028429 . PCTI US02/ 29886 -3 spore-form ng bacteri a,
veget ati ve bacteria, including plague and various viruses can alfg EEB 2005
deactivated chemically. A CWor biological warfare ("BW) attack'ca

i nvolve either | ocal placenment or wi de dispersal 5 of the agent or agents
so as to affect a population of human individuals. Because of the

flexibili t\¥0¥\4/0tz% Ey\,hi ch CWand BW ("CBW) agents can lgﬁﬁ&g&}z&xéed,
respondents m ¢ # encounter the agents in a variety of physical states

i ncl udi ng bul k, aerosol and vapors. An effective, rapid, and safe
(non-toxic and non-corrosive) decontam nation technology is 10 required for
the restoration of civilian facilities in the event of a donestic terrorist
attack. ldeally, this technol ogy should be applicable to a variety of
scenar i o¥osTRFrMNGREcielfe vegeietiynbagiTan BHYHE Piegue B A ousdHEes @REFYR%ed, and encl osed
faci liti g8.RfedbdicaAs sensitive equi pment. Exanples of types of facilities
where the decontam nation formulation nmay be utilized include a stadium
(open), an underground subway station (sem -enclosed), and an airport

term nal or Qbh ol AIIrd@NELaREHhon AR Boamer: 5 EIuRbAR | S usel ul

for extending the contact tinme’ of the formulation on vertical surface.
Decontantfitetajanhoragentise ad te afectaponplbiion d&humarviadividogsl Pechuggrof thafieikibity on chemi cal

f t LGuLarl h ts h t dVv
gents) AGEROPRES BivELD ) poky® g b ey B E ™ Dt A e RO U1

must ar d) in aReRGlof iScal w8 Iniedhgibilk, d@bsaddnd vapas.i on of chemical agents can be 20
divided into substitution and oxi dation reactions. Decontam nation of
bi ol ogi cal agents is primarily focused on bacterial spores (e.g., anthrax),

W_hi ch ar € C9ﬂ§é@§ﬁlt§,¢apfdpan@§af§ (_h&ﬁ-tcmé%ﬁd r@hf:&frio@&é}) Sec@hkanibbtion E&’:ﬁhbﬁ@nsgani snms to
kill. Additional background is discussed in U S. Patent Applications Serial

Nos. 1§91 BodresBethemeiorgdn osiviiayiiitiep the eypaka a donsglicdspprist atagkodediy iy, safe, and
ef f ect i Ve nant Al dathAngl et G diHts bid 2l neesdrbin &l Ml at hi on,
Hydr ogen g}alrjlbltyc?e,u Sogllbpum %?gn?r é But yl 1 socyanat ea, Ca? goﬁ Oi'sul fide, and
Phosgene empigsed, and génclesda-faciiticd a@H as sensitive equipment. Examples of types of facilities

where the decontamination formulation may be utilized include a stadium (open), an underground

subway station (semi-enclosed), and an airport terminal or office building (enclosed). A foaming

15  version is useful for extending the contact fime of the fermulation 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 axidation reactions. Decontamination of hiological agents is primarily
focused on bacterial spores {e.g., anthrax), which are considered fo be the most difficuit of all
microorganisms to kill. Additional background is discussed it U.S. Patent Applications Serial

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

25  Aneed also exists for rapid, safe, and effective neutralization of toxic industrial chemicals, such as
Matathion, Hydrdgen Cyanide, Sodium Cyanide, Butyl Isocyanate, Carbon Disulfide, and Phosgene

gas.




WO 03/ 025429 PCT/ US02129886 U.S. Patent Application Serial No. 091607, 586
is related generally to an aqueous-based decontam nation technol ogy .
("DF-100") that rapidly neutralizes chem cal and bi ol ogi cal marta?gf(FﬁﬁvﬁﬁS
agents. The fornulation: 1is effective for neutralizing both chem cal and
bi ol ogi cal agents; 5 is environnentally benign (i.e., non-toxic and

non- corro works on a nunber of anticipated mat faces and
can be in§%¥g%?mfed into a wide variety of carriers fg @g}ﬂ% Irquid
sprays, fogs) that satisfy a wide variety of operational objectrves. 10 A
maj or interest for the use of the teghnology was fromthe civilian first
responder (e.g., fire departnments, police departnents, and HazMat units who
woul d be the first to arrive at the scene of an attack utilizing CBW

agents) fol | BRetptaslAraicaion Seigioy09(5pt BF S4tlatgdgenpsly topn UFRAEPFI at | on f or
facilitygg [ t make use of
t he forrruICgrtﬁgrT@J{r?ﬁ(;t?y}&'ﬁ]'1 o&@ﬁWO?gﬁath&rﬁg?&:}rﬂ%épsg%e aialaoeggogscﬁgﬁ&%%tr mal . These

t echni cak'CpidoedeatsrsThe feohuetier (1 ) The pH of the DF-100 nust be 15 adj usted
L Opopt ! el LY. deCON Al £ BRERLAPSENLD o ERENLEALATC, DT 0l 001 Cal agent. I
ot her words, a d| erent tormurati on may be rred to neutralize each
speci fsi ¢ agent. Aéetnh@urgéntan;tbemsn (r&alnatﬂoxrcednynmcmpjsaeeno adj ust the pH of the
formulation in th%kLabora ry, $ SiaDEE difficult in the freld and is
general |y unsuit abl' €t df"t ?1” ér?Fmpﬁtﬁ YAEH 'sa‘:%sfa"tdhe technol ogy (i.e., the
civilian first respaistohyrated i) a ho@vari@ps tan@s (6.1 BarisOiquiospeays; fgen cal agent,
Mustard, is rather sl ow as conpared to the reaction rates for 20 ot her
cheni cal hﬁﬁétﬁfys‘W"‘?H@?@W@%’ﬁ?‘?ﬂ%%ﬂl“ﬁ%bl ens linmt the effectiveness of DF-100
in actual use. A nodified fornulation, DF-100A, disclosed In U S. Patent
Application Serial No. 091952, 940, addressed the requirenent to adjust the
pH f ol® each 4p&iEl 'ﬂtPfeSt&g@ﬁt'se@fthetéecmoﬂ"ﬁ!ewﬁsrffr’@fheﬁ'et*ﬁﬁﬁrs*d%ﬁPOFﬁ?r(bftﬂ df descri bed 25
above) . HOWRNGE, por@a'dép%nr?&nrsl&%a ifid dPBL AL RO, b BRvERL QpfEpce Of the
formul ation at a sing i't does not conpletely solve this problem and
does not aestiesk utlidide @%\&’ agelne) fsll%@r’ma taooidary vatestprusk bidmfqrinulaion fortfepdityr el at i vel y

sl ow rea r d |ona of

DE- 100! 189(%{8\890” ?%:E%é%s%]snesl\&%ttﬁ@lﬁﬂg Ta(_) 'taﬁaﬂmitke usEo t#r%brmulatgﬁ u%/tgenco}hgrpf?&‘gopr opanol ),
whi ch carespades esd thaoptinil. [Thésy tepmod bebiems |rﬁc|ut{d1e1 frow prLdf ek iDOF 00 suspiec kaged i n a
concentra SO, Some vers| ~ ~ ~Ft 005 03/ 025429
ST o FGiRts OPRTel Bona cxh SO AR Bl L SRy PERE ol ycol
monobut y gt RFmulEnRE) requivbd t6 Reugdirt LaLEp& IRt 8defite ARdo@h IS rddliveore  cheni cal
agent sensors and detectors (especially ol der sensors that are used in sone

. mi | it afirie R ge pH ofdls f%{mH@ﬂ‘“h'P thﬁfab?f%f?fbarﬁ ipeve difigtl s fEIB I i s an exanpl e
of a prefgkffdinfAmb-Ae sRfarf Qbrs Qﬁhejt&gnoloazoel-% c%ﬂr@r%s\/lﬁgdoﬂ@@t @PRMC (cationic
surf act ant) 3% Adogen 477 (cationic hydrotrope) O. - Dodecanol- (fatty
al cohol (Fa8R FisdM AR YhicH RErusieds fﬁfh%rIStf?Yahi)qowquG%hP seecﬁwptaﬁfeﬂ (short chain
al cohgl ) Rl chgpag 8000 (cationic polymer) 1.6% Diethylene dycol

Monobut yl gtlilu (Sol'vent) 4% Sodi um Bi car bonate (buffer and peroxide
activator) 4% Hydrogen Peroxi de (liquid oxidant) 75% \Wat er This fornul ation
can be adjus I contanm pation of Miustard
and Ant hr ax tsrrg)eos?%%mcal E&‘b'%’as ""ﬁg‘eg@c’wa}e@sdo?@;l‘@"ﬁﬁ@ﬁf ué‘"e 0.5 for opti nal
decont anmfgvat4tien DBfl o Kiscbes o.nlsanmém\ppmtrcmfsertahwmmb sqaQ&niessed he general | y

ef fective anywhere hetween ther%rﬁo i nt of conparison,

an
the fol | GRHEGSTL st ER AT aépmpe%rwﬁge@r &5 H*&frsf t8?“H‘Eﬂ‘ HPRIgHePYPeIDE- 100A; DF- 100A
5. 3% Mar iag@t HoweMr whita tDFOBBCdosdpra@ fupditine 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, scme versions of
DF-100/100A can use short-chain alcohols (e.g., iscbutanol, isopropanal), which can cause

flammability problems if the formulation is packaged in a concentrated form. Also, some versions of




2. 8% Adogen 477 (cationic hydrotrope) 0.65% 1-Dodecanol (fatty al cohol)

0. 6% | sobut anol (short chain al cohol) 0.1 % Jaguar 8000 (cationic?ﬁnggeEmE
1. 35% Di et hyl ene G ycol Mnobutyl Ether (solvent) ' 4% Potassium

Bi car bonate (buffer and peroxide activator) 4% Hydrogen Peroxi de (oxidant)
81% Wat er F~fS ~L~~ WO 03/ 028429 PCT/ US02/ 29886 -6 This fornul ati on can
be adj ust a pH value of 8 for optiml decontam nation Must ard and
Ant hr ax sS@?%@?Mgﬁd can be to a pH value of 10 for oﬁgpﬂgFﬂﬁékontanination
of VX. Decontam nation of chem cal agents is generally effective anywhere
between pH 8 and 10. Also, it can besgadjusted to a pH of 9.2 for |less than
opti mal decontam nation of all agents. In both of the exanples shown above
for DF-100 and DF- 100A, the hydrogen peroxi de and bi carbonate salt react to
produce SFHIOYRTALeT g diginyjene ﬁ@‘fjé’f“?“@*é‘%ﬁ“@ﬁﬁ?@'@%ﬁ)'ﬁﬂ“@i‘ e ShEe AL B ci es,

hydr oper gxyeaERRARA LS e deiDana delbbs RsieSalRoldd: EQBTs M bdagk in Shoer _
negati vel y-charged nucl eophiles are forned by the use of hydrogen peroxide,
i ncl udi nglitayyedingstyl ions (OH ) and hydroperoxide ions 10 (OOH ). The
function ’ en ' o k& di scussed
extensivéf%m%gﬁEﬁ%@ﬁédﬁgﬁ?&ﬁgg%?ggﬁw%E@ﬁgg%@gﬁthghqggrg%?,586 and

091 952, 940. The present invention Qisleé&ents enhanced decontam nati on
formul ati ons, (gener.i esi d "DF-200") that include bleaching
activators, %E?gﬁ”#%%ﬂ?fﬁgT%%@%%& eaction kinetics, 15 inproved

per f or mance, 3.andddgled7e[datonin adropopepf t he need for pH adjustnent. Although

bl eachi ng activators are commonly used in (anionic) |aundry detergents, the
present inveh?%&ﬁx@%ﬁm%§ﬁ¥3?“When1mﬁth cationic surfactants, and where good
sol ubi lity i pswabefan®isnbh@anetdmat or is useful for achieving quick reaction
times. A desirable bleaching activator for use in the present invention is
pr ef efabl y wafb fsoRenapmsaort chgnde8%i ¢, non-fl ammabl e, and | owcost. 20

G ucose pent §agai At @odoSeAdhicPor yl peroxide activator that has been used
as an activation agent in a sterilizing conmposition conprising a cationic
sur f ace- act i V&%&ipthnenciido! Maenbyfd Fiher (gs&etixi de (See Japanese Lai d- Open Pat ent
Publ i cat.i on ) - | - Steridizing Conposition for Cattle
Shed" (1987)%1.93S %%%gg%%%ﬂ?gg%%ggﬁgﬂ?g%g&@olid at roomtenperature (i.e.,
mel ti ng poi né%HidogedPelede degd Ganand i s insoluble in water. In an aqueous
solutkon con?a} uﬂg peroxide, it dissolves very slowy in water as it
reacts with éQ%é oxi de. At a glucose pentaacetate concentration of about
2% it t akiepmuitaica belaojustsl td DpHlialBs 6|8 e optifiBlidscontakiasion df Mutseariess t han

desirable for rapid degloynent c&nfi uragions ~0~S
Anthrax spores; and can be adJusted 1o a pH value df 10.5

or optimal decor;tan:inartianEo 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 preferrad formulation for DF-100A:
20 DF-100A
5.3% Variquat 80MC (cationic sutfactant)
2.8% Adogen 477 (cationic hydrotrope)
0.65% 1-Dodecanol {fatfy alcohol}
0.6% Isobutanol (short chain alcohol)
25 0.1% Jaguar 8000 {cationic polymer)
1.35% Diethylene Glycol Monobutyl Ether (solvent)
4% Potassium Bicarbonate (buffer and peroxide activator)

4% Hydrogen Peroxide (oxidant)
81% Water




W O 03/ 028429 7_ PCT/ US02/ 29886 SUMVARY OF THE | NVENTI ON (DI SCLOSURE OF THE
| NVENTI ON) The present inventions is of a fornulation for use in? 7 FER 2005
neutralization of at |east one toxant, conprising: at |east two Tt

sol ubi i zi ng conpounds, wherein at |east one solubilizing conpound is a -
cationic surfactant and at |east one solubilizing conpound is a cationic
hydr ot r ope; at Ieast one reactive conpound, wherein the at |east one
reactive c(ﬁg is selected fromthe group con5|stPﬁHn%?/%§Hrogen

per oxi de, urea hydrogen per oxi de, hydroperoxycarbonate, peracetic acid,

sodi um per borate, sodi um peroxypyropgosphate, sodi um peroxysilicate, and
sodi um percarbonate; and at | east one bl eaching activator selected fromthe
group consi sting of 0-acet N acet and nitrite g%oup bleachlng

, L, :
act i vat of & foruiatfop paq be H‘&USEF%Iaé’é'é’?’“&tQf\é%ﬁ‘iﬂ"ﬂ%ﬂqci)’“ﬁ”ﬁ’&“%‘ the at |east
one 10 rgagll Ged HIRMHIG 2 ANGIE Koo R eplmﬁ@éémr@mna@dn%a@mlnaganeﬁlmatwat or, when
m xed with water and exposed to the at | east one toxant, neutralizes the at
| east onef chemicalrgents ingenerally gfeetve Arve breteisell RS 14 Héso.deoen rdiestedif t act ant
conpri se preferably cetyltrinmethyl
anmmoni umg @%@#3%%%@{?)26 Pdtﬂ"tr%mcn L%ﬁa&é&ﬁ%enzet honi um chl ori de,
cetyl pyridi nium chl ori de aI kyl di met hyl benzyl ammoni um salt, tet rabutyl
ammoni um br omi WTCO VAR on t hereof.
The formul at T%ﬁ"%%@ * PEMPREON G lr"%‘f)qulfoé Bg\a/ataed DFS 10?’ hy@%qeggg&lag%o'{rd ef erabl y
pol yvi ny bicagoaaéedt ;ea@uaifodgdémhrg@mﬁutnmﬂegauwy chepdee hmnm)mcppﬂcy@h al Iyl dinethyl

Pl yot hy eSO EBIEUTE:  WBRaT0E - SRR GBI P

2- hydr OX)éltaffdﬁﬁédbyﬂhbb@ro)hydl‘aﬁen@erﬁﬂﬁhhdﬂﬁhg OWdréxiieohe @) awm@dfroparmé lﬁ!ﬁsl on may al so
further co rise a fatty al cohol conprisi ng from8 to 20 carbon atons per

nol ecdl e(© )SSP‘?\/@WFO“QW‘E(%'F&?°5P%{BW§/'“Eﬁe’(eﬁ‘?"aﬁ iprsiRdigSSReEPESYEY Ryt et her or

di et hyl elpgte,glq%[pq;&ll g?gyg L ob/aBt a8 QbR o NDI Nation thereof), andlor a
carbonate sa refera pot assi um bi carbonate, sodi um bi carbonat e,
anmoni um bi car bonat e, armonl um hydr ogen bi carbonate, |ithium bicarbonate,
anmoni um catr. at e, . I ion thereof). The
bl eachi ng ac'i?? gre ent lnvgnrﬂorpy:o%s?n%ssenﬁ{ncgd%{efogrrﬂléag Fn tﬁ(mu%mﬁ?@?&eﬂ%ﬁg}f erabl y

acet yl chaotsignged th yotet mcnudommmm aoﬂv@msymnem ledds Tapten cettiat lem)etlcsoll acetin

| | t at b LOX Seportat
b opy Pen TS RS ALt I EEHer TReR Ay B “Her)n MU 2P G oty

gl ut ar at ectivélbretrbydreieay gﬂeylﬁ@nmﬁiﬂmﬂﬁ‘d&erg@rﬁ&lﬂhé praﬁmtlﬁieﬁh,on @ﬂn}émﬁwy()thendl acetate
(Di acetin), ycer ol nonoacet at e, ycerol triacetate, ropyl ene gl ycol

I
di acet at & ‘(?80“59 Sﬁr@ﬁtﬂit%éﬁdlvﬁﬁeﬁ‘i’?&s‘&?f% nAfaieRy’ Mg AR ”S‘ffwé’rfﬁ Y¥®hi ng acti vat or
may be Waligredetn Qb aQesiitiefiblaiivitg o aRGRkSHresit myénﬂémreﬁéfbﬁl}e ( TAED) ,
n- nonanoyl oxybenzenesul fonate (NOBS), or N acetyl ~ ~~2(i5 W
03/ 02542 yaPEPuRIs0oT-ods BB -flagmabis YWEWEAtne, or a conbi natl on thereof. The
formygation, when mxed with water, preferably has a pH val ue between about
9.6 and about 9.8. One enbodi nent of the invention consists essentially of
110% Benzal k @hicesrr@teaentitaiesn Ga@ybRrogipsciyaer 1@k ks dtenDicalce traacivalion- 16% Hydr ogen
Per oxi de; 6}\{1 dazter{zln Oéor%soss;tl%rporﬁlrgi% b%Pc%F rfag-e-a% wegv%p énd?’nor !m? @rloﬁc% of a
formul at i%n T or - USE T n neutraltzation o‘f ST E AL e PaxARt “conpri si ng:
at | east (sn@eapaaésemameseatéraembamqn Nat 621185283, ertitte! ' Sta-anorog mpomampfound wherein

by ogen Q07 S GeLe P LSRN BaFUN T Ay OPBRA o Y BENAD o, per acet! o

aci d, 255 0GeiéBs o RS iBdoRble QL NA m&@&%&bﬂmwm@pm@p@oxmm dseutliesngty
peroxysilicate, and sodi um percarbonate; at |east one bl eachi ng activator

sel ect ed SV fRifesdreaE WU FRREDKIH i B glucse pentagstate pqnegnisalin of aboH®%ni t rit e gr oup
bl eachi ng ;aed deVedd Rluiito @REVATMIL RAGE t:ABE S HRQRIALR & Rlpk iBREmaRe of the at

| east one reactive conpounds; wherein the at |east one surfactant, the at

| east onesonfigg@eisve conpound, the at |east one bl eaching activator, and the
at | east one carbonate salt, when mxed with water and exposed to the at

| east one toxant, neutralizes the at |east 15 one toxant. In the preferred
enbodi nent, the fornulation, when m xed wth water, has a pH val ue between
about 9.6 and about 9.8 and the cationic surfactant conprises a quaternary
anmoni um sal t, nost preferably benzal konium chl oride. The at | east one
carbonate salt is preferably potassium bicarbonate, sodi um bi carbonate,
ammoni um bi car bonat e, anmoni um hydr ogen bi carbonate, |ithium bicarbonate,
anmoni um car bonat e, or potassium carbonate, or a conbination thereof. One




20 enbodi nent consists substantially of the at |east one cationlf
surfactant, the at | east one reactive conpound, the at |east one S|£5Bhum5
activator, and the at | east one carbonate salt. The bl eaching activator is
preferably water-soluble, nost preferably acetylcholine chloride,
nonoacetin (glycerol nonoacet ate), diacetin (glycerol diacetate),

4cyanoben et hyl ene gl ycol diacetate, propy | nmononet hyl
et her aceégégmgﬁéthyl acetate, dinmethyl glutarate, ngﬁ(ﬁé%%Pglycol 25
nonoet hyl ether acetate, glycerol diacetate (Diacetin), glycero

nonoacet ate, glycerol triacetate, ort;.propylene glycol diacetate, or a

conbi nati on thereof. ~ ~ FED ?nay WO 03/028429 PCT/ US02/29586 _g_ The
invention is furt her ofOFa fornullgtl on or OrI ization of at | east

one toxant, conp? , t; at |east one
reactive Comgwagam.mﬁmmrbfmma uon|f&@s°etm %luiaﬁ%%ét\é@steﬁﬂd&@mnd is selected
fromthe group consisting of hydrogen peroxide, urea hydrogen peroxide,
hydr operaowprisiag: b ieatt o spfizirasonzoungsi wherels gidsaghenpohBitzing £&NPOWE fiaum

per oxypy. I Rt pRr car bonat e; and
at | eastcragoﬁggagjp %xrt -g'jsdgﬁu%fjog'g Weﬁ%ﬁﬁ%&g@ﬁa\%ﬁg? mggtrg%?%g fromthe group
consi 5t i reagtiefcoBpoasiethetejn thd-calesst gnk reaetm@conmmqillseelegﬁeeé)wtb?@’%hl ng activators;
wherein t east one surfa L,ve conmpound,
and the ca?{‘s’ﬁt'r@agkydg’ﬁﬁ PRSI LY u‘%?gzégﬁfmexadgﬁy Q%gf ea’@??? %/03%%??’%(% nf i xed with

wat er angddigx pabsde, tscmutnmero@byrdp@casﬁateomemmpafaayd]hpate]emtsodid:rh zee@rbpm at | east one
toxant. In the preferred enbod m? h ﬁ% et er qsol uble 10

bl eachi nﬁ‘déﬁ?ﬁsmﬂ? gpachieg aﬁtﬁ'EtPVFlﬁcftﬁS’ ﬁo'ﬁg’egﬁ%ﬁpps g0 ﬁ%e&'Cetl €9 ycerol

nmoncacet lﬁtﬁl@brou;ﬁﬂ!é%@ﬁ{g'a&we(t&é )hﬁ@éirﬂl'ze glicag eloabigizindeobyandprna ead o@ci d, et hyl ene
gl ycol di acetate, ene col nononet hyl ether acetate, net hyI

acet dfe, re@ntlvamgqunGFwttf&raﬁte@t ongl pleachiyg %W@“’EQWW&'XEWW&’@FWF SHPHEI acet at e,

gl ycerol ﬁhé’éﬁe%&foﬁé t@xaﬁt%%ﬁ!}ek B at LSRR FORQRRAEADodidiny @Ralnié i acet at e,
or propylene glycol diacetate, or a conbination thereof. The cationic

sur f act awﬁaqtﬂﬂédompraﬁbﬁ 3uetengsy draeosiuer sefuBestpreierply cabiifRind ANSEIY™ 15 nost

pref er ab Xm? Pé\%a[lk%gl% %n&eh &Eéﬂ'ﬁﬁium Ii{h?ldé Qéw#dﬁhh%ﬁyoﬁﬁ eferably further
conprises a one ‘car bonate sa preferably potassium

bi car bonalky@jmeshglitlénzyantniogiom batttettatytyl anmmmmtbrmﬁﬂe.cp&WB@ﬁa/ﬁBIQUaﬁﬁ%fiﬂ“bm hydr ogen
bi carbonate, lithiu bopat e, ni_um c sium

car bdﬁat%raCBTD'%t'%%ﬁ°EJg%rW”@WBF”S%ﬁ e PR PR g {;@ Orym pr&gg@ed with

wat er, hagyvay BlEbheiRdudeuin SEAI6RIbr fIAGIMLc) pﬂlyﬁanararﬁhembammor@n&hloﬁaae enbodi nment
consi sts substantially of the at | east one cat] om(g\g%& %ﬁgﬁﬁ ant, the at
| east onEPYEEMRTIHS BONBIRYRSRIAEFe): Biffaroh PRYeYylene Byt SOUHEERAT S e bl eachi ng
act i vat ogggomiRGudr BMR BLhyjdRRyploBy! ¥ifdh), Srldlchbiatio iherofl PidTbHmaktioMafaio- use in
neutralization of at 1east one toxant the formulation conprising: at

| east ondirtesd FamFitei it goabe SpOUHRY, frogel|ieAdtcaronfoBR PR NS gl B P Vednsi st i ng of a 25
cat i ofi Cp?éféi’{bg/trﬂ Prgﬁjleﬁé‘é%bcé} y rhedyfethePdr GRARne &u%mdnéiu@&thfe{ @ FeSntinBicR0 car bon

at ons per no | east "one reactive conpound, wherein the at |east
one r eacthered), elqunammnatessalt @reé%etbédotﬁ%bmwﬁhi@ﬂ@j% é@ﬂp‘”ﬁ@ﬁ@?r@ﬁ #gnopEMhy dr ogen
peroxide, . ure dr o en Bondief;acetic acid,
sodi um pBF%bO"%? ey %ér&ﬂate’ hMﬂ&]%“ﬁ%?%g%@@ IUm peroxysi | i cate, and
sodi um pﬁdit@a’ﬁl[llbﬁﬂmnﬁté, oambmaihatubzetaseof)oml@ blmb@aghnt:wg)r aomfeMWMte@eihl%t ed fromthe

t f 0-a WO 03/ 025429 -10
%2:?’ 7 888(2)E%@%@‘%Wg?#"%"'“&r%‘érbde B“%%ﬂ’f?ﬁ”?(@k%@ﬂ"@oﬁ?% 1 ol ?errlmt he at | east one

sol ubjsl i g8kt QrRaHIRHz0iclabE etiliene QRS diRBite [pRBEdNE gﬂ@:onﬁdmﬁeinrydatheand the at | east
one bl eaching activator, when m xed with water and exposed to the at | east

one t oxa#steta Bty agefapedmatiybaluaraty, gigthyiens plicotmorosiiy! ethpiASetERINR T on i s al so of
any of tG%Géﬂ?@(\ﬁ%cé‘tlﬂrﬂdér&‘iﬂo%@etd@@&lk@ﬁﬁﬁkc&&e 3r fidphlenclgcdaibdetae or@mbodi ment, t he
kit conprises: a pren xed conponent conprising at |east two solubilizing
agents; aorfifinetian tetmeh dlrmetivety dhrgYisRding gotisgtor meylgrwaisiiasohble 6493y acti vator; and
a Secf’“dt?rQ%@l%@@lEna&%PJ(‘Tﬁéd}ga r@ﬁanhﬁﬁﬁa@nz@%@ulf&%@?ﬂéé@} oFQERAUNd. The fi r st
enmbodi ment may further rise water and a base, the preni xed conponent
may additionally conprise a water-soluble polyner, the at |east one

bl eaching 10 activator is preferably propyl ene glycol diacetate, glycerol

di acetate, and/or TAED, the prem xed conponent nay additionally conprise a
fatty al cohol conprising from8 to 20 carbon atons per nolecule, the at

| east one reactive conpound may be urea hydrogen peroxide with the second
conponent conprising the at | east one reactive conpound additionally

conpri sing sodi um percarbonate, and the prem xed conponent may additionally
conprise a short-chai ned al cohol. A




15 second enbodi nent conprises: a first prem xed conponent conprising at

| east two sol ubilizing agents and water; and a second preni xed cohgonéft 2i{5
conprising at | east one bl eaching activator and the at |east one reactive
conpound, wherein the at | east one bleaching activator is in solid form In
t he second enbodinent the first prem xed conponent preferably additionally
conpri ses @ f. the at | east one bl eaching actlvator grefer

conprlses‘g & %ﬁ%llne chloride, the at |east one 20" FEHRHPES conpound
conprises urea hydrogen peroxide and the at | east one bl eaching activator
conprises TAED, and the at |east ongbleaching activator is encapsulated to
prevent premature reaction with the at |east one reactive conpound. A third
enbodi ment conprises: a prem xed conponent conprising at |east two

sol ubi | i gicprgmingens eomainafiomthersad ke foBREtian) Wige Mxeryvita waterRigfeiRRlY NRYPA conponent
conpr i S g Blidoi 85k 1 BLAS! ¥fe SRERAY te lenidiEotclis ebefiBaci Tent, { he
prem xed g conponent nmay a |t|ona y conprise water and an acid, the
conponenﬂmdhmpwmmmm@wmhe%&%PhaﬁseGWWéWWEEEﬂfﬁﬁF@@ﬂﬁbﬁﬁ@“ﬁﬁ?déonpr|se sodi um
percarbogp;&ﬁmmmBmmgl&gonalIy an acid, and the at | east one reactive
conpound ey conpri se urea hydrogen perOX|de with the conponent conprising
the as Ieast one reactive conpound additionally conpr|5|ng a mxture of

pot assi um c bonate a of as bi car ~ ~ 2.~ WO
03/ 028429 - 11 f'ﬁ@&%?%g%fgfé’“%{')‘}“gét‘% n ”3@(?@1‘%\"5&”&'3%%“* VL features, and
further efaRRegOk Rphd BRA birbitang bt ikB@nPRaSRREmbomaRistedhevst kedst be set forth
in part in the detailed description to follow, taken in Cﬁﬁjunction wth
t he accoff5aERivaeeTHPaRisTgced Jrm hF?f"‘ﬂ?aFP‘ES'SWgI"Thny%Q%Pt"é"xgﬁd'é?f“@ %D those

skill ed pdioxtabGyddderoklR@bonae, %é‘@d@lldﬁh'@ﬁhﬂ@éarﬁoﬂé So@lirh BMbxAGropi@Epha@Y be | ear ned
by practice of the invention. The objects and advantages of the invention

may He reslinpeeysiirateand soiipre gereppopain Aideag ong kiraching agtivalenseitcier e B8 and
conbi nat i BRI EF
eacr: prPERT e e a0 B el bRad ieARRRIE R IR, PR T

i ncor por edredate saltootamdof theatirest opreactiefeortdoends peedif heatldagane sulidclysit r at e one or
nore enbodi nt s the pre ve n_and th the
descri pt Sﬁt eagt orn?/rga%t%e cgn)g% nadiS ﬁ trl]egg Brratalr]aliea%lnf; actlva‘tt.}r apcﬁtﬁé Q?e \341

I nventl on. The draw ngs
are only cdihate e, v maiewtmﬁ:aterlahmbcrsaito hgatteag onnrtommrreutraﬁzeé te atdmhstenrbodi ment s

of the invention and are no nstrued as |i invention. In
the dPawfifdeent, i thepgfergd qmboct ﬁF g‘ﬁﬁ’ "B‘fat"f”h‘@hegfmfx%dg"fﬁl‘ ?terD%f’ %BBV%%rrponent s on
Baci | | us p@h&RiaBui 0.6 MO ERGIRE a8d RdltaBdHc)surBReH ontplided & qUatethary 2minsnian s hemat i ¢

di agram of a Pr eferred m xi n(? %r ocedure for a first rapid.depl oynent 20
conf i gur HPHBiTEPY barealigpiereerids e lepsh pre carbspats ep iserstesg V@O B Moy nent " ) ;. and

Fig. 3 i §icfoonsh BRI GaflbRQ! AMRcRlim Bicddchite bihRshiuf njdr&@n BERAGRAR) NitRuh Or a second
rapi d depl oyment configuration of the present invention ("DF-200HF Slurry
Rapi d De pkasgareiaainonium carbonate, or potassium carbonate, or a combination thereof. Gne

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 acetyicholine chlotide, monoacetin (giycerol
monoacetate), diacetin (glycerol diacetaie), 4-cyancbenzoic acid, ethylene glycol diacetate,
propylene glycal monomethyl ether acetate, methyl acetats, dimethyl glutarate, diethylene glycol

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

nropylene giycol diacetate, or a combination thereof.




25 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS ( BEST MODES FOR CARRYI NG OUT
THE | NVENTI ON) The present invention addresses the need for a gefﬁrﬁ

fornmul ation that neutralizes the adverse effects of either or hént
and bi ol ogi cal toxants, where a toxant is defined as any 11~ 276 W
03/ 028429 PCT/ US021 29886 -12 chem cal or, biological conpound, constituent,
speci es, that through its chemcal or biolo Jon on life
processesq@%%gS&% | eft untreated, cause death, tenpoggﬁﬁgn%&gpa0|tatlon or
per mmanent harmto humans or anlnals. This includes all such chem cals or

bi ol ogi cal agents, regardless of thejr origin or of their nethod of
production, and regardl ess of whether they are 5 produced in facilities, in -
munitions or el sewhere. Neutralization is defined as the mtigation, de

toxi fi cati onThedueseniaiitheral P Srnuiadin Q5 Hiedt NRHEEzeERf 3t 56T PBP*BT t oxants to the
extent thabyish eatﬁe@@@@ﬁgc%ndﬂ@sdr@@ﬂ?gtléﬁ@tlé%eéféﬁ\létcﬁmﬁagﬁﬂe\ﬁ@%m@fe 2€6ds6 to humans or
animals. The formulation and described variations of the present invention
can neut phglrdagtive commelnd (;@@eqtﬂgfrom the grpup censiging ioihyédpoen pesexige airea NYEFO8RY | on,

signific , f ] hg@ls 10 An

i nportan |d%§§éa;?c(p§|§ Jgﬁgdrrﬁtg &EEIS% og‘ﬁ?g@tecsggrlr%ﬁ)h&%dy atgH t he present

i nveni ospdarddere»s(slestelasd godia pucfarbgmwmmjai leanizné aizter-spltiENepchina dctitit®| ogi cal
warfare (" addr esses
toxant s tirare touf el B el ard NerRh S Rl e BB oo

i ncl udi ngherdintrg Leasn/a&rsa-fasuamhheaadmar@e relﬂﬁl&l dohhpt&lﬁrf. entis: at hat ardevatemf ect i ons,
acute and chronic health 15 effects, %nd f ta{’,éﬁtfiﬁe%' ?uch t oxants can be
found i nS%He S5 EYTFNFOG e pihvatenlid fpesegfo b S %W or f ood product s

processi igtrfresPRGKEBE W tokE i1 thd Preferdd ehioidBR| theat leddhéhe REESEREe | NVent i on
addresses the need for such a fornmulation that is itself non-toxic and

non- cr r BeIclieg ackyalar it pralicholite chiwide erTopeain@yene! monparetist fiacstn (B8RS and in

differen SR IR SSRndnidinieRer Pat ent
Appl i cat P'?)dral!sa gg?¥ag$%'r&%§b&09 60%!31%9% gertl%r grgﬂﬂéeégé%m nThtehwgr gsent i nvention

pr esent s acetitdi métyhasktatg Glirestfyiatiiarptendisthyle hedlyedl mgeocibyi b eraprtdteaslyegiof f er ences over
bot h the pri.or.. scri bed bel ow.
de{%{gfrg r(f%l?tig{lq),gﬁgen%l E]gn c%{ale c?{er e&ga'tengr% E},gengglyﬂ chacet @ ofjae

The word I ne In as I'vat ed product or

sol uti Oncc(n&xngton tharqufemlmzatmb uﬁacmant)prdfdmw corspriggs plaiatdnatyamenosum $ice or body for
t he Py pos zati o gn of a gas
(oo ¥ BrpstoReBitrradlonty et o buly REbRLlrerBarRrdlirg b8l ated” the
concent raetrboﬁﬂssaltqmasﬁréférmmb@ssmmmncﬂmﬁm@mm.datb&faecbnlmm hicaoeats,el ative to
t he wei ght percentage of the overall activated solution. The word "water"

i s defi n@BMHUTEIVOeR bisronRIF-JihiR BiFRIRAtS, BTFRIMEREnate S pRRE By | del oni zed
wat er, demdnifs al 4 &RdiniBh BEreor SAL fodadn, wHah mBEYwitR tWBEI has b @lldbecONsi sti ng
prlnarlly of HzZO 1?2 ~E(~ i:~si
hetween about 9.6 and about 9.8. One embodiment consists substantially of the at least one cationic
20  surfactani, 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 neufralization of at least one toxant, the
formulation comprising: a t least one solubilizing compound, selected from the group consisting of a
25  cationic hydrotrope andg a fatty alcohot comprising from 8 fo 20 carbon atoms per molecule; at least
one reactive compaound, wherein the at least one reactive compound is selected from the greup
consisting of hydrogen peroxide, urea hydrogen peroxide, hydroperoxycarbonate, peracetic acid,
sodium perborate, sodium peroxypyrophesphate, sodium peroxysilicate, and sodium percarbonate;

and at least one bleaching activator selected from the group consiéting of O-acetyl, N-acetyl, and




-13 One exanple of a m ninum set of constituents for a DF-200 forrrul ation
that can achieve a significant rate of spore kill conprises four o5
conponents: (t) a solubilizing agent selected fromthe group COI’]SI stl ng g v
a cationic surfactant (e.g., Variquat 80MC), a cationic hydrotrope (e.g.,
Adogen R77), and a fatty al cohol (e.g., t-Dodecanol); (2) a beachi ng
activator selected fromthe group consisting of O ac N-acetyl, and
nitrite gr%ﬂﬁ”‘ﬁ@%m de activators (e.g., propylene glp§¥’HFOZH?8§%et ate); (3) a
reactive conpound (e.g., hydrogen peroxide) peracetlc acid); and (4) water.
10 The sol ubilizing agent serves tc_gffectively render the toxant
susceptible to attack, white the reactive conpound serves to attack and
neutralize the toxant, and the bleaching activator enhances the process.
Exanpl es "B 96t tisgping apfyeipremhereis i stiastana ubiizig eATEOUNG (EEHFITES anmoni um sans
and 15 D%M.{;H%ﬁnﬁou%%ﬁﬁmmstaélbrea%hm@eml @&n%xeéwltnt@@ Sd@BifENary ammni um
salts include: cetyltrineltyl anmoni um brom de, benzal koni um chl ori de;

benzet hofik etrieag heotpxadteneuGrlitey the piidegdtiond toxenichil or i de,

al kyl di met hyl benzyl ammani um salt, and tettabutyl ammoni um brom de. A
preferred cationic surfactant Is WTCO VARI QUAT 80MCTA, which is a m xture
of bemzyl (CI2-r@&8dn 1alalkq/dfdiymﬂhyabavemtillajmsawdkeneiﬂ gdoeskit. Mhadrstoncentrati on of

bl
R e AN

amoni uWl@t&brhpob@ﬁ@)ﬁﬁﬁslr@Iagélalsifdnétﬁmizlﬁmg attvatorcant aséwma:nﬁpoamdcomhmnemw ronnent .
Exanpl es of suitable catignic r%’drotr es include; tetr eqm anmoni um

broni de, At ARGV ARV HHRTEhiMDRIBR HRY sther Serepripediap eéﬁ\ffta ni um brom de,
A pref er pRex&Rbh IRER mBYAiRHEIR REnpkise advatek ol 610 pdMKHBlatidaéibne biddBhigh 1S a
pentanet hyl tal | ow at kyl fri met hyl ened| anmoni um di chl ori de. Exanpl es of

sui t all e aftiatar  peeferadh sTogyiann By Qigteceiais: alrgTosdiaseiRie dpp/w THRP. 8 PBBKE%t ons per

mol ecul e I ah 8 138 XA6RGRRAOLer and

1- tefradg%@g%ﬁt%ad&loga&%%a%aﬁpév%ﬁ%gp%%g% 8504 Exanp esbe(;f sui tabl e

bl eachi ngnolwiei treaatdres o reactiiesoursend ey issedudsrsen gﬁmxﬂ'@wﬂhungqozﬂ%% Exanpl es of
sui tabl e react hydr ogen per oxi de;
urea hy drc%m Oreh comgr% gﬁgg gtoh&%!icgg%o? aﬁr{d%édltg%llﬁt%g\g Qo% ugnat e: sodi um

car bonat @erpmmwa Bt s prémmdmmpmepmwxqﬂmynamphmsp@mmn cr@meﬂ alpofol. A

perox silicat ehydr er deaducts of citrates;

sodi u sﬁ?@%ﬁeg‘ Xﬂ? rr‘?g Rﬁﬁ”ée pimpgyegtco Fﬁlg' EFF@%BVS '%i‘%'rcl&l de compound
(e.g., hxégbrn@gmawram(a kot pkém&ardamwbaére&mpm@an@tsme Beicklig sctivhtomt es (e. g. ,
but ane- 2, 3- di one, nonooxi mate ion, and benzohydr oxamat e %j Egl koxi des (e.g.,
met hoxi dé“%‘h%ﬁ‘l??%&'iﬁ%?éﬁ"e C%W%S’FFHX’Y'“B@Q”‘G@ 'ﬁ“s""“%l‘i"‘iﬂm'%ﬁ’%’f‘t?t f g form.

benzenes y ORI ShbodleRtaRYIAR SrefifedGompolintbrddrablydadsAay conpeoxyataNOsul f at e;
Fenton's reagent (a 10 mi xture of iron and peroxide); and sodi um

hypochl ortiietabieasi gpe biggchipgacgator @’%f@@‘i’y\ﬁemﬁf@?ﬁﬁmﬁiﬁ ingj chlonge. R eFshPMPul at i ons can
pr odu G NEEARAnd HE4 B8 Bid sRSoning a@ivaror Ny dr OXyl i ons
(OH )Eda qea}étﬁ%‘%ogﬁrpé}ngg?ng)e&?gﬁgwd %%_'QrE prgducé Wne?n ues:nga Vrf1y0drrogen per oxi de;
andl or hydnﬂup%freﬁ@@wfb@ﬂﬁmone(mgch(nH@@tﬁtO)‘ lSpmcémlefe@th\nhm’f meetuRyen per oxi de i s
(r:n(j(r:ﬂf)ll 2?? Or%gatéph w%n thﬁe an?&?%eereascﬁfe gomeo n?rR P & %@ﬁ%np&gﬁsgs a%pa%x(aéﬁcm ) are a

: 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  companent may addifionally 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 compaonent comprising the at
least one reactive compound additionally comprising & mixiure of potassium carbonate and

pctassium bicarbonate,




15 hydroperoxide ions ((OOH ), and are especially effective in reacting

w th biological toxants. Wen using hydrogen peroxide in DF-200 % 7 FER 2005
formul ations, its concentration is preferably |ess than about 10% because
hi gher concentrations are significantly corrosive, especially in the range
of 30-50/a hydrogen peroxide concentration. 20 To achi eve very high rates
of spore carbonate salt (e.g., sodium bi carbqgna ot assi um

bi car bonat éhw%g%referably added to the m ni mum set E“@%ﬁpﬁﬁfuents for

DF- 200 formul ati ons descri bed above. Wen using a peroxide compound (e.g.,
hydr ogen peroxi de) as the reactive genmpound for DF-200, the added carbonate
salt conbines with, e.g., hydrogen peroxide to formthe highly reactive
hydr oper oxycar bonat e species (HCOg ). Addition of carbonate salts can al so
25 buffer the fornulation to optim ze the pH Hence, a mninmmset of

constit uent sofiQfs JFans aiq@ﬁdwlfeawega@f&rmatsc@aaaaﬁmbmwatapww hi gh rate of
spore kill can conprise five conponents: 3 N ~U), L)

-15 (1) kbvestsnubpe iﬂeﬂoﬁ‘g'" ag@m&e@e@l@@@%ﬁpﬂwrtefﬂf%@keg memiunettsﬁgwﬁ ng of a

cati oni c,3urtant allindsCar inpal @ babie apBRVD o kitdainORd £t ubdr oVope (e. g.,
Adogen a%??“p % ? Sa nfacoho E?ég 8bdecaﬁol) - 2) a beaching

acti vat oﬁxauledltleicwfm fdilfp\mrm. orhvay gerl@ﬁmd MEF@N ’fhfgm@fl’ﬁeﬂ) ’@eem&gﬁis andN- acet yl , and
nitri t € &R o‘?{h %e%ﬁonat‘r%gfhV%EIIQerd%no(a%atged bly RESDRY tl%ql%tn?%r%t%mes %\B acet at e) , (3) a
reactive conﬁone e.g., hydrogen perox peracetic acid, etc-); (4) a
car bonat eondatibns(partigutarly sarthdwonidtheapdodniatips, and (5) water. 10 Exanpl es of

sui tabl e carbonate salts Include: potassium picarbonate, sodi um

bi car bonat €) anmoni um bi car bonat e, anmoni um hydr ogen bi carbonate, |ithium
pi carbonate, ammoni um c BREFTAESERIFAONOPTHEEBAMNESar bonate. Figure 1 shows

the results of decontam nation tests on Bacill us glog i %ggres (initial
15 colfcent r atteGReCTHRNYEHHREGE hiph argifeorrorish Bt e R 8 PEHYhr  di f f er ent
subconbi Rakkioske oPfork Qﬁbo\ﬂﬁ%h@&f%a @MBﬁan@ftoggﬁE‘rMché @stoatse@es for 1 hour
(the pH of the fornulation was . The degree of spore kill was

det er mi niscexign tmrquswgth@n\revﬂomngréwg@mr@ﬁlﬁ for the pustreh ilFsHelRg e 3,

signific nmbi nati ons:
(1) an agﬁ% ’%B%Ugeirrll% JI %%1 of th%@%b}%?r( q&%%ﬁ OH@%{@%SE% ag trﬁléngg‘g g‘r’ﬁ"@ 2% pr opyl ene
gl ycol dirdieataaings:( bl eachi ng activator), and 2% hydrogen 20 peroxi de
(oxidgnt) and (2) an aqueous solution of 2!a Vadquat (a catiantc
surfactant),' S% pot assi um bi carbonate (puffer and peroxide activator) anti
2% hydr ogen pierioxa gheph(cdiké etactil DF-2bDwwepetents ancBayiliua bighigiqmdrag sikelbrdt) was achi eved

by u5|ngsgnﬁmlrd conbi nati on, conposing (3) an aqueous sol ution of 2%

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

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

25
DESCRIPTION OF THE PREFERRED EMBODIMENTS

(BEST MODES FOR CARRYING OUT THE INVENTION)

The present invention addresses the need for a general formulation that neutralizes the

adverse effects of elther or both chemical and biological toxants, where a foxant is defined as any




Vadquat (a cationic surfactant), 2% propylene glycol diacetate (bI eachi ng
activator), 5% potassi um bi carbonate (buffer and peroxi de acti vat 1 of F EEh@pee
hydr ogen peroxi de (oxidant). 25 Next, a variety of alternative enbodi nents
and configurations of DF-200 fornul ations will be present ed. ~TFi 32~~~ WD
03/ 028429 -16 PCT/ US02/ 29886 DF-2DOHF (Hi gh Foam The present invention
provi des ced decontam nation formulation for appl i cations
(" DF- 200H ) n exarrpl e of a fornulation for DF- 200&&@%&7%9%?6?%

DF 200HF (Hi gh Foam 1-4 % (preferably 2% Variquat 80MC (cati oni c
surfactant) 0.5-3% (preferably 1 9%.1Adogen 477 (cationic hydrotrope) 10
0.2-0.8% (preferably 0.4% 1-Dodecanol (fatty alcohol) 0.05-0.1 % Jaguar
8000 (cati oni c wat er sol ubl e 5% ene gl ycol ) Met hyl

Et her ( sTPUEHIPORIF TW/SL‘(’%F@FQ?GB%‘TPEG'QE oﬁ%e“tl—ﬂ%tg”pbngyﬁgw'@%de (oxi dant)

0. 1- 10% tigMdgRdi estiodbrylifedro384sesiBhig @leld (Hiradie, Giadetdedt) tefnb@siry amiacmmoxn de activator)
1- 4% Pr opyl ene G ¥co| D acetate (bl eachl acti va% %{%f 7% Water 15 This

f or mul at PegRANgEhagm fodupeng ar agimals. BW'QFHF%?@"%‘ BT SRt Boadea 5 Thi s

f or mul at ieﬁHEHIeQ@cH R oR RIS irRAmbfhd 3f fiddudtiad, B rdelieeenwiRint tinee9. 8 f or opt i mal
decontam nation of all target agents. This "high-foani fornulation includes

a cat Bonpreduged indralitiss| Iy BHniopsor sipRupers. eNeytralizalian s dafned GO TN9MANT% h i ncr eases t he

bul k vi S%%atw dBonthiPhRatS bitthreRe aamcmnqﬂ%%to%e@mer@th&tt@mxw;@am 20 Exanpl es
of suitable non-anionic water-soluble polynmers include: gol yvi nyl al cohol ,

guar gu nionger@amae@mtecadmfsemmiﬂtWIn@)s oprsImplsi Belfgpmnuigiphang Hgaprib PR¥¥m chl ori de,
pol yacr y!:f%%‘pﬂ?ént lﬁﬁbt%ﬁ]éﬁ%leﬁ%@e é&‘é’é n&ﬁggg:or(tg) e p%ﬁ\{%@%nfecf?dﬂds ignAgAR 8000T""

(GQuar cu hydr o cationic polymer is preferred over a
non-i oni a:dvgmalWMreﬁecamra\mntataht&mpmdnglwer does not work well. The fatty 25

al coh% 1- dodecanol serves to increase the surface viscosity of the foam
| amelPae to also increase foam stabili ty agai nst drai nage and bubbl e

col | apse. An important subset of chemical and biological compounds that the present invention

addresses is that of chemical warfare ("CW") and biological warfare ("BW"} agents. However, the
" present invention also addresses 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 agriculturatl facility, animai or dairy farm, or
food products processing or packaging facility. Additionatly, the present invention addresses the
need for such a formulation that is itseff 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 09/952,840. 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., aguecus
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,
constiftuents, or components listed herein are relative to the weight percentage of the overall
activaied solution. The word "water" is defined herein to broadly include: pure water, tap water,

delonized water, demineralized water, saltwater, or any other liquid consisting primarily of H20.




~~=1: ~3 2i;:1i WO 03/028429 -17 PCT/ US02l 29886 DF- 200LF (Low Foan) The
present invention provides an enhanced decontam nation fornulation for |ow
f oam appl i cati ons ("DF-200LF"). An exanple of a fornulation for?FFZGOLE,
conprises: 5 DF-200LF (Low Foam 4% Vari quat 80MC (cationic surfactant)

0. 4% Lauram de DEA [N, N-Bi s(2-Hydr oxyet hyl ) - Dodecanam dej (foam booster)
1-4% Propyl ene A ycol Diacetate (bleaching acfivator) 0.5% Di (propyl ene

gl ycol) Methyl Ether (solvent) 10 0.05-0.1% Jaguar 8000 Pol yner (cationic
wat er - sol ubl e polynmer) 0.1-10% (preferably 1-4% Hydrogen Peroxi de
(oxidant) 0.1-10% (preferably 2-8% Bi-tarbonate salt (buffer and peroxide
activator) 71-94% Water 15 This fornulation is generally effective at a pH

val ue between dneRxatik ok 8 miimuti Moot E&H&{tﬂé’y@f‘oi PbF-5a@ '?nnptﬁangrq%%%&r]e%hi%\% g2 PH val ue

bet ween about 9.6 and 9.8 for optiml decontam nation of a arget agents.

The ter m “$4rijfantas Af spere fibpogptisss eesompsingits y of a fornul ation to forma

hi ghly stabl e | ' Foam for ation fornms a
much | ess st ab?QQfsgig%&l“%%ﬂésS%%oﬁg %&? g%‘%édggéyﬁg\%’o?[ﬁ%ur@c&%?‘g{?@éd :
performance of DF-YAOAFEAIRH 2 BRogionHBTeps (ccmmgaeedr7), end2Raty@@ool (Blge not at i on
"ND" refers to a comgenhi@ti on bel ow detectable limts, and "PGD' refers to
propyl ene glycol diacetate (a preferred bl eaching activator). ~T~ETS3
2~'r?2i WO 03/ 03£3929pinT peist Fosieg fom the arPeryionsising oS0 eyt - apktylt dndnirieact i on.
rates for Mistard §hgbaide stz | ] ul fide). Mustard Sinul ant
% Decont ami nat edFo@nﬁaﬁ%n%&R}%hf égﬁkg%ﬁﬂgﬁ%f%%taéh nut esDF- 100A H
8184281DF- 100A Y 4Je35\s SOBHRFL (2.0 ORF o PIPFICENe) peBYstieE@M] and. 5%

Bi car b4262NDDFgQRkF 2% PGD | 3. 6% H20z/ 4% Bi car b9498NDDF- 200LF 2. 5% PGD /
3% HzOv4. 5% Bl car b5591ND 5 Tabl e 2: Summary of the reaction rates for VX

si nul al?  (BeEpvRfEinasoestssesprrlasivairensioHir fota sossertiple 10K whild theteadive

Decont am nakeslir@sdieh atahan hndVmta R MLRULE 5 &L}?g‘? 3 H 104599
NDDF- 100A H 9. 23371 93DF- 200HE 206 PCD | 39 ﬁg'%z‘”%é; ?E{E"c“éé)%é%s NDDF- 200HF
2% PGD | 3.®%##2Cz/ 4% Bi car b6699 NDDF- 200LF 2. 5% PGD/ 3% HzQz/ 4.5 Bi car b7998

ND 10 Table 3: Summary of the reaction rates for G Agent sinulant (biphenyl
chl orophosphateEl

émples of suitable cationic surfactants include: quatemary ammanium s2its and

15 pelymeric quaternary salts. Examples of suitable quaternary ammonium salts include: cetyltrimethyl
ammonium bromide, benzalkonium chiaride, benzethonium chlaride, cetylpyridinium chioride,
alkyldimethylbenzylammanium salt, and tetrabutyl ammenium bromide. A preferred cationic
surfactant is WITCO VARIQUAT 8OMC™, which is a mixture of benzyl (C12-C16)
alkyldimethylammeonium chiorides. The concentration of quaternary ammanium salt used in DF-200

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

ammanium $alt becomes significantly toxic fo humans and the environment.

Examples of sutable cationic hydrotropes include; tetrapentyl ammonium bromide, tiacety!
methyl ammanium tromide, and tatrabutyl ammonium bromide. A preferred cationic hydrotrope is

23 WITCOADOGEN 477™, which is a pentamethyltallow alkylirimethylenediammontium dichioride.

Examples of suitable fatty alcohals include alechals having 8-20 carban atoms per molecule

such as: 1-dodecanol, pure dodecanal, hexadecanal, and 1-tetradecanal.




G A ent Sinmul ant % Decont am nat edFor nul at edl M nutel5 M nutes60

M nut esDF- 100A H 853NDNDDF- 100A H 9. 2NDNDNDDF- 200 HF 2% PGD / 3%?@ é e
Bl car bNDNDNDDF- 200HF 2% PGD / 3. 5% Ha0x4% Bi car bNDNDNDDF- 200LF 2 605
3% HzOz4. 5% Bi car bNDNDND 15 Table 4: Sunmary of the kill rates for Anthrax
simul ant (Bacillus globigii spores) Anthrax SinmulantAnthrax

Si mul ant F Lon% Kill after 30 Mnutes% Kill after t esDF- 100A H
899. 9999. 8‘&%}&%& 2 00A H 9. 29099. 9DF- 200HF 2% PGD / 3&‘3?(3‘892%8&]

Bi car b99. 9999999. 99999DF- 200LF 2. 5% PGD / 3% HzQz/ 4.5

Bi car b99. 9999999. 99999 ~ '~ F~l'3_4a~~ WD 03/025429 -19 Differences

bet ween fornul ati ons of DF-200 and DF-1001100A incl ude: PCT/ US02/ 29886
DF-2D0 is active against all agents at a si n% pH The formulation is

ef fective at Epripasiguiebipbleagier rolyBloE ere Fogysegh 19(9“53“3’ is nore effective at pH
val ues between about 9.2 and 9.8; and is nost effective at pH val ues

bet ween about pH 9.6 and 9.8; 5 DF-200 has better performance agai nst
Must ar d; DF- Z8@npleas siable @pctlpeeqommumm@d%g%[wgponmwtdéHWC&?G%&?E?P“%% DF- 200

h | ! ]
Cgts | O(r)]:N(e:[l ﬁé? % feﬂg r%ale rﬁ[gefr {SJdlnlﬁ &@a‘b‘o% §0d§H'b£r§&1E@BérhyaﬂaQ or the

_ Bwers t he (already low toxicity and
corrosiv s@yamperopardph@ghatsf sotlive pérwmehtdwr@ﬁﬂ pargxide PRALCE O piTaIIORN AT e r

concent ra{[%teggﬁggimhsuﬁ fu%g‘ryn SOl I%'I 1|1ctat¥ a%ggpa?éaa%%mdejcomql%c(@ﬁ%y I'Odgh: 200 doesn't

use a shd I o1s e. g iso i'Ssopropa whi ch causes
f | ammabi bdrégde p bicdtord®; pateedtic hd’teoﬁmnta@w gatbutﬁne-Ziasﬂlopamagsmate an, ancb oncentrated

form DF-200 doesn't use Diethylene Gycol DEGVBE), which
can causBPYFLRATE xR esgoﬁé%@ﬁgﬁf'dceé{%x' g DXK%S ku)ts%ra EF ps‘t%tmce}éet ector)s '

(especi abdnYenodufihtess ARERHS H\@lgﬂfhraﬁeﬁydé)ﬁaetbiﬁdndsmfa&mmtom ﬂeag‘eﬁtl(ay settings); and
DF-200 can contain a |Ilcwer concentration of dro xi %ez’o whi ch al so
reduci@s fixaire(chiop @gdpprorgRiand e hyrpehiopte (s PiieRs (??Ct“ga ¥f the

f or mul at kfphliatidVd etintol @R la vaHely foeegaticasonirgd WerROpHiks; e?@&ycﬂb}d! |@E(O]:Q@ﬁd i ncl ude:
hydroperoxide ions ((OOH ) produced when using hydrogen peroxide; and/or hydroperoxycarbonate
ions (HCO, ) produced when hydrogen peroxide is combined with a carbonate salt.
Hydroperoxycarbonate ions (HCOJ) are a much stronger oxidant than hydroxy! ions (OH) or
15 hydroperoxide ions ((QOH), and are especially effective in reacting with biological toxants. When
using hydrogen peroxide in DF-200 formulations, its congentration 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 {2.9., 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, &.g., hydrogen peroxide to
form the highly reactive hydroperoxycarbonate species (HCO, ). Addition of carbonate salts can also

25  buffer the formulation to optimize the pH.

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

rate of spore kill can comgprise five components:




20 DF-200 pertorns optinmally at a higher pH (about 9.6 to 9.8) as conpared
to DF 100A. However, note that this is the typical pH value for commn
househol d products such as |aundry detergents, shanpoos, and di shweshifhg 2655
detergents; and DF-200 has nore individual conponents that should be stored
separately (e.g, the hydrogen peroxide and the bl eaching activator) from
the bulk formulation until use, as conpared to 25 DF- 100A (where only one
conmponent, hydrogen peroxide, should be stored separately). This will be

di scussed in greater detail below One-1season for the better pertormance of
DF-200 formul ations (e.g., DF-200HF and DF-200LF) over DF-100 and DF-100A

formul ations i it i activator .(e.g. 11 F(=1S
15 w0 03/ 038k DS BaesaR e o8 BRSNS B 3 Tnt Sirfimniedr )

Bl eachi ng act i vat ofas1:abdiMSs acativpio yvdsropd (8.6 Aogeva7 N anbatgdacbhages.y! gr oups
that react with th@néé&ﬁqgly nucl ecphilic hydroperoxy anion (OOH) to yield
per oxygenat ed speci es, Which are nore efficient oxidizers than hydr ogen

per oxi de al one (2)G t@adhing kdtiviRT stlectea@@inhegrdefeonEit of eacetkON-A&etyBhRG Rt he
1950' s, @ number 3$ogi£$£&9@&m8k gchknglactivalors‘have been used in
commerci al | aundry” detergents.  as  wel I 5% YN mer ci al products. The
nmost conmon acid)\eatavlive commnéne {erga agkddeh p@bdkiiy) peredt add, Be):( TAED), which is
primarily used,] rope d Asjia: .and nnonanoyl oxybenzenesul f onate (NOBS),
which is pri mardl) Iq’yc‘E"ﬁ%"eap sf"n@tghgc’%mti'c@ﬁ”'ﬁ%‘ta@%. NOES is a proprietary

chem cal of th&Raector and Ganbl e conpany. In a |aundry detergent,

hydr ogen peroxide is provided in a solid form (usually as sodi um perborate,
which reacts in water to formthe hydroperoxy anion). The addition of a

bl eachlthg act i \Fatrupiesgf sidnlecadoduersadndude @hkdidn bicatbne, kasmidmaeker gent to
renove staj . | ot hi ng.. | houl.d be noted that TAED and NOBS

bl eachi ngaéac P'p/étg %arrgo"gtf 'e"’"nér;%’f1 'F"@hﬁ?}ge? E”f 36'T°U‘E§F'3'E15“ﬁ MREPEFE™suPe 9., TAED i s
only 0.1 Y%ssadatebére patassRbiCpmorkee. get around this problemin a | aundry
detergent, the solid TAED or NOBS particles are kept in suspension by the
agitating action of the washing nmachine, where they slowy react with the
hydrogen per oxiighe i anowdtee deftesfgeditaminiisn ek on B@ibstidb@Msdores tim@ f 1 el d of

DF- 200, f orqul at j.onss presents practi cal problens; hence, a water-sol uble

bl eachi’ng cg:‘é'cﬁ%\?g "grﬁ sggreﬁ?‘é‘f ﬁ}ers & “Y%Be?xﬁ%empéfq‘@fﬂ"[ﬁﬂ‘é”bq"@%ﬁFfﬁ'ge activators
i ncl ude s vaddus ednmbreen oOBRIEN fcCmaMOMCOHYBULIRAEH of the farmutation was 9.8). The

degree of spore kil was determined by culturing surviving arganiems. As shown in Figure 3,
significant spore kill was achieved by using two different combinations: (1) an aqueous salution of 2%
Variquat (cationic surfactant), 2% propyiene glycal diacetate (bleaching activator), and 2% hydrogen

20 peroxide (oxidant) and (2) an aqueous solution of 2% Variquat (a cationic surfactant), 5% potassium
bicarbonate (buffer and peroxide activator) and 2% hydragen peroxide (oxidant). However, very high
spore kill was achieved by using a third combination, comprising (3) én aqueous solution of 2%
Variquat (a cafianic surfactan), 2% prapylene glycol diacetate (bleaching activator), 5% potassium
bicarbanate (buffer and peroxide activator) and 2% hydragen peroxide (oxidant).

25

Next, a variaty of alternative embodiments and canfigurations of DF-200 farmulations will be
presented.

o




30 contain an ester bond, e.g., ethylene glycol diacetate, propylene glycol

nononet hyl et her acetate, nethyl acetate, dinethyl glutarate, diet hzlfg@;?--;.,m;.

gl ycol monoethyl ether acetate, glycerol diacetate (Diacetin), gl e

nonoacet ate, glycerol triacetate, and propyl ene glycol diacetate.

preferred water-sol uble bl eaching activator is propylene glycol diacetate

(PGD) whi own bel ow. 31 FcL %s!",i WO 21 OCHa O 11
‘@18@@%{} C-CHa PCT/ US02129886 5 Thi's nol gc %gé’r%e%%%ts wi t h

hydr oper oxy anions (OOH ), giving up the ester bonds to formtwo

per oxygenat ed nol ecul es. Propyl ene gbkycol diacetate also acts as an organic

solvent that is highly effective in solubilizing insoluble organic

nol ecul e e .. chem cal wartare agents, as well as foam 10

stabili zers (such as 1-dodecanol and Lauram de DEA)). Therefore,

an added funcnhé Q&eﬂﬁnvéﬂﬁbiﬁpr@ﬂmlﬁﬁﬁndesddcdirﬁm!rialionmldﬁa'l fasigpfobro suppl ement t he

di et hyl ene gl ycg monobut yl et her E‘JFDEG\@‘E%}? solvent that is used in DF-100

and DF- 18%Aatas (PRR08 bIABﬁW'ePfr?é°r gt '8 2@%”6[“?@8?) net hyl et her sol vent

used in some DF-200 fornul ations, thereby allow ng the propyl ene glycol

di acetate to serve a dual purpose e., solvent and bl eaching activator).
15 Bl &achi ng activators are g@ﬁé’@‘&}i@@ﬁéﬂstabl e in water for |ong periods
of tine. Thi 54|o/ns(p,g,§,g9§;@gl\}ayqugtrgmcF@gmcguhg\cta@gueous solution is at a high pH
(>10). Therefore, for ife, the propylene glycol diacetate (or
ot her bl eachpﬁ-@%&fftf?re@xk?{q‘)f\dqgénﬁ?é’ﬁf@ﬁfawdwf@?)or ed separate fromthe aqueous
sol ution unt I er products that utilize bl each
activators (gho'é%?%%flpdlyso‘!ﬁ %géeﬁcihrglf'}gﬁ%g&oDV\here all the conponents of the
formul ati on &aogo. i@@pﬂguzdﬁgooaaa@bnswptam&i@@jDMval use (in the case of |aundry
det er gent eac or,. I.s encapsul ated to prevent it from
reacting wtﬁg{ pr%Dé’Enxq%ﬁcgﬁ?:% r?re(ﬁ?wentﬁtll both conponents are m xed in
wat er). Anot heﬂ()%mmdiba‘]@f% Bydvagtreercsiad qtidaet) bl eachi ng activator is ethyl ene

gl ycol di acet ¥ for | ati ons. However, when
et hyl ene gl yd& 110’331 p\é\\%ﬁcbgtzé%gg ?°§atw4tf?”)ﬁ§md8a'8’ﬁaoﬁéw X de, it forns ethylene
glycol (i.e. f4amdpyléde@Bed Diacatdtd Bhachify vkl at i vel y toxic byproduct.

Propyl ene gl ycol diacetate, on the other hand, does not formthis
relatively t &% W§pr oduct. DF-200NF ( Non- Foani ng)

15
This farmulation is effective ak 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 (.., Jaguar 8000™), which increases the bulk
viscosity of the solution and produces a more stable foam.

20

Examples of suitable non-anionic water-scluble palymers Include: polyvinyl alcchol, 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 fafty

25  aleohol 1-dodecano! serves to increase the surface viscosity of the foam lameliae fo also increase

foam stability against drainage and bubble collapse.




30 The present invention is also of a non-foam ng enbodi ment ("DF- 200NF")
that may be used for specific applications, e.g., the kill of bioljo 432@3
/

organi sns, batch processing (such as in chemi cal 1| FEB 2n5 V\D 0

22 PCT1US02/ 29886 agent dem litarization neutralization processes, i.e.,
in a bath of sol ution), or spray applications. A preferred exanple of thls
formul ati EJ ses (amounts illustrative): DF- ZOOIEJETJ,{J&\&% gﬁoam nal

1-10% (pre era y 2.59% Benzal koni um Chl oride (cationi'c LAt ant) 1 8%
Propyl ene A ycol D acetate (bleaching activator) 1-16% Hydrogen Peroxi de
(oxi dant) 2-8% Pot assi um Bi car bonat a7-(buffer and peroxi de activator)

65. 5-93. 5% Water 10 The formul ation can be adjusted to a pH val ue between

about 9.6 and 9.8 for optinmm perfornmance, and is effective for
decontanl?6—|°|@93r—é)rmF~ LR | target agents. DF-100E 15 The present invention is
al so of an embaB&athwaibs brodtiedn elalfa-nadamomﬂsraﬁanwfbrhu|z¢mfot[buefom opyl ene gl ycol
di acet ate bl eachi na activator. e er rﬁggenbodl ment of this enhanced

f or nul at FRBlgatiops (HE-2RHGR ’)““‘%3‘6%?‘?“5@ WIS RE SO0 PRSI ve): 20  ~ 7 FCB
2t f 05 WD 03/ 028429 -23 DF-100E

5 DF-200LF {Low Foam

4% Variguat 80MC (cationic surfactant}
~ 0.4% Lauramide DEA [N,N-Bis(2-Hydroxyethyl)-Dodecanamide] {foam booster)
1-4% Propyliene Giycol Diacetaie (bleaching activator)
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)

71-84% Water

15 This formulafion 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 ahility 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 o DF-100A. The
notation "ND" refers to a concentration below detectable limits, and "PG D"'refers to propylene glycol

diacetate (a preferred bleaching activator).




5.3% Vari quat 80MC 2. 8% Adogen 477 0.85% 1- Dodecanol 5 0.5% I sobutanol 0.1%
Jaguar 8000 1.35% Di et hyl ene @ ycol Mnobutyl Ether 2-8% Bi carbonatiey $aiif 2533
1- 4% Hydr ogen Peroxide 10 1-4% Propyl ene A ycol D acetate 73-85% Wat er

PCTI US02/ 29886 This fornul ati on 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 ( 3.00% H2021 3. 75% Bi carbonate salt QNst chem cal

si mul ants%’f/sﬁsgak%oé\% below in Tabl e 5: Table 5: Summar )PC%I?SOQ%@ reaction rates
for the DF-100E fornulation in kinetic testing. Decont am nat edSi nul ant 1

M nutel5 M nutes60 M nutesMustard Hp.~8392NDG A ent SNDNDNDVX6696ND 20 Tests
agai nst the anthrax spore simulant (Bacillus globigii spores) denonstrated

99.9999% (7-Log) kill after a 30 m nute exposure to DF-100E. O her

bl eaching activators (such as water-insol uble NOBS or TAED) can be used in

pl ace of 25 1RpepydueitaryG teehetidl raeasraligard simiDint @@Bkroethoprenesulidds not ed above,

this produces a slurry mxture instead of a true liquid solution. ,d 7 F

Cs ~,; WQ.03/,028429 PCT/USQ2/ 29886 ’.-)\AN Thisf ci! | :@, s tab! e stymAri zes sone
differ en[ces bet weer, A0, DF- 100A —BFzdboE ’rernfut@s'H ,60 = | F, DF- 200NF,
and DF-2 10 op wupal | SONg0O vart 73 ECONMEAMm tion
For nul at fons— 5 FRERgh@H Iy Requi Tey pH&d USTNERE T pr OVes
Kinetics PBD 7 3% H,04 4.6% Bicarb) 42 62 ND

DF-200HF (2% PGD / 3.5% H,0,/4% Bicarh) 94 98 ND

DF-200LF (2.5% PGD / 3% H044.5% Bicarb) 55 o ND

5
Table 2: Summary of the reaction rates for VX simulant (0-Ethyl S-Ethyl
Phenylphosphonothicate).
VX Simulant (% Decontaminated)
Formulation 1 Minute 15 Minuies 80 Minutes
DF-100A (pH 10) 45 99 ND
DF-100A (pH 8.2) 33 71 93
DF-200HF (2% PGD / 3% H,0,/ 4.5% Bicarb) 83 98 ND
DF-200HF (2% PGD / 3.5% H»04/ 4% Bicarb) 66 99 ND
DF-200LF {2.5% PGD f 3% H,0,/ 4.5 Bicarb) 79 98 ND
10 Table 3: Summary of the reaction rates for G Agent simulant (Diphenyl chicrophosphate).
G Agent Simulant (% Decontaminated)
Formulated 1 Minute 15 Minutes 60 Minutes
DE-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% Ha0, 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 (Baclllus globigii spores)
15

Anthrax Simulant Anthrax Simulant
Formulation % Kill after 30 Minutes | % Kill after 80 Minutes
DF-100A {pH 8) 99,99 99.99999
DF-100A {(pH 9.2) 90 89.9
DF-200HF (2% PGB / 3% H.0./ 4.5 Bicarb) ©9.99999 09.99999
DF-200LF {2.5% PGD /3% H.Oo/ 4.5 Bicarb) 99,69899 $9.00988




Fl ammabl e Constituents Forns Hi ghly Stable Foam Can Use Saltwater for Makeu
MaterDF-100YNNYNDF-100ANNNYNDF-100ENYNYYDF-200HFNYYYYDF-200LFNYYNg§FF2%0%FN
YYNYDF- 200HF- Sl ur NYYYY Kit Configurations In the foll owi ng secti ALYy
vari ous exanples of 2-part, 3-part, and 4-part "kit" confgurations 10 are
shown for the different enbodi nents of DF-200 fornulations. In general, the
2- part'an kits have the bulk of the water aIr packaged in
one of the Oﬂﬁ% three) containers (usually the fod %éﬁ%%‘gnt) Thi s
allows for rapid deploynment of the decontam nation solution, the use of
smal | -scale units (e.g., backpacks),gand 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

cont ami n&ifigresees b?"l"{?@ﬁf°é!P‘F‘%§‘9!7§°f'?feEwBWaa@m%8ﬂ‘fd§| ning the other three parts

to be nmuch I ght @EpodihEiR 2BRESM abdnts BBSHINGIE pit OTHS RirrfulABs Sfe@eat pHoVeVEr ,  a
source of make-up is required in the field (which can be saltwater). E'~

F E ~ 2t va@esiBvee) D825 ond 195 ipaTe eilscidy 2ol sdved prtwpamelon o2 38 B 00

formul at | u ©hbhRefag@y, with the bulk of the water
"pre-pac ageg&ﬁQmPQWﬁgﬁ%ﬁ%,ﬁggégndlng on the application. 5 DF-200HF (Kit
Conf i gurati on) TIvE-20Fha8 Dkipefiarangd 2eeinpMustasth be configured as a 4-part Kit,
and then prepared,.f | unts illustrative): DF-200
HF (4-part kit) 52%'}%52 Hotferioa c‘%ﬁ%’%ﬁ?ﬁéf o g Variquat SOMC 10 g
Adogen 477 4. g b-Dbadeea nebr cﬁncgatrét@Mbotramﬂ@tsdﬁ@Ismant aBlosthecatintCpr opyl ene

glycol) n%rotrgpe whi p%rth ]OWEI’gthl!.‘D aFrea&ySlow"f @xag y%ndr 018!90%1%5’ Pfopél"&esgf tygat er

formulation;
10 . DF-200 has a lower conceniration of the foam stability component, 1-Dodecanol;
. DF-200 doesn't use a short-chained alcohal {e.g., isobutanol, isopropanof), which

causes flammability problems when the formulation is packaged in a concentrated form;
. .DF~200 doesn't use Diethylene Giycol MonoButyl Ether (DEGMBE), which can cause
false alarms on some chemical agent sensors and detectors (especially older sensors which are
16  used in some military settings); and
. DF-200 can coﬁtain 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 individuat componenis that should be stored separately (.9, the
hydrogen peroxide and the bleaching activator) from the bulk formulation until use, as compared to

25  DF-100A {where only one component, hydregen 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 formutations is the addition of a bleaching activator (e.g.,




Part B (Solid Conponent): 50 g Sodi um Percarbonate 20 50 g Urea Hydrogen
Peroxi de Part C (Bl eaching Activator): 20 g Propylene dycol D ac»Ft?af;epngﬂg_ﬁ
D (Make-up Water): 800 g Water 25 In this exanple of a 4-part LB 4o
configuration, the bulk of the water is not included in the "package"
(i.e., Parts A, B, and C), which mnimzes the weight of the package for

shi ppi ng aRpgeshepage. Here, the make-up water (Part RepiQisksksbe supplied in
the field at, or near, the site of contam nation. The pH of the fornulation

can be adjusted to be between about 9.6 and 9.8 for ~~'D.gin:. Ca
..~..) WD 03/028429 -26 PCT/US02/ 28856 optimal performance. The
formul ation as described above will produce 1 liter of "high" foam

sol uti Onpr%:sglgne édlgaéé{eplB?eacrﬁwBQ#tlwﬁ]P&ﬁ G@éﬁg&&ﬁéﬁwﬁép&hl #R8nd8d et i on of the

hydr ogen , a portion o bi carbonate, and a base tor buffering
t he sol LﬂrwtmﬂthatTetaet mtemmtmﬁi,&rnueiéw*nllwewqﬁqunowgelm QQHM@lV@'é perexvesIFe i ed by the

urea hydé'? I-Ec‘ﬁrox' 3 lﬁentg}cmtmgrtsg,lra M%ue g.gxc%%ﬁj%l de concentration is

appr oxi n& I'sexa viscosity of the formnulation can be
adjusted to be bet ween about 4- 9 mels. A variety of different nmethods can
be us,fed inthe field to mx the DF-200HF fornulation configured as a 4-part
Kit, exanpl e: 10 Methed 1: Supply the nmake-up water (Part D). Then, m X
Part B into Rart D. Then, jadd Parts C and A to Part B+D. Use, preferably,
wi thin 8 hours—LMebhod»2: RMlooRant C into Part A. Supply the nake-up water
(Part D). Then, mx Part B into Part D. Keep separate until use. \Wen use
is required, mx Part A+Cinto Part B+D. Use, 15 preferably, within 8 hours

of fipst m XbiRg tRALES, Aufrbéridt dieRaleschiRy BivatdR g@eemlsed iR adnimeataed DF- 200
formul ati ons are used Pref erably within 8 hours after m xi ng, however, they
still caRUnge delpperts pspe! ?Scﬂ*hewmesrcewc’ﬁ‘eﬁﬁ?eaﬁﬁ ERRYEFABE200HF (H gh Foam)

can be aﬂf?&a’c&%eﬁ}@;en@dta?dﬂe BE0), WRkh i@pdrRAPusBER ERSbeQhd Adia®a nand then rinsed of f.
However rr% can be used in a different manner than the

DF- 100/ 1@@moalwdb®m@@@nﬁe fmﬂﬁnw@@hrweanw tyed et Udied Platas iNGGS IS 200LF on a
surface érg;Frle g’&genﬁc%folrfagﬁ 88£rTaIid dHritble (:Zimp%ﬁw 143@ @Whété?&mt RuaRgenpbbage, |eft for

arelati erro m nut es), and then rinsed
of f w6t h|sarolon:le};irh qosoe:sfsnnr(w;uélm eesslqvuatl eﬂrbomte \sradhtreavtalnelratestpfomythe This will mnimze
corrosio make it

f the material. t
especi al F‘S?%ﬁ%rg’?y%f'"rﬁoﬁ%é‘gdlg'grhﬁg\rch@?’lcg' ac Walm ver a a%gés X W%Qeaqw pment where

COr r 0Si OBetergent to remove stains from clothing.

It should be noted that TAEDKand 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 blsaching activators include short-chained organic compounds that
contain an ester bond, e.g., ethylene glycot 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.




25 is a concern. It will also mnimze the tinme required for

decontami nation, which is especially advantageous for mlitary ugey (Fgm tp@g;
“battlefield or at fixed sites). 1 ? FE~i i~~(;<fi WD 03/025429 o
PCT/ US02/ 29886 -27 SaltVWater can al so be effectively used as the nake-up
water (Part D) for DF-200 formnul ations. The table bel ow shows the results
of ki neti s_using DF-200HF (2% PGD / 3.50% HzOz 0% Bi car bonat e
salt) w tﬁ”é‘gaﬁ)% ter (-35,000 ppmtotal dissolved soll)#jc‘égo?’ %P able 7:
Sunmary of the reaction rates for DF-200HF fornulation (2% PGD | 3. 5% HzOzl
a. 0% si carbonate salt) with sal twateyr used as the nmake-up water (Part D).
Decont am nat edSi mul ant1 M nutel5 M nutes60 M nutesMist ard244289G

Agent s NDNDNDVX- ﬁ)62 - GHs gfi@ ~>99 | 10 Tests agai nst the anthrax spore

si mul ant (Baci |l llus_gl g L gli spores) denonstrated 99.9999% (7-Log) Kkill
after a one q’i'eu_rc"éag%’é 89—0 8'§3DF- 200HF wth saltwater used as the make-up
wat er. Surface testing was conducted wi th DF-200HF agai nst the Mustard and
VX simulant. For this 15 test, . S rng.of. simnulant applied to a 2"

di aneh erT B ESESHRIER G HATEP G 1RO IHEITE R TR g RIRP I  coat i ng). CARC
i's a matRphdbnatgmaRaley, used to paint mlitary vehicles to protect them
agai nst chem cal agent attack. After waiting one hour, the test coupon was
pl aced in a horizontal position and covered with 1.0 g of DF-200HF (2% PGD

1 3.5% Hz Oz 4o 400,81 63RRARS L1538k drganbdiRht tRBs MY Ek&Sve i he test coupon was
imersed in 2§m of acetonitrile for 15 mnutes to extract unreacted 20

si mul antsolpligitg nbaublswroeriaclecvde.aahereieal Vashre seNeRYe(2&8Moni trile) was then
anal yzed, for HAg NLeAct @cﬂde%iamn? MuranREBHAR, Stnérsth@ WA adiddd TRdadrerr 8) denonstrate
mor e ef fect|ve decontam nation of the test coupon as conpared to DF- 100A.
6 ~ ~ ~ thiscdhpothd is\20r @B bORBUE uppl@r@ent the diethylene glycol monobutyl ether {DEGMBE)
solvent that is used in DF-100 and DE-100A, or to supplement the Di(propylene glycol) methy! ather
solvent used in some DF-200 formulations, thereby allowing the propylene glycol 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
agueous 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 encapstilated 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 efhylene 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,

DE-200NF (Non-Foaming}

30 The present invention is also of a non-foaming embodiment ("DF-200NF") that may be used

for specific applications, &.g., the kill of biological organisms, batch processing (such as in chemical




Tabl e 8: Results of Surface Testing of DF-200HF on CARC. PCT/ USOZ/;Z-,@% 005
Decon Fornul ati onng VX Si mul ant (Unreacted sinulant on surface after v
m nut esMy Mustard Sinul ant (Unreacted sinulant on surtace after 60

m nut esControl 8.0 tD. 38. 00. 3DF- 100A H 9. 22. 94. 5DF- 20DHF 2% PGD | 3. 5% HzOz/
4. 0% Bi carbl.42.5 5 DF-200HF Slurrv (Kit Configuration) Insoluble bleach
acti vat or swgsumsas TAED, NOBS, and N acetyl gl ucosapciglntsis be utilized
in place of the (water-sol uble) propylene glycol diacetate for DF-20D
formul ati ons. However, in this case, the fornulation results in a slurry
when m xed with water, instead of a2#rue aqueous 10 solution. The present
invention also provides a nethod to utilize a water-insoluble solid bleach
act i vat Ogerk GonfitarizaldNHNtr=liRtioR hREHES, 8. ih 884 br hungl), WF dpdy bppiRtiRE. R @ slurry is
defined as a watery m xture that includes insoluble, undissolved matter).
Thi s enttErmeeeemple efdhigferaviatign coppdsppeppniliysede) s a 15 nodification of the
DF- 200HF fornul ati on. An exanple of a 4-part kit configuration is shown
bel ow (armounts illustrative): E~ i5e.;1vly WO 03/028429 -29 DF-200HF
Slurry (4-part kit) PCT/ US02/p0228m6 (faFpardngl Foam Concentrate): 20 g Vari quat
80MC10 g Ado 477 o : r 0 Polynmer5 g Di (propyl ene
gl yco?) nmet h@ﬁ@"e(f’r f??@‘.’ %5éB%%gog@ﬁ?%%@?é%rﬁtﬁ}ggﬁag% 1 g Water10 Part B(Solid
Conponent ) : 568%)P:SatheGydoeliaeanth (leath@b Betigetddr ea Hydr ogen Per oxi dePar t

C( Bl eachi ng iyator):1Q TAED (preferably encapsul ated TAED, such as
War wi ck B637¢%§°'¥y§5"93“6ﬁ% eg‘-’xﬁdf)b\" ter)- 800 g Water (can be freshwater or
sal twat er supgh P&sksiarh BlciiBonate [befeda p@oxitB @ctivéort 0 occur) The fornul ation as

descri bed above will produce 1 liter of foam solution. The pH of the final
65.5-93.5% Water

10
The formulation can be adjusted to a pH value between about 2.6 and 9.8 for optimum performance,
and is effective for decontamination of all target agents.
DE-100E

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

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

100E") comprises (amounts illustrative):

20




20 formul ation can be adjusted to be between about 9.6 and 9.8 for opti nal
performance. The followi ng mxing procedure can be used: M x Part TBFiit 8305
Part D. Then, add Parts C and A to Parts B+D. Use, preferably, within 8
hours. The performance agai nst each chem cal agent sinulant for DF- 200HF
Slurry (1 % TAED ! 3% 25 HZOz / 4% Bi carbonate salt) is shown below in
Tabl e 9: D WD 03/028429 -30 PCT/ USO21 29S86 T eummary of the
reaction ra Oesémgggr the DF-200HF Slurry formnul ation iﬁ@'bﬁ%@%glsgé testing. Note
that | nproved performance can be achi eved by using higher concentrations of
TAED (e.g., 2% TAED, instead of 1%J#AED). Decontam natedSimulantl M nute 15
M nut es60 M nut esMustard HD67 96NDG A ent sND NDNDVX33 95ND The above

exanpl es of different enbodi rrentsD o1f SF 200 woul d typically be used in

| arge scal e operations where dedicz depl oynment equi pnent and a source of
make- up wat ersvivarigessdicy avail able (e.g., for use by the mlitary to
decontam nate' fi xed sites' such as airbases and seaports), 10 or used to
mnimze th&8cda$846f ' pre- packaged’ water in order to mninize the weight
of the formyg#iignddbRi needs to be shipped and stored. DF-200 Rapid

Depl oyment Configurations The present invention is also of configurations
enpha3i zi ng %%chélﬁl% depl oyment of DF-200 15 fornul ations, andlor its

depl oynent ngin/p‘gg@pajob-scal e depl oynent equi pnent (such as hand-held units,
backpack units, or units nounted on small dollies). For these applications,
all of the V@%Midthylengplesolblppdbaigeder i nto the fornul ation, so that no extra
water is regus, i field. Afirst exanple of a 3-part kit

configurati ?}?4%%&5 el;%i(ﬂd Depl oynment version of DF-200HF, "DF-200HF Rapid
Depl oynent #14% Hgiogpriesgige (anounts il lustrative): 17 fi~~ 2~~~5 WO

(c);glngﬁﬁgﬁ?) %ﬁygﬁg{@yﬁa&%ﬁwl oyment #1 (3-part kit) Part A (Liguid Foam

73-85% Water
This formulation can be adjusted to a pH value between about 9.6 and 9.8 for optimal performance
against all agents. The performance of DF-100E (2% PGD / 3.00% H;0, / 3.75% Bicarbonate salt)

15  against chemical simulants is shown below in Table 5:

Table 5: Summary of the reaction rates for the DF-100E formutation in kinetic testing.

% Decontaminated
Simulant 1 Minute 15 Minutes 80 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) demonstraled 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 liguid solution.




10 g Adogen 477 5 4 g 1-Dodecanol 5 g Poly (Ethylene Oxide) 8 g Diethyl ene
A ycol Monobutyl Ether 5 g Isobutanol 45 g Potassi um Bi carbonate 4 7 FER e
PCT/ US02/ 29886 10 approx. 19 g Potassium Hydroxi de (the pH of Par'fJ A str'ﬁoér‘ﬂ*
be approximately 10.2) 933 g Water Part B (Solid Oxi dant Conmponent): 97 g
Urea Hydrogen Peroxide Part C (Liquid Bleachino Activator): 15 20 g

Pr opyl ene D| acetate This configuration wll iter of foam
sol ution. v% % of the final fornulation can be adj ueﬂH@%%% 6Ibe bet ween
about 9.6 and 9 8 for optinmal performance. The follow ng m xi ng procedure
can be used: Mx Part B into Part Azs-After dissolution of the urea hydrogen
peroxi de, add Part Cto 20 Part A+B, Use, preferably, wthin 8 hours. The
pertormance of | 7F-200HF Ra agent sinulants
i s shown bel 8WIH "3 'Fé””f'?f'” Dgﬁrplrﬁf}ée R"g?r on{a§§ U&I‘n]rmgﬁoﬁr netic testing
of DF- ZQﬁiﬁorRaWu@boDeDth%dﬁﬁ.zmamlurgur ation. 25 Decont ani nat edSi nul ant 1
M nut el5 M nutes60 M nutesMistard HD4882NDG Agent sNDNDNDVX7197>99
~v'.."'~ WD 03/028429 PCT/ US02/ 29886 -32 Tests agai nst the anthrax spore

si mul ant ( Baghi & UsSor@hribi @ VhrioeIRERShingRAPdslitatsed 99. 9999% (7-Log) kil l
after a 30 mnute exposure to DF-200HF Rapid Deploynent. 5 A schematic
exampfe of a preferred m xing procedure for this first exarrple of a rapid
depl oy neat—eent of—bBF Zﬂuﬁnguc gure 2. —Urea hydrogen
per oxi de di ssol | Vimbravelatl €fam cERUTmdatePN Can be

pr epar efrangktse aKkmeky $ lmenditubritaTe dlemiekenp Watar | nci dent

i nvol vi hg chem ol ogi cal (warfare i king it ideal for use by
civilia ts—poHece—officers, and

DEAG | S (fNrpfi ghpr'Q,
ot hers h d be . the (first tolarrive 1 ocatign of a CBW
at t ack) 8':%‘& N b ar breaching acti vator

aftrof LhC iTthaly. Ho VA1 S tilk: pdllibui
(propyl engrabycol diyacetlate)yused inwhis|{fornul atijon i synot stable in an
aqueous[solutiomn where the pH is|greater fhan apprgximately 9.9. Therefore,
it is ipoFr20@dmt [to Mix conpbnents in'the lcorredt order. For
exanpl e he ad@r tion|of Part B,

he r¥ght
if Part Cis 15 mxed into P@rt A before t

t here AprE?QOLtEer L& Ha 206H e—the-propytene gl ycol
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shown above for

(D (propyl en
i S not
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t Atg
gl ycol

used in Part A (the foamsolution) of the first exanple
DF- 200HF Rapi d Deployment #1 is different than the sol vent
t hat waskiusehuiatont he previ ously descri bed DF-20DHF fornul ati on

Tueifein e bRe Ve

et her

GBI

se. Di(

r[:raert [and 4 epaﬁ

ul

Rl

¢

or t
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short-chai ned al ¢

15

ohol
kits have the bulk of the water already "pre-packaged” in one of the fwo (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.

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).

r&#oé(sﬁm ) net hyl

e foam

note that a




25 (i.e., i1sobutanol) has been added to the foam conponent (Part,A% in the,
rapi d depl oyment configuration #1 of DF-200HF. Wile this | ow noilecdifar 2005
wei ght al cohol can cause flammability problens in highly concentrated
configurations of DF-200HF, it is not a problemin the | ess concentrated
configurations described herein. The use of isobutanol also hel ps
solubiliz odecanol in Part A, and inproves th i I (chem ca
reactivi t(;‘?&%?”%‘%e formul ation. In addition, ~T FEQ{‘@%@/%%WO 03/ 028429
PCT/ US02/ 29886 -33 the fornul ation preferably uses a different polyner,
poly (ethylene oxide), than the polysrer used in the other earlier described
DF-200 formul ations (i.e., Jaguar S000). This alternative polyner is used
because Jaguar 8000 is_also not stable in the hi H joul nt of the

T e d- t onn narerbie pRAT SRyHG FHE sl ARy gy MR ER fefaBT

Accor di nghyackaaed!#iebitedpdargailirapatsor DF- 200HF Rapld 5 Depl oynment #1
conpri ses: DF-200HF Rapi d Deol o~nent#1 1-4% (preferably 2% Variquat 80MC
(cationic surfactant) 0.5-3% (preferably 1% Adogen 477 (cationic
hydrotrope) 10 0.2-0.8% (preferably 0.49% 1-Dodecanol (fatty al cohol)
0.5-8% (preferably 0.5% Poly (Ethylene @ycol) (polynmer) 0.6-1.2%

(pr ef &r S5H200HT (Kivgonfiyuggtiony| ene G ycol Monobutyl Ether (solvent) 0-1%
(preferabl y Q. 8% aokf AR LRt iracCR i ReHitadnE @BOdpald fbr feded pr ef er abl y
2-S% Bicarbonate salt (buffer and peroxide activator) 15 0.1-10%

(pr ef er adsliojows {agunisjusrdigan Per oxi de (oxidant) 0.1-10% (preferably 1-4%
Propyl ene d ycol D acetate (Bl eaching activator) 52-97% Water The
formul ati on can be adjusted to a pH val ue between about 9.6 and 9.8 for

opti mal performance, 20 and i SEefXHEdt-pankitf or decontam nation of all target
agents. A seconﬂ exgggle gg a 3-part kit configuration for a Rapid
Depld@nent R BFO0HF, " DF- 200HF Rapi d Depl oynent #2", conprises
(amounts il lustratyvehuatsome 7 ~~; ~i G- WO 03/ 028429 PCT/ US02/ 29886 - 34

DF- 200HF Rapi d Depl oynment#2 (3-part kitl Part A (Liouid Foam Conponenfl: 20
g Variquat 80MC iggﬁcﬂﬂﬁﬁén 477 5 4 g 1-Dodecanol 20 g Pol yet hyl ene @ ycol
8000 polyner 8 gslgingichahene G ycol Mnobutyl Ether 5 g Isobutanol 50 g

Pot assi um Bi carbonate 10 approx. 25 g Potassium Hydroxide (the pH of Part A
shoul d be approxﬁﬁdﬂ@ﬁﬁo%ﬁgng933 g Water

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
Pari 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

§ontamination. The pH of the formulation can be adjusted o be between about 9.6 and 9.8 for




Part B (Solid Oxi dant Conponent): 97 g Urea Hydrogen Peroxide Part C
(Liouid Bleachino Activatorl: 15 20 g Propyl ene dycol Diacetatefln pey S5
second exanpl e, Pol yethyl ene @ ycol 8000 pol yner replaced the poly

(Et hyl ene Oxi de) polynmer used in DF-200HF Rapid Depl oyment #1. 20 A third
exanple of a 3-part kit configuration for a Rapid Depl oynent version of

DF- 200HF, F Rapi d Depl oynent #3", conprises | lustrative):
"~ 1or i 6%@§Q%ﬁ ?20~:1 WD 031 028429 PCT/U802/2958%8HB§E%§‘%00HF Raoi d
Denl ovrrent #3 (3 part kit Part A (Liouid Foam Conponent): 20 g Vari quat
SOMC 10 g Adogen 477 5 4 g 1-Dodecansl 20 g Pol yet hyl ene G ycol 8000 .

pol ymer 10 g Hexyl ene GI ycol 45 g Potassium Carbonate 5 g Pot-assi um

Bi b 10. 70 . id.oxid f 3 U
o S RSy ok BT OGRS U1

Di acet at @ ti{siex#nple, {auaaﬁﬁértdf@onal&subﬁnestambrsontdmhé ni/deg@mabme eHmhnyrle k| ene d ycol
8000 pol repl aced the (Et e sed i n DF-200HF
Rapi d De%‘fa@?'i’?éenfndﬁfas%ma“ﬁ%tgé% s@‘ﬂi‘f"ﬁ]ﬁjh%reﬁ'ﬂ'%h‘g i hﬂ"@% pe%‘%ﬁ ene 4 ycol
repl acedsughied ty¥lcane h@rc\@@@&erd}@mﬁytbwhch&daeiSeramdcdnssamaraa@bmma@ly as a
solvents. Finally, ycol Diacetate (i cgll aced, Propyl ene

d ycof D?é@é‘ﬂ%ﬁ‘@“ﬂﬁsé%%osttﬁémﬂp@%m“ﬁﬂ‘ %@FJFth‘&ﬁe betﬂ’Be”‘FH K59 BRdhges in t he
third exanple were nade to reduce or elimnate the use of short-chai ned

al cohol s andl or hi gh vapor-pressure solvents to prevent possible problens
with very Iohgﬁﬂﬁfépfrﬁff(ﬁfﬁﬁmeﬁ@ﬁtcw bg eigedl tnedipig formix the F-FPHR FEUR§OHUi d f oam
conponen Yy at high anbi ent storage tenperatures, due to
evaporatir:(r)“( 5 gsﬁpaﬁgﬁfog%gﬁg%l | e conponents. Note that the conbination of
45 grans of pot assi um carbonate and the 5 grams of potassi um bi carbonate

wer e .cho t,0..S | t t i;car bonat e,
and t@ @]%E%dg é%ﬁ%“ﬁg ggttlgrp%ﬂrq?'rﬁen ' Z%trr]g; 'ﬁs 1q@{.‘)lggrarns of potassium

bi car bonat e coub dartide Uk praferase dith{néi olrs.no  pot assi um car bonate), and then
the right amount of potassi um hydroxi de (base) coul d have been added to
increase the pHto the desired value, as is well-known in the art. 3~ f

r~ ~~i ~Rethct®: Wk 20O P&k NI SuppiRBe hdkedp W8 (FRYIOR Nthen] AR PR BEBGPEtDNVeNtion i s
also of a 2-part kit configuration of a rapid depl oyment enbodi ment of the

DF- 200HF S| ur ri{persspie Hshise: (Wisrussirorired) ok Pt ARGl aBERY: HFfrent "), in which
TAED {501 ot hery§QkdydwiPRladirsl& irdGiiing abRrakc inf Pdld d+pzed as

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 Fpam)

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 perfods 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 & 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 e'quipmerit where corrosian

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

advantageous for military use {on the battlefleld or at fixed sites}.




5 the bl eaching activator. This exanple of a rapid depl oynent configuration
al so requires no additional water to be added in the field (annuwli CER 200
illustrative): DF-200HF-Slurry Rapid Deploynment (2-part kit) Part E‘ 'g
Foam Com op nent~ 10 20 g Variquat 80MC 10 g Adogen 477 4 g 1-Dodecanol 5 g
Poly (Ethylene Gycol) 8 g Diethylene dycol Mnobutyl Ether 15 5 g

| sobut anol otaSS|unlB|carbonate 28 g Potassiu I (the pH of
Part A shod?g”%% apprOX|nater 10. 4) 953 g Water ZSEE%ﬁ%&@kgglid Oxi dant
and Bl eaching Activator 97 g Urea Hydrogen Peroxide 30 g TAED (preferably
in encapsul ated form such as Warwi.gk | nternational B637) 25 This
formulation wll produce 1 liter of foan1so|ution The pH of the fina
formul ati on can be a t r optimal

per f or mance. Sq‘Hvéte‘TCB"? €E°‘H?'QSES§§EISBE '\é%% Water EBF D%nzké)t he fornul ation:

M X Par tiorBul4tiohsO THRasHe bliow IHdaHthe Walld offkmétlc &t‘.ts hmsat-zunme w el /e.90%f ore use to
allow tine for the TAED to react wth gdrog @ per oxi de. Use,

pr ef er atl?Se/ 40 Elirepnge FRELIVIE Sa't\”fterl(s%ﬂ%oeqpmlt”taé%Sﬂlkﬁetd Hat TAED 30 will not

i medi ately dissolve in water, but will remain as solid particles for at

| east 15-20 17 ~ a=~ ~~~~_mo 031028429 -37_PCT/U802Q29886Dninutes.

Ther éf ore, dapipT:tSmma okibereastion fisp 195 8F200HE forptind2 7ER/ S PhECH AW ssol ved TAED
par t1 ol el oo Qhn SRARAG.OL o Alle AUaPeRS) 0T Ot her component s of the

depl oynent devi ce. However, the fornulatlon is ready for use approxinately
1 mnute after addition of the TAED particles in Part Bto Part A It is
useful to enpl oy an—ehRcapss at-ed—formof—FAED-A—thts ccnf.gu. tion for two

reasons. First, thq

wi |l protect the TA

per oxi de during st

hi gh pH condi ti ons

| owers the pH of
10

[ coatrﬁgﬁﬁmh%c*D%mm st s|in water)
?' - néﬂ”terc ﬁmﬁggu I@%uég wydr ogen

POt the CORET g [ W 'ND protectyshe [TAED fromt he
T 1he @gea hydregen peroxede fi ssol ves and

Tests against the anthrax spore simulant (Bacillus globigii spores) demonstrated 99.8999% (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 rg 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 chemicat agent attack. After waiting one hour, the test coupon was placed in a horizontal
position and covered with 1.0 g of DF-200HF (2% PGD / 3.5% Hz0, / 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.




10 the formulation to a val ue bel ow approximately 9.9. TAED shoul d be used
in a simlar manner as propyl ene glycol diacetate with respect tog R o005
protecting the activator agai nst exposure to high pH sol utions. IgD \'Nrw’ f )
| ose much of its effectiveness as a bl eaching activator if it is exposed to
solutions with a pH greater than 9.9. Therefore, the use of an encapsul ated
form of TAED mnimze its exposure to the high ons

i mredi ately a}lgltzer9 Part Bis mxed into Part A The 1%%@%?%%%%nce of

DF- 200HF Slurry Rapi d Depl oynment agai nst chem cal agent sinulants is given
in Table 11 below. Table 11: Reactiofn rates in kinetic testing for the

DF- 200HF Sl urry Rapi d Depl oyrrent formul ati on. 20 Decont am nat edSi nul ant 1

M nutel5 M es6 ) 7 ent SNDNDNDVX5797~ ND | Tests
agai nst then% '?ﬁr'ge)?mgﬁ%lugacgwlﬂ ﬂ?‘”(;a a'g?l US gl obi gii spores) denonstrated
99.9999% (7-Log) kill after a 30 m nute exposure to DF-200HF Slurry Rapid

Depl oynfent”.— 25 A SChenmat1 C TTTuslt ra'mgmgsmmanexanplwamitaraslpulmbe>s for field

m Xi ng DF 200HF @%ﬁlﬁ-ﬁ%—%ﬁﬁd De raiRd sjmyle m(UPrPFGPFg'Q'f'%“%' i ~~~3
H3 surface mifAytes

~~~~ W(-63+6828429——38RFPS622853% Scivieaace exanpl es of

epI oyrrent C@,ﬁfol gur at| ons
ordinary skiTT Tn the art
possi bl DF-300fH

appl i caitqu&HF@yTgég,pg@ﬁ@mooAﬂyrgn ion is also off a nethgd for preparing the
f oam coffponent (Part Aj of The raprad deproynment confrgurations. The
following is an exanple of such a nethod: 1. Place the appropriate nass of
water_in a mxing vessel. 2. Wile stirring the water in the m xing vessel,
add the bicarbonate salt. Stir until 10 corrpl etely dissolved. 3. Slowy add
t he Pol yDF(EIDhWBla‘W&KIGUmM fonpol yner to the m xing vessel while rapidly

stirring. Be c oi d ppr oxi teI 30 m nutes, at
a mni num 4’”5%%1%3‘&3?“” Prﬁﬁu?ﬁéqﬁa@é%ﬁﬁﬂo%ﬁﬂgﬁcofc'%n K %g vessel , add
the Vari Gial in3RMer thStuater-daiblk) prog e kpdordiatetitt #EIF-200 formulations. However,

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

or DEOZG@ for nmul at i @mses As upder st ood by

other rapid deploynent confijgurations are
I"L‘LQ' cZPhel dor t i ance AlPacant j | n thl S

vvvvvvvvv —OTTo preovTTit A"

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 Slurry", is a
15 modification of the DF-200HF 'formul_ation. An example of a 4-part kit configuration is shown below

(amounts illustrative):




15 5. Wiile stirring the foamsolution in the m xing vessel, add the Adogen
477. Stir until conpletely nixed. 6. Mx the diethylene glycol nondbiit§ia 2005
et her, isobutanol, and 1-dodecanol in a separate vessel. Slowy add this
m xture tothe foam solution while stirring. 7. Wile stirring the foam
solution in the mxing vessel, slowy add solid KOH until the 20 pH reaches
the appropgg | ue. Alternative DF-200 Fornulatio ipvention is
al so of t%b?%gﬁ%% ng alternative DF-200 formul ati ong:ﬁﬂf_gﬁﬁﬁ%l ternative
formul ati on that includes propylene glycol to |ower the freezing point of
25 the solution; 2. An alternative -fornulation that utilizes sodium
percarbonate as a solid source of hydrogen peroxide; 3. An alternative
fornmul ation that includes a g%({ @%iu(r)n !i_ nhé.fi tor, ~~?3 2ai ~ WD 03/ 028429
-39 PCT/ US02/ 29856 4. An al tet i ation that includes glycerol as
a vi scosi ty payhkrdeh cheintamer at i ons such as skin decontanination; 5. An
alternative fornulation that utilizes 0-acetyl bleaching activators,
i ncl udi ng one Whf%hvae=f04P| able in solid form and 5 ' 6. An alternative
fornul ation that gy Adobef@® @ bl eaching activator containing a nitrite group.
DF-200 with Proplyene G ycol The followng is a first exanple of a 2-part
kit configuratiohdfEpdeEe200HF t hat includes propyl ene glycol as a freezing
poi nt depressantqg%garwbgy@rl of the water is 'pre-packaged in Part 10
A, conprising (anmbunts illustrative): DF-200HF Rapid Depl oynent with
Propyl ene QG ycol 5fPilsseryieneabigh eehgetpeirt kit ( Part A (Li aui d Foam Conponent):
20 g Variquat 80 . n 477 20 g Poly (Ethylene dycol) (MAN
et BrRaee

8000) 8 g Diethy nobutyl Ether 5 g |Isobutanol 4 g 1-Dodecanol
161 g Water

10 Part B {Soiid 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

ocGur)

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 Paris 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




20 20 g Propylene dycol Diacetate 150 g Propyl ene Gycol (freeze; p0| nt
depressant) approx. 6 g of 10% HCI Solution (sufficient to give a f?faﬁﬁp
of 2.5 in Part A) 777 g Water Part B (Solid Additive): 25 97 g Urea

Hydr ogen Peroxide 12 g Potassi um Bi carbonate 38 g Pot assi um Carbonate
(buffer, to adjust final pH) ~~ ~1i J~. 1 WD 03/028429 -40

PCT/ US02/ 29§ 6f2dsd s formulation will produce 1 |iter ppfyplpasesol ution. The
pH of the final formrulation can be adjusted to be between about 9.6 and 9.8
for optimal performance. A person of ordinary skill in the art wll
understand that the ratio of potass¥km carbonate to potassi um bi carbonate
used in Part B can be adjusted to achieve the desired final pH of the
formul ation glﬁ’\{ ?f R@\Q*(Xfﬂ%pé%won %te@foq' Qe @Ib%EF &m%r)form\h‘ﬁ:eﬁﬁkmgﬁc {ekting.hi s exanpl e,

t he potassi um car ona e serves as ase ‘and a source of

car bonaﬂxlevbmaﬁaprb\@naérermaﬁ'aa cmbepmeeedtdﬁwngfh@hmnaﬁtnifﬁﬁws offAEPS-2%B into Part A
Use, I%A% 8 hours. The performance of this first exanple of
DF- 200H %C?D&\@dfﬂ " glycol against chem cal agent sinulants is shown in
Tabl e 12. 10 Table 12: Reaction rates fromkinetic testing for DF 200HF
withspropylene glycal (first exanple) DecontanipatedSinulantd M nutelb

M nut es60 M nut esM}st ar d QHD -1~ | 80.=ND=-G% . BANDVX6699>99 Test s
agai nst the ant hr a)_spor S8EN ant { pdddinufe, o J5Migptes ;|6 M"“D:“ES, enonst r at ed
99. 9999% 15 (7- Log)l kMU D) 3011 nibe—ekposle—to—BRFo0HF with
propyl ene gl ycol (f‘i—F%[—G'Xéﬁ%'Lej—Vﬂ“cn @i ot —ttgs wat ET T~ Prie- packaged"
in Part A the m xi'mg—of—tte—formotratTomn for use can be acconplished in a
very short tinme since it only consists of two parts Therefore, it could be

d_epl Oy.ed ver ?1["6; %exa'é% EdFlngePPﬁSe(g:]EC%lemegiS of B 2'06'l wou% plca|ly b L%lecy ii1 ﬂ%e—c hem cal and

bi ol ogi cal
scale operations where dedicated deployment equipment and a source of make-up water is readily

available (e.qg., for use by the military fo decontaminate 'fixed sites’ such as airbases and seaports),
10 orused 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, all of the water is
‘pre-packaged’ into the formulation, so that no extra water is required in the field. A first example ofa
3-part kit configuration for a Rapid Deployment version of DF-200HF, "DF-200HF Rapid Deployment

#1", comprises (amounis illustrative):




20 configuration is ideal for use the civilian first responder

(firefighter, HazMat units, police officers, and others who woul d bd flE& 2005
first to arrive at the location of a CBWattack). However, it is heavier to
carry than other configurations that add water in the field. This
configuration also incorporates the bl eaching activator, propylene glycol

di acet at e,w f@se2o t he foam conponent Part A (rather ppRgb8dsying it as a
separate, third conponent). This is possible because the pH of the foam
conponent is less than 3. Propylene glycol diacetate will hydrolyze in f

s' r tr ~"a ~~J~~ WD 03/028429 -41 -PCT/ US02/ 29886 sol uti ons of pH greater
than 3, but is hydrolytically stable in solutions of pHless than 3. This

configuration al so UsesDﬁ-@HPﬁ%ﬁd@iéﬂM!ﬁeﬂﬁﬁ@@(-fﬁﬁ% pol ymer ( PEG 8000) for

vi scosity enhancenent. I's polyner Is uSed In many cosnetics and is
extrenel y sdlaablidurfoam@eribrentin water. In addition, it is easier to mx
into solution th 000 or a high nol ecul ar wei ght pol yet hyl ene

oxi de), since itﬁgpﬁﬁg%%ﬁ% have the tendency to clunp. This configuration
i ncl udes propyl ey Fhoyeoal7 as a freeze-poi nt depressant. Propyl ene glycol is
considered to be4an Q%yironnentally friendly antifreeze. In this case, the
concentration is 35?? %Wﬂately 15% by wei ght, which |owers the freezing
poi nt of Part A bgrappth@nemat®l y - 20C. This 10 configuration has al so been
tested with good results with propyl ene glycol concentrations as high as
40% by wei ght . AﬁQBFW@Wﬁﬁygw@mgﬂﬁE%%”first exanpl e of DF-200HF with

Propl yene G ycol sghessnsbove is to use sodi um percarbonate as the source of
the bicarbonate and as a portion of the peroxide in Part B, 15 instead of
usi ng urea hydro@%ﬁp%%ﬂﬁ&gﬁﬁxmﬂ%is substitution is useful because sodium
per cay bonate is gﬂﬁg I ; i AN e aaeninRenexpde. This
secoﬂ% exanpl e of DFJgggéﬁgﬁpﬁﬁﬁgﬁggfyenén%?eﬁol isﬂ?ﬁownybeHOW (anmount s
illustrative): 9o@gWalerE~ ~uu WO 03/02S429 PCT/ US02/ 29886 -42

Part B (Solid Oxidant Component):

87 g Urea Hydrogen Peroxide
Part C (Liauid Bleaching Activator):

15 20 g Propylene Glycol Diacetate

This configuration will produce 1 liter of foam solution. The pH of the final formulation éan 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 80 Minutes
Mustard (HD) 48 ' 82 ND
G Agents ~ ND ND ND
VX 71 97 >99




DF- 200HF Rapi d Depl oynment with Proplv ene dycol, second exanple (2-part
kitl Part A |Liouid Foam Conponent): 20 g Variquat SOMC 10 ¢ Addg?rﬂ?ﬁ?gtﬁﬁg
20 g Poly (Ethylene dycol) (MN8000) 8 g Diethylene dycol Mnobuty her
5 g I sobutanol 4 g 1-Dodecanol 20 g Propylene dycol Diacetate 10 150 g
Propyl ene @ ycol (freeze-point depressant) approx. 6 g of 10% HCl Sol ution

(sufficie Lve a final pHof 2.5 in Part AJ 777 ?ﬂ'\?“% art B (Solid
Addi tive) %BB’Q%Q‘ odi um Percarbonate 15 15 g Citric A&% ﬁ#s?‘gr, to adj ust

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
opti mal performance. The follow ng m xi ng procedure can be used: Mx Part B
into Part A Use, preferably, within 8 hours. Alternatively) sodium

bi sul fate 20 (a conmon pool conditioning chemcal), or other acid, can be

used i n pl acRs9kgaktlitclafth@Cdpsle tiRuat{Basiius §ibiyii Pidres) tBforptdi 00.080%e of this
second exar;gl_e of DF-200HF with Pr o%)l yene @ ycol (utilizing sodium
per car bdfhedeli afiga Harnuekenriueedr DEHGOHE R&dRPSMEeEE i s shown in Table 13. Table

13: Reaction rates fromkinetic testing for the second exanpl e of DF-200HF
with 25 proplyene glycol (utilizing sodium percarbonate).
Deconf am natAeeHSimnit eamde 9P prefeeet 5 Rigedys (v 1k Aestexsmis St AP HDBONDNDVX7696>99

~ ? F-H d%go%jeﬁt“élonfi tB?éf%?%ﬁ@@ isfRfoln Hg\%%k%gﬁ%g hydfbgenlpBrod@tREdes SOdi UM

per car bonat'e di ssol ves nmuch nore s y than urea hydrogen peroxide after
it has bewdy imeaterd ThepfdRa the foppulatieaneenviesrorepered dnd deplogeddn a e stitdiBBPURS on vel ocity,

sodi um per car bonat e. car | ' ; PR eshiasi ze for use
In this s((::'(a')nr[?fofagnumrcgl Ton %:em[g%lﬁéﬁ%g%%W%%E%%ﬁ@%‘ﬁg%gg%?oumeggr(l:]gr bonat e was
decr eas efulst fes it prefpxkteaiaeniay urd€) pofcaaiicers, shdot@zound wlildterhetisstoalien m | | ed

sodi ym percar bonat e_was used. DF-200 with Corrosion Inhibitor Corrosion

i nhi BY t oft&e 5?{'0%‘583881@33&503”%?@%‘ "Brmul ati ons to reduce their corrosivity.
A

However, the parficular bleaching activaior (propylene glycel 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 »9.8. 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 o Part

A brings the pH of the Part A+B mixture fo a value below about 9.9,

20 The solvent, diethylene glycol monabutyl ether, used in Part A (the foam solution) of the first
example shown above for DF-200HF Rapid Deployment #1 is different than the solvent that was
used in the previously described DF-200HF formulation {Di{propylene glycol} methyl ether), because
Di(propylene glycol) methyl ether is not stable in the high pH environment required for the foam
component (Part A) in the rapid deployment cenfiguration. 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 E')F—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,




10 preferred corrosion inhibitor for use in DF-200 fornulations is

N, N- di met hyl et hanol am ne. However, other corrosion inhibitors, ﬁqcﬁfg a05
tri et hanol am ne, ethanol am ne salts of C9, C10, and Cl12 diacid nlxtures

di cycl ohexyl amne nitrite, and N, N-di benzyl am ne, can be used. The
Corrosion inhibitors added to DF-200 formul ati ons can serve nultiple
purposes:vﬁ§ 032848 COrrosion inhibitor, 2. a pH buffe%C ool vent to keep
1- dodecanol 1 n solutlon and 4. a co-solvent to sol pbi lee I nsol ubl e

chem cal agents, such as sarin or nustard. 20 An exanple of a 3-part kit
~configuration of DF-200HF with a cosxosion inhibitor conprises (ancunts
illustrative): ~~t E~3 ~~,fl~ WD 031028429 PCT/ US02/ 29886 -44

DF- 200HE _Raoi d Depl oyment t) Part A

D 20 el o T o2 bl Yk Baledt ) F

1- Dodec aik@theeafler Bedcybet EF-hl}df@l‘r\ﬂatﬁs}(&OU@guér@OC@) NhNaltématBre bapimetit bagdol ami ne
(corrosion inhibitor) |un1B|carb n approx Pot assi um
Hydr oxi d&apseypguPRhe a‘?"d‘“g‘it"‘\'?'émg"efs"igﬂﬁl erﬁwng‘?'%i{ghe;ql‘i Uﬁg P 'mi@ rg@ 936 g Water
Part B (o504 fald @ﬁ!odﬁémtfor@@lamm@@td)ngzy,%re@rrhuﬁlamulat;cdlfo@glemoFPERmd de Part C
(Liouid Bleachlng Activator): 20 g Propylene Gycol D acetate 15 This

f or mf atHeBpYMRMH CoiRESce 1 liter of foam solution. The pH of the final
formul ati on can be adjusted to be between about 9.6 and 9.8 for optimal

performance. The follow ng m xi ng procedure can be used: Mx Part B into
Part A. Then, after dissol@EﬁﬁhﬁgﬂﬂﬂﬁﬁmﬂﬁﬁﬁLhydrogen per oxi de, add Part C
to Part A+91Je}s(?mra[g@wmmux@aomchﬁomcﬁ,,fmfs The pertormance of DF- 200HF
wi-th corrosion L

itor 1s 20 shown bel ow agai nst chem cal agent sinmulants
|'s given in OF&aiN (erefiedably 1%) Adogen 477 (cationic hydrotrope)

10 0.2-0.8% (preferably 0.4%) 1-Dodecanol (fatty alcohol)
0.5-8% (preferably 0.5%) Poly {Ethylene Glycol) (polymer)
0.6-1.2% (preferably 0.8%) Diethylene Glycol Monobutyl Ether (solvent)
0-1% (preferably 0.5%) Isobutanol (short-chained alcohal)
0.1-10% (preferably 2-8%) Bicarbonate salt (buffer and peroxide activator)
1% 0,1-10% (preferably 1-4%) Hydrogen Peroxide (oxidani)
0.1-10% (preferably 1-4%) Propylene Glycol Diacetate (bleaching activator)
52-97% Water

The formulation can be adjusted fo a pH value between about 9.8 and 8.8 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,

"BF-200MF Rapid Deployment #2", comprises (amounts illustrative):




Tabl e 14: Reaction rates in kinetic testing for DF200HF with a corrosion
~inhibitor. DecontaninatedSinulantl M nutel5 M nutes60 M nutesMistgr8E8 2605
(HD) 74179VX589499 25 Tests agai nst the anthrax spore sinulant (Bacillus
gl obigii spores) denonstrated 99.9999% (7-Log) kill after a 60 m nute

exposure to DF-200HF with a corrosion inhibitor. The addition of the ~r .
ci e AWV SesP. ~~ -as corrosion innibitor has a L | effect on
t he perfor‘yr%(r}lsé%“(z)gf DF- 200 agai nst chem cal agents, b%ﬁlﬁgogﬁ%%’aneasured

effect on the performance of OF-200HF agai nst Biol ogi cal agents. Siml ar
results were obtained when an alterrative corrosion inhibitor, 1 %
vi ai hanol am ne, was used. 5 pF-200 withd vcerol |In another enbodi nent of a

DF-200 formul ation, gly 2ol iggio ; ~dar?kﬁ a viscosity builder in

.pl ace of Jaguar 80DO, p%ﬁe&%@% pol yet hyl ene gl ycol

d ycerol is PBercoimmdFden@oeshant i n cosnetics, where it is used a viscosity
bui |l der, as well &gs a. ﬁ%}’o nt, humectant and snol 6nt. Thus, the use of

gl ycerol in DF-208%8K ions can serve nultiple purposes: 10 1.

Vi scosity Buil deripg2dogandranmect aOt (i.e., a substance which noisturizes the
skin), 3. a solvent to keep 1-dodecanol in solution, and 4. a co-solvent to

sol ubPlize insol Jf'&@€HEM cal agents, such as Satin or nustard. 15 An

exanpl e of a 3- pably pKidinyedjcadimtbbigh:of DF- 200HF with gl ycerol conprises

" (amounts illustrative): DF-200HF Raai d peol ovment with Gycero~3-part kit)

Part A~,iauid Fadrdityletriaye|MoptpudFthgr vari quat 80MC 10 g Adogen 477 4 g

1- Podecanol 40 g dye@s@l (Vviscosity builder) 40 g Potassium Bi carbonate 25
approx. 17 g Potassi um Hydroxide (sufficient to glue a li~al pH of 90.2 in
Part A) 906 g WAtS8ig Potassium Bicarbonate

10 approx. 25 g Potassium Hydroxide (the pH of Part A should be approximately 10.2)
933 g Water
Part B (Sclid Cxidant Companent):
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):




~ | ~C- ~Cl~ WO 031028429 -46 Part. B (Solid Oxidant Corrponent?)' 97.9.. .
Urea Hydrogen Peroxide Part C (Liouid Bleaching Activator): 5 20 5 ria 2005
Propyl ene A ycol D acetate PCT/US02/29886 This fornmulation will produce 1
liter of foam solution. The pH of the final fornulation can be adjusted to
be between about 9.6 and 9.8 for optinmal performance. The foll ow ng m xi ng
procedure sed: Mx Part Binto Part A Then i.ssol ution of
the urea h‘?/‘g[r;%[g%%yperoxi de, add Part Cto 10 Part+/ Bﬁ%&@éng%?f’:ferabl Y,
within 8 hours. The perfornmance of DF-200HF with glycerol against chem cal
agent sinulants is given in Table 155 Table 15: Reaction rates in kinetic
testing for DF-200HF with glycerol. 15 Decontam natedSi mnul ant1 M nutelb

M nut es60 M nut esMust ard HD6396N5)G A entt DNDVX7699ND Tests agai nst the
ant hrax spore si nul ant (W—%@—B@é"éﬁlﬁq—gﬁ%}—@s) denonstrated 99. 9999%
(7-Log) Kill pafA @itui®rod® ciinpbab®: exposure to DF-200HF with glycerol. 20 This
formul ati on can be used for direct application to humans because the
glycerol will act??8¥eguf8®Ect ant. This formulation could al so be utilized,
€.g., as a spray 19gagheyer, by renoving foam ng constituents (such as

1- dodecanol and Adogen 477), and by reducing the concentration of peroxide.
Howevér, a drawbddk-Rogeert use of glycerol is that it is solid at a fairly
hi gh ter_rperaturezﬁg%,i@mygwlymge%)pown@_erefore, it would preferably be used
in controlled tenpérature conditions (i.e., 25 warm tenperature

condi tions). ~ 18 gFipyylege-Blyesl WO 031 028429 -47 PCTI US02/ 29886 Propyl ene

gl ycol di acetate, i ctivator used in many of the previously
descri bed DF-200 4(5: ﬁ&%%@&taetaﬁ%ﬁ% is not presently available in solid form
However, other Dblsagolho Bictbosatt ors are available in solid form

10 700 g Water

‘Part B (Solid Oxidant Component):

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

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

15
In this third example, Polyethylene Glycol 8000 polymer replaged 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 shori-chained
alcohols andfor high vapor-pressure solvents to prevent possible problems with very long-ferm
{months to years) shelf life of the fiquid foam component (Part A), especially at high ambient storage
temperatures, due fo 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. Aliernatively, 50
grams of potassium hicarbonate 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.




S5 DF-200 with Acetyl choline Chloride Solid O acetyl bleaching agtivators
(e.g., acetylcholine chloride, which is often used in eyedrop s IUt d?\&)fﬁu
can be used in DF-200 fornulations in place of (liquid) propylene glycol

di acetate. The chem cal structure of this 0-acetyl bleaching activator is
shown bel ow. As can be seen, the nolecule contains an O acetyl group that
can activate peroxide, and it is a quaternary conpound, 10 which is very
conpatible with DF-200 fornul ations. -#&etyl choline chloride is also soluble
in water and is very hygroscopic. OGH3 GI3-CO G2 G2 -NGB d | GHi3 An

exanpl e ObFaoafmasflﬁ%rthpi@Qﬁéﬁ@@&U on of DF-200HF using acetyl choline

chl ori de conpri ses anounts 1TTustrative): 1r ~~;~ ~fr~ WO 03/028429
PCT/ usoz129886Thm8)r@|en120mqmmpusdalssepcbfoyn%rpartuhut ngpnfigatatibe hefl anep@hl or i de
(2-part kj iouid_ Fpa Var i 10 g Adogen
477 5 30 %épﬁpc?f“? “%@F}?&héﬁ?t@fﬁ%ﬁﬁmgw %mﬁ %f“&?ﬁ&q%ago@%/g S onobut y!
Et her 5 gRbsieDupdsiaiend) dnvidadeagmO{or bEr GolRY %b’ 1@89&@3&’&}”3 utlizedad

Pot assi um_Bi car bonat e approx. 17 g Potassi um Hydroxi de (sufficient fo give
a final pWHeobleadhing pptivaiery Thys ggampleved errapik ﬂeréorrsmtu @prm@rampveqlso 97 ¢
Urea Hydr I Ld bl eachin

acti vzl;?/ Or%ﬂﬁﬁefﬁﬁ&%%aﬂéa@?to%@%ﬁ B@é&“@ﬁ %ﬁﬁ%ﬁ ﬁ]lsﬁ%@ |ter of fogm
solution. The pH of the final fornulation can be adj usted to be between
about 9.6 and 9.8 for optinal erformance To use thls formul ation, m x
Parf B into Part A. Use, LY Apidaleplaynpent £ gL pertornance of

DF- 200HF usi nngI@A%gﬁd& g@ mﬁl}@%%ﬁp de agal nst chem cal agent sinulants
is shown in Table . Ta eac|onratesfromklnetlctestlngfor t he
DF- 200HF usi ng acet 30 ghGirigna 8MOri de as an activator. 25 Decontam nat ed

Simulant 1 M nute 1?0gArHBItg§ns4'?P M nutes Mustard HD . 60 98 ND VX 10 85 >99

4 g 1-Dodecanol
5 g Poly (Ethylene Glycol)
8 g Diethylene Glycol Monobutyl Ether
15 5 g Isobutanol
50 g Potassium Bicarbonate
28 g Potassium Hydroxide (the pH of Part A should be approximately
10. 4)
953 g Water
20 | 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 5.6 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

30 will not immediately dissolve in water, but will remain as solid particles for at least
15-20 |




i i=~~ Rt~LIJ] WD 03/025429 PCT1US02/ 29886 -49 Tests agai nst the anthrax
spore sinulant (Bacillus globigii spores) denonstrated 99.9999i%(?wg Q@
kill after a 30 m nute exposure to DF-200HF usi ng acetyl choli ne ‘chior &

Two other O acetyl bleaching activators, nonoacetin (glycerol nonoacetate)
and diacetin 5 (glycerol diacetate), have al so been tested for their
effectiveness in DF-200 fornul ations. Both of these conpounds have al so
proven t o WB&¥¥enely effective bl eachi ng acti vat or EEV¥HEEE® onpounds are
wat er -sol ubl e Ii quids. Experinments have al so shown that the peroxide in
DF-200 formulations is also effectiwgly 10 activated by a
nitrite-containing conpound, such as 4-cyanobenzoic acid (which is

wat er-sol uble), at a concentration of, for exanple, 2% for the
neut r al | PP Theseorn ke etseRRneRaY baigrdied saihat th %ﬁ'@?@w&ﬁ%ﬁws WPl ant s.

DF- 200 Ugige & g)%]%%&ggﬁnﬁas@\cdtﬂrélaﬁp&ﬁ@ﬁ&&th\é‘@ép%yrﬁéﬂ%%@é edwbisl Mg peracetic acid as

t he oxi dant i nst ead of hydrogen peroxide. The foll owi ng

f or mul at fomwlatmss rgasie (1 UsR pPurimatgy AingiemtEr gaditien b TAED ReftiglestiaPatB (296 per aceti ¢
acid (oxp t) 20 5% potassi um bi carbonate (buffer and activator) 91 %
wat er The pH was adjusted to 9.8 with solid KOH and the formnul ati on was
tested against the simulants for nustard, VX, and anthrax spores. The

Dns ar o lsabdth Bk bR Rl eh R0 B 1Bl Sl AEALRSE 25 chem cal
17: ReacFirs)me rpateaae toatinkg {whizh iszﬁwut fﬁ@blveag w‘atan wll])Ero@a(fheva[hsaz% peileteti c aci d.
Decont ani nat i mulantl M n f es 75868VX687695
5 ont o leAa MCH T ieEn P e SR Tt FRAE. BRATS FUESBREBTARY  onor o)
denonstr &$r¢ﬂe Righ RR9AMNoHs T BaRG)undl thk hreéilﬁyﬂﬁgljen PerdflieMissivbEane Yopes te gH b0  DF- 200

W th 2% peracetic acid. Tests were al so conducted for DF-200 using a higher
concefltr fogpHIayen tﬁéy%églpv&apa@iﬂlaat%lgg 55 B\ED 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
rminimize 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 g7 ND
G Agents ND ND ND
VX 57 a7 ND
Tests against the anthrax spore simulant (Bacillus globigii spores) demonstrated 99.9998%
(7-Log) kill after & 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.




in the following fornulation: 10 2% Vari quat 80MC (cationic surtactant)
3.5% peracetic acid (oxidant) 5% potassi um bi carbonate (buffer anbl? FE3 2004
activator) 89.5% water 15 The pH was adjusted to 9.8 with solid KOH and the
formul ati on was tested against the sinmulants for mustard, VX and anthrax
spor es. The performance of this formulation is shown in TabI e 18 agai nst
chem cal ent sinmulants. 20 Table 18: Reaction rates in kinetic testing
for DF- 20 IH42 596 peracetic acid. Decont ami nat ed SERHPHAEHEM nut e15

M nut es60 M nut esMust ard HD4094NDVX749698 25 The results show that use of
peracetic acid as an alternative oxigant is effective against chem cal
agent sinulants, but is not as effective as DF-200 fornul ati ons using
activated hydrogen 11 F~-~3 2~~Ja~ WD 03102S429 -51 PCT/ US02/ 29856
peroxide (i.e., the conbination of hydrogen peroxide, bicarbonate, and

propyl ene gl Yﬁecélbovg Iar@%ﬁ% 3 § LyaftBied 1 apR UL ANt cobIQUBIRY for B0 DF- 200
0

formul ati ons peracetic acid are very effective for spore kill.
Never t hefom@tloms/es unflerstdadl by an pfdaiinery isidll imbe arhgtheatapid deployroent eosfiiptiindgen per oxi de

because pg &glﬁ%bf%i@zﬁnéﬂvgiuﬁda&%tai%r%ﬁ?ﬂ%% Ire@é’n%ékn@?%agnpdr%&ioﬁ safe, conveni ent

solid for qui S rather short. Tests
were &l so conduct ed to determ ne the mninmum constituents required for

et T gt iegton Riea y oo Phscipyt ik o SR AEELA BLRS| @ 20 &

peracet i apia@égbymént eBiigheivas. erhanibuing & a6 alahmpabicucs diedet ant , are neces s ary to
achi eve 1. Place the appropriate mass of water in a mixing vessel.
2. While stirring the water in the mixing vessel, add the bicarbonate salt. Stir unil
10 completely dissolved.
3. Slowly add the Poly (Ethylene Glycol) polymer to the mixing vessel while rapidly
stirring. Be careful to avoid lumps. Stir for approximately 30 minutes, at a minimum.
4, While stirring the foarm solution in the mixing vessel, add the Variquat 80MC. Stir
until cemplete!y mixed.
15 5, While stirring the foam solution in the mixing vessel, add the Adegen 477. Stir unti
completely mixed.
6. Mix the diethylene glycol monobutyl ether, isobutanoi, and 1-dodecanol in a separate
vessel. Slowly add this mixture torthe 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 formuiations;
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,




10 high rates of spore kill. Live Agent Tests Usina DF-200HF Live agent
tests on three chem cal agents (soman ("GD'), VX, and nustard (" D" %)L{'}ariﬁ}g
i wo biological agents (anthrax spores and Yersinia pestis) were conduct ed.
The results of kinetic testing 15 of DF-200HF (using a three-part
configuration) on the chem cal agents is shown in Table 19. Table 19:

Reacti on rebesozkdle Ki netic testing for DF-200HF agai nSicraRemHbsal agents.
Destruction of Chemical Aent at Tine Interval Chemcal A entl m nutel5

m nut es60 m nut esGD99. 980. 0199. 970. 0199. 980. 01VX91. 20 g¢.5699.80 0.0899. 88
0. 04HD78. 1310. 5398. 461. 4399. 840. 32 2@-After exposure of GD to DF- 200HF,

nmet hyl phosphoni ¢ acid (MPA) and pi nacol yl net hyl phosphonic acid (PMPA) were
identified ag byp r hyl

et hyl phosphgnl A éﬁgéltlt %t@efo@lgtﬁ)ﬁétgﬁ\f/rgfﬁé\%g ce?cljla V>$s£o%ty idgr%? e'rr)allftlo uets. This

| ndi cat edudlaaskindseondepationct i on of the VX fol | owed the rmre desirabl e path
to the phospRonic, her th nto 2 product whi ch
can al so be gr oduc?%bgﬁly?%’%wnte LRt VAR o L) ﬁgﬁt’é?%r ‘f’%‘gwggfposure of HD
to DF- 20@thﬁj|sta\taﬂabiem1¢oncﬁbrmcbgr adat| on pr oducts for HD conprised a m xture of
t he 'l ~~EQ 0310284 PCT/ US02/ 29886 -52sul f oxi de and sul f one
byproducts, foll o&%a‘erf’mm?m'ﬂ@mﬂ@a’t ?IV cacf’rlﬁﬁﬁ' &t %?ﬁﬂﬁé‘g? aﬁt?@gt?fw each of

t hese byproducts after 60 mnutes. Results of tests against anthrax spores
i's shown jn Tabl es 20 and 21 and against Yersinia 5 pestis (i.e., the

pl ague b ' wn in Table 22 (NG refers to' no grovvth) The
detection | i Mte iedind ELHR ela@Bib & 2 ¥ELkitkBhisdrbdofTor DFYBSIE hdiRliudelie " error bars’
in the ' % Reduction' colum takes into account this detection limt. Table
20: Ki || Progaxess glestasp freggig pink dqpessanEmd Rharerliofibe waier [srpreapagiabadt in Bat of DF- 200HF.
10 B. jpanfahgaf g,l,s%gfg}{gmﬁhm\@ga a CFU nm Lo Reduction%

ReductionControl 1. 21E+0700. 0015 mi n cont act NG7100, 0000430 mi n

cont act NG710D. 0000460 mni n cont act NG7100. 00004 Table 21: Kill rates for B.
anthracis ANR-1 . Lanfhracis

ANR- 1Avera a CFUO F0700/ 0015 mi n

cont act NG/ 10@ziD8

20 g Variquat 80MC
15 10 g Adogen 477

20 g Poly (Ethylene Glycol) (MW 8000)
8 g Diethylene Glyco! Monobutyl Ether
5 g Isobutano)
4 g 1-Dodecanol
20 20 g Propylene Glyco! Diacetate

150 g Propylene Glycol (freeze-poinf depressant)
approx. 6 g of 10% HC! 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)




60 m n contact NG NG/ 7100. 00004 100+. 00004 Table 22: Kill rates for Y
pestis cells in a solution of DF-200HF. Y. estis ATCC 11953Averag 3 rrn onn
CFU m Loc Reducti on%Reducti onControl 1. 33E+0700. 0015 min £8 2000
cont act NG7100, 0000430 m n cont act NG7100, 0000460 m n cont act NG7100, 00004 20
~ 7 ~F~3 20L5 WD 031028429 -53 PCT/ US02/ 29856 The petri dishes used for
cell growh on each of these tests were saved for 21 9 %”%‘géﬁl ow ng the
tests to \%9?3f0§/84%9hat DF- 200HF had actually killed t hE @ﬁ P , rather than
just inhibiting their growth. No growth on any of the petri dishes was
observed after the 21-day period. 54foxic Industrial Chem cals Tests Usino
DF- 200HF Several toxic industrial chemcals (TICS) have al so been tested
agai nst DF-200HF. A summary of the TICS tested to date and ,t%% results of
those t eStsermuatonyilpofyse Tigrioarsoluigat BrepH gtha il pradiincan fesflUsie at hi on,

butyl i SRGYsRRRabcsAH ddib.€ WAdplikEperBmEnce Ak Radn Biortbd, bien mesaviobt ai ned by
anal yzing for the unreacted chemcal in foamsolution, while the results

for phosHEpeEiidiet o ¢h eRtesyi, syPonaipp PosasRn biearooraindisedim RariEnan Ph the headspace
above a £fa BAkike R desitUGREoH & Bl hoiuHeH TRER kS doBut Y 6 bbbtk § &Y
neutralization of these toxic industrial chemcals. Table 23: Summary of
Toxi ¢ 51 nitdisexgreple, Tk pataselem catpnag)sendenas Peb p bage prgd TS wit h DF- 200HF. 15 TIC

1 mnute¥% I pat ] ] | L2061 LAy §1) 8995Bel ow
Det ecti on r%ﬁégﬁ) %H?g@%ﬁgﬁ?@g@gg@@g&g@a‘?tﬁm a anél?hrg l'(as!(’)’l i d) 9398>99But yl
| socyanabars( Megpaifatn908esltinirsDetrand of ORBOHB wittDedppereighrrCarbd rhedicgiul f i de
(I'iquid) >99>99%§t| 0 %tmer%gkie&nPhosgene (gas) ~98>99>99

agent simulants 15 sho

10 Table 12: Reaction rates from kinetic testing for DF-200HF with propylene glyeol (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 £9.9995%

16 (7-Log) kill after 2 30 minute exposure to DF-200HF with propylene glyeol (first example).

When zall of the water is "pre-packaged" in Part A, the mixing of the formulation for use can be
'accompllshed in a very short time since it only consists of two patts. 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 respander (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 o

carry than other conifigurations 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




The precedi ng exanples can be repeated with simlar success by substituting
the generically or specifically described reactants and/ or operat‘éi?ﬂ e ot
conditions of this invention For those used in the 20 precedi ng exanpless
Al t hough the invention has been described in detail with particular
reference to these preferred enbodi nents, other enbodi nents can achieve the
sane results. Variations and nodifications of the present invention wll be
obvious t0 tW&E?skilled in the art and it is intend8GUPYP¥P86_ . -
aC~~ WD 03] 028429 -54 PCT/ US02/ 29886 cover in the appended clains all such
nodi fications and equivalents. The eptire disclosures of all references,
applications, patents, and publications cited above are hereby incorporated
by reference. 1 ~?2x1:. 1s ~i?~5 -ss, CLAIMS What is mained is: A

f or mul at FEYEnF gPH gesater tanfelit i Bydrolyticely SRPIB I soltiopsohitt lesg f@n ¥ Nlsnt , sai d

f or mul at tRuGEARIsh SdeB Bt pdein}8R Sifcol pARMS B EEM0bd) T NGoRPERMGERL. THBer ei n at

| east one sol ubilizing conmpound is a cationic surfactant and at |east one
sol ubi | i BAYAGT iR SRPHBUITEY Gogmelicsaad Ik BfipaeHRioInd siglle in weter Baddiiondds r eact i ve
conpound exsith8 hnfiinflh sdRlicH 13k JdoBR8doo Qﬂﬁaigﬁﬁ'@lﬁ&ﬁa\/\ﬁeigcﬁp&ﬁggﬂgleg)Qde’),%in&Ql! ected from
the group consisting of hydrogen peroxide, urea hydiogen peroxide,

hydr offer eyt haysivateadengide elée i ¢ aci d,, sodi um perbofate, sodium

per oxypyrophosphat e, sodi um peroxysilicate, and seoi um percarbanate; and at
| east one bl eaching activator selected fromthe group consisting of O.
acetyl, N ac@tisdopfigamiibn imcludes prepyigreclypel bd afeeeteinoigt depredsanat Roopglenetgly®l isher ei n sai d
at | east t solubi lizing .c oun said at |east one reactive conpound,
and sai dCoanv%g)elreéja(@?loslfe a8r?]éw%qngﬁt?:lﬁfr}%ﬁﬂggﬁrﬁz%ﬁ 5&,’5 c@\ﬁ?etﬁe ik C)?rcé)tﬁg%ﬁ h wat er and
exposed tmprokifvetelt 5o BASighDMEhlodXaNE freclied iolnddf PZes tolafox@iately e208¢. TBIBE t oxant .

10 configuration has also been tested with good resulis 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 percarbqnate as the source of the bicarbonate and as a portion of the peroxide in Part B,
16  instead of using urea hydrogen peroxide. This substitution is useful because sodium percarbonate is
much less expensive than urea hydregen peroxide. This second example of DF-200HF with

Proplyene Glycol is shown below (amounts illustrative):




2. The formul ation according to claim7 wherein said cationic surfactant
conprises a 20 quaternary ammoniumsalt. 3. The fornul ation accoLgl g Qe
claim2 wherein said quartemary ammoniumsalt is selected fromt g gupia
consisting of cetyltrimethyl amroni um brom de, benzal koni um chl ori de,
benzet honi um chl ori de, Cetyl pyridjniumchloride,

al kyl di net %Iben%yfannnnluntsalt tetrabutyl 25 amonium brom de, and a

mi xture of" Q&2 td 2-C 16) aIkyId|nethylannonluntcﬁFBWﬁH@§&;4 The
formul ati on accordlng to claim1 further conprising a water-soluble

pol ymer. i r Fr ~ c~fl WO 03/028428. PCTI US02/ 29886 -55 5. The formul ation
according to claim4 wherein the water-soluble polyner is selected fromthe
group conS|st|no of oj V|nyI aIcohoI gum (catlonlc or non-ionic)

pol ydi al | yl dil& LERievimaRt Wi Rronlvane Glycel socond exarple (dpart ki) v (et hyl ene

oxi de), g|yCﬁ&£ﬂmmﬂ@hﬁﬁkﬁMhﬁaﬂ gl ycol 8000 (PEG 8000) and JAGUAR 8000T"
(Guar Gum 2-hydroxypropyl ether), and conbinations thereof. 5 6. The

formul ati on accoﬂBEﬁ@“W%SQWhlntl further conprising a fatty al cohol
conprising from 8,4 @q44@, £ar bon atons per nolecule. 7. The fornulation
according to claiml further conprising a solvent. 10 8. The fornulation
accor di ng to cl aiZfe PowfréweneEichldMycI0d®nt conpri ses a nenber of the group
consisting of D I fhyl ether and diethylene glyco
nmonobut yl et her %%Jﬁ%%%dﬁﬁﬁﬁg%ﬁgﬁgl ereof 15 9. The formul ati on accordi ng
to claim1l furthamlabm§mI5|ng a carbonate salt. 10. The formnul ation
according to clal aln the carbonate salt is selected fromthe group
consi sting of pota%5|unt T car bonate, sodi um bi carbonate, anmoni um

bi car bonat e, annun@wnbhgﬁﬁﬂgmnm@m@arbonate | ithium bi carbonate, anmmoni um
carbonate and paotassiumc onate, and 20 conbi nations thereof. 11. The

formulat i on accoﬂa?%Bm@ﬁmﬁs%FHmeVﬂﬂ?ﬁ?ﬁ&?%ld at | east one bl eaching

activator is wat epprs:0bybi18% HCl Solution (sufficient to give a final pH of 2.5 in Part A)

777 9 Water
Part B (Solid Addifive):

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 intc Part A. Use, preferably, within 8 hours. Alternatively, sodium bisulfate

20 {acommon 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 Glycel (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 80 Minutes
Mustard (HD) 80 ND ND
VX 78 a6 >89




inn nrr a eU~1 O WD U3! 028429 PCTI US02/ 29886 -57 12. The formul at} &n
according tc claim1ll wherein said at | east one water-sol uble blt Cﬁfﬁgﬁbm
activator is selected fromthe group consisting of acetylcholine chloride,
nonoaceti n (gl ycerol nonoacetate), diacetin (glycerol diacetate),

4- cyanobenzoi ¢ acid, ethylene glycol diacetate, propylene glycol nononethyi
et her acet hyI acetate, dinethyl glutarate, glycol 5
nonoethyl‘§§§%r dcetate, glycerol diacetate (D acetlﬁgkﬂéFgﬁg%ol

nonoacet ate, glycerol triacetate, and propyl ene glycol diacetate, and

conbi nations thereof. 13. The fornulgtion according to claim1 wherein said
at- | east one bl eaching activator is water-insoluble. 10 14. The formul ation
according to claim 13 wherein said at | east one mater-insoluble peroxide

tivat h t t
ot hyl onet an e H ALY PRI (B PRRRERSE Bl Dioab B GRTRE® ant v acery

gl ucosanefrei haamehn@dMItd'F&lm‘\OHSNetfdn,edf le@éase thbdigkblutiod tecifyosodmuth at i on according to

claim1l erein 0 n mxed w water, h H val ue

bet ween ABGIHE %angngl'(ﬂ “ggiﬁw °§m%é'y av%ﬁ m‘fsrpf'zigiusﬁigg‘is W‘Gﬁpﬁg@ﬁ%"‘%}

PCT/ US02 t28:886 thes8dittbperodhbratemdd d@tic@8d fudf aphiSSmdtdly JDeiHufedloiagatd on of at | east
one toxant, said fornuylation conprising: at |east one cationic surfactant;
at | east "BHES SR AYIRY 0ULE AECHHACA WA LTRI n sai d at | east one reactive compound
5 is selected fromthe group consisting of hydrogen peroxide, urea hydrogen

per oxi de, hydroperoxycar bonate, peracetic acid, sodium perborate, sodium

peroxypyP@ﬁé@@%ﬁ&ﬁéﬁﬂﬁﬁgpbnlperoxyS|Ilcate and sodi um per car bonat e: at

| east one bl @@rﬁﬁfoﬁ‘ﬂhlﬂﬁ;ﬁ'cé{rﬁe%dﬁﬁ|D@925@ﬂ'm5]@ﬁ%ﬂ§tBFegucglfh%”&rrgw ipsting of

Oaceté)r N-acetyl, and nitrite group bleaching activators; and 10 at | east

one c b@ﬁ&ﬂeﬂeﬁﬁpnw@@mohewemDEH@fqmwwems:N@ﬂew&ﬂahmmbmmedﬂw@@nds wher ei n

sai d at ﬁ%%&rro@ﬁr?mﬁ%lfsa&%haagFrletha?\giérgnégthénglgrﬁlke G EERLS, L 1995%0“”0' sal d at
| eac alrd a east

| east one I ng actl vator one '‘carbonate salt, when
m xed w rixtwgatdeyclding! enipoiddlartdd, N-fiengtaming aart beasel. The Xarisipn infdnitdrsal | zes t he at

| east On%m%Qé%ﬁEma%mm%?nscnsawnmﬂ“bat'On according to claim16 wherein the

formul ation, wat er: PHEES, pH val ue between about 9.6 and
about 9. 8.
15 1. a corrosion Inhibitor,
2, a pH buffer,
3. a solvent to keep 1-dodecanol in solution, and
4, a co-solvent fo solphilize insoluble chemical agents, such as sarin or mustard.

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

ilustrative):




18. The fornul ation according to claim16 wherein said cationic surfactant
conprises a quaternary amoniumsalt. 20 19. The formulation accor @i RERT RS
cl aim 18 wherein said quaternary anmonium salt conprises benzal koni um
chloride. 20. The fornulation according to claim 16 wherein said at |east
one carbonate salt is 25 selected fromthe group consisting potassium
bi car bona um bi car bonat e, amoni um bi car bonat m hydr ogen
bi car bonar'?'g 3?’9’9?" um bi car bonat e, ammoni um car bonat e%CTlﬁ%m%ﬁ%é;sm um
carbonate, and conbi nations thereof. 1 Z F3 ~~t~ WD 03/028429
PCTI US02/ 29886 -59 21. The fornul ati@an according to claim 16 consisting
substantially of said at | east one cationic surtactant, said at |east one
reactive conpound, T§a| d_at o eachl ng acti vator and said at |east
one carbonate salt?2 2 ' 880 ¢l aim 16 wherein
said at | easpam@qmae@mmoﬁgwl vat or is wat er sol uble. 23. The fornul ation
according to claim22 wherein said at | east one water-sol uble bl eachi ng
activator is sel ECP&E"MEME he group consisting of acetyl choline chloride,
nonoacetin 10 (glmga\@ggenmnoacet ate), diacetin (glycerol diacetate),
4- cyanobenzoi ¢ aci et hyl ene gl ycol diacetate, propylene glycol nononethyl
et her %acet at e, n@t%ﬂ"’da@@ﬁat e, dimethyl glutarate, diethylene glycol
monoet hyl et her acedat@ny b ¥ ,éol di acetate (Diacetin), glycerol
nonoacet ate, gl ycer oI tr| ace , and propyl ene glycol diacetate, and
conbi nat i ons t her@@fN.N-disetlisthaltigmirfedeorredoainhiditeriaccor di ng to cl ai m 1 packaged
ina kit configurg 'P(Bﬁsaau%‘rhmar-m?tef ornmul ati on according to claim24 wherein
said kit configuration conp a prem xed conponent conprising said at
| east two sol ubi ldpgiongs g@msnsn H;aroknder(&m‘rcemmmmemmaimﬂafrmn RgtAaid at |east
one bJOeachi ng actd éahph and 20 a second conponent conprising said at |east
one reactive conp3

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 info 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
Stmulant 1 Minute 15 Minutes 60 Minutes
Mustard (HD) 7 41 79
VX h8 94 89

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




26. The formul ation according to claim?25 further conprising water and a
‘base. 27. The formul ation according to claim25 wherein said prelsn' 1o SO
conmponent additionally 25 conprises a water-sol uble polymer. 28.'Théts &
formul ati on according to claim25 wherein said at |east one bl eaching
activator is selected fromthe group consisting of propylene glycol

di acetate, glycerol diacetate, and TAED, and conbi nati ons thereof. r~f
2t1';" 1 Tr C~c.,.~u;~ -so 29. The forrulation according to claim?25
wherein said prem xed conponent additionally conprises a fatty al cohol
conprising from8 to 20 carbon atons p& nolecule. 5 30. The fornul ation
according to Gaim 25 wherein said at | east One reactive conpound conpri ses
urea hydrq&%@sopﬁﬁmm@aamne\mﬁéf@dz&ﬁ%&oaﬁ%ewwwgn@%eﬁwehé,l ng said at
| east one reactive conpound additionally conprises sodi um percarbonate_ 3t
The f or nulbEkEHPP ER2EGFFRTRRYOR the Reffarmance pf DRlafroaing Bblacisst 20afik MG nponent

addi ti pnalréﬁlﬁre_qﬂméd vﬁ%ﬁa@aléﬂ%& E&G;ﬁdnﬁlﬁﬂitﬁj 1%%53;\0[%%, I&ﬁ.{s@c@r mul at on
according to claim?24 wherein said kit configuration conprises: a first
prem xed conponent conprising said at |east two solubilizing agents and

wat er; antheongwith &fe@Nd Prem xed conponent conprising said at |east one

bl eachi ng actrvator and said at |east one reactive conpound, wherein said
at | east one Dhazethal amipodiosnt &f 4061200 femjugliahodhicerotimay he engBryedis@ ViseAsiBul at i on
accor di NG et Beffof ZoldRIE! oty filind dekid! o RIMERDEQRODRIE 5 Bhrfld! L T onal Iy
conprises an acid. 34. The fporrru ation according to claim32 wherein said
at Least dpetedignidnenaigs: wears Viaver 2 viowpviodldy. vl 58 et hemeddnoint de.

amalliient. Thus, the use of glycerol in DF-200 formulations £an serve multiple purposes:

10 1. Viscosity builder,
2 a humectant {i.e., a substance which mioisturizes the skin),
3. a solvent 10 keep 1-dadecanc! in solution, and
4 a ca-zolvent 10 solubilize insoluble chemical agents, such as sarin or mustard.

15 An example of @ 3-part kit configuration of DF-200HF with glycerol comprises {amounts
iustrative):

DF-200HF Rapid Deployment with Glyceral (3-part kit)
Part A {Liguid Foam Camponent):
20 20 g Vaniquat 80MC
10 g Adogen 477
4 g T-Padecanol
40 g Glyceral (viscosity builder)
40 g Potasslum Bicarbonate
25 approx. 17 g Potassium Hydroxide (sufficlent to give a final pHaf 10.2in Part A) N
906 g Water




25 35. The fornul atron according to claim32 wherein said at |east one
reactive conpound conprises urea hydrogen peroxide and wherein sgig gty sune
| east one bl eaching activator conprises TAEp. 17 F~~ 2~~~a WD 03/ 2%34%3
PCT/ US02129886 -61 36. The fornmul ation according to claim32 wherein said
at | east one bleaching activator is encapsulated to prevent premature
reaction with said at | east one reactive conpound. 37, The formulation
accordi ng WOREP4Pm 24 wherein said kit confi gurati onPEBWF’?%@s: 5 a

prem xed conponent conprising said at |east two solubilizing agents and
said at | east one bl eaching activatqQg, and a conponent conprising said at

| east one reactive conpound. 38. The formnul ation according to claim 37
wherein said prem xed conponent additionally 10 conprises water and an
acid. 39. The formul ation according to claim37 wherein said conponent
conpri si ng sgdnth @blidloRask camenshgact i ve conpound conprises sodi um
percarbonate and additionally conprises an acid. 15 40. The fornul ation
according to cl aigﬁﬁﬁ"ﬁam?géﬁ‘gﬁr%@?d at | east one reactive conpound conprises

urea hydr ogeparidef Ak ggacﬁ\@cm%:ei n said conponent conprising said at |east
one reactive conpound additionally conprises a m xture of potassium

car bofat e and pot2848ronrsnbSient Bemtatee. 17 FC~~ %90~ -82 41. A fornulation
for use in neutralization of at )east one toxant, said fornulation
conprising at (east one cationic surtactant at |east one reactive conpound,
wher ei n 3i& fomaliatioh gl stodwa & literedicdm seletiop oTeeU Rtthd fhalserhdaibreddn be wljwsteche gr oup
consi st IB%e Qeft %}(%08&%13“9 35 %%dﬁmalurrfe rz?‘narr;I dlr h(e)%ﬁor\]ving%qx%m rgc%' ure can b .
hydroperoxyca\?enonat e, Perace Ak dT G U per xyp?/Popﬂospaha?e, sodi um
per oxysi bLiecatiepartints Oat AlMhpedtealisttiial otthe ata {ydragh paceleVudd rat ol ubl e

bl eachi ng acti vat or | ect fromthe group consisting of O acetyl,
N- ace{ayl .ga”if’?q‘ rqSF’é”e&’%ﬁpW'tB[ng?f’Fﬁﬁ@pﬂ’@frﬁ‘a\%ﬁt%&%@mﬁ ‘é’l‘%’@{y?ﬁg%%wtne chl>/ori de.

chemicat agent simulants is given in Table 15.

Table 15: Readtion 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 (Bagillus globigii spores) demonstrated 89.2999%
{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 glycero! will act as

a humectant. This formulation could also be utilized, 8.g., as a spray or shower, by removing
foaming constifuents {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 faidy high temperature
(below about 10°C). Therefore, it would preferably be used in controlled temperature conditions (i.e.,

25  warm temperature conditions).




i 0 mOnoacetin (glycerol nonoacetate), diacetin (glycerol diacetate),

4- cyanobenzoi c acid, ethylene glycol diacetate, propylene glyw ‘zn‘pmté@%
et her acetate, nmethyl acetate, dinmethyl glutarate, diethylene glycol

nonoet hyl ether acetate, glycerol d~cetate (piat:etin), glycerol

nonoacet ate, glycerol trtacetate, and propyl ene glycol diacetate, and
conbi natiQns t hereof; and wherein said at | east one surfactant, said at

| east one Te¥H e corrpound 15 and said at |east one SHP¥Z28¥ uple

bl eachi ng activator, when m xed with water and exposed to the at (east one
toxant, neutrafu:es the at |east ongytoxant. 42. Canceted 20 43. The
formul ati on according to claim4l wherein said cationic surfactant
conprises a quaternary amoniumsalt 44. The formul ati on according to claim

43 wherein s Pﬁlea%%‘@rdﬁ&‘ﬁ? & HFRS PO vaE e MY PReeP Ty 4p5¢8F um chl or i de.
25 45. Tbe:do@mgur@bdswhoa&&eﬁtghmbﬁamsaid&lrrm Howleve, Wit bREchpOEINoR Ng at | east
one carponate salt. ( i~tS ~fi;,i5 W 03/028429 PCT/ US02/ 29886 -63
46. The F’BP‘H“Lﬁblaﬂrisﬁ'l“i”%{E‘cordl ng to claim45 Wierein said at | east one
carbonate salt is selected fromthe group consisting potassium bi carbonate,
sodi um bi car bonat e, ammnl um bi car bonat e, ammoni um hydr ogen bi car bonat e,
lithidm BE-2%¥ pagtvisholiegRivorda m car bonat e, and pot assi um carbonate, and
conbi nati ons i i m4l wherein
t he fornul at %’E% &%l blegt:h‘}'éacn\q-\nﬂl?% %?&é&@ﬁdﬂ%& hlgﬁ% h\g PEEE%ES§§ {i/veen about 9.6
and abougye@oBoluikBs) c?rhl@ useimDif-200 foomiladians awpiicad (litngd) eloalens gyboldiesréAtesst | ng

subst ant il d Qe 381 cordfe 4. 62508 20,67k LORA GSHLl BGkANL, yaal d at | east
one reactive conmpound; and- s 3 AL0 TE5St S one Water - Solubl & rbl eachi ng

acti vat ornnleoma contdng aﬁ Orapail @bupom @e efiivath pRExitedaralita afudtert@N®insduhd g

subst - 10% benzal koni um chl oride; 15 1-8% propyl ene gl ycol
G neclar Mo g B BRT At A oSt s R Bonat o

and is very hygroscopic.

I T
CHy—C—0CH, CH, —I‘Tlt-CHS cl-
CH,

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

15 (amounts illustrative):




I £ t° ~1"; liiUl WO 03/028429 PCT/US02129886 -54 50. A fornul ation for use
in neutralization of at |east one toxant, said formulation conprilsf iggg agmh
| east one sol ubilizing conpound, sel ect ed from the group consi sting of
cationic hydrotrope and a fatty al cohol conprising from8 to 20 carbon
atons per nol ecule; at |east one reactive conpound, wherein said at |east
one react W@ %Qfﬁﬁound is selected fromthe group Con?bﬁ{]éo?&s%f hydr ogen
peroxi de, urea hydrogen peroxide, hydroperoxycarbonate, "peracetic acid,

sodi um per borat e, sodi um peroxypyrophosphat e, sodi um peroxysilicate, and
sodi um per carbonate; and at |east ome bl eaching activator selected fromthe
group consisting of O 10 acetyl, N-acetyl, and nitrite group bleaching
activators; wherei gund, said at | east
one reactive conpo r tivator, when

m xed with W(L:Wo@bﬁ@@lﬁﬁﬂerﬁ)o the at Ieast one toxant, neutralizes the at
| east one toxant. .AfN& . A2 . Ay. A Ah2 . Al. Ac. AKy. A AK@A# A. Al KY . AKy<
CAK. A\ . A@ A#. Ah2 20AYFINREMC Ac. Y. Ac. A @ AcO . A AFh#. Ach@ AFeb. AF. AFR. Ac1#O
.Ac. A#. AL ALIE. A2 185 Ad84en AYO . AL Al AL A Alyb. A@. Al#l . A}

5 30 g Paly (Ethylene Glycol) (MWW 8000)

- 8 g Diethylene Glycol Monobutyl Ether
5 g lsobutano!
4 g 1-Dodecanol
150 g Propylene Glycol
10 50 g Potassium Bicarbonate

approx. 17 ¢ Potassium Hydroxide (sufficient to give a final pH of 10.2 in Part A)
803 g Water

Part B (Solid Additive):

87 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 chioride against chemical agent simulants is shown in Table 16.

Table 16: Reaction rates from kinetic testing for the DF-200HF using acefylcheline chioride

as an activator.

25
% Decontaminated
Simutant 1 Minute 15 Minutes 50 Minutes
Mustard (HD) ._£0 98 ND

VX 10 85 >80




CAHCAL AR DAY A2 A3 A AR AT ALY LA LAY LA A K@AK Ah@ @ 1<"b!' B
“|val faf vq ca] caj c’\a] cal] ca] ca] cal] cal] cay] caU] caU] cay] cal] cal] cqy c;atg ]é
cal] cal] caU] cal] caU] cal] calU ca U] c”aU] calU] ca] ca] ca . BEOQ n U
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mustard, VX, and anthrax spores. The performance of this formulation is shown in Table 17 against

25  ghemical agent simulants.
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10 high rates of spore Kill.

Live Agent Tests Using DFE-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 kinefic testing

15 of DF-200HF {using a three-part configuration} on the chemical agents is shown in Table 18.

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 89.88 + 0.04
HD 78.1310.53 98.46 +1.43 99.84 + 0.32

20
After exposure of GD to DF-200HF, methylphosphonic acid (MPA) and pinacolyl methylphosphenic
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 mixiure of the
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B. anthracis AMES-RID Average CFUiml 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
Contro} 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

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

Y. pestis (ATCC 11953} Average CFU/ml Log Reduction %Reduction
Caonfrol 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 $00+£.00004

20
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the tests to verlfy that DF-200HF had actually killed the spores, rather than just inhibiting their

growth. No growth on any of the petri dishes was chserved after the 21-day period.

5  Toxjc Industrial Chemicals Tests Using DF-200HF

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 {ests is shown in Table 23. Note that the
restlts for malathion, butyl isocyanate, sodium cyanide, and carbon disulfide were obtained by
analyzing for the unreacied 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 neuiralization of these toxic industrial chemicals.

Table 23; Summary of Toxic Industrial Chemical (TIC) Neuiralization Tests with DF-200HF,

15
— % Decontaminated
1 minute 15 minutes 60 minutes

Malathion (liquid) 89 95 Below Detection
Hydrogen Cyanide (gas) >89 >89 >89
Sodium Cyanide (solid) . 93 98 >39
Butyl Isocyanate (liquid) 99 Below Detection | Below Detection
Carhon Disuifide (liquid) >80 >09 Below Detection

Phosgene (gas) 98 >98 >98

The preceding examples can be repeated with similar success by substituting the generically

or specifically described reactants and/or operating conditions of this invention for those used in the

20 preceding examples.

Although the invention has been described in detail with particular reference to these

preferred embodiments, other embadiments 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
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15 Wherein said at least two solubilizing compounds, sald at least dne reactive

compound, and said at least one bleaching activator, when mixed with water and exposed to the at
least one toxant, neutrafizes the at jeast one toxant.

2, The formulation acearding to claim 1 wherein sald cationic surfactant comprises a

20  quatematy ammonium sait.

3. The farmulation 2ccording te ¢laim 2 wherein said quarternary ammonium salt is

selected from the group cansisting of cetyltrimethyl ammonium bromide, benzalkonium chloride,
benzethonium chioride, cetylpyridinium chloride, alkyldimethylbenzylammonium sat, tetrabutyl

25 ammonium bromide, and a mixture of benzyl (C-12-C16) alkyldimethylammoniurn chiorides.

4, The formulatian according ta claim 1 further Gomtprising a water-soluble polymer.
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12 The formulation according to claim 11 wherein said at least one water-scluble
bleaching activator is selected from the group consisting of acetylcholine chloride, monoacetin
(glycerol monoacetate), diacetin (glycero! diacetate), 4-cyanobenzoic acid, ethylene glycol diacetats,
propytene glycol monomethyi ether acetate, methyl acetate, dimethyl glutarate, diethylene glycol

5  monoethyl ether acetate, glycerol diacetate (Diacetin), glycerol monoacetate, glycerol friacetate, and

propylene glycol diacetate, and combinations thereof,

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

water-insoluble,

10
14, The formulation according to ¢laim 13 wherein said at [east one water-insoluble
peroxide activator is selected from the group consisting of tetraacetyl ethylenediamine (TAED),
n-nonanoyloxybenzenesuifonate (NOBS), and N-acetyl glucosamine, and combinaticns thereof.
15 18. The formulation according to claim 1 wherein the formulation, when mixed with water,

has a pH value between about 9.6 and about 2.8.
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18, A formulation for use in neutralization of af least one toxant, said formulation

comprising:

at least one caticnic surfactant;

at least one reaciive compound, wherein said at least one reactive compound

5  Is selected from the group consisting of hydrogen peroxide, urea hydrogen peroxide,

hydroperoxycarbonate, peracetic acid, sodium perborate, sodium percxypyrophosphate, sodium
peroxysilicats, and sodium percarbonate;

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

10 al least one carbonate salt not ane of the ai least one reactive compounds;

wherein said at least one surfactant, said at least one reactive compound,

said at least one bleaching activater, 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 18 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 chioride.

20. The formulation according e claim 16 wherein said at least one carbonate salt is
25 gelected from the group consisting potassium bicarbonate, sodium bicarbonate, ammonium
bicarbonate, ammonium hydrdgen bicarbonate, lithium bicarbonate, ammeonium carbonate, and

potassium carbonate, and combinations thereof.
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0 (
hc10% &repjlene glycol monomethyl ether acetate, methyl acetate, dimethyl glutarate, dlethylene glycol

monoethy] ether acetats, glycerol diacetate (Diacetin), glycerol monoacetate, glycerol triacetate, and

propylene glycol diacetate, and combinations thereof.
16 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 compoenent comprising said at least fwo solubilizing agents;
a first component comprising said at least one bleaching activator; and

20 a secand component comprising said at least one reactive compound.
26. The formulation according to ¢laim 25 further comprising water and a base.

27. The formulation aceording to claim 25 whersin said premixed component additionally

25  comprises a water-soiuble 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.
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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 lzast one hleaching
activator and said at least one reactive compound, wherein saig at least one bleaching activator is in

solid form.

33. The farmulation accarding ta claim 32 wherein said first premixed companent

-~ 20 additionally comprises an acid.

34, The formulation according to claim 32 wherein said at least one bleaching activator

comprises acetylchaline chioride.
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35. The formulation aceording to claim 32 whereln said at least one reactive compound
comprises urea hydrogen peroxide and wherein said at least ohe bleaching activator comprises
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20 43. The farmulation according te claim 41 wherein said cationic surfactant comprises a

quaternary ammaonium salt.

44. The formulation according to ciaim 43 wherein said quaternary ammeonium salt
comprises benzalkonium chlaride.
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45, The formulation aceording to claim 41 further comprising at feast one carhonate salt.
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