2 6 AUG 2003 WD 00/ 51687 PCT/ CAOCQ 00199 | DECONTAM NATI NG AND DI iPEM
SUPPRESSI NG 2 FOAM FORMULATI ON: 3 4 CROSS- REFERENCE TO RELATED 063
5 Thisvapplication clainms the benefits under 35 U.S. C. 119(e) of US.

provi si onal application 60/122,091, filed February 26, 1999, which is

i ncor porated {wd@ysgish by reference in its entirety. FIELD OF THE | NVENTI ON.
This invention relates to foam formul ati ons having both bl as:tcmm%@sgsant

and decont ahi nati on CIEWNTAWNATW P%ii\‘ %ghgg, C]\l 14 ILrprow sed
threat to

expl osive devices (I EDs) represeniEciy
society, particularly when they cont al n a OXI chem cal / b| ol ogi cal
(CB) agent. It is vital that both the blast. effects (a conpression 17 or

pressure wave, heat andcH®Hap .and_aerosols, released
18 fromthe initiation of suc'géﬁC pLI OMel eased, CB

agents al s 19 present atl 0, obI em when deposited on the
surfaces of vari ous Tgnaw % e‘ﬁﬁ@}eggftswdgpaqs ILb8.Gorg 1t Bee) @f ugnd.

21 In the. lgasty g6 : rs have been published on the 22
use of foam foprr ast agB 3%33@@02@ ‘g@f%‘%a@ﬁww 26n 1989, pettienisSndorpérhtedt 7
i nproved nethod for blast

and 23 4, 589, . an
suppr essi on i sr?égégcgoggﬁenceiﬂ'twmﬁ*%tl lizes fire fighting foams confined

in a struckural barrier surrounding the 25 blast source.. Typically,
wat er - detergent based foans are used, -having an 26 expanS|on 50: 1-.1000: 1.
Clark di scboses t he use of JET- X, from Rockwel | Systenms 2 6 .. AUG 2003 WO
00/ 51687 FlELD OF THE INVENTION o

10 _ _ Thrs rnventlon relates to’ foam formulations havmg both blast— :

11 suppressant and decontamrnatron capabrlltres

12
13 | - BACKGROUND .OF THE lNVENTION
14 o lmprovrsed explosive .devices (lEDs) represent an mcreasmgly

| l5 dangerous threat to society, partrcularly when they contain a toxic
16 -chemlcal/blologrcal (CB) agent It is vital that both the blast effects (a compression
l7 " or pressure wave, heat and shrapnel) and the CB agent and aerosols, released
18 from the mrtratron of such devrces are contained. Once released CB agents also
19  present a decontamrnatron problem when deposnted on the surfaces of varlous

- 20 , equrpment and vehrcles or spllled on the ground
21 . . ln the last decade,'pate_nts and papers have been published on the
22  use of foam for blast suppression. For example, in US patents 4,541.947 and
23 4,589,341 to Clark et al., an improved method for blast suppression is disclosed
24 which utilizes fi ire fighting foams confined in a structural ‘barrier surroundlng the
25. blast source.  Typically, water-detergent based -foams are used. having an

26 -expansron 50:1- 1000:1. Clark dlscloses the use of JET-X, from Rockwell Systems



PCT/ CA0O/ 00199 Corporation and having 1 - 6% detergent, containing protein

additives and used in the ratio of 1 - 3 parts by vol ume for e%$hAB%02003 -

parts of water. The key to this invention is the nethodol ogy f
containing a high expansion foamin a desired location. 5 US Pat t 4 9 en”
64, 329 assi(%ned to Broken H Il Ltd. describes a foam conposition

&!%f"xt ure of foamable liquid and a particul atg eg‘b(;/{)]ﬂ\@ to 7 -

h . . . . . 9
be suppor;'edc{;;lps a dispersion in the foam  The di spersion is claine 0 be
effective'8 itPROM@IGNANDIAMNG dn- BYddstbaR At VAR | 9l US Patent 4,
442,018 tg P&mRand descri bes a foaning conposi tilonb?(g&f\%m c‘ﬂd'ﬂﬁ%s %@P%%%EH
sol ution #i sésiratio H6r -hidgharx PINEd G B PRRY L. nd, 11 decreased.
| i quid drainage. Such a conpos{b?i on conpr :é]sagg a cé%%/ﬁgﬂaé‘?f' of " Kextterthis 2
sol ubl e pdl yireientibnti®ehe PRAHREHWJ id, .type,  a foam stabilizer of
dodecyl al cohol, a 13 surfact a‘rﬁd,ycfgﬁ%OQtag@%S@hpggh@msmmmmm@n
of the stabi|dcggpnand pol yner. 14 used. 15 A very interesting US Patent No.
5,434,192 to Thacﬂ' et at. describes 16 a conposition of surfactants and
stabilizets' consistin % gerrixture of nmodified 17 natural and synthetic
pol ymer and sol vents cgﬁ 2 'Hf4-966§88ia$gigr@dno\ﬂmké@FﬁlDLtdl%eséf%é?ﬁrféar&wo
sever al c%ysegr%gz)giﬁ-enl% g?gr e?s F.. Such foamis used to suppress the 9 .
em ssi on ‘of 9 Fresisting @i eapotisre of 20arASbRaRNd i bl ast
S 0 2 Pkl adile ™S

may be. suppressed using foam -21 contained in a barrie

initially cobesupported ast dissérsion ihhh@f&é?ﬁ_mrgé%g# Si%'i% ?l%o.wnl alsbeag#eecc%it\ﬁ

consi st ngw(ﬂ

filmformng foam (AFFF) - initially designe <N
In sound attenuation and shock wave attenuation.

! 9 ' - US Patent 4, 442,0ﬁ8 to P. Rand describes a fbaming compositién '
10. which has decreased solution viséosity for high expa‘nsion. foatﬁ capability. and

- 11 decreased liquid drainage. Such é compositioh comprises a Cmeination of a water

- 12 soluble polymer of .t.he. polyacrylié acid type, a foam stabilizer of dodecyl alcohol, a

: 1'3- : surfactant,»an,’d a.solvc.ant, A key is the combination of the ‘stabilizer ‘and polymer

_ 14  used. |
15 - A very interesting US Patent No. 5,434,192 to Thach .et‘al-. describes
j6 a composition of surfactants and stabilizers consisting of a mixture of modified
17 natural and'vsynthetic polymer and solvents caﬁable of producing foam viable for 12

18 . hours to se'veral-days at 75 - 105 degrees F. Such foam is used to §uppress the
19 emission of volatile gases and vapors. -

20 - As described in Clark, a blast may be- suppressed using foam

21  contained in a barrier.” Applicants initially conducted blast tests with é foam product
22 known as aqueous film forming foam (AFFF) — initially designed for kﬁocking down
'23 fire. The AFFF was contained in nylon dome tents that were deployedvaround the

24  blast threat. The blast Suppression results were very inconsisfent; the foam would



23 fire. The AFFF was contained in nylon done tents that were depl oyed

around the 24 blast threat. The bl ast suppression results were %eﬁrmuﬁ 2
i nconsi stent; the foamwould 2 6 AU G 2003 -PCT/ CAO0O/ 00199 1 break down veqay

quickly and varied froma watery formto very light and airy. The 2
I essons | emowesiegtir i ng this phase included the realization that the
physical formof 3 the foamcould. be varieéd considerabl y PG/GA98/00199

f oam di spensbreakdiveh vé . /151687 of surfactant in the
conposition and the foamgggg%@P%?'e%Q%ﬁ@ ‘e'ﬂg?%glfanoswuélghsamawwue
led to thpe d { t aj nment . system described in Applicant's 6
co- pendi ng u%gg%ﬁqg%ﬁ?‘géu@ﬁﬁﬂ? PhBS.e %}%ég‘,tbgs?a!fzatr@a timd deerbbysita, fofrA BF .
That syst3em{' g\(,‘d)%ﬁes 9 ent-like enclosure that. is deployed over an | ED
and is fidled TR COMIC P vasediconsiderabiuy the foeavdispersing tatd e@EBtréentage |
Di spersal,, Sufp ressant. Foam (DSF). Wen the | ED was t hen detonat ed, tﬂe
resul ting sH? Claisindbatcampasitan anmthélifdﬂamttﬁsﬁé}@i@Hgﬁzle-qg%r%&%q%- |
“ademark o I t{f‘é‘x as

mat eri al éuse(_?_b_c'onpri sed a product sold under the .11 tra
descri be®@ by 108 Warkded tothe deveElehmSd dfa whi.ch, i ssued .gn 13
e e R st S bR iy Aiants

Sept ember 1988. 13 The inclusion of chemca
war f ar e 8gerdespedding ¢98 lapeid foJ ioactive materials_into
o o G 0 e R e 1D BoThoe.

| ED' s presents an even greater

cont ai negt, tdiBiepg : ta b the |ED nust 16 be -effectively .neutralized
within the aér?,ga ow%dn%?zérrgrﬂke{%‘cgﬁsf" Fsépmievecheveran IEDVand ist filledsivitte |

foll owi ng actj i.an.., 18 Cenerally, decontam nation of radioactive
particl eg [ ?dn%?gﬁgggfeéfaqﬁ%o% gy mateiial dramedia Dispgisal Supprssant FeERY al

by encapgul g jgnificantly reduces 20 aerosolization potential.
Decont a nagbﬁ' Sf*’ﬁﬁﬂéhﬁ? ¢aP wasithendetghateld, #eenisuitiigusHrhpnelddad E6Mam Y
22 .

oxi dation, reduction or hydrolysis. Ideally a broad spectrum

decont alsnattihesendossren Thatoammaté ek oRigiolohubt iRt e,
nature 81 t redendriof SIRYEXUSDHeb&ibURKAPYS: Patent no. 4.770.794 to Cundasawmy,
12 which issued on 13 September 1988, |
13 - The inclusion of chemical (CW) and biolo‘gical (BW) warfare agents
1}4 (polleétiyeiy CB agents) or radioactive materials into IED’s presents an even greater
15 challenge. Not only must the bla’st be contained, the agents present in the IED ‘mus‘t}'
j6 be effectively neutraliied within the area of containment to allow personnel access
1:7 ~ to the site following activatién.' | o
18 Gene_rally, decontamination of radioactive particleé is not possible
19 -due to their nuclea_r origin, however, remoQal by enéapéulation significantly red ucés
20 aerosolizatiqn potential. Depontamination' of chemical and biological agenté ,L;éU'ally ,
21 occur; by oxidation, redubﬁon or hyd‘roiysis. Ideally a broad spectrum
| 22 decontaminant, which does not produée toxic by~pfoducts ih its‘mode of action 6n .

23 any of the likely contaminants, is of greatest use when the nature of the warfare

24 agent is unknown.



3 2 6 AUG 2003 WO 00/51687 PCT/ CACO' 00199 Ideally, the blast suppression
and decontam nation should be ,a result 2 of a single process, Qn@rmizggq
the efficiency of the. operation and allow ng access to the site as qui y -
as possible. Further, vital evidence contained within the suppression zone-
shoul d not. be danaged by either the suppressant foamor by the :
decont am MP%G%Fgent. In order to provide a single step PCT/CA00/00199

suppr essi,on/ decont am nati on foam 7 decontam nant nust be I ncluded as

part of the foam for midgaliyothe Mast g;ﬁmmié@éhbb@ébnt%%ﬁ%tﬁﬁ%%l{j% cur rsﬁ.[?t ly
avai | abl 3, asf are t(1}(?‘g'ont-am nants, it is not merely an obvious' s Sqt? X
t hem t ogét he?f & singteherocess;iimedagitg R9s effferdy . i on, 10 and
decontanination. 11 A prior art dgcont am’%aﬁ%g%%ﬁﬁmy BIPYBS) accgss
desi gned3t-o tolthebsitentis | QIR H5OS 6 A . FHgae! ve, thickeners and penetrate
paint to react with 13cmgbn'§)%ddse§|6%§d@§ts |n%gf i) RN 9S FAMtaiRed within thers

- di scover gd r@wyégsior;ﬂﬁe he. emul si on or foam was sonmewhat unreliable

and sonetines di d not orérﬁa glgd éﬁ?e%@ﬁgeﬁgymghﬁ@rﬁumsmammmw theot
be suitahle; .suppression for a period of 16 '"tine after :
gener at i gn. Jl#roﬂgéyrﬁﬁ%%@%ggﬁﬁt of ingredients into a foam fornul ati on nust be
18 assessed to deternmne their effect on the bubble size and

careful I y¥ _
uni f or m %y wi thin t he In eeTda provide arsingle tshep SEMPrESSIBH)RAR ATHSE ss
sufficient. stability, as indicated 20 by low |iquid %dgﬁ%arﬂg'elr@r“_gﬁgééahd

2Epg$g ggi?gg!dézegizﬁagsimﬁgggbémi?c%eg% éi 4A drene fodth ISR Sl WHIL RLast. .
A blast suppre‘s;ion ?s currently available. as are decOntaminanf’s, it is not merely an |
-9 obvious step to mix them together for the combined burpoée of blast suppression
10" and d_econ'tamination. |
1 o A prior art decontaminaint, German Emuision (C8), was désignéd to
12 be of low corrosivity, dissolve thickeners and benetrate ‘paint to react With
13 embedded agents in a emulsion formulation. It was disciov\ered however, tﬁat the
14 _emu{sion or foam was somewhat unréliable and sometimes did not form at all, Such
15 decontaminant foams would not be suitable for blast suppfession for a beriod of
- 16 time after generation. |

17 Any inclusion of ingrgadients into a foém fo.rmdlation must be carefully .
18  assessed to determine their effect 6n the bubble size and uniformity with.in thé
19  foam. thrthér, t‘he new formul_ati'on must possess sufﬁcient_stability, as indicated
20 _b_y low I"iq‘Uid drainage rates and an acceptable_exbanéion ratio, to. continue to

21 - provide optimum blast.suppression.



PCT/ CACQ/ 00199 As discussed in US Patent 4,442,01.8 to Rand, .t he choice of
solvent 2 in a foamfornul ation can have dramatic effects on thel sﬁolAU(,‘i gma
viscosity and liquid. 3 drainage fromthe foam Thus, solvents and
co-solvents present in decontanmination fornulations can act effectively as
de- f oanmer syg dosigggonpati ble with the foam5 fornulation. Particul ates or

oxi di zi ng conponents present in decontam nation. 6 fornmul aPFHE4088819%I so

have significant detr} ' on fgam.characteristics. 7 It remins
the chall enge to pr ov;i\%?iggglggﬁj E'fgj%zﬁg%%ga‘gzglﬁ)fﬂ Rasd ofie ehnice of solvent
decont am naty t conbi nes optinmum bl ast suppression 9 '

char act (r-:?r i sﬁ %gb,angs uc uﬂ%&nﬁr’gg?ﬂ%a@dﬁ%“%?@ts ondhe dolatinagascosity tind fifuid

cling, por, 10 s ressjon and low toxicity and corrosivity, wth optinum
br oad s\r?gct {ﬂiﬁaﬂft%gﬁ’agrﬁ%mmzﬁhtﬁmsewanmmmsmemsmés@ﬂ i abbbhthinffitbAN

and errul4si f%&g}t-iﬁct)_n of 12 ;:o_»nt am nants, rapid. and conpl ete degradation of

chem cal® an UALHE cean wet fedfestivaly ageadd-fodrRe O -ihSc 5S e w

t oxi ci t%ganfd corrosivity. 14 5 2 6 AUG 2003 1 WO 00%@1@@95&%#@&%‘%89 4
Accor di fgl yformutatioan dapiiduiatest eaBxidsiRy! &/ i S.pLayided. combining.9 both
t he advantages of bl ast suppression aﬁ %ﬁgﬁ]&é%'ﬁsaé{gggﬁgpggcf%nt%@%pon10

q : . . i ichis tib] ith
econt aii naforflatidbAs Mayoasd E\%(e/@‘f*‘;m@%?\rt] g@kﬁ%n'&tél %f?%ﬁpga Fo'n fogmwcrtwaragteristics.

decontam nant 12 incl udes

7 It remains the challenge to provide anxall-in-bne, blast suppression

8 and Adecontaminat.ion_ foam that combines optimum blast suppression
| 9 characteristics, such as u'niformvbubble size, sldw draf_nage, vertical cling, vapor |
10 suppression and low tbxicity and_éorfosivity, with éptimum broaa spé_ctrum
‘11 decontaminatidn characterisﬁcs such as solubilization and emulsification of

12 contaminants, rapid and complete degradation of chemical ahd biological Warfare _

13 agents to non-toxic products and low toxicity and corrosivity.

14




13 for the surfactant, [RnH2n+1(OCH2CH2) n6O42_M, where Ris an 14 al kyl

group having fromeight to fourteen carbon atons, mis an 15 int AL fpr 1
to 3, and Mis Na+ or NH4+, in mxture with 16 CH3(CH2) nCH:CI-Iaggecéqulgﬂpa :

for the co-sol vent, HO(CH2(CH3)CHO) nH ( PPG of MV about 425) 18 where
n=5-49 and nost preferably 7; and 19. for the foam stabilizer, R OH where

R=C C 10WQ#0/3@87The decont ani nati on conponents conpati bl epwir 05/]3‘@ bove :
foamer 21 include hydrated chl oroi socyanuric acid salts, preférea Pf} ' ;

chl oroi sdcyanuric acid is 22 SIGMMARY OGFormE QveRaYenconsi sting of an
al kali metal of nonochl oroi socyanuric acid, 23 drctiroroi socyanuric acid,

and a co@bi nation therEné pydddnt = A preferred 24 alkali mnetal
of di chl oroi socyanuric acrd 1a 80 ﬁg%\gills%ﬁsg%lféé@é?%m A a fegvrrpuiatiomHE
es the discovery that a foam

| NVENTI OF Thexists 886K isl i i scl o , At |
formul ation 3 exists ﬁhﬁtﬁafesfgg Bgthatg'?ﬁtsﬁ'{ﬂpr%?ﬁ"i‘g ané decentppirationngartiodarly
decont aniynat i icularly sirabl e when faced" with an expl osive

devi ce whi cha%i'?bgeg&%% E%’@& Wﬂg@% eXpinsive devicefwhichdsas bethvigged with a

di ssem ngti on. .In.the known cases of blast suppression, a contam nant can

be shown®t o $RTEEMn{radegtrectiveni disseminatiohoanin thkalt kid\en Uses d Q@"BIast
becones heavily contam nated. 6 26 AUG003 WD 00/51687 PCT/ CAO0/ 0019

Accor di n§l y,Supppessias, recbraminaracan e sHovirPig By &t | tahls o _for 2
bl ast suppression conprises: 6 10 11 12 gﬁb&gﬂtﬁﬂ& Bt By a foam;
7 - butthe used foam becomes heavily contaminated. '

8 , chordingly, a serendipitous fbam: formulation iéprdvided » combining
9 both the advantages of blast suppression and chemical and biblogical agent

10 decontémination.

11 ' - A foam formulation which is cd_mpatible with a decontaminant

12 includes the following compositions:

1 3 - o for the surfkactant,, [R-nsz(OCchHz)mSOf“M], where R is an
14 . alkyl group having from eight to fourteen cr—l_lrbon‘ atoms, m is‘an
15 'i'nt'egér from 1 to 3, and M is Na+ or NH,". in rﬁixture with
16 CHs3(CH,)aCH=CHCH,SO;Na,

17 _. o e for the co-solvent, HO(CHZ.(CH3)CHO),,H.(PPG of MW ébout 425)

- 18 : . where n=5-49 and most preferably 7;and |

19, , e fO( the foam stabilizér, R-OH where R=C4¢-C4.

20 The decontarhination components compatible with the aboVe foamer

21 inglude hydrated chloroisocy_anurib acid salts, prefereably chloroisocyanuric acid is
22  selected from the group consisting of an alkali metal of monochloroisocyanuric acid
23 dichloroisoCyanuric acid, and a combination thereof with cyanuric acid. A preferred

24 alkali metal of dichloroisocyanu'ric acid is sodium dichloroisocyanurate.



~ water.

about 1%to 6% by wei ght and preferably fromabout 1%to about 3% by _
- wei ght of hydrated chioroisocyanuric acid salts and nore pref erabl AUG 2003
l'i.thium hypochlorite in a ratio of 5 10% of the chloroisocyanuric acid
‘salts; about 1% and optionally up to 8% of a co-solvent selected from the
group CoRph ddskiegy of pol ypropyl ene glycols, polyethylene glycols and
derivatives and mi xtures thereof; from about 1% to about Péf%%f“b/&m”

surfactant; a buffer ‘ tQ i tial intain said formul ation at a pH
from aql;out 8.5 .to a%%%é?&lﬁ%fgrp#%%éﬁidr%ﬁp '%‘%fsﬁ[ﬁ' aligmauitatle glsadoy 13
Cinitial by, J%C{"Q bout .10 to about 11; and 14 the bal ance being water. 15
In the Pr efAPT SHPPLTSRIPL PR ISERe f oaner conponents have a preferred 16
conposi tion of 17 about 15 w v% of the sodiumsalt of an ether sul phate of

the 183fornul a CH3( CH2RrbeUICHKACEY) DPSEaYhL ant piaferhbiydfie absadi %o abdut
ol efin sui phonate of the formul a CH3(CH2)" CH=CHCH2SO3Na 20 where n=10 to

12, confrising a total 3%f bp elghtéVRgdratdRehiBRSis = % of
pol ypr opyl ene gl ycol co-sol Ven?h of %e 22 for ﬁ?%ﬂf%&%@&?ﬁa rgayev(here :
n=5ts 9 23 about f %p0f hol - .CH2) nOH yhere n = 8 to

16 24 to act as a foaénﬁes?%t?ﬁ %ﬁélf{h QXEB?)@ ﬁ%ng'}‘li?}%{' ‘?EUG%&% cifngiﬁ)ut

0. 3% bygwei ght of. t he rosion.jnhibitors; and 2 .the bal ance being

g Accordi ngly, gﬁﬁkolo\?%(?&)’r?@f’ﬂ&?cl# sﬂtfndl i ng expl osive devices is now

4 available. In a broad aspect, a met hod. f or di spersal suppression of an
expl osi e CB 5 cont i ARPHOh dend eptienmtyr i ts 8thef s tessiveint selected from

8 | the groUp consisting Qf polypropylene glyCols, polyethylene glycois, |
‘ 9 , | " and derivatives and mixtures thereof; i '
| 10 : o from 'about-‘1% to about 5% of a surfactaht;
1 e P buffer system to initiall'y maintain said formulation at a pH from
12 | 3 abo_ut 8.5 to about 11v for.a minimum of 30 minutes and preferably-
13 ’ o - initially, from about 10 to about 11; and |
14 - . the balance being water.
15 | | - In the preferred formulation, the foamer components have a pf_eferred

16 composition of

17 . about 15 W% of the sodium salt of an ether sulphate of the

18 formula CHs(CHz)i1(OCH,CHz)s0S0sNa; 7.75 wiv% of a sodium

19 olefin sulphonate: of the_ formula CH3(CH,)aCH=CHCH,SOsNa

20 where n=10 to_'12', comprising a total of 22_.75 WIV% s_urfactén_t;
21 ~« about 10 - 25 wiv% of polypropylene glycol co-solvent of tﬁe

22 ‘ ~ formula H(OCH(CHg)CHz),,OH wheren=51t0 9:

23 : . about 1 — 2.5 w/v% of an alcohol CH3(CH2)nOH where n =81to 16
24 to act as a foam stabilizer; and optionally



6 (a) surrounding the explosive contam nation device with a contai nnent 7
structure; and 8 (b) filling the containnent structure with an 2efalld® 2083m
conprising both, 9 i) a high expansion foaner; and 10 ii) a
f oamer - conpat i bl e decontam nation fornul ation effective 11 on chem cal and
bi ol ogi cal agents w thout significantly and adversely 12 affecting the
formation of foam wherein before filling the containnent 13 structure,
further conprising the stegs of 14 preparing a foaner froma surfactant, a
2

co-kol vent sel ected 18bpubd3hby yreight of she BboYeEOEPSIRR IRfIRIEES gl ycol ,
16 Jpol yet hyl ene gl,ycol [ ' and m xtures thereof, 17 and a
foa% stabilizer; 18 pr &%pg'ﬁggéﬁ%&@ﬁe{am nation formulation froma 19
-chl®r oi socyanuri c fagiortisglyl a aodelanunifideroft bamdlingt explosieé ddevi@®@sf & MoWat i on

*anf deoaelARaticrbross SsbeR, e biod for HeBreal HePsphiancriif CBIT.. -
6 AJG 2 tm,%@bgg@@#%&&g@}g@%%ﬁ,gﬁ a novel conbination, a systemis

provi de or dispersa 2 suppression of "an expl osi ve, CB contami nati o

devé ce conpri si ng:(absarreundiag the explosiverantarsingtien sigvicewith AFoniINBRPY osi ve
con} am n%’ﬁ?nedgééce; and aerated foam contained within the structure being
formed f ge ontam nation formulation in water conprising a

surgactant, a fogb)filitgive donesinmensstructorte with @rcaerdtdd foamt doengrisingboth,
conési sting of _

i) a high expansion foamer; and
10 i)  afoamer-compatible decontamination formulation effective
11 on chemical and biological agents without significanily and adversely
12 affecting the formation of foam, wherein before filling the containment
13 structure, further comprising the steps of:
14 . preparing a foamer from a surfactant, a co-solvent selected
15 from the group consisting of polypropylene glycol,
16 polyethylene glycol, and derivatives and mixtures thereof,
17 and a foam stabilizer;
18 «  preparing the decontamination formulation from a
19 chloraisocyanuric acid salt, and a buffer to maintain said
20 formulation at a pH from about 11 to about 8.5;
21 . preparing a mixture of the foamer and decontamination
22 o ' formulation in water; and
23 . foaming the mixture.



pol ypropyl ene glycol, polyethylene glycol,, and derivatives ' and mxtures
thereof, chloroisocyanuric acid salts, and a buffer to 10- mai 2tgi gzg'ﬂg%
forrrulatlon at a pH fromabout 11 to about 8.5. In the preferred use r
surroundi ng an expl osive device, the foam 12 fornul ation i n wat er corrpri ses

about 0. 4wo db/atg7ght % of a surfactant; about 0.03 13 - 0. 9 % of a
foam stabilizer; and about 0.10;.- 9.5 wei ght %of a co- so‘i"?ﬁéﬁfw“ooﬁ? about
-3 - %pf the chloro ogy i salts; the buffer and the bal ance
bei ng 15pwat er. Pref e!rzb? ﬂeg%ld%s(? "qaté‘%'% et SYRleMhrisq REQidegh fait dispessal

f oam ng apg@b‘w %g f l'f or tion 0.6 weight % .of the surfactant;
about 0 wer R ocf %rhgx‘?Bﬁ'H? CQ?W'P?E@deﬂb@GDn@rmﬁtg\z\el ght % of the
co-solv and about 3% of the 18 chl oroi socyanuric acid salts. 19 9 2 6
AUG 100 1 BRI EF DESCRI F¥| @nGRnmieRt DREMENGS Zofi gurrédnding 4thee! éfqﬂo&lQe ‘
Exanple 2. Figure 1 illustrates the concentration 3 values of neth

salicyldte (nustard si mohtarhinationtdesiceeahgchanmbers, after two basel ' ne 4
shots (no encl osures) and three test devi ce shots (encl osure with foam +

pl acemer§ of 5 a tent oy§htdd® I ection of DSF)
The percentage of agent 6 capt Sﬁg&aﬁgmcegn%ﬁfmﬁﬂ@n%”é‘;} 89§@%e¢ﬁpf‘gﬁre 2

illustrges the concen o nt that was measured in the 8 test
chanber over a thirty tr%?fhb%ﬂ?ﬁ g mul In Waderecamprising a sufastant saas

in 9 Fi-gure 1, Baseline shotg not shown as the scale was too |arge. This
is still"within 10 ac aMeRilizenia sovent selectadofrptre theagreafif Qbhsnkmg;‘i#
further j nprovenents to the foam 11 mtigating capacity; 12 Figure

illustr zﬁ es the conpar PSbiprortiere rgiycot] pog@t}qﬂelﬁawddpeaﬁaoaénvayﬁ,eéngn%'est

shots of Exanple 2. Simulant formed a fine aerosol that behaved

of 9 ) mixtures thereof chIoronsocyanunc acid salts, and a buffer to
10 »- _ mamtaln said formulation at a pH from about 11to about 8.5..
11

|n the preferred use for surrounding an explosrve device, the foam-
12 formulatlon in water comprises about 0.4 - 4 weight % of a surfactant; about 0.03
13  -05 welght % of a foam stabilizer; and about 0.10 — 9.5 weight % of a‘co-solvent'
14 about 3-6 % of the chloroisocyanuric acid salts: the buffer and the balance bemg
15 water Preferably, and still effectlve for decontammatnon and foaming capabxhty is
16 a formulation 0.6 wenght % of the surfactant ‘about 0.03 welght % of the foam

| 17 stablhzer about 0.75 welght % of the co-solvent and about 3% of the
:18 chloronsocyanunc acid salts

19



14 a biol ogical agent. The percentage of agent captured was in the order of
95% 15 Figure 4 shows the over pressure readings collected by ZaprﬂﬁsZUﬂa
16 transducer placed at 1.5 nmeters- The Baseline shots were between 6 and 7
Pounds 17 per Square Inch (psi) or 0.42 to 0.49 kgf/cnR. The Test shot
readi ngs were alnost 18 negligible. The enclosure did not tear, all
contents remained in the tent; 19 Figures 5 - 11 relate to Exanple 3.

Figure 5 depicts the coggs gs i N@éhetest chanbers of
Exanple 3 after an unm Trgateo = arTa —a-cont ai ned shot. As
well, the lethal |evel of rin for a one.mpute osure s _ 22 displayed.
A H%h |evel of si Fialses 1 Afielate 19 EXAm 2. 1%‘92"%%@3%‘5%65’3?0&?%11@88

- illustrates the over pressure neasurenents at the noted 2 distapces from
"t he devi valuesof mathylsslioyiate (ysstar sinwlandhindhe tast shambers, @fter fwg haeeling

i ndi cated over pressure containnment in the order of 90% 4 Figure 7 '
r eprdes entshotsHponclosores) anddhtesfestdevitanshaia {ermiosuea sithddamyt plscamanfTube
Sanplers in an outdoor trial as noted in Fig. 8. This sinmulated a device 6
bei iy i nid temt @dep thes Hediceffoklowdd bytthe anjedtien o DSH)e cDnel perabmtageyof bgerest
Device shot 7 indicated contai nment greater than 95% 8 Figure 8

i 11 st r atcaptird enBasatiiheNPelsdiricdamvser Setup; 9 Figure 9 illustrates the

over pressures recorded on two tests, an 10 unmitigated test and a
moadar abl e <1 psi | biS0 AIRFARE Mie e oihittBn pAEHERG WA meddrdfirbuiear €1 ¥
g h . . . . .
e | 92358 Abhner A S BN AEROPE N BETal B Ghd §h88tas i
Cont ai t | i f 95% d 15 Fi 11 .th
ConE, TR 4AS G R P07 s heRor R S S e R S P o e
noth " opspopeblelimis b s RER PR EPUIR oS TR ARG o YRo WS 5 MRSy ur os
12 - 19d relate to Exanple 4. Figure 12 represents a total ion
11 mitigating capacity;

12 Figure 3 illustrates the comparison between unmitigated Baseline shots
13 and Test shots of Example 2. Simulant formed a fine aerosol that behaved like that of
14 a biological agent. The percentage of agent captured was in the order of 95%;

15 Figure 4 shows the over pressure readings collected by a pressure
16 transducer placed at 1.5 meters. The Baseline shots were between 6 an_d 7 Pounds
17 per Square Inch (psi) or 0.42 to 0.49 kgflom®. The Test shot readings were almost
18 negligible. The enclosure did not tear, all contents remained in the tent;

19 Figures 5 - 11 relate to Example 3. Figure 5 depicfs the concentrations
20 of simulant in the test chambers of Example 3 after an unmitigated baseline shot and
21 a contained shot. As well, the lethal level of Sarin for a one minute exposure is

22 displayed. A High level of simulant capture is noted;

10



19 chromatogram created from Hapsite data after sinulant dispersal show ng
a single 20 organic chemcal with. a predom nant mass 115 fragZ”E&tAUG 00
consistent with diethyl 21 malonate; 11 2 6 AUG 2003 WD 00/ 51687

PCT/ CAO0/ 00199 1 Figure 13 shows the results of the mass spectral data
analysis 2 . indicating that the chemcal in Fig. 12 is indeed diethyl

mal onate with a probability 3 of 97.5% Figure 14 shows total ion

AL, f R SAGAEIN  O  hon
or ot nARARraBghe Reyicer bt a8 o8 iR asd asusindd st SERIPAGE” °

sul phide); 10 Figure 16 shows total ion chronmat oqz‘rams of Hapsite data from
air3 11 sudieated oyegpressuregentaingmant i theyeider 0b®9%at i on show ng t he absence
of mustard 12 vapor; 13 Figure 1.7 shows total ion chromatograns of two
sepdrate air sanpl Egure represamts iheeait-copaesrtrations afadimplaat agoneastied Hyand
at one mnute during the 5 mnute 15 sanpling period, follow ng activation
of tBhe dOAAMS ThdSamperd finas batwdor ial betrdted irFigh8.oMhisagimatated atdegice
nmustard sanple, 17 sanpled by Hapsite, fromthe head-space air of the

bot igl € C%triy'nimt@%dmﬁfsﬁfedof H5Rdcthfe.f The YRl FdcBrdtNddvfid el Postiévids shdt9
Figure 18b shows the total ion chromatograns fromthe nustard head- 20

spage ali irb(g%g%gﬁ{aiﬁhgm&,@gterstngr\‘vbgg.addi tional solvent conponents; 21

Fi gures ow mass spectral | i Br ary identification
8 Figure 8 illustrates the Range DAAMS Tube Sampler Setup;
9 Figure 9 illustrates the aver pressures recorded on two tests, an

10 unmitigated test and a contained test. The readings recorded on the contained shot

1 were barely measurable <1psi or <0.07 kfg/cm?

12 _ Figure 10 depicts one baseline unmitigated shot, and three contained test
13 shots with different explosive amounts as noted. Samplers set as noted in Fig. 8.
14 Containment realized in excess of 95%; and

15 Figure 11 shows the over pressure values measured at 1.5 meters from

16 the test device unmitigated and three contained shots, each with different explosive
17 loads as noted. Over pressure values were diminished by greater than 95%.

18 Figures 12 - 19d relate to Example 4. Figure 12 represents a total ion
19 chromatogram c¢reated from Hépsite data after simulant dispersal showing a single
20 organic chemical with.a predominant mass 115 fragment, consistent with diethyl

21 malonate;

11



22 chromatograns used to identify the constituents in the nustard
head-space air 23 sanple of Fig. 18a; 12 2 6 AUG 2003 WD 00/ 5164 6 AUG 2003
PCT/ CAO0/ 00199 1 Figures 20 - 23 relate to Exanple 5. Figure 20 shows a
total ion 2 chromatogram of an air sanple acquired by Hapsite during the -
Exanmple 5 sinulant 3 dispersal trial show ng. the sanple. to contain a
hixgh conc®R $%4¥¢8n of a singl e conponent, subsequent!y i depetitasslodise DEM
Fi gure 2;i shows a total ion chromatogram of a head-space air sanpl e above a
f

bottle of nustard agerftigéeqidr sbiows tHapsedidtssHOWE Gnasst gb@&tréloaa@ngng,?gg 7
109 reconstructed ion chromatogramidentifying the substance as nustard; 8

Fi gure 22 stindisating titadithé ohemliczn iR BMsAhidd 3 eair 9.
sanpl e ‘acquired by Hapsite 10 m nutqe% after d%fg%gwg%q?ﬂa%@ﬁ%?%?tﬁﬁ'my
trial shdw nd9718%a snall anmount of sinmulant and dichloroethyl acetate; 11

Figure 23 shows a total ion chromatogram of the tent-head-space air 12
sanpl e agqui red by Haps| t det.opgtion in the nmustard trial, not to be
must ar d?& 13 but to béﬁqﬁ% g%c%l‘%‘?’%é?%id@“i?@ngfﬁmﬂzbﬁdﬂ@@wwyeadmwl e
il lust rasi ng 'Eogﬁ -ef f ect,i venlgss .of several 15 decontam nant fornul ations
agai nst Sel &2 n%‘ﬁ%‘éen amaalion with usiand, @hiot @oaapblivativarsf GRS fodny;
17 Fi gurg 2':"; is a table. illustrating the effectiveness of a foam ‘
f or nul at® on ToriaulalRR;ai ni ng 9% active ingredient (FS) and one containing 3%
active ingredient (MIld) 19 against the nerve agent VX; and 20 Figure 26

is a graph illustrati figurbel 5edHcRes imepResecabl b - 0 oledi
it se_l f to effect decontam nat | on of ra%ﬁ%act ! 'vgmgﬁ’%?g}‘?’?gﬁﬁggﬂp'éff‘ﬁgo%
surface ®f cBﬁtaﬁﬂn@é@é&&nﬁfﬂﬂt Phéss 160 fragment, as being mustard (bis (2-chloroethyl)
9  sulphide);
10 Figure 16 shows total ion chromatograms of Hapsite data from air
| 11 - samples acquired after vehicle decontaminationvéhowing the absence of mustard
12 vapor; |
13 Figure 17 shows total ion chromatogréms of two'.separate air samples
14  of tent head-space air, taken at 20 seconds and at oné minute during the 5 minute
15 sampling period, following activation of the device; |
164 | Figute 18_a shows the total ion-chromatogram_ of the mustard sample,
17 sampled by Hapsite, from the headQSpace air of the bottle containing mustard, used
18  for vehicle contamination trials;
19 Figure 18b shows the total ion chromatograms from the mustard head-
20  space air s'amp.le of Fig. 18a, showing additional solvent components}; |
21 o Fig.ures 19a-19d show mass spectral library identification
22 chromatograms used to identify the constituents in the mustard head-space air

23 . sample of Fig. 18a;

12



13 2 6 AU G 2003 WO 00/51687 PCT/ CACO' 00199 DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS I n the present invention, a blast suppressing decontagi mggi%ﬂga ‘
foam formulation and nmeans for its use are provided for incorporating e
known active decontam nation ingredient, hypochlorite, in a uniquely

buf fered R} id;gyy designed to be incorporated into a blast suppressing.
foamto be used to suppress the blast 6 shock wave, contai ¥FCERAYHE and

t oxi c 'vagors foll ow ng-; nati og,of , LE and = 7 decontan nate chem cal"
and warf.gre agent s co%i'gﬁ#gdiéﬁe%irﬁ!a% %3?@"%9‘?%16*%@&%@%%@0@! ienown
decont a_m'Fnant sol ?ti ons jinto existing blast 11 suppressing foam

f or mul at Fons” ¥ 24 GFE_MQ 3l B SPEWe AgawirRf by Hapsitaduring the Exmuple 5 sifrilantat
nei t her ro?f t'cpe conponent fornul ations suffers adverse effects with respect
to 13 tHRei rY'$RRIEAUER! sivoydre. thessaraplei taulcantayn ai highr gsrcint@tionf ofsal sigiks
and particulates into foam 15 fornul ations may adversely effect those

char act efli stGaERPonEN; Stdxbelomently dddntifitd sPENVESSi on, those characteristics
being slow liquid drainagé rates, high expansion 17 ratios and optinmm

bubbl e sbze. 18 Furt hefiglilee2 ReRbwE aRo@i id‘n%%rﬂﬁ@@ﬁtp g@giqs‘?%ld\éﬁ]a}tcgédrgéaorgplet he

-decontam nant 19 sol-utions shoul'd not alter t
active igor e RBLSpEH) LhLZE nar_shoul.d it result in the ,
production. of toxli)c ﬁf;%'?%%hc éb%'ﬁt éc%élgafbgﬁé%os'tﬁfhﬁ%ﬁ‘g Aetap onanmhmass
r eadi ngs-on f@n' Lng..equi nt. 22 Fornul ations which are suitable for
t he suppr7ess| onﬂeégﬁ%ﬁrg%tfag '3’5@ rogapgLamJdertifying doe pubetange @s mpustard;i onal
pat ent apgplication 60/120,874, filed 19 14 2 6 AUG 2003 WO 00/51687
PCT/ CA00%00199 - - Figure 22 shows a total ion chromatogram of the tent head-space air
‘9 sample acquired by Hapsite 10 minutes after detonation in the simulant trial showing
10  asmall amount of éimulant and dichloroethyl acetate;
11 | Figure 23 shows a total ion chromatogram of the tent-head-space air

12 sam‘ple' acquired by Hapsite after detonation in the mustard trial, not to be mustard,

13  butto be 1,2-dichlor6ethane instead; |
14 Figure 24 is a ftable illustrating the effectiveness of several

16 decontami'nént formul_atiohs against selected G-type nerve gases GB, GA and GD
,16 and mUstard gas: HD;

17 | Figu‘re 25is a table, illustrating the effectiveﬁess ofa foém formulation

18 - contgini,ng 9%.acﬁve ingredient (FS) and ohe,contéinfngS% active ingredieni (Mild)

19 - aQains{t the nerve agent VX; and N

?O | Figure 26 is a gr'aph’illu‘strating the effectiveness of the foaming agent
21 byitself to effect deéontamination of radioactive dusts from the exterior surface 6f

22 an armored vehicle.

.23
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1 February 1999, and replaced by a regular application filed on or about 18
February 2 2000, which is incorporatéd herein by reference in2i§sA|}!IG 2003
entirety. In co-pending application 60/120,874, it was determ ned that a
sui tabl e foaner concentrate conprising (a) a surfactants 40-80% w, (b) a
foam 5 stabilizer 3-7 %w, (c) a polyal kyl enegl ycol solvent 10-30% w, and
(d) wat er WAPMHE¥ 6 to 100% 7 The surfactant i s was a mf‘éﬂgﬁ(id?(’;m@m

ed as

surfactants. The use of the termsurfactant herein is defin

i ndi vi dudl or a mi xt JPESCRIBUIINORTHE PREFRRECCEMBODIMERTEON Xt . 10
11 Foam.gor mul ations 12 As suggested, a foamTtor 1y
conpriseg a surfact antin thd Bresen@iri@h¥sAt ilizer. 14 The
surfactant is capable of acting as an en%ﬂ%‘fggﬁb%rb?al%f?&o amgiaiion fegmyy er

a wi de . r angdomhulatibn Whem |y the surfactant shoul d be sol uble
in 16 fresh or seawater iﬁgﬁogqgrﬁ}gg%ﬁéé%oﬂgegiﬂﬁjgp?r@o@tmgt}ﬁxedgmn active

i ngredi egts 4 e . f.ormul ation. The surfactant nmay be a single

i ngredi eﬂt 5’@8*’%@‘[“5‘?‘%“ @ﬁz?%ntgﬁvmﬁor it¢gine khiguelrhuffesed sohtioRatbaigdd )
TD- 407, 2 sgghgm al kél eéher sulfate, and Bioterge(r) 19 AS-90, an al pha
ol efi n stl phoRaI'ACPEMIR NG Atpstesitppaessing Soam do bel ised 1BARMprESY the blast

sol ubi l'i zi n%Q}Dgl?ng/;&gg@tamsh Zghgnd_&i‘s sol ubi l'i zer folr chem cal warfare
agents tPat S4P¢ pinsghiraphel. arnthoxicvapors i | perein
to define organi c-based chem cal s that solfﬁboi I ?cz)ﬂé&ﬂégg "g‘g@%ﬂé’ﬁ&éﬁ@ g%nﬂr om
al kyd- csg%tt edecpatamieale chentisslend Wafafd'She R YRR tlS 15 2 6 AU G 2003 WO

8 . . . . 7
9  Generally |
‘ 10 *Incorporation of known decontaminant solutions into existing blast

11 suppressing foam formulgtions requires careful testing and optimization to ensure
| 12 that neither of the component formulations suffers adverse effect'svwithﬂ fespect -to

13 their intended purpose.

14 Particularly, incorporation of solvents and particulates into foam

,15 formulations may adversely effect those: Characteristic.;s required for blast
| 16 supprgssion, th.oseA characteristi¢s being slow liquid dréinage rates, high expansion

17 ratios and optimum bubble size. |

R | - Further the addition of foam agents and solvents into decontaminant
‘ .19 solutions should not alter the effective pH ranges of the active ingredients and

20 stabilizers, nor should it resultv in the production of toxic by-products or cause false

21 positive or negatiye reédings on monitoring equipment.

22 _ Formulations which are suitable for the suppression of blasts are

23 discusged in co-pendipg 'US provisional patent application 60/120,874, filed 19

14



PCT/ CAO0/ 00199 1 pol ypropyl ene gl ycol (PPG425). The PPG34A25 still permts
good foaming 2 characteristics over a wide range of pH.in bothff
seawater. 3 The stabilizer acts to increase foamstability. Long chain,
often water. "insol ubl e, polar conpounds with straight chain hydrocarbon
groups of roxi mtely the sane | ength as the hydrophobic group of the
sur fact ant” og%{)xﬁ 6 Iong chain fatty acids, act - as foanperabiobiog@ss. One
such stabll I |’;ew ﬁéjeca 7 :Lorol(r) 70:30 which is a blend of C 12-14
al i phatic al cONYREY r’ﬁP'ﬁ@e@)bymfemlla@pNhoatimﬂled;oAIdrcdbbU) 18 Fbraa

m xture qf 1- dodecanol and 1-tetradecanol. 9 Briefly, the foaner consisfs
of a surfact29R0. M"@BJ%@Pvmat&dd\e{ei‘oﬂyneféEErﬁieabllﬂsleiﬂt'ret Optionally, in
addi tion, corrosion inhibitors can be added in very snaly 11 quantities.

12 Gener@ |y, suitabl elnsoobentimgt apbhcatisie LRSI i 99 O Iy 13
formul a [ R(OCH2CH2) nX] aMb, Jpﬁhue’rﬂg Rplps an aﬁ%/” ro‘ﬁp h\g_\%IS n‘jet Ir'hlr?n%e &lﬂﬁq

PR S ) Cb”wﬁgﬁt&@étt“%ﬂ‘aﬁta 15 4P Ssbing (b %"réérﬁﬂ"e
earth netal , Ao n rivative: a t he val ence of Mand. b
is the vtgﬁensgég‘gf 2”[’1@( Wﬁi‘f“@?ﬁ%@“ﬁm Iﬂwésrﬁg"/{/\RY@&@-)(my halkhasb

wher e R df% group 18 having fromeight to eighteen carbon atons;
mis an |nteger om0 to 3; Xis 19 selected fromthe group of S032
S042' 2" and P43 Mis an alkali nmetal, 20 al kaline earth netal,

ammoni um’or ami ne der i V28 By@actantsswah e wiktene of oo upfadtadhts. 231'he U?e tcn“'t‘he
val ence gf [tR- CH=CH(CH2) m X] or a m xture thereof. 22 A suitable foam
stabi i z8 itsrmarsuafacidntdiereinds deRnEtaswh@ed iRl 6t 2 vi ng
fromeight to sixteen carbons. 16 2 6 AU G 2003 WO i Bl Mleshb g 48t

1 Conbi n8d, forth istehcentekabl e foamer is Sily-EXTM made by Ansul Fire 2
"Protection described in US Patent 4, 770 794 issued to Cundasawny et al.

10

11 Foam Formulations

12 ~ As suggested, a foam formulatlon generally compnses a surfactant,
13 aco- solvent and a stablllzer
14 '~ Thesurfactant is capable of acting as an emulsifier and forms a foam
15 over a wide range of pH, when aerated. Ideally the surfactant should be soluble in
16 fresh or seawater and is chosen to be compatible with other ingredients i in the foam
17 formulation. The surfactant may be a smgle ingredient or a mixture of two or more
18  surfactants such as Cedepal® TD-407, a sodium alky! ether sulfate, and Bioterge®
- 19 ._AS-QO’,_ an alpha olefin sulphonate.‘ | | |
20 | -~ The co-solvent acts as a coupling agent for solubrhzrng the surfactant
- 21 andas solubilizer for chem:cal warfare agents that are not water soluble The term
22 —solvent ls used herein to define orgamc-based chemicals that solubilize CB

23 agents, e.g. from alkyd-coated (painted) surfaces. One such co-solvent is

15



3 Septenber 13, 1988. . Mre, specifically, the Silv-Ex formulation

consists of a 4 surfactant conprising: 20% by weight of a surfag @nAUG 2003
Cl OH21( OCH2CH2) 2. 3SO4 Na+ and 20% by wei ght of Cl14H29( OCH2CH2) 3SO4° NH4+; a
co-sol vent of 20% by weight of diethylene glycol nonobutyl ether; and a -
stabilizer of 5% by weight of Cl2H250H. 7 The bal ance is water. Optionally,

t he formulV¥@PEsi6sont ai ns a further 0.5% of corrosion inhi b| &:Iq./cs 8(8
Al ternatively, foamers which do not contain diethylene glyco AD ng%obutyl

ether as thePelypeapywene glyeolip(RPesabl e, Bk rmscdval §tt|lP e;{”'tge%ﬂ? gﬁ;{eﬁ&%ga

11 wei ght constituent can be detected by some conven

12 noni t & i ngh@Yoipiztos o(ers Wids r Cal Agent Monitor or
CAM 13 and are thus interpreted FH’ °§*§Z'~”?%§ REAEon of residual

contam nagt. 14 Accordirfgls Ie non-resi dual foamer (or NR-foaner)
consists 15 of a conpgglgt ¥%bﬁﬁze?%§fﬁ< INgtaRse foamstahility sbkong clagin a0 fisrawateef i n

sul f onat 3; % - 16_an al kyl al cohol,; and water. Mrre specifically
the surf ?ct anE‘BFUE’gA s?ﬁh/%r COJHBO‘f"&da%n with s&teaagmn Zehairar bydnmcmbdmr@roupswaifer

t he conpqnent forrrul as being: 18 for the surfactant,
[ RnH2n+1 9 M’ Samﬁelﬁégih $$tfwhyd]:9p}§dB{ybr(ﬂfp%fph@§MHQ&aﬁ{ ggﬂgbg ht

to fourteen: carbon atons, mis an 20 integer from1l + or

NH4, & xtlepa ohiair fattylagHs( BeRas By EEHEEE |
co- so: \r)entX HO( CH2( CH3) CI?IO) nf—l (P%’% of MNab%%?aMrS%)zsu%ngbhﬁgr = gogf%caé}%l

rzmgt AFJE; ef278(r) gb%l(g()?/(g?g g%}ﬂcqﬁ%éc%lﬁg? ???ﬁ?ﬁ@?lahhét% alcBhsle VIRL Pate S 90:%%)‘.1 L
8  Another is Alfol® 1412, a mixture of 1-dodecanol and 1-tetradecanol.
9 - Briefly, the foanﬁ.er consists ef a surfactant, a co-solvent and a foam

10 stabilizer. Optionally, in addition, corrosion inhibitors can be added in very' small

11 | quantities.
12 - : Generally, suitable eurfactants include a composition of eithef the
13 formula [R(OCHp_CHz)n’X]aMb, where R is an alkyl group having from eight to
14 elghteen carbon atoms, nis an mteger from 1 to 10; X is selected from the group
15 of SO3 , SO4 , CO3 and PO4 M is an alkali metal, alkaline earth metal,

- v16 ammonium or amine derivative; a is fhe valence of M and b is the .valence of
17 [R(OCHCH,).X] and the formula [R~CH=CH(CH2)m-X]aMb where R is an"alk'yl group
18 . having from eight to eighteen carbon atoms: m is an integer from 0 to 3; X is
19  selected from the »groub of SO;%, 8042'_, CO5% and PO.>, M is an alkali metal, "
20  alkaline earth metal; ammonium or amine deri?ative, ais the valence of Mand b
21 isthe valence of [R-CH=CH(CHy)m-X] or a mixture thereof. |
22 A suitable foam stabilizer i Is an alkyl aIcohoI R- OH, where Ris an

23  alkyl group havmg from eight to snxteen carbons.

16



5 8 10 11 PCT/ CAOQ 00199 Accordingly, one preferred conposition of the

NR-f oam formul ati on about 30% wei ght/vol ume of the sodium salt 2§ AUGe2083r
sul phate of the formula CH3(CH2)11(OCH2CH2) 30SC8Na; 15.5 w v% of a sodium
ol efin sul phonate of the fornmula CH3(CH2) nCH=CHCH2SO3Na where n=10 to 12;
about 20 _w v% of pol ypropyl ene glycol co-solvent of the formula '
H(-OCH( O—&Qﬂ%‘“% where n = 5to 9;.' about 5 wv % of aRCBCAOKEI9
‘CH3(CH2)," OH where n = 8 to 16; and optionally about 0.3% by wei ght of
optionall corrosion i fRPHRINGC osgdEkchSUtabledoamear isdbily-ExManade by AmsurFivm

di nol ybdate and sodium 13 pentahydrate silicate; and 14 the bal ance being
wat er, Wi t Pratetitionodescritsederin beSnatetied, 770, 7945 ighiugsioty & daRawramRenaNt s.
16 Further, this NR-foamer is capable of generating foamof uniform 17

bubbl e $i zeSeptembapats,e1968.c aAbIO@pEEREARA ths Uéifv'zlgfsro rhﬁlaﬁgﬁ%tr{s@t?. W 4 h
water, gray 18 water and seawater as the main so ven{, and i's readlqy

part cutar N fognce 1AL g RAaatl Lkt i o B

o 22 Sdv bAoA P el BaNHAS: 7 porebepbehs e arweighl

A P A PRl S S s et

| -7 The balance is water. Optionally, the formulation céﬁtains a further 0.5% .of

8 corrosion inhibitors. | | . - _v . |
9 ' Alternatively, foamers which d;) not contain diethylene glycol
10 monobuty! ether as tﬁe co-solvent are preferable, as residuéls of this low molecular
11 | weigvhtA coh;tituent can be detected by some cohyentional decontamination
12 monitoring equipment (such as Graseby IdnjcsTM.Chemical Agent Monitor or CAM)
13 and are thus interpreted falsely as positive detection of re#idual cori"ta‘rninant.
14 | 'According.ly, a s‘uitable non-residual foamer (or NR-foamer)'consisté
15_ _qf a composition of alkyl ether sulphate salt, an alpha olefin sUlfonate, a co-solvent,

16  an alkyl alcohol, and water. More specifically the surfactant, co-solvent and foam

17 stabilizer are in mixture in water, the component formulas being:

"18 . . o for the surfactant, [RaH20+1(OCH,CH2)mSO4 M}, where R is an
| 19 : alkyl group having fromeighf to foﬁr_teen carbon atomé, m is an
20 integer from 1 to 3, ‘_and M is Na+ or NH,", in mixture with
21 CH3(CH2)"CH=CHCH,SO0:Na, |

2 e forthe co-solvent, HO(CH,(CHs)CHO).H (PPG of MW about 425)
23 where n=5-49 and most preferably 7: and

24 -« forthe foam stabilizer, R-OH where R=C1o-Cs

17



2 6 AUG 2003 WD 00/ 51687 PCT/ CAOCQ 00199 1 provide an al cohol stabilizer
conponent whi ch conprises nore C12 than Cl4. It has 2 been foun? BhRgG 2003
even nore significantly, diluting the surfactant 1:1 with water fo

storage and transport further lowers the gelling point. 4 6 7 8
Accordingly, a nore dilute NR-foaner consists of: about 15 wv% of the
sodi um sal Wosb/ses7 et her sul phate of the fornula '

CH3( CHR) g{gocmcm) 305BNa; 7.75 w v% of a sodium ol efin SHFHNAE%0¢ the
f ormul a CH3( CH2) nCH=CH@td25fBMNgly, T o+ COIMF | S| a_total of
22,75 W v% surfactant; 9 abg%%I ?L%@Pﬁezfgnéﬁ\?&%%%“{c?g\ ‘5@?‘8}&@%9@(“ &FVH@?'O”
co-sol ven2 ofcohbiets 0 formul a H(OCH( CH3) CH2) nOH where n = 5 to 9; .11

about 1 - 2.5 wv% of an al cohol CH3(CH2)nOH where n = 8 to 16 12 to act
as a foamstabilizer; and_opti |1y 13 about 0.3% by wei ght of the above
COrr OSi o:lrsi nhi bi tors; 5nqab‘€uzi 38%:&’9@1“&9@@%@1%9 spalium salt®f Ancdher sgplyatet 0
provide the required concentration of foaner 16 ingredients.in the final
foam forrtl ation, twice AHBEVioMIHE 6H3(CHs): ADOH,OHADSO,NE; H85TW/hi o4
nust be added to- the decontam nant and buffer solutions to provide the 18

preferr e bl ast suppr essiodiyndeconbhfinnat i @pdHeamd or mujati o 19
Decont am nation Fornul ation 21 Mre detail- oﬁ;] t he decoJr)fam Eg ion %grmula

formul ati®n is di-scl osecd:H1#gg@)fmﬁ@acHsgéiiggﬁe{gbg\ﬁios&o%I pat ent

application 60/120,971, fi 9 Februa
' 7 | "« about 20 wiv% of polypropylene glycol co-solvent of the formula
8 ~ H(OCH(CHy)CH),OH where n =5 t0 9; ° |

: 9 . 'about. Swiv% Qf an alcohol C-l'-l3(CH2)nOH~ where n =8 to 16; and
10 optionally | |

- M ‘ '3 about 0.3% by weight of optional corrosion inhibitors such as
12 ’ sbdium tolyltriazole, ammonium dimolybdate and sodium
13 . péntahydrate silicate; and o
14 j  the balance being Water, with additional water being added to
15 | o dissolve othér components. |

16 ' * Further, this 'NR-foamer is Capa}bfe de generating foam of uniform

17 bubble size, is capable of coating vertical su_rfaces, is cbmpaﬁble with water, gray
18 water and ‘seawater as the main solvent, and is readily removed following
19 decontamination by rinsihg with water. | |

20 ~ This particular NR-foamer is subject to soft thixotropic gelling at
21 tempe’ratgres below about 10°C, which couild be troublesome if shipped or used in
22 adverse weather at this concentration.

23 | It has been determined that to lower the thixotropic gelling point of the

24  surfactant, to be useful in a wider range of environments, one approach. is to

18



23 which was replaced by a regular application filed 14 February 2000, and
which is 24 incorporated herein by reference in its entirety. 2952;@5%
2003 WD 00/51687 PCT/ CAO0O/ 00199 .Used as a decontam nating formulation -

al one, and as disclosed in co 2 pending application 60/120,971, the

decont am"g,gtoi }gﬂqgéor mul ation conprises an 3 active decontam nation agent in
a buf fer sysP esigned to optimze the initial reacti onPeMGAEHE198. 5 and
nore prefer inthe.r e.of 10 to 11 for favoring hydrolysis of

‘G agent s'f aﬁEA%‘?ﬁ 8%?&8#?0@??3‘2)5@%{&9%%%@ @mprEesinere Gortbdn €hi. Mtas
decontamj nation fornulation of the present! invention contains as 9 an
active ifgr 8GFBAPUNG it aved R signisantinuditiog tige Berfactahon of eAtbyaster for
acids, 10 their alkali metal salts or. a conbination of acids including
~tichl or o3 so8iAge abd dwingpot fudther laveos the gelthg pbint. use as the active
ingredient. As an exanple, alkali nmetal salts 12 of nonoch | oroi socyan

~uric or 4i chl or oi socyAsusiding isdm@re dilGRMIRIBENRY? BhsRiWopf the 13 above
salts with cyanuric acid may be used. 14 The decontam nafion fornul ation

contai nss from about 1,% 0 % d preferably. fro bout 3% to
about 9% by ‘weight, of attb%g%ﬁ%\?’g’tég)f]@é %qac@wln&%{ 9@@961%0?[ sulphaie of thenhen
used forg decontam nati @n_al one, » 17 sinmul taneously as a bl ast
suppr esseant , the for w?%fm%ﬂ%&ﬁﬂéﬁégﬁﬁbb%%% t/0/5 v8vébolia Builoy
wei ght, of the hydrated dichloroisocyanuric acid salt and preferably 19
from abdut 3%to about O8bpulpdogate “aff thehdomyalaaCel(CHHHC BEGHORYS OYREC
acid salt. 20 The formulation nmay additionally conprise lithium : ’

hypochl dtite to enhancwhenen=1Q1o 4@} cuiripyisitly 4 Raldbicl P65 Qf/SACH LAt aci d
salt. 22 20 : '

9 | e about 10 - 25 wA'% of poly’propylene. glycol co-solvent of thé
10 C formula H(OCH(CH3)CHz),OH where n = 5 to 9; |
11 ' about1-2.5 W% of an alcohol CHs(CH,),0H where n = 8 to 16
12. to act as a foam stabilvizver; and optionally | |
‘ 1-3 .= ‘about 0.3% by weig}ﬁt of the above corrosioh i‘nhibitors; and
14 . th_e balance being water.
16 Accordingly, to provide the requi;ed concentration of foamer

16 ingredients in the _fi(nal foam formulation, twice the volume of this diluted foam
17 fqrmulation must be added to the decontaminant and buffer solutions to provide the
18 | 'preferr'ed blast sUpp"ressing/deco.ntamination _foa'm,form}ula,tion.

19

20 ~ Decontamination Forrﬁulation

A More detail on the decontamination formulation is disclosed in a co-
22  pending US provisional patent application 60/120,971, filed 19 February 1999, and
23  which was replaced by a regular application filed 14 February 2000, and which is

24 incorporated herein by reference in its entirety.

19



2 6 AUG 2003 WD 00/51687 - PCT/ CAOQ 00199 1 Buffer 2 The decontani nation
formul ati on of the present invention further. 3 . conprises a b HAUG 2803
tenporarily maintains an initial pHin the range of 10 to 11, sufficient to
~enabl e hydrolysis of G agents and favor oxidation of the V and nustard
agents so as to produce non-toxic products.. An initial pHin the range of
16 to 11 8YQ8U/8G¥Ticient , to provide adequate hypochl orit g4y @0)‘0
decontam nation. 7 Subsequently, it is desirable. that the bu

al l owi ng fthe pH to decUsedas a&jmfémﬁiahbi éﬂdn%lﬁﬁ‘é’ Jﬂ%SPMPQg?{&@%?t he

nore efficient destruction of the BWagen s 10 As t

"pH d 2 mai) & 4 o
pH drops 2 o pemding apelitatiin Bblﬂ20@7’(‘%?1%0%&5{13%\)%(%#0%1‘9@'% 'PBg‘“e?F‘PB?F@ an

preval ent as hypochlorite ions react wt

Hypochl ogousg@ ies with respect 13 to the
~destruction of %%%%g%%}‘é.daé‘gbﬁe rdél'ﬁsaégeﬁ%r SW%ma%?%g'ﬂQﬂ Enoptimize thexiniipent
.14 cell rmr,eeagﬂ&r‘ hgr@?/é] é W agent- survive the initial

decont am nat ' on. @'é M elTdPiedehlyaini thetreoge fasritutcat i dor fampring
continue,to co- resrd over time, 16 perhaps after rinsing, and, as the pH
falls, BW addffolsahGmoRRls andoridatioress VX anat HBmguree nore ef fective pH
Further froman environmental standpoint; a nore 18 neutral final pH of
the decofitam nation fornulation is | ess hazardous. 19 It is i mportant to
mai ntain the initial noderately high pH over a 20-prescribed duration

(such as7a MxiiVedagiegitgited duration of 30 minutés for a 21 mlitary
decont am nation), to . provide sufficient hypochlorite ions to effect 22

decontangnation - fav j en favorjng oxidation of VX
agent - 23 whi ch avoi dgl'H[eﬂcge tdﬁfgﬁﬁﬂ?‘g’?ﬁ%\ ﬂ{/“g?cﬂr?%ﬁ’@ ipRstien sontaineasl
favori nggoxi of HD agents and.avoi ding HD reformation.

Accordingl y. éif% tR’%dP&éP'erH}s%O "‘24'05%60')&91@;/820@@6 Other chloroisocyanuric acids,

10 their alkali metal salts or a combination of acids including tnchlororsocyanunc acid

11 are also suitable for use as the active ingredient. As an example, alkali metal salts
12 of monochlororsocyanunc or drchlororsocyanunc acid or a. combination of any of the
13  above salts wrth cyanuric acid may be used. |
14 : The decontammatron formulation contams from about 1% to about
15 15%, and preferably from about 3% to about 9%, by weight, of the hydrated
16 drchlororsocyanurrc acid salt when used for decontamination alone. When used
17 .simulteheously as a blast suppressant, the formu!etien containe from -about 1% to
- 18  about 6% by weight, of the hydrafed dichloroisocyanuric acid salt ahd preferably
19 from about 3% to about 6% by weight, of the hydrated drchlororsocyanurrc acid- salt
20 _The formulatron may addrtronally comprise lrthrum hypoch|or|te to enhance the

‘21 actrvrty of the drchlororsocyanurrc acid salt

22

20



WO 00/51687. PCT/ CA00/ 00199 1 capable of buffering the release of HCl due
to hyd'rol ysis of the chloroisocyanuric 2 salts by water. Most ﬁr@fﬂq@tﬁﬂgg
the pH is maintained above 8.5 during the duration 3 available for
decontani nation. It has been deternined that the npst suitable buffering

system i s?,gq)ogld [ilOl’ ganic buffering system adjusted to an initial pHin the
range of Sodi um salts, such as a mxture of sodiRHWVEANOBIr at e
decahydrflt eB’i‘ﬁt% anydrous sodium carbonate, are preferable since quaternary
anmoni um con'pvm[\ds result 8 in depletion of hypochlorite through reactl on
wi th the,hydrolysis pr%?uct of hypochlorite; chloride ion. 10 11 ' Augnent ed
Active Ifgredients 12.1h¢h e%ﬁéﬁ‘t‘%ﬁ%f@mﬂlammabemrem ihuettier further
optionally include 13 lithium hypochlorite to augnent the active

hypochl o8 t Eoawfisen@ kuffer tratdemporarily avaintaiielamirifdbH hah&vanduiss U fbVl fling
a higher level of active species in the initial stages after ~ 15 th

addi ti ond of sufiicient tPerdtse. ngﬁmlyslls ém SMPRRA kKL lo‘indhﬁ g@%ﬂhah&‘ | V%lllt S

in the 16 range of from about out 10A)by vvelg

i ngredi eft agéntdi SOLOLS t aki nto acc t that
COMMEF Ci aI I yéava| | abl e b | umxﬁ&% mi't?{il %C'ﬂéh Fyaret 9P§65‘PI 1dbl e
as. 30% eI mall no nts of .Super Tropical Bleach (STB)
or Hgh %@é%ﬁ{or\é e[y rPIYﬁdﬁ) q?é‘l”@&? Eﬁp?%Pl'tesdP'&?ol fars decontaminatian.so
that no f d or slurry results, could serve the sane 21 function as the
addi ti on’ of ”P?ﬁﬂ‘ﬂl‘?ﬁ dbismdgsirakie that the Qléf&jnfadrrallm/mgntlfeopﬁuloatlea@a@é t he
present invention may further 23 optionally include inorganic/organic
broni de § 0 PMeRtbaly te kemoeaceutriat pHollo eh@bl'é&narﬁﬁeﬁlé@rﬂ%%tr\@&mbﬁlﬁgﬁw

PCT/ CAOCQ'-00199
' 9 agents.

10 : | As the buffer fails. and the pH drops to a more neutral pH,
11 hypoChlorous acid- becomes lno,re prevalerltvas-hypochlorite ions react with
12 available hydrogen ions. Hypochlorous acid is the more active species with respect
13 to the destruction of BW agents as neutral specnes are able to enter the BX agent
14 cell more easily. Should a BW agent survive the initial decontamination, the BW
16 agent and decontamlnation formulation may continue to co-reside over time,
16 perhaps after rinsing, and, as the pH falls BW agent decontammatlon contlnues
17 atan even more effectlve pH. Further, from an en\nronmental standpoint, a more

18 neutral fi nal pH of the decontamlnatlon formulation is less hazardous.

19 '_ ' | It |s_ important to maintain ‘the initial moderately high pH. over a
_20 | prescribed duration (such as a NATO designated duration of 30 minutes for a
21 military decontamination), ts .provide ~suﬁi6ienl hypochlorite ions to effect
22 'decontaminalion — favoring hydrolysis of G-agents, favdring{ oxidalion of VX agent
23 which avoids the formation of toxic llydrolysis byproducts, and favoring oxidation

24  of HD agents and avoiding HD reformétion. Accordingly, the buffer must be

21



.1 chl oroi socyanuric acid and generate |ow | evel s of hypobromte and
bromne 2 chloride. 5 Blast suppressing-decontam nation foam form %UG)Q :
. Therefore, in the present invention, a foamer conpatible 6 decontam nati g%
formulation is mxed with foamer to provide a preferred foam 7 fornulation
capabl e of sinultaneous bl ast suppression and decontam nation conprising; 9
10 11 froKP OUBET 1% to 6% by weight and preferably from gpput obfbio8

about 3%15y wei g&t q?ff hydr at ed chl oroi socyanuric acid salts and“ nor e

pref erably | FRpRRigafypdieningrthe eeleasa of HO| @usfiohvy i ;

chl or oi s%:yanuri c acid salts; 13 about 1 Wand gpﬁg%%ﬁmﬁéa%ﬂégo%%y&nugc
co-sol ver = ssaltcbedateromModifréferabiy 9 = ol ypropyl ene gl ycols,
pol yet hyl ene glycols, 15 'azr?d der%aﬁ?&@g%ﬁa{%ﬂ%dﬁbedoet%gpﬂg?@ the durstign,

about 1 % t oavdiRible B8P ®lcontslfaachant; 17 . a buffer systemto initially
mai ntain said formulation at a pH from 18 about 8.5 to about 11 for a

m ni mum ¢f 30 mi nutes gfergbly. 19 initially,. fromabout 10 to about
11; and 20 the bal ancieir}%&%ege%%@rxmﬁé that thagnestsudablerifideing rayisterd i¢ hat
the addi g on 8f 3% active in)%ggdi ent 22 and buffer into the foaner had
subst ant i*al '} F%a%ihéir‘éeé'"eﬁ 9, ghjustechide asuipitiat $H o th@ Jasdd oFtd(y e ess

t he expagsiugg ratios of the foamor on its liquid drainage rates. It was 23
2 6 AUG. U. 9¢iLopsalts SECch as a mixture of sodium tetraborateldecahydrate and anydrous
. .

- sodium carbonate, are preferable since quaternary ammonium cofnpounds result
8 | in depletion of hypochlorite through reaction with thé hydrolysis product on
9 hYpochlorite,‘ chloride ion. | | |

11 "Augmented Active Ingredients

12. The decontémihatibn formulation may further optionally include
13 lithium hypochlorite to augment the active hypochlbrite content of the solution over
14 a short_ term, thus providing a higher level of active species in the initial Stéges after
15 - the additiqn of water. ‘_Preferably, lithium hypochlorite ié present in arnbunts in the
16 range of from about 5 to about 10% by weight of the active ihgrédient
17 dichloroisocyanuric é‘cid salt and taki.ng. into account that commercially available
‘18 lithium hypo_chlorite is normally only availéble as 30% pure. Alterﬁatively, small
19 amounts of Super Tropical Bleach ’(STB) ér High Test Hypochlorite (HTH), below
20  their solubilisation limits so that no solid or slurry results, could serve the s'a;ne
21 functionv as the addition of lithium hypochlorite. |
22 ' The decontamination formulation of the present invention may fur’thér :

23  optionally include‘ inorganic/organic bromide to increase the ‘reactivity of the

22



PCT/ CACO' 00199 1 further determned that the foamer did not affect the
ability of the active ingredient 2 to effect total decontamn na@ bnAbS i)
agents. 3 Should the I ED have already detonated, then clean up may be 4
requi red. by a decontaminant with mininml or no blast suppression

capabi | i t)(}g @){ gxarrpl e, a 6%active ingredient formulation can be used. In
such-an in ?8 ﬁlé addi tional co-solvent can added to rai sBCT/GA00/6Q189 '
co-sol ven ner and added co 7 sol ventl) to about 8% for nore effectively
sol ubiliz ﬁ@%??%@&r'@@%@e@ﬁ% gengrate gloy lgvete of  hypabromitbi asd Broamee
and decont am nation formul ati on can now be 10 applied to ED s which

contai n & coRb®AfRant whi ch woul d require both blast 11 suppression and
decont ami nati on capabilities. 12 As descri bed in nore detail in co-pending
provi si ol application 13 60/120,874 disclosing blast suppressing foam
formul ations and also in co-pending 14 provisional application 60/069, 533,

filed Dect 1Bjast80@pmReink tcﬁed’dﬁﬁérﬁﬁ\%ﬁﬁﬁtfoérﬂ%l' Glatlaﬁ appl i'cation (bOth Of
which are i ncor porate ereininits entir expl osi ve devi ce

i ncl udi ng; expl osi ve co ti surrounded by an enca suI ng
f oam 17 cont ai nnent st?h%ﬁ?% %eqﬁoa ??Séa{ﬁd '8%%’??fﬂ%m%a¥?%mef of 'Sifh
are mxeging ter; and fo dto fi the contai nnent structure,

t her eby gsurrmej% tﬁ@ 'ﬁﬂ? |%ﬂ'n@ageo§4 2”’6’(% go@afw) opBMEEy a1 prefared doam
Exanpl e é %ECO\ITAM ‘NATI ON EFFECTI VENESS EVALUATI ONS PCT/ CA00/ 00199 3 In
the procdss BMuaiian: 6arablst Pbreimpiianeus ibiast simprebsiea andtded:tmtamlmlorﬂ
fornulations, # 1, #3 and #4 in Table 1, incorporating the PP&X425

co-sol ver#t mrmenpmgpar ed and evaluated for their agent si nul ant
sol ubilisation capab| lities (ability to

9 | o from about 1% to 6% by weight and preferably from about 1% to

10 about 3% by weight -Qf hydrated chloroisocyanuric acid salts and

11 | - more preferably lithium hypochlorite in a ratio of 5 — 10% of the

12 | chloroisoéyanuric acid salts;

1'3, ' - e about 1% and optionally up to 8% of a co-solve.n‘t selected from

1 4 the group‘ consisting of polypropylene’glycols, polyathylene glycols,

15 C and derivatives and mixtures theréof; |

16 ) from about 1% to abo_ut 5% of a sun‘éctant;

17 ‘ e a b_'uffef aystém to initially maintain said formulation at a pH from
18 | | about 8.5 to about 11 for a minimum of 30 minutes and preferably

- ﬁ9 1 initially, from about 10 to about 1?-; and |
ZQ | o the balanqe being water.
21 | o It was testedv and détermined that the addition of 3% active ingredient

22 and buffer into the foamer had substantia!ly no adverse effects on blast suppression

23  effectiveness, the expansion ratios of the foam or on its liquid drainage rates. It was

23



di ssol ve and sol ubilize conpounds sinulating real agents). 7 8 Table 1.

Siti i di date Foam 9: lati ons.
e Conposition of Conponents in New Can !
Eg‘r fﬁgﬁ 2gi ent $1#2#3#4#5 Al kyl Ether Sulfate (FA-406) 30N LNI LN?E@BR@WU

3- in Sulfonate
Sul fate (TD-407)2626.2626NIL a- ol efin
(Eng-eBO) lI<II L15. 5(NI LNIL15.5 a- olefin Sul fonate. (Stepantan AS

i : . OT) NI LNI LNI LSO%{_ ﬂ 6
NI LY¥P 89r§1¢8%1 L Sul f osucci nat e (Aer osol . , .
/]é\lZ)CISIlhI6| 5. 05. 05. 05. 05. 0 Co- Sol vent 20. 020. 020. 020.020.0 Citri € Eél g %%9 pH 7.5

Vater Q5 'to ugbes determineaisthas tes kil it bRl 66 L rahe AR SRR i

in their 13 effectiveness in reducing the capacity ta

esfieat) | um. 15 Further work
i sto torait fecoMtark lés aRppsment co :
Ejlegflst?]; az'i :d that all thr eeaf g}aqnijapalﬁ:{g%saﬁg'fs their 16 requirenents for

Lo b of igsaeE A Rl Sgbien e AL S on 1T
#3 being the pr..ef errec 0][ mrJ.rruI ation #3. 25 2 6 AUG 2003 WO 00/516_87 o
were  184per g&:@g#%@%ﬁwmwm%mmm%m nadlastesuppression dapabiigTEgH ng
tWO 2 solut ie%grsnp?g, e];%l‘%l) %\é?i\:/e ?ngrédient formulation can be used. In such an instance,
-6 additional co-solvent can added to ‘raise the total co-soAIvent (foamér and added co-
7 solvent) to about 8% for more-effectively solubilizing penetrated CB agents from
8 surfaces. _ : ' -
9 The combined fc)amer and décbntaminatfon formulation can now be
10 aﬁpliéd to IED’s wﬁ_ich' contain a .contaminant .which would require both blast
11 'éuppression and decontamination capabilities. | .
12 As -described in more detail in co—pendihg provisional application-
13 60/120,874 disclosing blast suppressing foam formulations and also in co-pending
14 provisional application 60/069,533, filed Dec. 12, 1997 and its replacement fegulér
15 appl?catiqn (‘béth of whic_:h are incorporated herein in its entirety), an explosive device
_ 16. B including explosive cont_amination device, is surroundéd by an e‘n‘capsulating foam

17 containment structure. The foamer and decontamination formulation are mixed in

18  water and foamed to fill the containment structure, thereby surrounding the IED.

19

24



57 -8 1) A buffer solution consisting of:

decahydr at e,

used at a

sodi um tetraborate

& boAUG.LW3

- sol ution;

concentration in the decontam nation sol
to, produce 0.004167 nol/L after being mxed with the surfactant
and b) anhydrous sodi um carbonate used at a concentration

in the

decont am $00/ n_solution so as to produce a nolar 10 concentration of
0.-0333 nol 'f‘Wer dilution with the surfactant 11 sol ut porvcaodédi®dd An e
oxzng/ d

commonl y kn
cont ent’ gf

produce

with a chlorine

k\%ﬁ tin e sodium di chloro-s 13 triazinetrione (nore
Wie%o F%I%P'fﬂ_di chl or oi socyanuric acid), w i ni

15 This materi al

was used at a concentration so as to
It nust be

% wW Ww.
%ﬁcowxmNﬂTA@N&FBECIW&NﬁSSwEVA@UAm@NSSol ution.

17 pointed out that the oxidizing agent di splays signs of 18

preci pi t&ti on.

solu

1 on
-as a

there was no change i'n

S <ffaat

unction

i Befer ke

ut.i on and th

on_sirathdinigcess of SoaraRbINAILRIIS oRRAIYS #Vahd fhrbd
to see that the sinultaneous use of the 20 decontam nation a

sol utioms héatmutatieds e#sie #8fahacid AITABE 1 QRS
bl ast foam fornul a #3;

dr ai nages r apfepated EHE EUEIEHR;H%[ tHas:

buf f er/ oxi di zi ng agent

charact g 1 ShiseSIv4&Ih3 JBRAIESD

R pRURAIGST "0

ristics.of the

Go-sebrent, ere
tfgluht'%wrh%pamuﬁﬁ (ability to

mpoun s simulating real agents)

7 .
8 Table 1. Percentage Composmon of Components in New Candidate Foam
9 Formulatuons !
10
Ingredients #1 #2 #3 #4 #5
Alkyl Ether Sulfate (FA—406>) 30 NIL NIL NIL 30 |
Alkyl Ether Sulfate (TD-407) 26 26 26 26 NIL
a- olefin Sulfonate (AS-90) TNIL 155 | NIL NIL 15.5
a- olefin Sulfonate (Stepantan AS 12) NIL NIL 15.5 NIL NIL
Sulfosuccinate (Aerosol OT) NIL NIC NIL . |50 NIL
Lauryl Alcohol 50 5.0 50 50 50
“Co-Solvent -120.0 - 200 1200 20.6 26.0
Citric Acid to pH 7.5
Water QS to 100% -
11
12 It was assessed that all three formulahons were equal in thelr
13 | effectlveness in reducmg the capacnty factors or retentton tlmes of test simulants on
14 an HPLC assessment column.
15 | Further work demonstrated that all three formulatlons met thelr

16, reqmrements for hmlted inhibition of decontammat:on reactlon trmes with formulation

17 #3 being the preferred formulation. Al subsequent testing and field tests were

18 performed using formulatuon #3.

25



26 2 6 AU G 2003 WD 00/51687 PCT/ CAOO' 00199 1 of tine. It was fzJEd &Ez}
there was no drop in expansion ratio nor increase in 2 drainag af 003 r
thre mixture had been standing for over 30 nminutes. 3 Exanple 2 and 3 5 Two

‘test series were conducted to deternmine the mitigation capacities 6 of foam
formul atimoy 96890nt ain CB agents. 7 The first series of tests, Exanple 2,

were perfor rreé usi ng non- 8 fragnenting expl osive di ssem nati/eRedIRINR S. _

desi gned4t o proj ect Cq_si{{ru'l ants. 9 SILVEX foam formul ati on was used and -
the resul'ts extrapol at 6l SetARIngtgns dlotion was then preparages) SBMBInAR] WSt s
conduct eg usi ﬂg the formulation of this invention. 11 The second serles,
exanpl e 3, 1088 asfellpwss or mance of the 12 preferred foam formul ation,
when chal |l enged by non-expl osive dispersal nodels as 13 well as by high

energy devices. The hilgh erebgfferesqiliion eensisgRgppal model s 14 provided an
i ndi cation of the upper device limts that wereé containable. 15 During the

devel opnént stage the nyl omytentgog dj le 2, wa 16 . reinforced
by adding a layer of balli st)i c mat g’?ﬁal {ég(/a?ré’? e P%ﬁﬁ@ﬁdsr@%l o§_§|$‘é. gtwa 17
13 alone and i conbi nati SARCERTAG hd o ordeoiazEivAGoRsseidtion  sd a5 tohe.
fabric t@ 19 be used in the cont 'Snent structure because it denonstrated
superior qualities in 20 €K L{S:Iel(ﬁé il gh MalLoaftanbeingrinitadaging e sufigastone
t ent shaped design evolved to 21 a base unit being fabricated from3
| ayers of DYNEEMA and an o§ekitionnand nner 22 | ayer of rip stop nylon. Two
cont ai nr&nt structure sizes were produced, one .23 approximately 2.75
meters i%h di aneter and thebﬁ;ecoadhmme@dmy,gldérﬁo@gqsgdiﬂ 84 di t er

3) 5 EnesliioRg 27

(used i% Exanpl e 3). -The contam nant systemis the subject 0
' in the Qecontamination solution so as to produce a molar

10 concentration of 0.0333 mol/L after dilution with the surfacta'nt

11 » solution. :

12 - 2) An .oxidizing/décontaminating agent, 'sodium dichldro-é-

13 | .triazinetrioné (more commonly known as sodium
14 dichloroisocyanuric acid), witn a chlorine content nf 62% wiw.

15 | This material was used at é concentration so aé to produce a
v 16_ concentration of 3% whw in the final solution. It must be

‘17 pointed out that the dxidiiing ag.ent. displays signs of

18 precipitation on standing at qoncentrétions above 2%.

19

It was. surprising to see that the simultaneous use of the
20 decontamination and foaming solutions had no adverse effect on the foaming

21 -charagteristic.s of the blast foam formula #3: there was no change in foam expansion

22 and drainage rate.

23 Furtnermore, the foaming solution' and the bu.ffer/oxidizing agent

24 solution were directly mixed and foam characteristics were measured as a function
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2 6 AUG 2003 WD.00/51687 PCT/ CAOQ 00199 US application serial no.

60/ 069, 533, filed Decenber 12, 1997, and replaced by a regul ar &tﬁpmugag(g]gn,
bot h of which are |ncorporated herein in their entirety. 3 4 Exanple 2

The Chemi cal Agent Device Mdel used was a sinple device that 6 included a

1 liter hivghoobeesyi ty pol yethyl ene | aboratory bottle and a ¢ ‘ﬁpéﬁé"’?ur ster
of* approxi mately 125 grams of C-4 explosive, initiated by 0%

bl asti nd cagf tifikee beidd unasthbi theﬁl@ wWh h‘ldaﬂfgﬁ)gln%aqsy Qrmabl I@lSIFéaesel@( -rpﬁ)e

of nmethyl salicylate, a 9 chemical agent si

Bi ol ogi @al d@atHgelavd afeMHeh; al | the arre 11 design as
was used in the chem cal simil iﬁ%’?q?gegpegﬁ}gﬁ' tOVeh e rf’éﬂﬁ‘%s salicylate
12 was mepl aced by a biol ogi cal agent simulant, calcium hydroxide. 13 The

tests were conducted in a cylindrical shaped blast test chanber, 14 32
f eet |n4d|q§EheE{ gnd|é0 feet high. 15 A four person, dome shaped nyl on
tent, 2 net er was 16 used to contain the foam fornul at'i on
The foa fornulatlon used was SILVEX foami 17 concentrate diluted to 1.7

%win Water. - It wilWwotrstsppeswiese ednbyctetids Bettinideetiel hitigStidhEarid tletshat
these results can be extrapolated to other foam fornul ati onS according 19

to the Pnveaftfoam foamatitionstheonted OB la?ént%f various physical properties of
the foam 20 produced with these fornulations, as conpared to SILVEX foarns,

TS et N I SRR SELh R o5 RO R, S
l lZﬁLthLgf 'V%BOO/&?HP&%M"@ 8xplodivk! &Qser%lha%onpﬁ{c}de sS d\égrrg(ra\ed 2‘(3 ;?rgfeit VC?[:'? srrrzwglaznts6 ,AUG-
9 SlLVEX foam formulatron was used and the results extrapolated to other foam
10, formulatrons based on blast tests conducted using the formulatlon of this rnventlon
11 - The second series, example 3, studied* the performance of the
12 preferred foam formulatlon when challenged by non-explosive dispersal models as
13 well as by hlgh energy devuces The high energy explosive dispersal models.
14 provnded an mdlcatron of the upper device limits that were containable.
15 | During the deyelopment stage the nylon tent. used in Example 2, was
16  reinforced by. adding a layer of ballistlc material over the foamed‘ enclosure. Two ,
17 ’ ballistic materialsylrere tested; DYNEElVlA and KEVLAR. Each fabric was tested
18. | alone»and in combinations wit‘h the other. DYNEEMA AWas selected as the fabric to‘
19 be used in the: contalnment structure because it demonstrated superior qualities in
20 capturrng high velocrty bomb fragments The dome tent shaped design evolved to
21 abase unit being fabricated from 3 layers of DYNEEMA and-an outer and inner
22  layer of rip stop nylon. Two contalnment structure sizes were produced one

,2-3 approxrmately 2.75 meters in diameter and the second approximately 2 meters in

. 24 | dlameter (used in Example 3). The contammant system is the subject of co-pendmg ,
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PCT/ CAOO/ 00199 1 Effectiveness of chem cal containment was neasured using a

mniature 2 infra-red gas analyzer (M RANT""). Bi ol ogical cont 2 ﬁrrppg m%
determ ned using an 3 airborne aerosol mass concentration deter a N~
wherein simulant is collected on 4 a filter pad in a GIlian Personnel

- Sanpl er pyipoosash ai rborne aerosol mass concentration is extrapol ated given
kAown flow rates and chanber vol ume. Bl ast 6 over pressur esPGEICARNERIET ni ned

usi ng ENPEVQSH L.870oresi stiv 7 transducer and. Anderson bl ast
gauges. Tuo Dac Pl Eiat oy B0RESHY Sled Detilibents. Lo cruriepbrcetidans
f ormul aton rmne the dispersal of the nethyl salicylate, nustard =
si mul ant? 1&8‘1@?%&@@3@ a@%ofi@fﬁ%ﬁﬁ%wcemfgtadmemmmmnﬁrmm and the
foam forgulation. 11 The results, as shown in Fig. 1, show that conpared ‘
to the baseline test, the tent 12 and foamfornulation were able to .

contain the nustard sinulant in excess of 90% 13 Fig. 2 illustrates the

concent rit i &Xagipldi2ent of sinulant in the test 14 chanber, over 30
m nutes, for the three tests perforned in Exanple 1: 15 . Fig. 3

illustrades the corrpal’ﬁfQOOhbﬂﬁdw@(gelf'\'ﬂ'ﬁévic%%ﬁep@&#M%% %g?%é@agg\ﬁ%é?hat

bi ol ogi cal tests. The biol ogical sinulant forned a
behaved & i kindildd a H7jitef hypd Il?%! t. The biol ogical simlant was
contained in the order of @92@%}{5‘&? ) %ﬁ\gsﬁi’%qqfﬁmgw M argendemjgrster
obt ai nedy by f ansducer, , 19 placed at 1.5 nmeters. The foam
suppr essed 8? %ﬁ?%‘?ﬁ?*&é\f?éﬁwﬂaOﬁgdiegplsﬁ@ezmltw@@bum ¢lackis|blastingecasl t o
t hat ob3§r¢viﬂ f.or lthe S@sel ine tests. 21 22 Exanple 3 23 In contrast to
the di sper sal'*haitie wasddgdiwitherpproxinately05eomalilitars enkey gtrhiethyl asyRREl RO
devi ce v&s used to disperse agent as well- as a selection of 25 |ess
“energet it dFRpBIcHRISssimNiantfohmastarigiyept essure aerosol formation. 29 2 6
AU G 2003 1 Tests were performed using nustard agent simulant, nethyl
salicylHte The Biological Agent Device Model used was essentially the same

11 design as'was used _in the chemical simulant test, ext:ept that the methyl salicylate

12 was replaced by.a biological agent simulant, calcium hydroxide.

13 _ ‘The tests were conducted in a cylindrical shaped blast test chamber,

14 32 feet in diameter and 20 feet high.

' 15» ' A four person, dome shaped nylon te'nt,} 2 meters in diameter was
16 qsed to contain the _foam formulatién.~ The foarﬁ formulation uéed was SILVEX foam’

 17 .concen'trateldiluted to 1.7 %/w in water.- It will be appréciated by those skilled in
18  the art that these results can be extrapolated to other foam formulations aéc.ording
19 fo the invention based on the evaluation of various physical propertiés of the foam
20 produced with these formulations as combared‘ to SILVEX foams, and a blast teét
21. with a preferred formulgtions' agéinst an ‘actual impro_vised vchemical dispersant

22 device containing weapons grade material. Similar blasf mitigation properﬁes were

23 ' observed.
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2 only. It was felt that chem cal contam nation represented the worst case
scenario and 3 that biological testing would be an unnecessary2 § AUG Zu‘g3
duplication. 4 The dispersal devices used were as follows: 5 Device 1-10
grans C-4 central burster in 1 liter plastic |ab bottle 6 containing

appr oxi meweloy/seB80 nl of M5 7 Device 2 - 120 grans di sper S Yoo 861 06N
bottomof | liter lab 8 bottle containing'1 liter of M5 9 Device gﬁ/b( -

steel tdol box wi t hEffattiveniess of themical Coritainient YL Meash@d\Rikd TWhit
denotes grans of G4 i.e. 115, 230, 345 grans) 11 Device 4 -"%a co'ﬂnr*?ttetrﬂc(er(al

ar den. £pr aipéra-red piagimiz F (i T b it L on_an _open

Pange and 1 5 Teot chanaer (MR oitied o SoRPARTERI S BQMIETRH S0p8 0",
"X 9.15 B X it ' YNEEMA t.ent s, used.as the
encl osure st ;ﬁ?ﬁ? g@é%ﬁ%ﬁ n%@%ﬁ?ﬁ%ﬁ?&ﬁ%ﬁ%@n \ﬂ"t‘wg@ﬁ 'E\?gﬂ\e‘%@grﬂ”

- (approxy4 57 G (o] A to .16 suppress the blasts of the various
((j-i E Ber sal d%vfﬁ%gs".c"dlif‘ 5 Pé'ﬁ?’i‘ U’é‘%{é%ﬂ%f gém&%}cav%ﬁﬂdi girkainewagyosehmassd

usi ng a,.m nj at urﬁa .18 infra-red gas analyzer (M RANT). Further, chem cal

concent Pat | FINGEAHGHERN j& pxtranejatest given kaawnyflavoFatestandgctsambeansluaes @lasts on
a Depot Area Air Mnitoring System 20 (DAAMS) tube followed by thernal
“desor pt Pon PYRTBrEzaUIeRs 39w eg detarininedit uging pENDRICEY Bt g@mim %gggh,@
flame ionization detector. Bl ast overpressures were 2 determ ned using
2

ENDEVCOT" " mmeséadiwemmsuge%éliﬁg@ducer and Ander son bl ast 3
gauges. 30 2 6 AUG 2003 1 WD 00/5168 CT/ CAOQ' 00199 Fig. 5 depicts the

CONCETL o Lor ot UM Bl A8 R BRAARES S B O P
| 9 formulation to.d_eter‘mine the dispersal of the methy! salicylate, mustard_simdlant.
'} 10.  Three tests were performed using the containment tent vand the foam forrﬁulation.
11 The results, as shown in Fig. 1, show that compared tov the baseline test, the tent |
12 an_d foam formulation were able to contain the mustard sim.ulant in ekcess of 90%.
- 13 o Fig. 2 illustrates the concentration gradient of simulant in the test
: 14 chamber, over 30 m}in}utes. for the three tésts performed in Elxample 1.
165 . Fig. 3 illustrates the comparison between unmitigated baseline tests and
. }‘16 | biological tests. The biologicgl simulant \fo'rmed a finé aerosol that behaved like that
4_ 17 ofa bip_logical ageh_t. The biolbgical simﬁlant was contained in- the order of 95%.
18 . o Fig. 4 }i(l.ustrates 4the réadings, obtained by the pressure transducer, |

19 placed at 1.5 meters. The foam supp_ressed simulant tests showed negligible

20  pressure in PSI compared to that observed for the"baseline tests.

21
22 Example 3
23 ~ In contrast to the dispersal device used in Example 1, a more

'24_ . energetic fragmenting device was used to disperse agent as well as a selection 6f
25  less energetic dispersal systems such as high pressure aerosol formation.
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one m nute exposure is shown for reference. A high level of sinulant
capture was 4 observed. 5 Fig. 6 illustrates the over pressure agdﬁemﬂt
at the noted .distances fromthe device for both unmtigated t ed
tests. Over pressure 7 . containnent was observed in the order of 90% for
contained tests. Fig. 7 illustrates the air concentrations of sinulant as
nmeasured by DAAMS tube sanplers in an outdoor trial, their |ocations
furtther il ustratedesis weig pdifornedlsifiggnu$tard bgsitr sitnetant hmethyd salicydatsur es
recorded on two tests; one 12 unmtigated and the other contained.. The

r eagi ngs ohBe gf Wad félbthat Biferhial edritahiniin reproseRie] IPanfirgt eRRSstenblie ande. <1
PSI. 14 Fig. 10 depicts a baseline unmtigated test and. three contained

| oot b B B o o 2 Tonl i zea 11 oxcess o

| ocat ed as ustr nt was realized in excess of

_95%4 17 Fig. 11 ”LTH?E‘E te?éal.t({é ic%\éq{se%r\ﬁ&%;#s[eflogg‘?g ngs neasured at 1.5

nmeters 18 fromth devic r-one un ed baseline test and three
contai ned tests, 19 eagh with differen xpl.osive.l cags., as not er
preSsure readi ngs Wwere E)féf‘cﬁﬂrﬁ ﬁiﬁ@@%@‘ﬁ?@&f@b“ﬁ%ﬂga%fipiaffq'ﬁég‘g!%ﬂﬁéi ned
tests. 21 Exanples 4 and 5 22 In Exanples 4 and 5, staged field tests were
con®ucted to deternine conaining gpaoximaiehr 3 MbrpfddBont ani nati on foam
formulation's ability to both 24 decontaninate and to suppress a blast. 31
2 67AUG 2003 WO 00/ 5168PepicE ZA0RDQr00s Hispessalraheegre ondpoteragdrtliten labl ant

and nustard agent was 2 determ ned using conventional decontam nation
nonidt ori ng equi pnent subbttiescontaining 1 liter of MS '

9 . Device 3MX - steel tool box with batteries, timer, circuit, 500 mL
10 MS simulant (X denotes grams of C-4 i.e. 115, 230, 345 grams)
11 . Device 4 - a commercial garden sprayer containing 1 liter MS
12 The tests were conducted on an open range and in a test chamber

13 measuring 20 ft. x 30 ft. x 10 ft. or 6.10 m x 9.15m x 3.05 m (170 m?)
14 A dome shaped DYNEEMA tent was used as the enclosure structure
15 which was subsequently filled with SILVEX foam (approx. 570 cubic ft. or 16 m®) to

16 suppress the blasts of the various dispersal devices.

17 Effectiveness of chemical containment was measured using a miniature
18 infra-red gas analyzer (MIRAN™). Further, chemical concentration ranges were
19 determined by collecting simulant aerosols on a Depot Area Air Monitoring System

20 (DAAMS) tube followed by thermal desorption into an HP5890 gas chromatography
21 system equipped with a flame ionization detector. Blast averpressures were
22 determined using ENDEVCO™ piezoresistive préssure transducer and Anderson blast
23 gauges.
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- Graseby | oni csTM Chem-cal Agent Monitor or CAM and Chem cal Agent Detection
Systens Mark Il (CADS Il) stations, each conprising two CAMs. . FuRtheig 2003

cenfirmati on of the presence or absence of these agents in air sanples was

6- determ ned using HapsiteTM a portabl e gas chronmat ograph/ nmass

spect r onewas oo(seég§7MS) . 8 Ha site was d p p a a ted for neas nt of
chem cal agents under anbient test conditions by equippi ng'gf@m‘\ﬂﬁ%wan M213

menbr anet syst em capabFg. gfq i T [ 0f . cheni cal, _agent s,
substituting the stand?rd I%%m&@%?ﬁ%%{#*%ry %E)rﬁglﬁﬁiwngm -Cfg'agg}ﬁrlaﬁﬁy
col um, @adj 4aty i j r 0 0C rather than the usual
60C used for.ﬁvdﬁ%l%gaﬁdggg?%?égﬁgénﬁglcgpladﬂ%&iﬁérg‘ﬁ? %Ra'ﬂgwlﬁé $RTBLRfterd et
li'ne at £A5C.F, t t he. usual 35C. The air sanples were 14 subjected to
a ness :s:%e,c{) f‘gf"mﬁﬁ‘ﬁ %Q)? UL Bneiowr %’H@f%’&é‘ﬁ?sAdmanVﬁl pheimulantl capiweavasl 5
known. This ég@_ﬁagf anal ysis does not require any prior chromatographic

separati bn ? allows for longer air sanpling tinmes. Typically 5 mnute
‘sanpl i ng‘_g were used for 17 the staged testing. Hapsite was al so used for

ful'l chromatographi c Eigpd diusiratasdthel8vemgsesnest mphsardhdst 8t ithe thfegvent |
t hat the sanpl es denonstrated unexpected .19 results using nass speciral

anal ysi € al distanca® frodi tHex@ente fat bdih UHﬁ)iﬁgétE? %}(i’\ﬁ%%gaqn?é E?esﬁ&gk%rtﬁfag%{%cf

CAMS and Hapsite to _rreasure 23 di spersion o e agent ¢ ,
Soboresg) i ouE I R ol ST PR P Sded ! (1o Pl
8 Fig. 7 illustrates the air concentrations -of simulant as measured by‘
9 DAAMS tube samplers in an outdoor trial,_the{r locations furthér iildst’rated in :Fig.
10 8. | |
| 11 - Fig. 9 -villustrates the over pressures recorded on two tests, one

12 unmitigated and the other contained. The readings recorded for the contained test

-' 13 were barely measurable i.e. <1 PSI.
14 | | Fig. 10 depicts a baseline unmitigated test and.three contained tests,
15 each performed using different explosive émounts. Sarﬁplérs were located as
16 illustrated in Fig. 8. Containment was realized in excess of 95%.
17 - ~ .Fig. .1.1 illustrates the over pressure readings measured at 1.5 meters
18 from the test device for one unmitigafed b'éseline test and three contained tests,
}19' each with different explqsive loads, as noted. Ov_é.r pressure readings were

20  diminished by greéte’r than 90% in the contained tests.

21 Examples 4 and 5

22 ' o In Examples 4 and 9, staged field tests were conducted to determine
23 the blast’ suppréssion decontamination” foam formulation's ability to both

24  decontaminate and to suppress a blast.
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32 2 6 AU G 2003 WD 00/51687 PCT/ CA0O0/ 00199 1 decontam nate nustard pai nted

onto a vehicle surface was tested. In a third and |ast stage, th ﬁgglzm}g
of* t he bl ast suppressing decontam nati on foamfornulation to gp S

bl asts while containing Gagent sinmulant and nustard vapor and
si mul t aneqygloysfigFont am nating the nmustard agent, were tested. 6 Stage 1 -
Si'mul ant Dispersion: Tests 7 Two di spersal devices, each comrCaigaiongo2s0 ni

of a dieghyl mal onate ( DEN ropanedi oi ¢ acid, diethyl ester)/water
(50/ 50 v;]v) m xture, \Ajéﬁrgee ‘S'g%ﬁg%l 8€ é"‘?geﬁ‘é SRR landatredstard t Agemtr evdgi ty
of targep ve(gg &l es. One was placed 50 cm above 10 the ground and the ot her
at 75. cntabdves tHECH Ui Copyentianal decastartioatian niorgjtorii:% SasmeAPalich s
-detectihg li quid drops were placed on the ground near the dispersal 12

“on

devi ces, Reeh ionigs Vebherhizsl Agdnbiohher @ @Nﬁﬂar’?ﬁpcﬁéf@? ég;%\(?{?‘lfjjneg%tg t he

13 dispersal devices. 14 The dispersal devices were act ﬁ'ed).

As soon 4s tSwstans eMath WA AlSS! e m expl osi ve hazard, the
wi tness cards were exani ned and t{]?ﬁ@ﬁ{ssl’tée&%orﬁo B yWee prelFuctheryi ng
17 acquire and test air sanples

CAMs. Hapsi tconmefati? t AL | Les
at locations near thelérgihh% @'gé%rg%es OkearﬁS@PQGsQTrthﬁ‘é%@,ge@@m ali/8 sgmplersd wasd
W t ness gar l. W tnpess. cay ds showed evi dence of inpact fromliquid
dr ops. Tﬁe q’%"ﬁ'ﬂ?s& b‘Pﬁ‘&E’@BS@ modePPiakierags chronatogmpbémads 2pk6trémbasrs

i ndi cat i./ng gb%? 21 heavy contamination with sinulant (DEMregisters as a
G agent on ANMy/- An 22 M5-only survey nethod, enployed on Hapsite,
provi-ded data for a total ion .23 chromatogramas shown in Fig. 1, having a

Cone 1wk T v B3 3 ST A OF AT et unce
ambient test conditions by equipping‘ it with an M213 membrahe system capable of

10  more rapid perméation of ghem'icaliagents, substituting the standard 58-1 GC

- 11 | _capillary‘column by a DB-5 capillary column, adjusting operating temperature to
12 80°C rather than the usual 60°C uéed for.volatile organic chemicals, and operat_in'g,

13 the probe inlet line at 45°C réther"tha'n the usual 35°C. The air‘ samples were

14 subjected_ to ? mass spectral analysis alone, as the agents used in fhe trials were

15 known. This type of analysis dQes not require anyAprior chfomatographic separation

' 16. - and allows for long‘er air sampling times. Typibally S minute samplings weré used for

17 the staged testing. Hapsite was also used for full chrbmatographi?: separation and

18 - mass 'spectrai analysisvin the event that the sambles demonstrated unéxpected

19 results using mass spectral analysis alone.

20 .
21 Example 4
22. In a first stage, the ability of the CAMS and Hapsite to measure

.23 dispersion of the agent simulant, diethyl malonate, was detérmined. In a second

24 §tage, the ability of the blast suppressing deCOntamination. foam formulation to
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2 6 AUG 2003 N WD 00/51687 PCT/ CAOO' 00199 1 the results of the nass
spectral data analysis indicating that the chem cal is indeed _ZZCH %Uylgp@n
med onate with a probability of 97.5% Having determ ned, that the detec
equi pment was capable of nonitoring sinmulant, the foam fornulation was
tested towdadoliggne its ability to act - as a decontaminant in Stage 2. 6
Stage 2 - Vehicle Decontanmination Trial An arnored personr&T/€AP4/40499

inted w tQe ' - j St .9 i CARC i nted, :
L, “with JesaRanifeT A6 PallafBh & VERRlS Picanat caspandniioingd and

depl oyed ne vehigcle three placed downwind. A 11 sanple of

head- spz%ce %I%It Is{\/2\%53 ' %@k’ﬁ%oé e ﬁ@%ﬁ‘t"?@'@sﬁf‘g HesRntaminatomtestna formaatior 2

t aken, tési n%l%Hp}gsi_te apd AM r eadi ngs were taken near the vehicle prior to
the 13 “appti PBnPIgpts: whileo santeérngl Gtagemt Shasants apdr aaseard vapor and
~decont am nat.i ngi foamwas 14 applied to the surface of the vehicle using a
hose and sptiEHliREgauUalytiaeontaminating the e thrtya gamt UdéreStekigbi ng of the
surface with |l ong handl ed brushes. After a 30 16 minute waiting period,
the foam was washed away with water and the vehicle 17 surface re-surveyed
‘with CAMs. . Hapsite was used to take air sanples around and 18 downwi nd the

{he 20 vehi cl e showod SeghProaer isRbbREele S ownwi nd t he veni cl e.
Fig. 14sshows 21 the psite readings prior to application of the foa'rﬁ |
f or nul at7i on and Fig. Iggsoimsﬁ'f?etvl‘f@ i BEFR coNtaiRing /56Mi ¢fa distipylenalonate
cont ai n'bng ?don‘i nang .mass 1@ fragnent, as 23 . being nustard (bis
(2-chl oroet DipRANEdic agids divfyi gstary/waterd60/50aev Isdufeo warBeecléed to

;
trials. 34 2 6 AUG 2003 . ,
9 nng stands located in the proximity of target vehicles. One was placed 50 cm above

- 10 . the grpund and the other‘at 75 cm above the ground. Witness cards, cohtéining. |

11 dyed paper for Qeteqting liquid drops were plaped on the ground néar the disp.e.rsal
12 devices, on the nearby vehicles and on the ground 20 meters d'ownwin'd. of the
13 dispersal devices.

14 | - The dispersal devices were activated (functioned). As soon as the site
15 | was declareq _'saf‘e from eXpIosiv_e hazard, the withess‘cards were ekamihed and the
16 site mqnitpfed by personnel carrying CAMs. Hapsite was brbﬁght to the site to
17 acquire and test air'samples at locations near the ring sta’rids, vehicle surfaces, open
18  ground and witness cards. | |
19 | o All wit_ness cards showed._evidence‘of impact from liquid drops. The

. »20 CAMs prodljced.G-mode rea'dling_s in-the range of 2 to 6 bars indicating mild to |
21 heavy contamination with simulant (DEM registers as a G-agent on a CAM). An
22 MS-only survey method, employed on Hapsité, provided data for a total ion

| 23 chromatogram as sh0wn. in Fig. 1, havingva single organic chemical with a

24  predominant mass 115 fragment, consistent with diethyl rﬁalonate. Fig. 13 shows
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WO 00/ 51687 PCT/ CAOQ' 00199 1 Immediately foll ow ng application of the foam
fornulation the CADS 2 Il and CAM H-node readi ngs dropped to a 2¢§ AUG 2003
response. Hapsite air sanples 3 acquired around the vehicle did not-show
any nustard content as shown in Fig. 16. Cearly the foam formul ati on was
capabl e ofy, gg&gr&%_lam nating the nustard agent, therefore the remaining stage
3hrials were ected towards the 6 foam foernul ations abi lpicr¥cAd800199 :

Si mlltaneou %L@ ﬂ&nate and suppress an 7 expl osive bl ast wave. ,

.9 Stage 3 as E %‘@6%&9@@@1&% ARalysis ifdioatink that mé&&hﬁaﬁenﬁa@éoe

stage 3 perfornmed, the first using Gagent 11 sinmulant,
Sicihd maigh

di et hyl plrewile ecprababiliygof@EBes d chemi cal agent. The . 12
anbi ent errperature during the trials was 6C. 13 In each trial a dispersal

devi ce was | oaded wit Hax5Q dEtwmlrSémanfheoagtelcﬁcﬁ%w ndt%gacqurpgg@t‘t)llg %
t®ring

ring st24nd approximately 50 cmoff the groun
station wenmrcilephgys&dulaﬁarthé ars the downwi nd direction. 16
(e kel teiet e emoe de anituta acta

The stations were. activated and al

remote. 87 @Pd @stbneAHRANE L In the case of the simulant trial, the
di spersal device 18 was glacﬁ%’tee%]m de a commercial. tent and then the t ent

was fillgd with foamed 19 fornulation. In the case .of the agent trial, a
special tent with an opening in the 20 bottom but of the sanme shape and
si ze as7the commercial, tent, was placed over 21 the dispersal device and
then filled with the - contanidation gaigh case, the device was
armed and then functioned. As soon as 23 the area was declared safe from

kb Qi e T L T
- - -9 coating (CARC) was painted, on one side, with 1 50mL mustard. Four CADS I
10 menitqring stations were deployed nearvthe vehicle, three placed downwind. A
11 Sample of head-space air was taken from the bottle from which the mustard was
12 taken, using HapSIte and CAM readlngs were taken near the vehlcle prior to the
13 application of the foam formulation. Blast suppressant decontammatmg foam was
14 applled to the surface of the vehicle usmg a hose and spray head assembly,
15 followed by manual scrubblng of the surface with long handled brushes After a 30
.16 minute waiting penod the foam was washed away with water and the vehicle
17 | surface re-surveyed with CAMs. Hapsxte was used to take air samples around and
18 downwind the vehicle.
19 ‘ Initial CADS 1i readings, during the applieation of mustard to the
20 - vehicle showed significant H-mode readlngs downwind the vehicle. Fig. 14 shows
- 21 - the Hapsnte readings prior to appllcatlon of the foam formulatlon and Fig. 15 shows

22 the identification of the sample, containing a predomlnant mass 109 fragment, as |

23 ,belng mustard (bis (2-chloroethyl) sulphvde), verifying live agent was used for the

24  ftrials.
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WO 00/ 51687 PCT/ CA0O0/ 00199 1 sanples fromaround the tent and, in the case
of the agent trial, was inserted 2 through an opening in the to;ztgf ﬁ@?ﬂﬂ:ﬁ
tent to sanple the head space above the foam 3 to detect any nus r%

contam nati on. CAM readi ngs of the tent head space were 4 also taken. 5 In

bot h- t ri alwo odrd1es7t ent showed no signs of damage or | eakage 6
followi ng activation of the dispersal device. 7 Regarding Fﬁ@éé‘g&g%?? veness

of deconflani nati on i nirmhRdwatel BRowig é’éplifcaﬁoﬁ B?th%%#étoerﬁ{ug%tgﬁ%rg(gmga

ngs taken in close proximty to the tent found no

evi dence2of jicded Ealv TRhRRRE in_the Hapsite 10 readi ng over a
5 minute period. 11 Sim| arfey, i%sf,%’%aeggﬁ?tgﬁ?f%|f?s - HarsHa attagamples
readi ngsy t i oxim.ty of the tent, also showed no H node
response?’ I\%E%E%d;?@n\ﬁgéﬁgxgﬁ'&é yd ”%’ﬁs{'ﬂ‘@ Y rpusiaecicepaptasshowHineiget6. as
shown in4Fi g. 15, thecgl\/b{surveys did show 14 a significant H node .
response” coupl ed wi t h&RFHsREnitam famaulatior veds aapablelss dedatamaeatingnthpeak.
. This. re’sgonse was exhaustively determ ned, through both 16 chromatograph

and massv spBUstad agritytiesefore gise rabaiihg stdge BaMaishosr GEFécﬁé& @é\kgﬂsltﬁﬁe

materi al s, hypothesized to be related to the chlorinated solvents in t
ori gi nal6 1&am | formuiationadebiignes eimlitanss@d dd& taAnd ol ahso be
possi ble that 19 dichl oroacetic acid may hage %é‘g‘?iaré‘?'g‘é%c%’bd fsﬁ.lgﬁfé/ss an
chl-ori nay edegplssineplast viavyeesul t 20 -of oxidation, either due to the
explosion itself or due to the reaction wth the strongly 21 oxidizing
decontangnant in the foamfornulation. 36 2 6 AUG 2003 WO 00/ 51687

i

9 Stage 3 - Blast suppression/decontamination Tent Trials

10 : Two separate stage 3 trials were pérformed,_ the first USing G-agent
11 simulant, d}i‘et_hyl malonate and the second using mustard chemical agent. Thé
12 | ambient .témperature during the trials wés 6°C.

13 ' : In each trial a dispersal device was Ioaded with 250 rﬁlof simulant or
14 agent and secured to a ring} stand approximately 50 cm off the ground. Four CADS
15 |l monitoring stations were vdeployed néar thesite, three in the downwind direction.
16 The staftions were activated and alIoWéd to,co!iect and provide data to a remote
1 7 | CPU and com'pute‘r. system. In the case of the simulant trial, the dispersal device

18 was placed inside a commercial. tent and then the tent was filled with foamed
19 formulation. In the case .of the agent trial, a special tent with an opening in the
20 bottom, but of fhe_same shape and size as the comrﬁercial tent, was placed over
21 the  dispersal device and then filléd with the foame&' formulatioh.

22 | In each case, the device was armed and then functioned. As soon as
23‘ the érea was declared safe from explosive hazard, a survey of the sitevaround tvhe

24 tent was performed by personnel carrying CAMs. Hapsite was used to‘acquire air
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PCT/ CAOO' 00199 1 In both stage 3 trials, it is clear that the foam

fornul ati on was capable 2 of both suppressing the blast, as e\ PeﬂGSdZW
thre intact tent structure following 3 activation, and capable o a
decont am nati on, as evidenced by the |lack of G agent simulant and nustard

agent fol Igw’orag@ tivation. Exanple 5 1 A second staged trial was
performed. Two }98F mul ations of blast 8 suppressing/ decont graraido@ddidhoam
wer e useﬂ. %Jn‘wélgg CB- decont.am nati ng bl ast 9 suppressant foam fornul ation
cont ai ned 3% Act rvd ABHRHGH thettenl andgiretiiccpasent the Bgent seaones SHEEAEE
decont am natt"fg&ggloam fornmul ati on, contained 6% active 11 decontam nating

g edi 6 FPRRYUNG in theplen dbitfuptens tosarhpleahe hbah spaRELLDAL ﬂf'entﬁérn
ely

bottl e fiélletdﬁ\gttq DEM was fastened to a ring stand 15 at approxl ma

0.3 i abdve PHietept@MydMEsthrd contamimatios NBAM R q<tihdi DG W iness

cards were set out near the device and affi xed t@swéhgégﬁn%e%ﬁﬂ?adc@e‘ge@

the 17 Builalsotaken. i ndi cate di spersed liquid spray. 18 Followi ng . _

det onation, the w.tness cards were exam ned and showed 19 a heavy spray of
d of the device location. 20 . The

smal | drgplets for at '
bl ast produced a | oud »n%tﬁgéﬁgwgﬁ?wegmlmOfmmveamdfsem to
21 surveyg t ; strong G node responses 10 m nutes after
di sper sal o?ﬂtI éﬁaﬁn%ﬁl af]{h_e &ﬁp%risg?gg\(@.e acquired by Hapsite showed. the
sanpl e to contain a high 23 concentration of a single conponent, '
subsequeht | y i dent i f i &PGRIdiDENDe pifesticamess 24 detontanihaticH in A8 SFURRLRA" 2m
of Fig. 20. 37 2 6 AUG 2003 WD 00/51687 PCT/ CAOQ' 00199 1 Clearly the
di spersa® edif 9,.9@,3 Igrd Gl r;eapatgsetapén Gh 8RBEPrBLimity-to the tent found no G-

- 9 mode readings. No evidence of diethyl malonate was found on in the Hapsite

| 10 ° reading over a 5 minute period.

11 . Similarly, in the agént trial, CADS Il and CAM readings, taken in the

12 proximity of the tent, also showed no H-mode response. No mustard wés found in

13 | the tent head sp'ace'air. However, as shown in Fig. 15, the CAM surveys did show

1_4 a significant H-mode response}boUpled with a response indicative of a Iow‘

15 refefence ion peak. This response was exhaustively determined, through both

16 chromatograph and mass spectral analysis (Figs. 16-19b), to have been chlorinated

17 materia»ls, hypothesized to be related to the chlorinated solvents in.tﬁe original

18  military grade sample of mustard (Figé. 18-19). It may also be possible that

19  dichloroacetic acid may have been produced from chlorinéted alkanes as a result

20  of oxidation, either due to the explosion itself or due to the reaction with the strbngly

21 oxidizing decontaminant in the foam formulation.
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2 sinmulant over the test site and the instrunentation used to neasure the
3 contami nation, capable of measuring the Gsinulant, DEM 4 StZgf AU6 2003
Vehi cl e Decontani nation 6 A CARC painted arnored personnel carrier (APC)
was placed within 7 a plastic-lined containnent pit and four CADS stations
wer e depl oxegbs/siggy @ circular. 8 pattern around the pit at_a standoff
di'stance of approximately 5-m Hapsite was 9 used to rreas‘tﬁjgééo%@é%?-space

mass 106 reconstruct o Pon ST DR Agr b A S R R 16t al s ppgadla

mass 109 reconstructed 1 on cht omat ogram as
subsequent | i & +Oof nustard, with very few 12 inpurities.
one side of 2 bt wgég'ﬁgﬁrﬁ% reﬁiéifm THEXEENERY byitee yntashienfstustue fallawing.

- CADS 11 .statj . e cially those in the downw nd direction, showed an

“i mredi atsz, 5{1‘%3%":“0%58P@QBB%S%P‘%P%%M%&@S pvideoeed by thé laeisoGeagaror . .
Surface , 15 decontam nating foam (6%9) was applied to the vehicle, the
vehicl e %ssmﬂnt ang mystargaeniifellowiopagctieatdhed brushes and al |l owed to sit
for 15 minutes. 17 Wthin one mnute of application of the foam the CADS
station® 18 responses returned to baseline, indicating the absence of
mustard vapor. CAMs 19 were used to survey the air around the vehicle 10
m nut es & ol Eravinpte §0oam 20 application and showed no H node response. An
air sanpl:e acquired by Hapsite 21 during the scrubbing process did not

‘show the presence of gu r..After 30, 22 mautes, the vehicle was
washed .down with water. gén(g{ u%E @egrd @l{ﬂt‘@ﬁ' \‘?gggr'\)%‘?-e?“’%fs%%'éﬁ.ﬂﬁ’@d&?f Wisth
verifieg th f stard vapor. 24 38 2 6 AUG 2003 12 Stage 3-Bl ast
Suppr esggant ?@?%%%‘ﬁﬁ{f%gﬂ%me@ PN T3rg) Werpjesest. Aytirst GB-darentasrinating btastred,
one usi G agent sinul ant (DEM :

US54 ressant foam formulation contained 3% active decontaminating ingredient and

10 a seqond surface dec_:ontami_nating foam formulation, contained 6% active . .

11 decontaminating ingredient.

12
13 o ~ Stage 1 - Open Dispersion t_riai
14 o A 250mL Naigene bottle filled with DEM was fastened to a ring .sitand

_ 1_5 at approximately 0.3 m above the ground and 4 m from a small metal building.
16 Witngss cards were set out near the device and affixed to the facing surfaces of the
17 -building to indicaté dispersed liquid spray. | | |
18 | . ~ Following detonation, the witness cards were examined and shoWed'
19  aheavy spray of small drople_ts for at least- 20m downwind of the device location.

20 - The blast produced a loud noise réadi‘ly heard at Ieést 200m away. CAMs used to
21 survey the aréa shqwed strong 'G-mod‘e responses 10 minuteé after dispersal of the
22 simulant. An air sample acquired by Hapsite showed the sample to éontain a.highl |

23 concentration of a single component, subsequently identified as DEM, as shown

24 in the total ion chromatogram of Fig. 20.
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and one using nustard agent. In both cases, a 250 nlL Nal gene bottle

equi pped with 4 detonation equi pment and filled wi th sinulant or2 zsgg?g, %M@s
placed on the floor of a 5 steel containnment tray, placed inside a t.
x 12 ft. x 10 ft. or 3.66 mx 3.66 mx 6 3.05 mwod franme encl osure seal ed

wi th pol y%@%,@ggy vapor. barrier. Two CAMS and 7 conponents of a CADS ,
station were [ocated within the encl osure. Further, four CROS/CAABOIW®DI ONS

wer e depjoyed around %e Fn&{eosure at a distance of approximately 5 m All
9 CAMs were set in G mE% dispessah earipment alsedndas reagabbsl offdispédafg

mustard trial. 10 A ballistic tent was placed over the bottle, the tent was
filled wfthSERUADY QueE theatrstasiteramd abe -ingdunessansn f e and Mg et fHee
was renotely detonated. 12 In both trials, the tent remained intact an

cont ai nitg &Pntaminatiomicapablergf médsiiing tie desinAdritopegpund was heard
outside the test. The head-space air within the teht 4 and t he

cont ai nent shelter were exam ned using portable CAMs and Hapsite at 10 15
m nutes after detonation. The tenperature of the head space was neasured.

‘Further 516 -CAM sur vegggﬁgwﬁggg%g% L .39 m nutes post-detonation. Foam
was then drained 17 TT . ai nment tray and CAM
surveys gonducted to dggrpne the 18 ar esence of residual sinulant or
"agent. 19 No response’ 18P & RIUEIATRAGH PeBonagterriantARG) wadqrladnd whiein CADS
20 stati-pns o)y @?{B ggg)l (%(ed within and about the containnent. -Tenperatures
measured 2% H¥PCRBCRA&LAtMRER! pihand{oetCARS stalienewprodbpryedanta @Rtiar
~decontarg nati on process were- 22 exothermc. -39 2 6 AUG 2003 a WO 00/51687

PCT/ CAO®Y 00R3YEN 218N éhecpit b aestahyisff slistansd @MapbroxithEtel22 SHOMEH.; I
anount 2 of DEM and di chl oroet hyl acetate, nost pFi kelye&?gcﬁ]{:%ﬁ%@%m

{ohe present-(n the. neaa: spate T of FHRPLr BLP KAy bR ARt
the r eI1'®as. edfd‘d@@mg@fcﬁé!ii@fﬂ andhads 369 rLSHL TR Qe rgr%ateovg;i;rg?nngg s%i)w??r':ﬂ
11 Fig.-21. This was subsequently. verified to be that of rhusfard, with very few
12 impurities. One side of ihe APC was painted with approximately 75mL mdstard. All
13. CADSII stationé,'especially those in the downwind di‘recti’on', showed an imMédiate.
14 | strong response in the H-mode, indicative of mustard vapor.. Surface’
15  decontaminating foém (6%) was applied to the vehicle, the vehicle was then
16 scrubbed with !ong(handled brushes and allowed to sit for 15 minutes.
17 _ Wi.thih; one .minute .of applicationrof the foém, the CADS s'tations
18  responses returned to baseline, indicating the absence of mustard vapor.‘ -CAMS
19 were used to survey the éir arouﬁd the vehiclé 10. minutes »fdllowiﬁg' foam
20  application and showed no H-mode feéponse. An air sample acquired by Hapsite
: 21 during the scrubbing prbcess did not show the presence of mustard vapor. After 30
22 minutes, the vehicle was washed down With water and further CAM surveys were

23 conducfed, which vveriﬁed the absence of mustard \kapor.

24
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6 CAM surveys in the head space air of the agent trial showed a strong

H node response whi ch was subsequently proven by Hapsite GO M5 ?gl éBGSZUUSS
8 shown in-Fig. 12,. not to be nustard, but to be 1, 2-dichl oroet’han
instead. It is 9 thought this conpound nay be a reaction product of the
mustard with the 10 chlorinated oxidant in the decontam nant. Again CAM
readi ngs taken over the 11 released foamafter 30 m nutes show no evi dence

of mustard vapor. . $2add B8iAst SupprésamtDucat=Aihator FeaieR@EK e of
suppressing a blast and 13 decontam nating the agents released as a

resgt.. 14 15 EXaW&mgF;%n&%sfﬁfi@F?Pgﬁoﬁnéa,r&wnsiﬁﬂ%%gehf§Hﬁ&t§®my a

various foam 17 formula to decontam nate~various types o

- .contam najJ i d em cal f t,s.of th Vv
ol s, rfhe (A3 st A o pOtheEsR, g 380 R ot b BgE P

radi pacti rticul.ates Further, in each of Exanples 6 - 8

quant it atcfe@%r?ajw& SRHIRMERf a‘?‘i%ﬂ%@éﬂﬂ{h %‘T%ﬁrﬂrsaﬁﬁé‘?sé"’%%g%&?aé@ the Toarialra

pressure |iquid chromatography (HPLC) system 22 for separation of the

reacti on s REsament eayinkyead iasidect 1Rtk i 12 TpL ) thor 266daXe%6BM Kn seri es

with a cormmercially avail abl e dual flane gas chromatographic 24 flane

phottonet 3.5 Arweed fameem)osure segtad with pelyethykanesyapor bamiesr FweoSAMsland on

40 2 6 AUG 2003 . WD 00/51687 PCT/ CAOO' 00199 1 a Hew ett-Packard 1100 LC M5

systlem eqoimpeems ofa EADSstation weye Id¢atddwitBindive ehelopiret ¢uether, fendCABRSS

sel ective detector (MSD). The water used in the reactions, prepared

sol @ i onstativnd werd deplbfRdaranddhé entloddreiata dRitateZsihppfeamatdly BnatAipn

for the surfactant/foamwas first warned to 32C to ensure honobgeneity. CB

agery s amARsWereHet I E-mMBAE rdthXisiRdiaRY tridl 8nG Aidhdle R L Snustard trial.

10 A ballistic tent was placed over the bottle, the tent was filled with CB-
11 decontaminating blast suppressant foam and the bottle was remotely detonated.

12 In both trials, the tent remained intact and containing all materials. Very
13 little detonation sound was heard outside the test. The head—space air within the tent

14 and the containment shelter were examined using portable CAMs and Hapsite at 10
15 minutes after detonation. The temperature of the head sp;ace was measured. Further
| 16 CAM surveys were conducted at 30 minutes post-detonation. Foam was then drained
17 from the tent into the containment tray and CAM surveys conducted to determine the
18 presence of residual simulant or agent.
19 No response for either simulant or agent was recorded by the CADS
20 stations or CAMs deployed within and about the containment. Temperatures measured
21 in the head-space indicated that the explosive event and decontamination process were
22 exothermic.
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Smal | Scale Facility at the Canadi an Defence Research Establishnent
Suffield 7 (DRES) in southern Al berta, Canada and Al drich Chenic@ p Quparig3
respectively. GB stock calibration solution was prepared by weight in
acetonitrile (AcCN) and 9 several dilutions were prepared ranging from 25
tg 900 ng/‘y?g‘%mgpl ibration of the 10 FPD, UV, and MSD responses. Stock
sol uti ons 0 e other CWagents were .11 prepared vol unercireobpoisn AcCN
and simharly diluted for C%B\ré tion. 12 Unless otherw se specified, in .a
typical experiment, sanpide anplysisspasbawn in PigOBR showes angrhall aiioahs -
The firs a%giptéé@n ga(ﬁ a water solution 14 containing the foanmer and, if
necessarg, t 201 4jeineroctvl acolate, rodstdinelt pxyduckd By Fedictis? BEEAADEM

t hen the%de%gttggiqﬂa‘g?}t@g&gce.gtrate whi ch had been separately 16 prepared by
addi ng tfle i axidaahinyttie aesoneghinghd ' | 7. acid
- (SD), t'o€\é/at er r?tnhdnaheati ng to 29C with stirri %ﬂ;ﬁ?&%&&@?@@%ﬁ{e@_ iy,
the 18 aleo sinadldat tritef TA ' al i.quots, . at noted

el apsed tines, were 19. directl ym%r%%eépgrﬁ? B&E%%ect&) YAt AR AN R0 of

t he vi al 5 hohtinutedeshoWddheelRR MRk of .0C and a nmini stirbar in the vial
m xed the conponents. Fresh sanples ¢ 21 prepared for each FPD anal ysis

to obtaigy residual ag ent.ration profiles over -22 tine and these

sanme sol utions were s%“éq%%ﬁeiyﬁyng?%ﬁ%@apw aicofihe aRent fria? sBoweBa2Ahg\\O

00/ 51687 1 an le 6 PCT/ CﬁOO’ 00199 Having reference also to Fig. 24, the
one b5 5RedgsR

ef fecti Vene PRie Whigh was %Wﬁnﬂpp%&tﬁyﬁﬂépﬁ%ﬂﬁ@ls%ﬂaﬁ%‘is&%
G type [h(jrveb ases (B, 2GA and GO 4 and nustard gas, HD, was determ ned.
The for rful afPONe B d9gedi2conisicsbednostaad mat fovise '1@Hﬁzﬂicﬁ8§t’haﬁefi8§%‘§]& 128
i nor ganlq(::) buffer m xture and, optionally, co-solvent, I n excess 'St
-al r eady r ethemight rthisheofnpammt fayt Beea HAgHES- vent .values in 7 Fig, 24
represent added co-sol vent, and aiyhat cont g*’ﬁ@ﬁ?ﬁ”?ﬂgfftgﬁr@ﬂsgam with the
‘40 chlorinated oxndant In the decontaminant. Again CAM readings' taken over the

11 released foam after 30 minutes show no evidencé of mustard vapor.

»12 - Clearly the foam formulation is capable of suppressihg é blast and
13 decontaminating the CB agents released as a result.

14

15  Examples 6-9

16 | Examples 6 through 9 are directed solel.y at various foam
17 }formul‘ation’s ?bility to decontaminate various types of contamination. These
18 include, chemical warfare agents of fhe G and'V cléssgss, mustard agent, biological
:1.9' spore-forming warfare agents and radioactive particulate_s. |
20 | F urther, in each of E'xamples 6 - 8, quantitative analyses for residuai
‘21 agents were perforhjed on a high pressure liquid chromatography (HPLC) system
422 for separation of the réaction components, equipped either with a HPLC-UV
23  detector in series with a commercially available dual flame gas chromafographic

24 flame photometr_ic detector (FPD) from Varian Associates, or, where possible, on
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Three decontam nation formul ati ons were assessed for effectiveness against .

typi cal G nerve agents; the nmildest fornulation, using 3% wWw S Wzﬁ@
strength buffer, and 1.3% w w foaner; an intermedi ate strength fOr ot -
with 6% 11 ww SD, full strength buffer, 4.6% w w foaner and an additi onal

6. 9% W w W 0p/5868712 W w co-sol vent, and a full strength f jon W th 9%
w'w SD, full strength buffer, 13 .4.8% w W oaner and 6.9%@%@6‘8}1% onal

- co- sol vént . a Allewletighackehy dt 1o L@J_\/l@i%yét‘énﬁ'séiﬂﬁ%%bd)r@ﬁwgr a{’i?ﬁfg@%aytaﬂﬁ{r}(tfs of

sol ution, percentages are quoted in téerms of 't u _
iy ae. SpmcrepranthelnaHl Mk S SRUEL RIS e gialy Lok 'S

Gl cul ated ae O b s IS PoR 5 ETLC s Srnlechamb siianicess, Tober e
anal yaea t doniRletion; ¥ thenaamentbena; wast Aestowared for SPIG!ioprensis W w
and 6% w w SD). GB was destroyed in each case before the 22 first sanple

~coul d. be t dKEROGENeity. LHRiagents andmimedant ORFE Werd rovided By tﬁeft??r@lﬁén Sgrfglq__ -8

potent formulation (9% W w SD), only LC FPD anal ysis was perforned

42 2 6 AUG 3008 SKAIOGEBII6AE! BT CGARBIAOBAR fedTRRLLS CeaEBihhe siftied's. 75

agent was detected indicating conplete destruction o

m nut es7 UYDRES) i3 S¥uMarh &b I%Hala% ' . d intermedi ate strength
f or nul ati ons (3%) W w and 6% W W \ wedrﬂéJ g@i’%ﬂ%m ORpPRRs Jespentivlyat i on
In the first, containing -1.6% w w

was tesged oR : eriments. | ISt ol
foaner, 6 L(C;Z- FP gﬁgpé‘?ﬁéﬁﬁ%ﬁ@é‘t B4 PASRaTEA Riweight in egelonirier{AcCN)aand
mnutesg In the .0 second containing -1 8%ww foaner, there was no
“evi dencd ofSE¥&3 Hllt_{tﬁl@ﬁﬁ WeiRREpaEahanging from 25 @ BODNgAIL By 43liFabigh &F the
(LGMS), For_the internediate strength fornulation containing an
‘addi ti 6fal FPBMW wndoMSH vespanstber StosRssdMitions of the other CW agents were
11 prepared volumetrically in AcCN and similarly diluted for calibration.
12 _Unless otherwise speciﬁed, in a typical expériment, samples were
13 prepared in 2.0mL autosampler vials. The first addition was a water solution
14_ containing the foamer and, if necessary, the co-solvent. This wés followed by
15 | buffer concentrate, then the decontaminant concentrate which had been separately
16 prepared by adding the active ingredient, anhydrous sodium dichloroisocyanuric .
17 acid (SD), to water and heating to 29°C with stirring for 15-30 minutes. F inally, the
18  CB agent was added defining time zero, and aliquots, at hoted elapsed times, were
/19 . directly injected into the LC. The temperature of the vial holder was maintained at
20 25.0°C and a mini stirbar in the vial mixed the components. Fresh samples were

21 | prepared for each FPD analysis to obtain residual agent concentration profiles ovér

22 time and these same solutions were subsequently analyzed by LC-MS.

23
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10 evidence of GAin 1.07 mnutes el apsed tine by LC-FPD or 3.35 m nutes by

LG 11 Ms. 12 Using 0.29% GD, again only the mldest and inter r@:l'ﬁaAgG 2003
strength 13 . fornulations were each evaluated. The full strengt
formul ati on was not tested due 14 to the success with the two m | der

formul ati %{)/T&i m | dest fornmulation was tested 15 . and, in contrast to
t He ot her s gents exam ned, small anounts of residual pP@cAbdGoappear ed

to be ob§er§g {gr ét he shortest reaction tine sanple. Specifically, as 17
anal yzed by =~ 5. 0% residual agent appeared to be present at 1.07
m nutes ,18 and, 0.5% appeared to remain at 4.77 mnutes, and the agent was

compl et efy gone 19 byiavmmiraferesce asdetoeFig. 24l e lefFelivartdlsy oF Ssevalrii | ar
results were observed .20 using the internediate solution containing 7.8%

addi ti ondl gecentamimant faonyplatiors againe{sdBoBRAT A48 5 88s B, (IR RAUD

eluting at GDin a stock solution of GD 22 suggests atrace o

Chi & poi nt, posei by Sant Db e, RECRRRERTER: 18l pbakind oham

this poi_nt, p_ossib!y contributing to the resi ‘ t
it oul T to s ab e sdgms e AR bR sotooptonals: cogotmean 3
Shccptals POES AEIARR Sl b aiombe mivioraheosenin; vekgo
success,., onlL) e mldest and internediate strength fornulations were -
aval uat dd. H&_;;Zgirpa@pn{ afdad gorsniventvasl thastentafned inthetddmeness agai nst
HD in three separate tests. In the first test, '
'8 o Three decontamination formulations were assessed for effectiveness
9 against typical G-nerve agents; the mildést-fprmulation, using 3% w/w SD, a 2/3
10  strength buffer, and 1.3% wiw foamer; an intermediate strength fofmulatioﬁ with 6%
11 wiw SD, full strength buffer, 4.6% w/w foamer and an additional 6.9% w/W to 7.8%
12 wiw co-sdlvent_, and a full strength fofmulation with 9% wiw SD, full strength buffer,
13 - 4.8% w/wv'fovamer and 6.9% wiw addvitionai co-solvent. Although anhydrous SD was
14  used in prepvaration of the solution, percentages are quoted in terms of the
‘15 equivélent amount of dihydrate. Percentages (w/w) quoted for fo_émer represent
16 undiluted doublé-s_trength foamer ‘which}has 45.5% surfactant. |
17 In order to standardize 'con'centrations; between experiments, the
18  effectiveness wés calculated as a percentage of residual agent.
| 19 Using 0.29% wiw GB, there was no evidence of residual agent in any
20 of the LC-FPD or LC-MS analyses for the r_nildesf and intermediate strength
21 formulations (3% w/w vand 6% w/w SD). GB was destroyed in each caée before the

22 firstvsample could be taken (0.43 and 1.13 minutes respectively). For the most

23 potent formulation (9% wiw SD), only LC-FPD analysis Was performed at 1.78
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6 there was no evidence of residual. HD after 2.67 or 4.92 m nutes (reaction
solutions 7 had to be m xed nore vigorously than the other ageftéA(ng bo
l'i“m ted solubility of HD so earlier sanpling was not possible).®] 2003
second. test, no residual agent- was detected after 3.0 or 62.1 m nutes,
however 6. 2% of residual. HD appeared to 10 be present after 5.4 m nutes.
assuni ng thAPY3AY el uting peak was indeed HD. As a 11 conPCTIO8/PYI? est
an third, experipent. was perfornmed and no HD was detected after 12 3.65 or
4.97 minlt eé‘?‘"f{gﬁ ¢lapged ﬁ@??e%ﬁ’ BoRgeAT Wde Feterded éndicatingecomplate destruction
formul ation; and least 14 likely to affect a foam s blast suppression
capabi | i 8y, afsheagpnewiship b Besinies. agai nst 15 this level of HD in |ess
than 2.7 mnutes. .16 The internediate formulation also tested for

effectivéness against Wiing N2a%dwder®Asbniytiad mildestsaniahteHiReaiate strandth
5.27, or 53.3 mnutes. Verification by 18 LC-Ms could not be perforned as

~HD cannod bdodedlatidrs! (3% Wav RO 6% e/ ; t i ' hﬂ stior?0
44 2 6 AU G 2003 WD 00/ 51687 Examgl e@%&%\%gﬁ%%% 2 ﬁvﬁ%gf&e’ er'e'r?cré
also to kig. - f Jnl v nul.at.i.ons inst.the
nerve agg'nt '“\’7%\?/23 : g?‘gﬁ)m he?e%%ﬁégﬁ&mgﬁy%érgtﬁ% '@di'é':%i@dfoiamer'
Exanpl e 6. nt am pant formi ati ons were assessed for ,
ef fect i vgnes!'s%@ggﬁﬁgﬁwdx%ag@g tﬂarﬁfg@’ﬁls:éqqy@%ﬁl‘ﬂlé@ﬂ 1.88nmingttesning e D)
wth B%WW SD, 2/3 strength buffer, and 7 1.3% w w foamer, and the full
f

strengt h/f orS8GPAY 6ANtaiHRg wl.BY wwwvfoansm, thare \was not eeidgnbe off GAr in 4.08%
w w foaner and 6.9% w w additional Co-solvent. As with .9 Exanple 6,

]E)er cent afes ryputesdelapsed dane (LE P Bl en8.43mdinutds (L CLM®). eFot tign Bitdrmiddiate
OAmEL: 9 ‘strengthvformulation containing an additipnal 7.5% wiw éo-solvent, there was no
16 evidence of GA ih 1.07 minutes elapsed time by LC-FPD or 3.35 minutes by LC-
11 Ms, | |
12 p Using 0.29% GD, again only the mildest and intermediaté stféngth
13 formulations were each evaluated. The full strength formulation was not tested due
14  tothe -succesé with the two milder formulations. The mildest formulation was tested
15 . and,in contfast to the other two G-agents examined, small amounts of residual GD
~ 16 - appeared }to_be'pb,served for the shorte;t reaction time sa‘mble. Specifically, as
17 analyzed by LCéFPD, 5.0% residual agent éppeared to be present at 1.07 minutes
18 and 0.5% appeared to rémain at 4.77 minutes, and the agent was completely gone
19 by 10 minutes, as determined by LC-MS énalysis. Similar results were observed
20 - using the intermediate solution containing 7..'8% additional co-solvent. Complete
21 LC-MS characterization of the peak é'luting at GD in a stock solution of GD
22  suggests that a trace @f a GD-related impurity, methylbinacolylmethvylphosphonate
23  also eluted at this point, possibly contributing to the residual peak observed at short

24  reaction times in HPLC-FP. vThus, although GD appears to be more difficult to
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11 Control formnulations were al so exam ned. These included a 1
formul ati on containing only full strength buffer and foaner (B fBeAU§J|2933
and a 13 f80/a687%n containing all ingredients of the full psteg oo

decont am nant- but without 14 active ingredient (FS*wo/SD). 15 I'n order to

st andar di zb. destrepthan GBS A, Whe MBI FoiBMbEon i an?&é@;%ﬁeﬁvgaﬁﬁﬁﬁiﬁn

cal cul ated as percentage of residual agent. 'In addition,

sanpl e of 2 kugthh ﬁ@é@iébl&'tirﬁ@ﬁhﬁﬁﬁproduct (Toxi c Product), of hydrolysis
18 of VX, S-(2-diisopropylam noethyl) mnethyl phosphonot hioic acid was

synt hesi z 19 and chagpg i -M5 t o, be used as an indicator of
unsuccess?’al 20 det oxi #{%@gp#}gfﬁ%.ﬁmga%@% > theli sueress, aplydhetaildestd
for the pr;segﬁg .of this ZSirco ound; the presence of significant.

quant i ti esTwolld Blerugaiate slienath, farendatians were evaluatedwTheemfidestifbmnilations
a possi bl e_decontan nant candi date. The results are 23 summarized in Fig.
25, 45. WO oomesdgsted for affectivanss HR@IMTAID/i0@HR8 skparatehests MAtthe first te
eval uation, the control fornulation of buffer and foamer 2 (Buffer/Sur S

f
was t est ed at there wascumedencs obwesifuaVMD et 967 or AobShinsites é:?l{)n ﬁ%gofﬁ()f
etected.

the VX remai ned and toxic product in significant quantity wa he

. control faof nuhat it@-be%ix%d'hp@ﬁ@&ﬂﬂ%y ﬂ’n‘éﬁ‘fh?bitﬁé} %’Me&\gso ﬁfi? ﬁﬂl%\}@@'}@%ﬂ@g{/ I%?t

(FS*wo/ SD) 5 was tested agai nst "a concentration o
significarg q hid : XLC,.product were found at 125 m nutes
and 6 days. A<|5Illgjiq tg?tgggﬁrysﬁn?@g‘yewgg%\ﬁggoﬁﬁp%@ngﬁ%& SQEony Igntena residyal agent

sol ution 1 ] el ndicat i that saturation 8 levels of VX were
present i ﬁé soﬁé? :agﬂéjéﬁé atftﬁﬁs'cf‘érn%é;glm'ﬁf’tex?th’w&?df@t $.2% gkresidush kiD gppeared o
When full,strength fornulation with SD-was enployed in excess (18.2:1 10
active spEtie ﬁ?@f?s%tlaﬁﬁk5\ﬂa§“’ué§$ Asywingrthatthe eluting feak was dsdedidt MDN s a
evidence 11 of toxic product. 12 A nore extensive exam nation of the

t enpor al . &¥ f eeenfimatery test, amihird experiment was performed and no HD was detected after

12 3.65 or‘4.97 minutes.

13 It is therefore conciuded that even the mildest formulation, and least-
14, likely to affect a foam's blast suppressioh capability, is completely effective against
15 this level of HD in less than 2.7 minutes.

16 The intermediate formulation also tested for effectiveness against HD
17 Aand demonstréted no residual HD after 2.47, 5.27, or 53.3 minutes. Verification by

18 LC-MS could ‘not be performed as HD cannot be detected using positive API-ES

19 under these conditions.

20
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13 mldest fornulation was undertaken in which the stoichiometric ratios of

14 concentrations of VX to active chlorine present in solution r Lhed.
For the 15. lowest ratio (-6:1), effective decontam nation of Z{Iﬁ &é@%@f

achi eved al though only 16 small traces of toxic product were observed. On
the ot her gmsi,f the ratio was 17 -16-18:1, conplete decontam nation .
wi t hout significant production of toxic product 18 was adtiQ&w/00re® shown

in Fig. 5’E§;$ﬁ] E’tdest formulation at a ratio of 18.2:1is r .. 19

conpl etely : ve in less than eleven mnutes. A simlar fornulation
reacting,at 20 aratjo of 29:1 resulted in simlar effectiveness, however
this is“mwost |ikely dUdVing referenge alser to hieig. t25e theasHetwrmededobyselbrl
LCMS is at _its detection’limt using this 22 procedure. 46 2 6 AUG 2003
PCT/ CAOJ oofPsnuiatians agaings the nérvelagenit!\iX ersmstetnminagwi t hout added VX did
not register 2 any response for VX elimnating the possibility of a false

posi 11 VX resul t_ duamplesd wixe f9tual | 89 UbSahed 4nl [EEAAGRUSL ony even

the mldest fornmulation is highly ef ve agal ns ? the

rati o of5 r edetaédminand 96iiulhor@l [ f | east 17:1. .This WD
00/ 51687 findi ng Ts acc%?g%@ggew%mét%%gﬁgﬁﬁ%ﬁ%@e FOCRH agansiayynesve,

Baker, 1d . Erd AV . .92, pl731, in which the authors
state t hat %gréj'ét tZ\re t Igﬁsﬁgﬁﬁh@g'xgs(wg]?gi&'ﬁ\/%"/"cwzvbﬁ%@lér%r&fmjhiméf@r.tand
oxi di ze-1 g, of ., 10 ample 8 11 The effectiveness of foam

phase- ddi oﬂ)‘b i ?:gll/\fvﬁ(amer'aﬂ?ﬁ'é? fulh streagitnformutativet 6791 neith 9% swap8Dsifain of
Baci |l ug anthraci s %Ames strain) was heat shocked 13 to kill the

veget at Pve HEMNARN buEglihE% Wy foameviaatl 6.99% av/esadSBhal dRE8eROURRNSIL 14
pai nted as per in-service mlitary vehicles, were cleaned with et hanof '

-wi pes afd Example 6, percentages quoted for foamer represent undiluted double-strength |

10 foamer. | | |
11 - Control for'rﬁulat.ionrs were also examined. These included a
12 formulafion containing only full strehgth buffer and foamer (Buffer/Surf) and a
13 formulation containing all ingredients of the full strength decontaminant but without
14 active ingredient (FS*wo/SD).
(I . in ordér ‘to ‘standardize concentrations between experiments,
16  effectiveness was palculated as percentaQerf residual agent." Ih addition, an

- 17" authentic sample of a known potgntia_l toxic pAroduct (Tox'ic Product), of hydrolysis
18 of VX, S-(2-dii$opropylaminoethyl)v niefhylphosphonot_hioic acid was synthesized
19  and characterized by LC-MS to be used as an indicator of unsuccessful

| 20  detoxification of VX. _Allbreaction mixtures were examined fér the presence :of this

21 compound; the presence of significant quantities woulcvivbe sufficient evidence to

22 - disallow the formulation as a possible decontaminant candidaté. The results are

23 summarized in Fig. 25.
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15 sterilised by autoclaving. Each coupon to be used was spottﬁd V\A@g Zﬁw L
spore 16 suspension, distributed over the surface of the coupo és - :
smal | dropl 054¢87 17 all owed to dry overnight in a bi osaf etgr/cadeioosd in a

Level 3 Bi ﬁcont ainment 18 laboratory. 19 Two trials were performed on two
separate days using f r eimie firsh eyplisdiosdtifeocontfal formhaittion of bafeh ahdifehmeésed
two of these coupons, one to test the 21 decontam nation fornulation and

t t2 as (BuftesfSurf)lwasdastedcat A ofA2X | 0 i« GioSh,
supported to T B oADK (P i) ATER S s, S0

supported to keep it fromcomng in contact with th

and cover el wbf theMrsmained darPRHATHRSHIE T SR HIBNRA S efibted. The

i nvention or a control foam not containing th

‘i ngredientg. J/ CACXY 00199 .1 The 1id of 1the
et i oh waSSnBoliomtBiafater (R G b wWio ot adive daorceiont bes See/SBS
the entirg co ter. m nutes each_coupon was renoved fromthe petri
Cdish 3 ug ng%gﬁ%%‘éé,a%?f‘%g@d’%?ﬂﬁé@% Piﬁpg‘a,ﬂ afVeh Agaipbeignifisantequandities t s
entire suré]ace %q\/{m’({)h a sterile sanpling swab. The swab was placed in 5 ni
of Heart I%fuSf¥ YoKIC Boduet werietfeuad at 825 minktestand 6 days Additorsally 2heke Of

neat broth fromthe decontam nation foam treated coupon and 200 | of a 1 x
10- 4 di | uth onwepevidlesge of ViXidroplets in the solutibr at 625 hiiRltes Fiikdtng AL AAURGT
were plated onto each of four™ Blood Agar plates. The '
: : levels of VX were present in.solution and that removal of VX from the system was
-9 slow. When full strength form_ulatibn with SD was employed in excess (18.2:1
10  active species/VX), all VX was deétroyed in less than 7 minutes with no evidence
11 of toxic product. | |
12 A more extensive examination of the tempbral effectiveness of the
13 mildest formulation was undertaken in which the stoichiometric ratios of
14 concentrations of VX to active chlorine present in solution were varied. For the .
- 15 lowest ratio (~6:1), effective decontaminatién of VX was not achieved althoﬁgh only
16 - small traces of toxic product were observed. }On the other hand, if the ratio was
17  ~16-18:1, complete decontamination without significant production of toxié product
18 was achieved. As shown in Fig. 25, the mildest formulation at a ratio of 18.2;1 is
19 comple‘teI)'/ effective in less than eleven minutes. A similar formulation reacting at
20  aratio of 29:1 re_sultgd in similar effectivéness, however this is most likely due to
.21 the fact that the trace recorded 'b’y the LC-MS is at its detection limit using this

22  procedure.
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| ony Form ng. Units

| at es were incubated overnight at 370 C and the Co _
S(BCIICZ)U) 10 observed the follow ng day, are given in Table I1I. Thg K:leﬁ %03
foamresults are 11 shown nmultiplied by 104 to adjust for the 10"4
dilution. 12 Trial 1 and Trial 2 indicate, respectively, that, on average,

| on
onl 13 W(Dddﬁ%and 0. 00109% of the original materia .
decgnt am nation foam 14 treated coupons renmi ned vi abl e, %&&ﬁép%{?‘l ?‘?g into

%, th econt anm pation -
Toam Tora i S8 B R ol BT R
Do oy - TedbdrieStor VX pRliaRE ine Dos gl ofs False positice o woultshveia
x1022 x %00%6@8%%%&86& nal 2 - F)econ f oaml31053 . Trial 2 - Control

f oanb6 x10L

in concluslon, even the mildest formulation is‘ highly effective against
5 VX provided that the ratio of reactant to agent is maintained over at least 17'1 This -
6 finding is in accordance with statements made in Y-C Yang, J.A. Baker, and J. R.
7  Ward, Chem Rev., 1992, 92 p1731, in which the authors state that greater than 10 _-

8 moles of active chlorlne are required to oxidize 1 mole of VX,

9
10" Example 8
11 ' The effectiveness of foam phase-detoxification of anthrax spores was

12 determined. A suspension of Bacillus anthracrs (Ames strain) was heat shocked
13 to krll the vegetatrve cells, leavrng only the vrable spores. Small metal coupons,
14  painted as per in-service military vehicles, were cleaned with ethanol wipes and
15 sterilised by autoclaving. Each coupon to be used was spotted with 200 pL spore
16 suspension, distributed over the surface of the coupon as 60-70 small droplets and
1>7 allowed to dry overmght in a blosafety cabinet in a Level 3 Biocontainment -
18 laboratory |
19 , Two trials were performed on two separate days usmd freshly
20 prepared foam formulations. Each trial used two of these coupons, one to test the
21 decontammatlon formulatlon and one to act as a control. Each coupon was placed
22 ina 100 mm petri dish, supported to keep it from coming in contact with the bottom
23  of the dish and covered'with either the decontamination foam of the present

24 invention or a control foam not containing the decontaminant active ingredients.
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78x104 T~d 19 Exanms g 20 Having reference to Fig. 26, the effectiveness of

the one variant of 21 the foaming agent by itself to effect '
decont am nation of radioactive dusts fromthe 22 exterior surga%éq_uﬁ 24

arnored vehicle was denonstrated. The vehicle, a French 48 2 6 AUG 2003 WD
00/ 51687 PGH deAPdh 00199 1 AMKX-10 Arnored Personnel Carrier, was ‘
contanmi nated by spraying the exterior 2 with 140La parti clrs/¢A60o280 pn

to sinmul ate $K& fi@ee ination as mght be 3 caused by driving across
cont ani nat ed dusty %rerero‘?%tﬁr@ %%Fﬁp%ﬁeﬂeﬁq%wﬂﬁt@dﬁqIeasﬁlrerthaﬂthaé‘ebagl SritdictBy
5

f oamer - ver the_surface of the vehicle using a powered

pressur %:ﬁ%?@kgaquhﬁgﬁr é(? Mings eacbcotipanwaezahfovel fidhe tie B8tri dish

nor mal | y3u‘sed "I‘Q?Egg%leélrﬁ?g fi r'teiifi gﬂkgei ng foams. Subsequent to the

application eestwith sterileeRBS), ¢hevmswhaB o [ ra

- where ra%i at\;ﬂighn .mteazgr enments ' on the exterior %F@l@ggﬁvﬁgg%gﬂﬁﬁ ?Pé‘g%
15, the fadi 2%terae sampdiag snath. Theistabi | i.cl.e in, the first trial

was observed to be in the order of 30 nRen?ﬁ%.lé/%at'gﬁemLmﬁﬁa“i'@fr“ﬁ@rﬂh@th

decont anPnatarshvastdxedand commenci ng- application, the radiation |evel was 11
observed to drop significantly (to approximately 11 nRem hr) presunably due
to .12 goam | ayers dr Lng. of f e sides of the vehicle during the

appl i cation stage. Thelﬂ%%gﬁg'q?%(ﬁc}zﬂ]’i‘loﬁ% NeakPbrath drone thexl det dntamanatidie f L Se
of the d;cor%}e%?%pgtaigg‘ah%bza&yf dge to é:l residual particles remaining on
the vehicle’ Hf ot taut @ aautich ¢R P revi,ces)

readily. On commencenent of rinsing of the vehi,cIQ‘e vmété?]%\f;vg?ée?)?&% rf’ﬁb{he

radi ati of | €oelrolfpapptreatedanupn Wers pidted 3ARS glég,ég{ @E%@M A5 ggl%?%t?l due -

to .17 flushing off some of the renmaining ra of

‘the radi%ti plated dergiihéshtés e d@ar_surface of the vehicle as

sanpl ed by a frame of 80 pr og{ggm@g éét;) i &n@ﬁgtt{\%thlw Feang bimite (CHgEen

signi fitant szé@éHQSQ fBNoﬂﬁijod%R/?‘%‘re“ SF\)e%r}n Table lf. The Control foam results are
11 shown multiplied by 10° to adjust for the 10 dilution.

12 Trial 1 and Trial 2 indicate, respectively, that, on average, only
13 | 0.0108% and 0.00109% of the original material on the decdntamination foam-
14 treated coupons remained viable, translating into a 99.989% and 99.999% kill for

15 simple contact with the decontamination foam for a period of 30 minutéé

16
- 17 | Table l! - Data from Anthrax Spore De.contaminatioﬁ Trials.
Expenment Colony Counts ‘ |
:Ir'r?al 1~ Decon foam ° g:":ate 1 2PEISate — -2pflsate - 2P;ate -
T~ Do 13— 25210200260
. Trial 2 = Control fpa'm | 66x10° 72 x1p“ 68x10" |78 x10°
19  Example 9

20 i ig ‘ '
‘ Having reference to Fig. 26, the effectiveness of the one variant of

21 the foaming agent by itself to effect decontamination of radioactive dusts from the
22 exterior surface of an armored vehicle was demonstrated. The vehicle, a French
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20 using Silv-Ex-based decontam nation foam 21-In a subsequenzgt rial, ﬂtﬂnhae
same vehicle was contam nated to a |level 22 of approximately f

- DUring novenent of the contamni nat ed vehicle to the 23. si fte_to as
decontam nation, significant loss in the |level of radioactivity

[ ial was termn
obhserved. wod/sTése | o0ss was such that the tria
apparent that the exterior 49 2 6 AU G 2003 WD 00/ 51687 Pac‘%‘?'gﬁﬁéfy%ﬁgg 1

sur f ace, 1 hahivit- 1Defmared P eryshieICE SR8 Oywiad c%%t%ﬁﬁa&ee%%{gé}%wgggﬁ? fea%%rfq?{;g' n

radi oactive 2 particles. sprayed onto iIt.

d, .
been deqr eagqd "4 M&Iesgene?‘%ﬁf%? tﬂgﬁimilafeg c?e't ;@%\g%%’qu&e ggﬁﬁ%& beln a

suggesting an additi onal

tamnated 6 and
Cobocaucn | AR APaiid B eSS Bk B dushy teras. Denontaminatinn bambidtion 7
de dto attain a
t i oactive particul ate matter was observe
?g\(/:volne\?e nagglﬁg %’ B%(a}dﬁﬁmﬁr NYas#rIPEeE ovetihet suriacatdf dime vehlblei:ém% Bpdwsed

decontanmination 9 foamreduced the radiation to a |evel of 0.33 nReni hr

SPHER Washerfixed ovith a2 airfedd dtionafbhRT nézAE6PHE W
g.];):)Fng.tl onaﬁﬂboth of which surpass the 11 standard appro ‘g@% or agg]r e€ssi ng

t hi s hafar din aﬁmlﬁngﬁfmtfgﬁha@@@arhs V\Eu&é‘d;&ént?o ﬂme]*a hcﬁ\ld]:?épﬁ%qqrgéwg{qqﬁgbsal

St eps
tam nati on eV| ce

suppression from an expl osive CB con th a containment. 5
of (a) Sur rmlﬂden@aé h@Nédeoé's\é‘ﬁsm%OﬂEﬁ{g 0kerg rag% |'oﬁem\emasurements on the

structure; and , _ v
‘8 extenor could be made. In Figure 15, the radiation level measured inside the
-9 vehicle in the first trial was observed to be in the order of 30 mRem)hr. After towing
| 10 to the decontamlnatlon site'and commencing application, the radiation Ievel was
11 observed to drop sngmflcantly (to approxamately 11 mRem/hr) presumably due to
:12 foam layers dropping off the sides of the vehicle durmg the application stage. The
13  radiation level flattened off over the course of the decontamlnatton probably due to-
14 resndual partlcles remaining on the vehlcle In areas where the foam could not drop
15  off (top, crevices) readily. On commencement of rinsing of the vehicle with water
v 1‘6 | the radiation level dropped even fudher (to approx. 6 mRem/hr) presumably due to
17 flushing off somebf the remaining radioactive particles. .A map of the radiation
18 emitted from the exteri‘or surface of the vehicle as samipled by a frame of 80 probes
- 19 conflrmed that the radiation had been significantly reduced by decontammatlon
20  using Silv-Ex-based decontammatlon foam.
21 Ina subsequent trial, the same vehlcle was contammated to a level
22 of approximately 45 mRem/hr During movement of the contaminated vehicle to the

23 site of decontammatlon sngnlﬁcant loss i in the level of radloactlwty was observed.

24 The Ioss was such that the trial was terminated. It was apparent that the exterior
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7 8 (b) filling the containnent structure with an aerated foamz:%n'RU'GsMng
both, i) a high expansion foaner; and ii) a foamer-conpatible

décont am naWVPIS8T nul ati on effective 9 on -chemnical and bi ecegispaboidgent s
wi t hout significantly and adversely 10 affecting the formation of foam
wher ei n bl orrface, hayng beeo previousty cleandd irs hn eakier Grialf did Hde FetSRATRALS LR
the steps of. 12 preparing a foaner froma surfactant, a co-sol vent

| d 213 partices]s: { 6thi :
sel ecte partiohes Isprayedugnto 0 i Sthied GroRds #1) Wa%@ﬂaglg%% H&%ase&égd fust

pol yet hyl ene gl ycol, and derivatives and m xtures and
stabilized Il&dhHurefhd h ] J f l.ation from 17

chl.or oi socyanur i ¢ ac détgg%??sgﬁgegF‘W%%bg%i’ ﬁﬁéﬁ%ﬂ’ﬂ aé’a?@'""f@ﬁ’%’?‘?ﬂﬂ%meon
at a pH fqomﬁgg)blﬁhéjfg%ﬂ‘fl%?%t. 8.5; 19 preparing a mxture of the foaner

~and decontam nation lation in water; and 21 foam ng the m xture. .
22 23 2_ Ehe method of claim %qu wherein said chloroisocyanuric acid salt is
24 select® fromthe gri8e8ied sxamiationdn whick paintgiaxiels alere abntaminated
nonochl or gi socyanuric acid, 25 dichloroisocyanuric acid, and a conbination
"t hereof Wl%t'h %ﬁ}gﬁukﬁqmlu.dmntmimecfbg drptsbngbbiig,cthai staddard @ sbacis fbrd -
al kali metal salt of 28 dichloroisocyanuric acid is sodium

di chl or oi docydeeontansinatidn af dkABiRE Partibutbte FlcrREAbsaly -' @ TRy to
3, wherein said buffer fails over 2 time, allow ng tﬁe ;ﬂ‘%sgq%érf+ roxﬂélan'
| irnitial pB ofofahb88tmRéni/er Whéféa@,@é'éorﬁaﬁination with Silv-Ex-based decontamination
9 foam reduced the radiation to a level of 0.33 mRem/hr after one application and

10 0.22 mRem/hr after a second decontaminant application, both of which surpass the

11 standard approach for addressing this hazard.
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3 4 5. The nmethod of claim4, wherein the buffer maintains the pH of the
5 fornul ati on above 8.5 for at |east 30 mnutes. 6 7 6. The n?yggﬂuﬁzgﬁﬂy
of claims 1 to 5 wherein the co-solvent is 8 polypropylene g g
the chemcal formula R -(OCH(CH3)CH2) "OR2, where R, 9 and R2 are
i ndependently H, an alkyl, or an ester group and n>. 10 11 7. The nethod
of claim®6, wherein said al kyl group representing R, 12 or R2 is a nethyl,
et hyl , pyveRJLAIRE butyl group or a mixture thereof. 13 14 8. The nethod of
cIa|n16 wherein at |east one of said R or R2 is 15 hydrogen. 16 17 9.
TheZnethod of claith 6, fh&ethed bf@rhdlgaer@ah suppesRibrafeomyan og@losiveldCBo 10.
The neth n said co-solvent is a 20
: Bﬂnﬁn ﬁﬁt{cfr{e’ge\ﬁ&?%?}gpyiﬁg Re s :

partlallye ne g co - 21 22 11. The nethod of claim

10, 4wherei n sai d p@)tsuntdundirighibie éxplokive? domaminatipydenee gitficotodtamnidng ‘
for | a Rﬂ'Pi((OC'_l )CHI - OR2, where one of the R, or 24 R2 is independently
H or an S‘z’re p and n > 1. 25 26 12. The nethod of claim 11, wherein
sai ¢ al kyl represegy

ool ok et o S Mg b ERrhony Sl kh geRE foarREgRBlBBLM,
| eadt one of said R ori)R i3 highiexpansiorsatnes; awils 2003

8 i) a foamer-compatible decontamination formulation effective
9 on chemical and biological agents without significantly and adversely
10 affecting the formation of foam, wherein before filling the containment
11 | structure, further comprising the steps of:
12 . preparing a foamer from a surfactant, a co-solvent selected
13  from the group consisting of polypropylene glycol,
14 polyethylene glycol, and derivatives and mixtures thereof,
15 ' and a foam stabilizer;
16 . preparing the decontamination formulation from a
17 chloroisocyanuric acid salt, and a buffer to maintain said
18 formulation at a pH from about 11 to about 8.5;
19 . preparing a mixture of the foamer and decontamination
20 formulation in water; and
21 . foaming the mixture.
22
23 2. The method of claim 1, wherein said chloroisocyanuric acid salt is

24 selected from the group consisting of an alkali metal salt of monochloroisocyanuric acid,

25 dichloroisocyanuric acid, and a combination thereof with cyanuric acid.

26 |

27 3. The method of c¢laim 2, wherein said alkali metal salt of
28 dichloroisocyanuric acid is sodium dichloroisocyanurate.
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1 14. The method of any of clains 1 to 13, wherein lithiumhypochlorite 2
is included in the decontam nation fornulation in anounts i nuzhé &&ngﬁ@gf
fromabout 3 5 to about 1.0% by wei ght of the chl oroi socyanufi | t
4 5 15. A process for neutralizing an explosive CB contam nation device 6
conprising: 7 (a) producing an aerated foamforned froma fornulation in
water 8 conprising a surfactant, a co-solvent selected fromthe group
consgsting of 9 Palypr aelbmor!of el o Rl Y £ WhARld At AR GV | ves
and m xtures thereof, a foam 10 stabflizer, a chl'oroisocyanuric acid salt,
and 21 buftinee, allowing theaphh te falldrdro mminitial pid aitabaut 11 teoalpHamouldut 11 to
abOLg 8.5; and 12 (b) surrounding the expl osive CB contam nation device
with"the foam 13 14 16. The process of claim 15 further conprising
surrgoundi ng the . 13, expleinetheB of eRiirmM, Werain tReBufa mhahtaifs #RPRbMRRN!
structurg and fi Ilbn\gqthe structure 16 with the aerated foam 17 18 17.
In conbi AGFTYation,akgve B fopat lgrshal snutesppr essi on of an expl osive 19 CB
contgam nati on device conprising: 20 (a) a containment structure for
surroundi ng the expl osive 21 contam nation device; and 22 (b) aerated foam
contfai ned within tife st Thetmethddedohgny of mbainisr brto &, vdReréinatinef co-solvand i3n i n

Frofl  ne PP e BHEPREA A st iR oBula 5 clocRAGRpERL ke iigredhy and
25 deri vandRsareriddeperidently tH)eineslkyl, 6r ah kefRigr@gyandhbE acid salt, and a

buffer to maintain 26 said fornulation at a pH from about 11 to about 8.5.
27 1bg 18. The systemof claim 17 wherein the foam fornul ati on conpri ses:

29 {a) a foamer compri sihg Hefdb'FAM 6, Wh&RirsS4id ikl SRIBTeprbddrtRh (e
12 or R, is a methyl, ethyl, propyl, or butyl group or a mixture thereof.

13

14 8. The method of claim 6, wherein at least one of said R, or R, is
15 hydrogen. '

16

17 : 9. The method of claim 6, wherein both said R, and R, are hydrogen.
18

19 10.  The method of any of claims 1 to 5, wherein said co-salvent is a
20 partially etherified polypropylene glycol.

21 ’

22 11. The method of claim 10, wherein said partially etherified

23 polypropylene glycol has the formula R,-(OCH(CH,)CH,),-OR,, where one of the R, or
24 R, is independently H, or an alkyl group and n >1.

25 i

26 12. The method of claim 11, wherein said alkyl representing R, or R, is a
27 methyl, ethyl, propyl, butyl group or a mixture thereof.

28 _

29 13.  The method of claim 11, wherein at least one of said R, or R, is hydrogen.
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30 group consisting of polypropyl ene glycol, polyethylene glycol,. and
derivatives and 31 mxtures thereof, and a foam stabilizer; ap dE%&UG%ﬁﬂ§3
2 6 AUG 2003 0 WD 00/ 51687 PCT/ CAOQ 00199 1 pol ypr opyl ene egcoI,

pol yet hyl ene gl ycol, and derivatives and m xtures thereof, a 2 foam
stabilizer, chloroisocyanuric acid salts, and a buffer to maintain said 3
formulation at a pH fromabout 11 to about 8.5; and (b) surrounding the

explbsi ve CB cont anMnat v relethiodeonainybofidRemS oRr f, Wﬂxe?éiﬁmhu.?mlﬁr dBRlIoRtPCESS
of ¢ i &\ther conpri sing surroundi ng t he expl osive EB

_contéani nd?u'BH'UH@W'?: %’%qvﬂéafem#lan latien incameuntsrid the rangegpfifesn about
- strugtur f ation, a systemfor
di spug:ersalej tgu%%)br&et?g?gﬁ g\g&%‘t CR?S& %‘%‘%%VE%BEB ﬁ{%‘{]nati on device

conptising: 13 (a) a contai nnent structure for surroundi ng the expl osive -
erat ed foa contai ned within the

14 nt am nati on d and 15_(b
structure being for #ed 7} BhpcEss ic% 3%&@3@@%%9%\@ GEeariamiiation devicsr
com® i si r@ndpriiig:act ant, a foam stabilizer, a

7 (@ producing an aerated foam formed from a formulation in water
8 comprising a surfactant, a co-solvent selected from the group consisting of
9 polypropylene glycol, polyethylene glycol, and derivatives and mixtures thereof, a foam
10 stabilizer, a chloroisocyanuric acid salt, and a buffer to maintain said formulation at a
11 pH from about 11 to about 8.5; and
12 . (b)  surrounding the explosive CB contamination device with the foam.
13
14 16. The process of claim 15 further comprising surrounding the
15 explosive CB contamination device with a containment structure and filling the structure
16 with the aerated foam.
17
18 '17.  Incombination, a system for dispersal suppression of an explosive
19 CB contamination device comprising:
20 (@) a containment sfructure for surrounding the explosive
21 contamination device; and
22 (b) aerated foam contained within the structure being formed from a

23 foam formulation in water comprising a surfactant, a foam stabilizer, a co-solvent
24 selected from the group consisting of polypropylene glycol, polyethyiene glycol, and
25 derivatives and mixture thereof, a chloroisocyanuric acid salt, and a buffer to maintain
26 said formulation at a pH from about 11 to about 8.5,

27
28 18.  The system of claim 17 wherein the foam formulation comprises:

- 29 (a) afoamer comprising a surfactant, a co-solvent selected from the
30 group consisting of polypropylene glycol, polyethylene glycol, and derivatives and
31 mixtures thereof, and a foam stabilizer; and
32
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17 solvent selected from the group consisting of polypropyl enﬁ @'M'ZUUS
pol yethyl ene 18 glycol, and derivatives and m xtures thereof, _

chd or oi socyMQ#USd6&ici d, and a buffer 19 to maintain said forgpg@ldopgrdt @
pH from about 11 to about 8.5. 20 21 19. The systemof claim 18 wherein 22

(2) the fohmepotypramylanaglycolipbhyetioiitne glyeot sAl\RAaBRILAE R hfbor??
group consisting of. polypropyl ene glycol, polyethylene glycol, an
derivatived afuham 24tabilixetr eslok furidNGe; bil,izer;, and .54.2 6. AUG
2003 1 2 22. A decontani nati n%lgg%n {'gpgcrngi %%@u%é@e%sqlﬁ%rf@amq'ﬂmls&@ on
3'in waterzco T2 e : f § risi a :surfactant, a
co- sol vent3 semﬁ%ﬁ%%ﬁﬁﬂyré@ %3@%@1@?% and pol ypropyl ene glycol,
~ pol yet hyl epe gl ycol, anﬂader'i V@Hivei and 6 mxtures thereof, and a foam
stabilizer: ‘and 7 (b) a'YHrAUGInG the explosive 8B montamimationndevice with the
chi or-oi sogyanur i % ‘g?l d, 8 and a buffer to maintain said fornulation at a
pH from apbut 3¢R€G1QMBut 8.5. 9 10 23. The decontaninating and di spersion
suppressing foamfornulation 11 of claim 21, wherein the foamformulation
conprises:¥12 (a) about 0.4 - 4 weight % of the surfactant; about 0.03 -
0.5 weight % 13 of the foamstabilizer; and about 0.10 - 9.5 wei ght % of

the .co-soldent; 14 (b) aporie prédesyf of Qgﬂﬁ#qﬁf m@%g%@gﬁéﬂﬁqf%g@gh}ng ?P?éj

15 (c) the bal ance being water. 16 17 e dec
di sper si 013 suggsIesive B fQmy r§1 ' of claim21, wherein the foam
fornul ation Cgﬁ%ri ses: 19 ﬁa %%btaé %ﬁ/%oyvl'\%\e‘i‘-é‘ﬁf‘{%‘?mﬁnt:ﬁVB‘F@f%@B?aﬁWﬂQ the
acid saltig  gfryctyre with the aerated foam. ~ - :

10

1.1 | | ~ 18.In combination, a system for dispersal suppression of an
12 explosive CB contamination device comprising:

- 13 - (@)a containment structure  for surrounding the explosive
14 contamination device; and
16 (b) aerated foam contained within the structure being formed froma -
16 decontamination formulation in water comprising a surfactant, a foam stabilizer, a

17 solvent selected from the group consisting of polypropylene glycol, polyethylene

18  glycol, and derivatives and mixtures thereof, chloroisocyanuric acid, and a buffer

y .

19  to maintain said formulation at a pH from about 111 o ébouf 8.5.

20
21 19. The system of claim 18 wherein
22 (a) the foamer comprises a surfactant, a co-solvent selected from the

23 - group consisting of polypropylene glycol, polyethylene glycol, and derivatives and

24  mixtures thereof, and a foam stabilizer; and
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20 (b) about 0.6 weight %of the surfactant; 21 (c) about 0.03 weight % of
the foam stabilizer; 22 (d) and about 0.75 % of the co-solvent sad écAHE 2003
fromthe group 23 consisting of polypropylene glycol, polyethylene glycol,
and derivatives and m xtures 24 thereof; 25 (e) a buffer to maintain said
~fornulation at a pH fromabout 11 to about 26 8.5; and 27 (f) the bal ance
being water. 28 29 .. 25. The decontam nati ng and di spersi on suppressing
foam fornulation 30 of claim 24, additionally conprising |ithium
hypochlorite in amunts in the range of from 31 about 5 to about 10% by
wei ght of the chl o8 sodydeeentaminatiogsamidtdisparsion suppressing foam formulation

3 in water comprising: '

4 ) - (a) - afoamer comprising a surfactant, a co-solvent selected' frorh the
5 group consisting of polypropylene glycol, polyethylene glycol, and derivatives and
6 mixtures thereof, and a foam stabilizer; and

7 (b)  adecontamination formulation comprising a chloroisocyanuric acid,
8 and a buffer to maintain said formulation at a pH from about 11 to about 8.5.

9

10 23.  Thedecontaminating and dispersion suppressing foam formulation
11 of claim 21, wherein the foam formulation comprises:

12 (@) about 0.4 - 4 weight % of the surfactant; about 0.03 - 0.5 weight %
13 of the foam stabilizer; and about 0.10 - 8.5 weight % of the co-solvent;

14 (b)  about 3-6% of the chloroisocyanuric acid salt; and

16 (c) the balance being water.

16

17 . 24.  The decontaminating and dispersion suppressing foam formulation
18 of claim 21, wherein the foam formulation comprises:

19 (@) about 3% by weight of a chloroisocyanuric acid salt;

20 4 (b) about 0.6 weight % of the surfactant;

21 (c)  about 0.03 weight % of the foam stabilizer;

22 (d) and about 0.75 % of the co-solvent selected from the group

23 consisting of polypropylene glycol, polyethyléne glycol, and derivatives and mixtures
24 thereof;

25 (e) abuffer to maintain said formulation at a pH from about 11 to about
26 8.5; and

27 (f) the balance being water.

28

29 -+ 28,  The decontaminating and dispersion suppressing foam formulation

- 30 of claim 24, additionally comprising lithium hypochlorite in amounts in the range of from
31 about 5 to about 10% by weight of the chloroisocyanuric acid salt.
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