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(57) Abstract

after suppressing the flame. The invention also relates to methods

(54) Title: COMPOSITIONS AND METHODS FOR SUPPRESSING FLAME

The invention relates to flame suppression compositions including an inorganic halogen-—containing component including bromine,
iodine, or a mixture thereof, and an organic binder system having a heat of formation of less than about 200 cal/g, wherein the composition
is solid at a temperature below 100 °C and combusts at a temperature between about 160 °C to 1200 °C to produce a plurality of reaction
products capable of suppressing a flame upon application thereto and wherein substantially all the halogen is converted to a solid form

of suppressing flames by combining an inorganic halogen—containing

component including bromine, iodine, or a mixture thereof, with an organic binder system having a heat of formation of less than about
200 cal/g to form a solid composition, generating a plurality of reaction products from the composition in a substantially gaseous form,
wherein the reaction products have a velocity, and applying the reaction products at a temperature of between about 160 °C to 1200 °C to
at least one flame in an amount sufficient to suppress the flame, wherein substantially all the halogen is solid after suppressing the flame.
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2, Y=0 or 1, )ﬁﬁ%’) must be suffi ci ently heated and
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-2- extinguishment molecule increases in size (the more atoms and bonds it contains) so do the
degrees of vibrational freedom, thus the higher the vapor heat capacity and the greater the
heat removal. The chemical mechanism involves interruption of the radical flame-
propagation chain reactions, which are the various reactions of hydrogen, oxygen, and
hydroxyl radicals that produce flame. It has been speculated that bromine atoms disrupt

these chain reactions, which also typically terminates combustion. Halides are ranked for

25

their flame suppression capabilities. Fluorine/fluorides are assigned a value of 1, while the
value is 5 for chlorides, 10 for bromides, and 16 for iodides, i.e., iodine is 16 times more

effective than fluorine/fluorides.
30



human skin cancer and cataracts, as well as danage to crops, natural

ecosyst ens, wagvdisgz4 materi-al s and various ot her adverse effelg;{ns 9g&l g{i ne-
and brom ne-contai ni ng hal oal kanes are known to deplete s r’g§ sﬁ éric
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The HALONS are bromoflucrocarbons ("BFCs") that are similar to
chlorofluorocarbons ("CFCs") but have the formula C Br, CLF, (where W=1 or2, Y=0Oor 1, .
and X+Y+Z=2W+2). HALONS must be sufficiently heated and pyrolyzed by a flame to
produce free radicals before they achieve sufficient firefighting efficacy. Thus, HALONS
are fairly stable and tend to work best on fires with hotter flame temperatures. This stability

results in only a 5% effectivity for HALONS. Asa result, these organic compounds tend to -

25

have long atmospheric lifetimes and migrate to the stratosphere where they undergo

photolysis when struck by ultraviolet radiation, thereafter typically decomposing to give
30 chlorine or bromine radicals that act to catalytically destroy the protective ozone layer of the
earth, as well as possibly adding to global warming. This depletion of stratospheric ozone

allows more ultraviolet light to reach the surface of the earth, resulting in increases in
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. desitable, such as reduced toxici tyvx/mchjs anot her major issue in the
. sel.ection of WO99/25#24ef i ght i'ng agents...For “exanpl e, the toxic cfCEUSB/ 29161
hal oal kenes i ncl udes sinulation or suppressi on of the central nervous
system initiation of cardiac arrhythmas, and sensitization of the
heart to adrenaline. Inhalation of gaseous hal oal kanes can cause 5

br onchoconst r hatnian skinreadcerangd chtaracts; gs welps damage,to drops ssatunabegoisystems,jand
vol ume, reduce . e arterial bl ood pres e, and; produce tachycardia.
Lang Ter m ef  BAteralS Y Vg otier afYRRRRAtie By i ine At BpRrDe pobAmME RlIbaRancs
teratogenesi s o AQfhviPlo depRISCHEdbspheric ozone, with bromine posing H gkd¥@érFeéKlem (per atom)
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hal i des are kudestroyf the stratospheric ogompla¥ersi on, al t hough they are either |ess

effective than HALONS or.,| ack one of the.l har.acteristi. |
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(trifluoroigdomnet hane, (fF[eyr]I) has | ong been known_ to have firefighting

potential [Dh Gitnafipmsssuch as gircraftgtanks; aud sigps; tepsaddetionghawaniifyraquired fotew Yor k,

p. 5477 (1982)1,. _ . , . , i.sclk .

fire extinguis |%m%1 eerﬁt = \il cﬁ%’tt%b(%% gﬁﬁtuﬂlg@&tgd]o%eh% %ﬁ?ﬁ gngaflce%#gﬁll%f@ﬁﬁm

1;] _oahm pr Ioducled ("W heid atieospheric lliﬂetim'ﬁsiesﬁmhh texl md:mwdld tlho?]saa_d lyearse Mdreover, their
i gh mol ecul ar quat emary anmoni um phosphoni um _and sul phoni um

conpounds. Th®seducEep aud use isalsoheng restagted §y parding degisiation and hability copsegasof

and i odi des. rrentr{xanufac ers. U S. Patent No. 2,818,381 discloses methyl

brom de used. for extinguishing fires. This reference al so discl oses

anot her ear¥y fire exti rigpuirdéritoquantifp dsisé tonvetsyhalogehtconbiniag flame sippression

wei ght of a chl oro-difluoro nethan avi ng, bet ne ang t chl ori.ne.
Atonm, vi t h OBSERS B ASEEA L DA (5P SRR PRIHTE (PLBr DB BT R fafve
bromi de. ability to destrog strafdspherfediz8id. TIR 0z8nd d&p18ifon Stemiad $€Salcu1Aed irfleach
propel | ant conposition having 60 to 90 wei ght” percent oxidizer

co rrpﬁ In ent sel @asmlla‘ti:vlo o €F0- };Il (Giﬂilg.?;ribhlomﬂuarmet@mh Iwhiclyhas beenﬁmigmf‘malue
et ol 30 i ¢ bt Many s Ot oRat) AL OREGE Rdher DB b 484 14

oxi di zer bé@hgn@itariipea greatePSEsiHR| RpRLISE potfeflxﬁ’?! Thefels fHhs\uRiead Forfaefighting) for 8ame
(6]

bi nder of a rubbery material; and fromO. 8 wei ght percent of a
burning rate ¢upprestiomgompositions that overcome the drawbacks of conventional agents as discussed
-4- U S. Patent No. 4,406,797 discloses a fire

ext i ngui shi ng a@BYﬁJosi ti on having
- Firefighting compositions to replace HALONS should be effective
extinguishants, relatively nontoxic, electrically nonconductive, evaporate cleanly, and have
25 1ow or no environmental impact. HALONS, although they meet the first four criteria, have
long atmospheric lifetimes and high ozone-depletion potentials, and are being phased out of
'use as discussed above.

Although it is relatively easy to identify fire suppressing agents having one,
two, or three of these properties, it is very difficult to identify chemicals that simultaneously
30 possess effective fire suppreésion performance, non-flammability, low toxicity, cleanliness,
electrical non-conductivity, miscibility with common lubricants, short atmosphere and

environmental lifetimes, low or no ODP, and very low GWP. Other characteristics are
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a m-xture of finely divided al um num conpound and an al kali netal, stannous
or . pl unbouswg 99/2884i de. The netal halide may include an al kak&r}ir%%ﬂﬂﬂe. g.,
noous

pot assi um i odi de, brom de, or chl oride, or stannous or plu i.0odLde,
brom de or chloride, although potassiumiodide is 5 disclosed to be
preferred for use in the conposition. U.S. Patent No.

4,486, 317 angesirabiROsiutfi 3s dnctPRRicH! WRILH if Alothdr SiforiSthe M the seleci@BOS 1 ONS

of a thickener in aqueous solution or slurry stabilized against thermal
degr adat i on Biefightingagenis. For grgmple, the foni¢ effsctosf halgalkepesinclndesisimulation or
| odate ions jn the sol uti.on or slurry...T t hed and conposition also
el ude. & & HEBRRISFOn of et Tor s Systéch jois o BFcabtiae ARbuoMRosnd | o

hydri odi ¢ aciehsitidafioH bt ha tdQadrenaling. Kinhalstidibdf dabdoR haloalkafesah eande0di de,
or an al kalLi_netal or alkaline-earth netal jodide, iodate ion selected from
i odi ¢ aci d? brorehriconstrieting, reduge pulmoppryiosnliance; depressrespitatary yalms, regucen

al kal i et al . i ne-ear L .i r -2, conbination t he
R ae“‘?“&#’ié’ghﬁg%ﬁ‘&g’ %“r?ﬁ&‘ﬁ"?it%g‘g‘?ée‘&f‘b%‘g e B cat hclae

ef fecti ve i nhepamiporisity puitagenbsisiiterdtoginesis] anibesgdinegenicitgfat e 15 concentrati on
up to 0.3%is preferred, as hi g_-ger Qncentrations result in conversjon of

i odat e to iodide obwihermegs, B ageisBusialsode chemically stable during

U.S. Patent , ’tfﬁél@ . .
corrpositions%geﬁﬁﬁ%iﬁgbﬁgg’gﬂggén%us |’8ﬁ&§@v\oo aﬁﬁ@%%@&ﬂ%gﬂtﬁxggﬁc

mat er i al s1®ysystem innwhiely tmyianghoused Firefightirlg agents mustiypidaily be stablewn siérage at

m xture of sodium chloride, ,2Q pesiymchl.qride, sodium sulfate, sodium ~
borate, cal CCHRFRAIE: PIAPOU nQégSﬁn.‘;ﬁnﬂé %\;ld%eco%eﬁb{]gpg teﬂ?é‘%ﬁf)f?sﬁ?ﬁon
may al so optiafal-ippifEipedRscal ci um sul fate, pot assium sul fate, . calcium

chloride, magnesium'sul fate, nmagnesium brom de, and potassium chloride.
U S. Patent No. 5, 466, A3Grictyxflaiemgtive agentsicontagunghdlidgs awkpowntfonfis of | ow -

ot a vt or PBreRsib M e ) B ot RSBl By OIS AE}aRk S8 0P, T
st ear at e, 1% ochiapaetepiéticd deaivedid flinie s@?ébssi_on apéitd ascdeperibeld 28604]| Soreabpmes t he

fire-extinguishing properties of chlorofluorocarbons and hal ogenat ed

par af fi ns hametigds sid agentsareidisusseddrelow oBer example,papinest igdinatediagentr ei n.

U. S. Patent [ | NQUies bt I G
havi ng an az@%“%?ﬁ’ﬁg”r“?ﬁ‘gﬂgrﬁgq‘;‘g3‘1“%"5‘3@%@%&% ﬁ%ﬁ‘%&é@?‘ﬁ%ﬁﬂé‘gﬂ%’y
CUred (0 a Fabbary commasite by tho add boon o an i socyanat e that
flanel essly deflagrat NixS aﬁp-bﬁacﬁ{ﬁg&a&ﬁ?ﬁﬁP@%@’éﬂﬂg‘l@%%ﬁaeﬂi%%ﬁod
and a 1 R ombeddvBrs burning material with foam produced by a mixture of alf uid and 2 compound
U.S. Patent No. 5,562,86% I scl oses a get of €nvi ronmentaqy saf e,

nonf | ammabl eseldcted-fram hight moleciilar qrateanary amsainiwnyt phosphosinny andisniphemjent s,

propellants, co%]p%unds. These compounds are'd'isclosed to include a variety of bromides and iodides.

U.S. Patent No. 2,818,381 discloses methyl bromide used for extinguishing

fires. This reference also discloses another early fire extinguishing composition having 10-
25 40 parts by Weight of a chloro-difluoro methane having between one and two chlorine
atoms, with 90-60 parts by weight of a mixture of bromof_orm and ethyl bromide.

U.S. Patent No. 3,779,825 discloses a solid propellant composition having

60 to 90 weight percent oxidizer component selected from solid inorganic oxidizing salts of
ammonium perchlorate, the alkali metal perchlorates, ammonium nitrate, the alkali metal
30 nitrates, and mixtures thereof, at least a major portion of the oxidizer being of the
perchlorates; from 10 to 40 weight percent of a binder of a rubbery material; and from 0.1 to

8 weight percent of a burning rate depressing agent.
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firefighting agents that allegedly. have no.ozone-depletion potential. These
agent s i ncl ud® 9925424 | east” one fl uoroi'odocarbon agent of the dgempsysR4161
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10 having | abi romne atons d to non-carbon atons that are alleged
. to be nore  chisidectr stannbhsor phanbbuslipdide promidoar chloridepplthangh pgtassinasiodide is

- These conpo re.discl osed to hydrol yze. or oxidize rapidly in the
troposphere@%ﬁ%ﬁ‘?ﬁ?/?%g‘wrﬁ&“ﬁflﬁ?w .°°mp¥’31%°n' Reduct i on of
_ toxicity, ODP, and ot heryy§npatba'NG ¥ 486,57 HAUI3IIOLE diktlose m&ﬁbd%rﬁﬁﬂre?gﬁhg‘&id

. effective flame suppression to achieve a superior flanme suppression
conposi ti on arcdmpesitions offd thivkendr imequeous selntiorc omshamy stebidized hgaiast shapmakssi on

conposi tions ve .achieved, |im ted ozone.deplet.] potential, Jt .S .
Cyplcal |y ot CREBRTEHE L metsiogor Ry 8F & ngrty BE FhlBlk PROB ROIAL el o e
efficiency. Thetiohd®snegd To% nidtitod £id dpositiofAKoiACHIENA Hetially stabitizing amount
non-t oxi c B_ie suppressi on conposition, and use thereof, that have

better fire swfpedidsionselseied fonyhydsiodia anid, appmeniumyiodide,psalkyl-spbstituted

Suppr ossi on ' ¢ ARFRRAI AR, S5 p1sel sl of felthB St R 0, Tp B o Brcl e Fom

conponent i ncliodit agidpamiofifam iodaie)an alkyl-substitatadranrhbrdiuRGbdate) ot adralkali metal or
organi ¢ bi nder system having a heat of_ formation_ of |ess, than about 200
cal /g, wher ei ikaliae-zarth et d9date, ar p ombination,of the dedideand igdateden eprpeymde (Fhec

when cured an : r u tﬂ(ﬁ%h I; o]
1200[err] C toq%‘?agéc}%gl ZiE g‘sgﬂ&’ﬁgda?ﬁ etﬁ;/e%'o ?eﬁé%%%nlﬁ’ggp\é%g{gﬁ@m’ &l ca ag‘Flell)co%té

suppr essi ngt3 coheatratipwup apBYciapreferréd) as higher dineentestiohs resulp iocomvessian ef iodate
af fected byg’;’ﬁg flanes, thereby converting substantially all of the

hal ogen into &° oves timeandhigh temperai¥eessi ng the flame. 30

in a preferred embodi menys, pligni N6y 4361865 aha4I30090 RIS
i ncl udes pot assi um bronine, potassi um bromate, potassiumiodi ne, potassium
i odat e, arcompiositiohs forinhibiting thedombustiomef woodandoothennellultisivanaterials by
ammoni um i odat.e, _or a e v o includi . di hl .a6-
m xture t her edMProERating,gich materal sith commostiions eluding.2 Mo sodium chloride,
hal ogen- cortGirpidigsium GHIHTR SSHiurh Sulik SolREn b6ate, EAGuE SN, nighad i sl fate,
| odat e, potassium bronmate, potassium
. and water. The composition may also optionally include calcium sulfate, potassium sulfate,

calcium chloride, magnesium sulfate, magnesium bromide, and potassium chloride.
U.S. Patent No. 5,466,386 discloses fire-extinguishing compositions of low
ozone depletion potential having dry particles of ammonium bromide coated with a water
25 repelling, solid, non-flammable adherent, such as zinc stearate, to improve flowability. The
particles allegedly enhance the fire-extinguishing properties of chiorofluorocarbons and
halogenated paraffins having low ozone depletion properties when dispersed therein.

U.S. Patent No. 5,520,826 discloses a flame extinguishing pyrotechnic
having an azido binder, such as a glycidyl azide polymer (GAP), an azido plasticizer, a solid
30 tetrazole, and a perfluorocarboxylic acid salt cured to a rubbery composite by the addition

of an isocyanate that flamelessly deflagrates to produce primarily nitrogen, carbon dioxide,

and a fluoroolefin.



brom ne, anmmoni numiodate, and a m xture thereof. In a preferred _
enbodi ment , wige, anic - binder systemof the conposition

bi nder resin ofngﬁgleast one curing binder, nelt 5 cast binbgfh%gﬁ?QQ&ed
bi nder, or a mixture thereof, a curative present in about 1 to 3 weight
percent, and a plasticizer present in about 10 to 30 wei ght percent,
wherein the organic USL Rakenit Ny.s3, 560, 861sdiscloR8 b seff of fedwiiBhhentaldf sdf€ss t han
about 0 cal/g. In a preferred enbodinent, t he grgani ¢ bi nder system
further incl dgafanm Lea;qw-tm@mt}freﬁpmt%gowm%dﬁm@owe@gem&mmpel ants, and

ant i oxi dant anaci f bl e

t he bi nder re%gﬁng"llu ge&%r'%agxy%%mﬂaﬁ}a%% gc? PO %d@l%ﬁ%ﬁéota{tﬁi hg%gg%gk%@tat
gl Iycgl gol yﬂeaspyﬂxeﬂmol rgidyloatrboﬂl;gbnob ﬁiftcline formtﬂaeCl;HJBil MEP‘,ENL%,}QM €isd,to 8; bis
pol ybut adi gne, acryl onitrij ut adi ene acryli.c aci ut acene,

gl ycol azi ?c]) Oa‘& %54 S’Mildtil%ﬁi‘%éﬁl pﬁfseln %& éx‘ﬁﬁé‘tlu@ez s g%prence also notes
n a prefer! g ahnaiithlichollal AGRA! RARpRY far DRl SHERC ddtnitinds are

anount of about 4 to 15 welrght percent the conposition.
preferred 15 tewtoxili ameinmstablectoasg &DIIthCSblpﬂdeCSymi mdocarqusdwabeeme_wntedrmu nt.

Im;t ggg“;nﬁoé&’%‘%tg%e‘tnﬁétbyw %g @ﬂﬁ?é&g?‘ﬁpﬁgo%h%ggl tion include

Herr]O, CO, and athgl Paeﬁm@rsteawswdxmwe@duraksefﬁfe 4Rt oRhpfuh s
fromKiI, r, Herr], COHerr], Of err]’ I[err]OH, Klerr]l, and a

m xture t Het devinglabilerhyomine aém;ahom nonmrbomrnbthabm@ugg@ tabemarea 2 0

The i nventi o fpe o BtV nEhnd SO subRhosRle oty HoarsbiByonds s diselgeed,

i norgani ¢ haheggdrobes b biidie rasidBAReRe tr hﬁb&ﬁﬁﬁehﬁ&&bﬂﬁamh@diﬂﬁxal QDR N xture
t hereof, and an or%nl c binder system havin eat of formation of

| ess than about 200 cal qglug@oq of taxigity, ODBOMQP@@'@E\UKPW%ﬂ offstsmaesthg a

plurality of ; aIIy
gaseous form I;‘[vs‘i‘/nﬂer el the %g{ggﬁ @uﬁ»@% ﬁ%éfeebg?‘\?% Y, e é‘;app yi ng
t1 280[ ] ga?tcbmtpo'l\anoﬂ :md methoda Alﬁmpgh aione necettt doﬂtrm]?aleﬂmﬁf ?ﬂ)ﬁﬁ{sﬁbﬁ] Cto
err 0O a .eas one un Su I ClLen Iress
the flame, weePRPsitionthavs ﬁstfnswr@luattpd Pweﬁ@aﬁg%m@n%t ité typlcalix fithé expense
suppressing tpgird ﬁlgpﬁs?essmn effectlven&ss or volume effiBieRE\F PRROHTREA exibtd For3MS €OUS

reaction products e generated by 3 O conbusti g the’ conposition at a
t enper at ur e ehviztronentalfofrendlyCnon-taxio Ofesupp@ssion compesitigrpland usd thereof, that dave

h I h f th
oaction . CORGATEUPEHLIA L PISHt EHG RHRNEYET B etluced (o o

facilitate®irecting or channeling of

-7- the reaction _products into the flane. In a preferred

enbodi ment, SUMMARYOF FJHEINVENTION cont ai ni ng conponent is selected to ,
i ncl ude pot assi um br om

pot assi um i odat e, amo r;fh% i) éﬁh‘%ﬁ%ﬂ& PJ ﬁ&Eﬁ& g\l%vressm?%mti rr#%ighéu nz]w:ﬂkean margnamc

OL ammoni um llﬁligbﬁ.commgmtﬁpment iheludm‘g Hrmﬁmemﬂh:epoﬁ mixtact theroof] andad |,
t he

Zued

organic binder system having a heat of formation of less than about 200 cal/g, wherein the
25 composition is solid at a temperaturc' below 100°C when cured and combusts at a _
temperature between about 160°C to 1200°C to produce a plurality of reaction products
capable of suppressing a flame upon application thereto. The reaction products are affected
by the flames, thereby converting substantially all of the halogen into a solid form after
suppressing the flame.
30 In a preferred embodiment, the inorganic halogen-containing component
includes potassium bromine, potassium bromate, potassium iodine, potassium iodate,

ammonium bromine, ammonium bromate, ammonium iodine, or ammonium iodate, or a

-6 -
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5 i norganic .hal ogen-contai ni ng conponent i's-selected fromthe group of
pot.assi um i OM@®#25424 pot assi um bromate, potassi um bronmi ne, aRGBAISHHR4161

i odate, and a m xture thereof. ' ' | n anot her enbodi nent, ~

t he organi c binder systemis prepared by conbining a binder resin of at

| east one curing binder |t cast_binder, .sol | _Sodiditing’ €

t hereof, a cu%%r%tﬂﬁee% 2 mf reﬁsﬁpeg eﬂ?°§“5\%¥§‘ﬁ§??b?2¢§g§¥‘?‘°§%“d@°a . 2

pl asticizer p enh{g RRtld fidin iR Boupvef pithsseh G6tats; potassiamrbromateppaiassium
bi'nder systemhaS a heat of formation of |ess t han_about 0 _cal/ In a
preferred enbbriminetammbmiuoy igdatecans smirtursytbersed.  In aqrpfeged gmbgdiment,fthe prgapic

I ncl ude at | east, one, of curing .or bondi . | PX]
' opacifier, or %glder sys&egagg%é:pmpgﬂggﬂbqﬂ%éeg%r@?%ﬂ%sg? @n%gm{jaﬂ-n%ﬁ ern,Jg?It
resin is selegi®@inder,sbfVatéddinder, 6rar Miktirethérsdf) a cartive pyebetitdn abo 1 to 3 weight
- pol yethyl ene glycol, "pol i/p(qpyl ene gl ycol, hydroxy- 15 term nat.ed .

pol ybut adi enepersetty nd aplasticizerpresenniniaboptl0 930, weightipeasrmt.ausrein the erggnic

CpLReere b S Y 00 U i,

t her eof . actiron products

are applied i pheidtpaideBitider systénn filrttier @itludes atleaitromeiofh cuting bt boreling ageatanher
. enhodi nent, the reaction products generated are selected.to includ .

Herr]0, CO anioxidant suepacifish: &fiafCAYENSeH - Banetheppreferee entetie bipdspresin

thereor 2 igffilyetdeflgly i, ol s S el oL ol prodiéhctifRof pafony.

present i nventérAnindted pblgbunadiens, polybuyadicrtacsiionittileypalyiuadienseacrylict4oid, butacene,
followi ng Figures, 25 FI 1 illustrates a_.device used to
reduce the velgbiepl §zide adipaiecpqlyglyeol, % G 2 muxture, fts of the

conposition into a fla Gkt ainhis: Fg%hi b R8m is present inan
FIG 1A illustrates anngﬁg Vi ggvﬂe@)gm?)’ge en&%?at ecdevi ceyof I%?&re efL
accordi ng atriouhtief dboas4id 15 weight percent of the composition. In a mene@referred
illustrate flow diagram of . g flane and the insertion and.ef t ]
the reacti ?'r?a ﬁF@GGEP%“tO‘PePF@nHa@Hée’ HEmes ?f?fﬁntc‘ﬂr?ﬂélg}wg?f “{ ﬁgo bf‘é’g%g'%
~invention. Pgéﬁﬂ PTI ON OF THE | NVENTI ON

perceﬁﬁhbgg}n ‘The present jinvention avoids the |
envi ronmental | y adver se Infdnecmbodiment, theirgaction aradustsies thef qomnositignineduds He,

S Y PO B led BB 6 o e B K KBEFE oo, O,
' LOH, K,1, and a mixture thereof. In another embodiment, the reaction products arein a
20 substantially gaseous state prior to application to the flame.

The invention also relates to methods of suppressing flames by combining an
inorganic halogen-containing component having bromine, iodine, or a mixture thereof, and
an organic binder system having a heat of formation of less than about 200 cal/g to form a
solid composition, generating a plurality of reaction products from the composition in a

25 substantially gaseous form, wherein the reaction products have a velocity, and applying the
reaction products at a temperature of between about 160°C to 1200°C to at least one flame
in an amount sufficient to suppress the flame, wherein substantially all the halogen is solid
after suppressing the flame. |

In one embodiment, the gaseous reaction products are generated by
30 combusting the composition at a temperature of about 160°C to 1200°C prior to application
to the at least one flame. In another embodiment, the velocity of the gaseous reaction

products generated from the composition is reduced to facilitate directing or channeling of

-7 -



mnirmally toxic at worst, nonflamuabl e (sel f-extinguishable), and have

short at nospbesesaze 5 lifetime. The present invention acconplg shiflet W th
a flane suppressi on conposition i ncl udi ng a conbi nati on o an Fnorganic
hal ogen- cont ai ni ng conponent and a bi nder system which is typically

organic in nature, in-a solid format a tenperature bel ow 100[err]C
when cured, theteactoruprioducss mto ﬂmmﬁnd-napraferredrpmbadlmeat Minetgan'&limhtgen-

160[err] C to 120Q[err] C 219 uce o] ’ ctLon ucts for
appl i cation ¢ ?a’ 1 W@P% H@tpgﬁs?lﬂﬁ orgp} P Bg"éﬂq Ps in a
solid form qfo&ﬁﬁlu%aﬁﬁsﬁdtmuhﬁlﬁ;d‘aieaﬂﬁmo'ﬁh&a deﬁﬁﬁé\tammommﬁ\ﬁ?&hh@naxﬁin%ﬁmm :
i ncludes a nethod of suppressing flanmes by conblnlng an |norgan|c hal ogén-

cont ai ni ng dedipersmmonimmdsdaie.ior ¢mmixtire fhistrofeIn pmote prefered embh ém# theind

200 cal g % oo SElogBy RO BDRCoshoenIEbaiiied Bihe BRuBHr pERSHERERT
plurality of mammmmt@ﬂmﬁmmmgmﬂﬁoﬁm&a&;m amxmeukmcant I al ly
gaseous form and appll_;él ng the reaction products at a t enper at ur e _ of

bet ween about 160[ er r |1 apgthepemb @mﬂmrgmbmﬁﬁsxﬁmmpa@éfwr@mmzo'
Suppress theaﬁxh?%‘?éﬁm BP&EdsP ﬁé‘&xrfn%:t{ign o ,rh;}?‘ 9&9?@3{5& &'Kﬁfd&egr Q}frx&tl&?e

flane or sot oenls sol i
form Typi cethéryof hhmatleaptesentmaboub naol Bo;veigtalpercgmmcm plisﬁdlidﬂpi'ésentmabout

conpositl gnbystion in e. presence of oxy n, 2 al t hough, ot
types of ¢o nltgﬁg t%deF‘&‘ﬁWeEﬁ?nh §‘(i’& rein, theoxganig @nflﬂéy as Gg'eﬂr‘?fémaél on °I}?ess

The i norgani Hﬂgﬁ ﬁﬁg{n |
typically ar%ﬁa gﬂ?@@glfé’g&ad%eﬁﬁﬁﬁmy el %l%g?lle%x Egﬁéﬁgfs'ygineefléﬁg
source of hdunberinclude atjeast emeofl%tmmngrqnbnndmg agenpranfantiakidgntpan opssifien ara

ded with b d
P efer abl . SPRERETo AHtuet P EE b m%?ﬁ%e@ah%ah%ﬁfsszie 1B 1 0l ne
or iodate, ad g&?&émﬁﬁﬁé@g@l%ﬂta&ﬂéﬁe, ipoR/ettiling gD $0 SHe DIyl HydRApENt

cont ai ns 50 wei percent potassiumi odate. The i odates and
br onat es, - Wiemtingted polybutadwnﬂup@bfbsl admne agylendtrile pelybutadienp aerylig peid hutgcener m

f i d h di
and- br om nedve] b8 afilhte Solbbivbor el 8FR ke wileBERT PYCT M O Fodi nes

sources of hal ogen spdaiagsthehahbadiment) theaeadtion praiuct afe applied in an amount
Propel | ants, incl U(‘Z:i a pot SSI m bromate, tend to accel erate conbusti on.

Accel er ant s Sufifien togxfinguishdts f ape-y I another; rerbpdiment, Mhsreastionnrodicts generated
facilitate §h Sl d oY 6 ra&ac%faig&&\s, lected
CoNposi t:],‘p @é Eefl arretg @EdeHz%g?gs& um 1(Mg?g:)yrﬂrato B © bl cally
only used'T rfrdre¥d, KBaHa00H,, @5 I@HKI, ma:muttuncftherhﬁ' conposi tion. Larger
anounts of potassium bromate in the conposition tend to cause rapid
conbusti on that renders the conposition |ess effective as a flane

suppr essant BMESQM@%]MW however, conbust. relatively. ‘
slowy. An i'ncrease 1nh the conbusting of the iodates _

The present invention may be more clearly understood by reference to the

followmg Figures.
25 FIG. 1 illustrates a device used to reduce the veloclty and direct the reaction
products of the composition into a flame according to the present invention.
FIG. 1A illustrates an end view of one end of the device of FIG. 1 according
to the present invention.
FIG. 2 illustrates a flow diagram of a flame and the insertion and effect of

30 the reaction products of the flame suppression composition of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

-8 -



5 may be acconplished by al so including
10 . WO 99/254230 - 25 5 30,0 PCT/US98/24161

10

15

20

25

30

afbﬁhbustion accel erant, such as

The present invention avoids the envin_mmentally adverse effects of
HALONS and otherﬂame suppressing agents by providmg environmentally safe, highly
effective flame suppressing compositions that are also clean, electrically nonconductive,
minimally toxic at worst, nonflammable (self-extinguishable), and have short atmospheric
lifetime. The present invention accomplishes this with a flame suppression composition
including a combination of an inorganic halogen-containing component and a binder
system, which is typically organic in nature, in a solid form at a temperature below 100°C
when cured, and capable of combusting at a temperature between about 160°C to 1200°C
to produce a plurality of reaction products for application to flames and wherein
substantially all the halogen is in a solid form after suppressing the flame. The present
invention also includes a method of suppressing flames by combining an inorganic halogen-
containing component including bromine, iodine, or a mixture thereof, and an organic
binder system having a heat of formation of less than about 200 cal/g to form a solid
composition and subsequently generating a plurality of reaction products from the
composition in a substantially gaseous form, and applying the reaction products at a
temperature of between about 160°C to 1200°C to flames in an amount sufficient to
suppress the flames, wherein the reaction products are converted by the flame or
combustion so that substantially all the halogen is in a solid form. Typically, the reaction
products are generated from the composition by combustion in the presence of oxygen,
although other types of combustion may be used to generate the reaction products.

The inorganic halogen-containing component of the present invention is
typically an alkali halide, which may either be an oxidizer or an inert source of halogen
species. The component is preferably potassium or ammonium compounded with bromine,
bromate, iodine, or iodate. More preferably, the inorganic halogen-containing component
contains iodine or jodate, and most preferably the inorganic halogen-containing component
contains at least 50 weight percent potassium iodate. The iodates and bromates, which form
oxidizers, are dense materials that typically form free liquid prior to curing with the organic
binder system. The iodines and bromines, such as potassium iodine or potassium bromine,
are sources of halogen species that are not oxidizers.

Propellants, including potassium bromate, tend to accelerate combustion.
Accelerants, which may be desirably used under certain situations, facilitate more rapid gas

generation and administration of the composition to flames. Thus, potassium bromate is

- 9 -



- 10 - ) pot assi um bromate, in the conposition. Measurenent of
t he conbusty and . optimzation thereof are readil d by
t hose of or‘glarr%g??giki Il in the art. The bﬁm@é@gm
used in the conposition is typically organic and includes at least a
bi nder, or binder resin, and a plasticizer. The binder resin includes at

| east onehoftypif&alaiy ﬁmlyigsgidihileséehan dbolt 35:913ighb1i:¢rda1t,ofldiedeoaitibﬂ. lijargter],c or a
m xture thereof. The binder system may, al so jnclude ope or, npre of a
curing or boRERURE Hgatassium bramatedRithe.sampogifion tendyie.ranss wpid combpsten fehger |
such as lithj . . L ] —for
Gse wth t e detdRBbtion less offecive os a flame supblebdith. SRBisturt b billofiu?)

i sophor one diodstedomestre cérbist yelativelyslowlyd i As invyease irethe Thinbustirfg of the iodates
trinethylx¥lene diisoc¥ n eﬁ&%ﬁDl .. di meryl diisocyan%te DDl ),

di phenyl met HRARDE accomp gﬁ‘?&’é{ g1 240, “%E?@W%Eééﬁat e (NDI),

di ani si di ne diisocyanate (DADI), phenyl ene dii secyanate (PDl), xylene
di i socyanate (MXDI), other diisocyanates, triisocyanates, higher

i socyanates than the triisocyanates, polyfunctional -isocyanates, or a

m xture thereof. The anobunt of the curing agent needed is generally

determ ned by the 15 desired stoichionetry between the curabl e binder and

the curing agent. The curing agent is typically present in an anmount of
up to abo¥6 5% However, if a curable binder is used, the curing agent
is present” fromabout 0.5%to about 5% When a curing
agent is used, a cure catalyst is preferably included to accel erate the

curing reaction between the curable binder and the curing agent. Suitable 2
cure catalysts may include alkyl tin dilaurate, netal acetyl acetonate,

tri phenyl bisnuth, mal ei ¢ anhydride, nmagnesi um oxi de or a m xture
thereof. A preferred cure catalyst is an equal percent by wei ght

m xture of each of triphenyl bismuth, maleic anhydride and magnesi um
oxi de.. The_cure catal yst, when used, is generally present fromabout 0.1 to
0.3 @&By weight. 2 5 An opacifier may be used in the binder
system generally in an anmount from about 0.01%to 2% by wei ght. One
sui tabl e opacifier is carbon bl ack. Ant i oxi dants may

al so be used in the invention. Suitable antioxidants may i ncl ude
2,2'-bis (4-nmethyl-6-tert-butyl phenol),

4,4 -bis(4-nmethyl -6-tert-butyl phenol) or a m xture thereof. The

antioxidant is typically present in an anount of up about 0.1 to 1% by 30
wei ght . 20 .

25

30

- 10 -



Whet Rer or not these additives are included, the binder systemas a whole
- typically haswveobresups of formation of |ess than about 200 cal / gpchRrsbeiakl v
~a negative heat of - formation, nore preferably a héat of = - -
. formation of |ess than about -200 cal/g, and nost preferably | ess than
about -400 cal/g. Binder systenms with | ow heats of formation are

" desired, as theptassivin Yromeate, int thewompppitions Masswymspkefithe pemhpstionaigiandr om

the flame and they. .. SQ v i I il i t Q. ' for

| ong-tor m ot or SpERndESeRY Feeld REREpBE B IR opdibiby P 6. 1 ©
conbusted wit-h a propell al'ﬁatﬁﬁ@e_rk?ﬁ&mﬂis@&ﬁlﬂﬁ@on?&siﬁbﬁis typivdlly @rganic gudddclades
| ower flanme tenperatures. The binder systens, preferred also, tend to

chenically ag legsf abinderc or binder resinyang 3 plasticizerc Tbe deFWeFWemF]Hé?iﬁagaét one of

hal ogen- cont & n; | Bnsy :
- bi nder chosen %Ocﬂﬁpﬁg)@@ggg%né’?{fgpfg%erﬁgflgﬁxgﬁégggﬁlgﬁyﬁ'g suc%&?@?ﬁeavﬁg a
. low flane t enpaysemmmayalso ithidednefop o1t ofa cwiny or bindgdgent, @d ahtiotidast, &0
i nclude, for exanple, carboxy-termnm nated pol ybutadi ene (CTPB), polyethyl ene
i

gl ycol ( PEQPacifigt, Pp R SPAMCRER: giohas|lithippgarbanate. oxy- t er i nat ed

| ybut adi HTPB) , b adi ' | . . '
T c i d (PBAR) but S AhBRRRCIST I o ivenfidh Hay BARICHERMN R lene
GAP) , | ygl y aiiisogyanste ((HMIPIsopliorose disoppariatd @PDI), talnetiedisotyanaedTDI),
; (Ni .trz)uspge%llg yoseo@ﬁnmi trqgl cg};i nmﬁ t bi n@;rnr es] xsg .)h:?eqwl)
. undesi rabl e Tor @ygwqwedﬁ%aéxmé%@& &\‘??Féy ngaﬁemmi : enylmethane
tend to be g aﬁatle'oonﬁj,g% Hﬁ{al&udﬁsb@%ﬁ@gewet er,ﬁiahi’&ﬂqﬁ' n# Hﬁ%ﬂc???ale 1€ (DADI),

use in fire suppression ositions. “The mnation o

appropri at e bi rphenylenepdiisnoyiamatd@DI)ixylene diigetyamate (VX3 pothendissocyamdtesnount s
suitable for use.therew th,, wi.ll be readi under st pod one of.

ordi nary skill 1Pﬁ°?¥?é‘af§ﬁ¢h1&h€ﬁ8%°¥ﬁ%?se'§a%_ &WW@%W@;@E&%W@E&?CWES#F a
20 _ mixturd BRr&YN dRE afbBhEST thB LuHRE hetHe ndeded i@fdnéeally dddéridhddby the
present in a@gyut 1lto 3 wei ght percent of the organic binder system -
-~ and gener al Iy idesiresisieichiopreiythegweasy the cyrablediinger and the axingtagent. skhseuring agent is

- 30 wei ght percent. t he Qrganic bi.nger T I &.0 far |

"~ for the curati 3@18511&' If)rlei?? Pgﬁ%’POWSQC}?IQI@?%@?F/&C%?%%&F ﬁj{aoél*rﬁbée R@?tep%?lsgél the

- formation of  curihf agédtitipressiit Fopirabdie 0.9% & atisue S¥aicl uded. Any pl astici zer
with a suitably Iow%eat of 25 faormation may be used, such as trjiacetin or

di-octyl adipate (DOA). TYVhen@aicuring agends used, a cure satalystispyefembleingluded to: h
ostyl e ; : Porwes

nreterred bi nadckaSELGdd Fkton FG LS e Sufloid GHER i buring ot Niitable

© TABLE | 3 A axireitalyste siaydhcis ality] oo diMuriieetal SyetylecetdTmme orgtivng] bismuth,

MWat eri al Heat . of Formati on al / Funct.i on
maleic anhydr?de, magnestium onge or agrglixture thereof. A preferred cure catalyst is an

equal percent by weight mixture of each of triphenyl bismuth, maleic anhydride and

magnesium oxide. The cure catalyst, when used, is generally present from about 0.1 to 0.3

% by weight.
25 An opacifier may be used in the binder system, generally in an amount from
about 0.01% to 2% by weight. One suitable opacifier is carbon black.

Antioxidants may also be used in the invention. Suitable antioxidants may
include 2,2'-bis (4-methyl-6-tert-butylphenol), 4,4'-bis(4-methyl-6-tert-butylphenol) or a
mixture thereof. The antioxidant is typically present in an amount of up about 0.1 to 1% by
30 weight. _
Whether or not these additives are included, the binder system as a whole

typically has a heat of formation of less than about 200 cal/g, preferably a negative heat of
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.12 - BAMMO AMVO 240

Bi nder T car boxy-t erm nat ed -16
Bi nder wo 993944y but adi ene ( CTPB) pol yet hyl ene glycg #yD 4161 -
-1, 060 Bi nder pol ypr opyl ene gl ycol
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(sour cesgyahkdn, more ref&hlﬂ? @'heat of formatldﬁcﬁﬂleyétﬂ?ﬂ £t 206CR)g, and most

pol ybuta I ene acry Bi nder
(PBAN) fifeferahipllesb thandbeute4 @t calig cBmd:ertsystems with lo®/eats of formation are

Bil(r)l(c)ier desired, as they fac1l1£ate m%méessmn by atbsorgmg oreiaetjéqry the flame @%@f

azi do adﬂ?@hﬁ'e(lﬁ;éfe\‘thermal stab %Qo vide for long-term stora eBrHiﬂdéi'sh R¥Vey gl ycol .
adi pate (PGA) ) pro £ Bi ngder aving a 1o

Tr i acePi heat of formation when combuste_t_l witloa propellant are thus preferred, ﬁ they teod s r

s ogﬁf)?/l)ﬁ% altggrgf/gw A%emperatures Tﬁ%%gder systems preferred also ten; l&ﬁ; %% %eéﬁéallyz 0 A

nor e pr eéahleSfich tHat tey Wil hoMtehétovititihe initéaric h %ﬁ-mﬂtﬁnﬁ oférit Prior
pl asticizer. The . PGAtriacetin conbination, faor exanple, as a conbi ned

heat of togisras amﬁuppresszntsdbe@mc}egc wﬁ%f%h%méer systegy may incuds BN c
hal ogen d
pr odacos i rAh g £ 183P AR it and KRB Rtatlol” S SUOMBRIEN Bl
r eact L8ninplude ot &caﬁipl@bhtbomi—t&nmﬁbpommﬁ&dmﬁe(m polyethylene glyeolf | ane
suppr essing conposi tjons e in the I nventi on,
are conb@é%@dp%}ﬂPWWB? &b’ﬁ?\lﬁg itshlgé‘ﬁ‘yéﬁﬁﬁpatfé g’i’}lﬁaé‘ ?Iﬁ%l serr] C,
pr ef er abj 4 BA@MEne acrylonitrile (PBAN), polybutadiene acrylic acid (PBAA), butacene (HTPB

iron adduct) glycol azido adlpate (GAP), polyglycol adipate (PGA), or a compatible

mixture thereof, Nitrous cellulose and nitroglycerin are two binder resins that are
15 yndesirable for use in a binder system of the pre'seﬁt invention,' as they tend to be
chemically and thermally unstable and thus unsuitable for use in fire suppression
compositions. The determination of the ap‘pi*opriate binder type and other binder system
components, and amounts suitable for use therewith, will be readily understood by one of
ordinary skill in the art when selected according to the teachings herein.
20 The binder system may include a curative, typically present in about 1 to 3
weight percent of the organic binder system, and generally includes a plasticizer, typically
“present in about 10 to 30 weight percent of the organic binder system. The heats of
formation for the curative and plasticizer must also be factored into.the heat of formation of
the binder system when they are included. Any plasticizer with a suitably low heat of
25 formation may be used, such as triacetin or di-octyl adipate (DOA). The curative must be
similarly Selected, such as isophorone diisocyanate (IPDI). The heats of formation of

several preferred binders, curatives, and plasticizers are shown in Table I below.

TABLEL
Approximate Heat of Formation of Binder System Components

| sowotFommiona | Fucion |

- 12 -

30




300[err]C to 1100C, to produce an effluent of prinarily gaseous reaction
products. Thewmesnsazeact i on products typically contain H err] GPCIDI598R4thla
hal ogen- cont ai ni ng byproduct - of the group sel ected fromKL, KBr, H2, -
COH err], O[err]" IJerr]OH, Klerr]L and a m xture thereof. These 3 0
reaction products are applied to flanmes as discussed bel ow to suppress the.

fl anes according to the present jnvention The type of halogen found in

the hal oggn- copf airlidaning’ odupt 240 Binder

--13 - gepends—upp—tire—rorgan-c—ratggercontarmmng—conpgnent

present i th he cdrbaxyatermipgtedeSsi pn CoRjsi tion. _ Binder Thye

gaseous r gpct psipbutsdichie¢CTPBY pi cal |y travel at a sofic velocity or fastdr

when exiti wh e flane su8 ressi on qorrpositiqn are

conbust ed. W&u@%&f_ﬁﬂjﬁs&&_
Gt p facilitphgy dir¢cting thgnghfluent fo a

reacti onsg
desired Id

T e 11 alres FOT exdifpre, a4 COUNYeritl Ulldl IIULLI c,
duct, or ockhydndufymmbei r eafi |-16 wet3@soptemvarglesilr ed by tBindee of ordinary
skill in pdsigbmadxemtﬁHTEBI)Jce t he vel ocity of thelgas and to facilitatje
t he direct} on the gas |.nto [ he to be suppressgi One exanyl e
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FI G 1 a| aYa¥a d-ensi-aps—thereof At hroat——hali ng—a

di anet egq ] p?‘dlﬁﬂﬁﬁx&x?ﬁc&i&ﬁt nd conposig4 on in the form ofgihde reacti gn
product s tfo BAA om the phock tube 5. Shock fubes 5 typically coiftain

a l'iner 8 Jpf—= oJal=1a[e
Vari ous cd VGI’WHWKHEPB(WBI ong of the d4Rock tube ar Sinkdsgcri bed
mul tiples Jof the daddnﬁler D. _Fpbr exanple, the length of the entire shodk 15
34D, O =
itrlbﬁstSriats '-"—“ 3" ?vpg.&‘ﬁ)ye dLim;tcerw O]:‘ E:'h(’a‘ : r9?£m2+ 'E,I \,..dlﬁhcrc t he
throat 2 ifs phelggivel adigatp®GA) Y| t he i nvERgo on Ses one Bihdedor € devi ces
to stordStjhe conp03| lon, To cpntarn € conbustli ng conp05|t|on i a
preferred [pahodi neHACEIA ¢ og he el ohd@l, o & RS HOIZEH
facilitate d;-o@ ‘,;3- reacti pHggluct effl ent, a@. ¥e prefered
enbodi nent O O v, O S~ e v e —Oe of
ordi nary dKi |1$0ph01’0hé‘l¢18&¢}tﬂﬂ&tﬂt h} knowl edgs0@f t hese ¢levi ces Curatives readi l||ly
able to s¢g I ect a sPDBbl e devike for use with the present invention.
V\hen the flTame suppression conposition 1s conbustied toformthe plurality
rea%bon products the reaction products are in_a pri marllyﬁlaseous

f orm ed binder syptem welydes PGAor PR withjgdrigoed

convent i OMW%Mﬁgﬁlfmxﬁﬂﬁatﬁsaboﬁbmed%eﬁtoffom{aﬁgﬁsp| ly near the
bottom of the flanme. The reaction products of the invention typically

enter the RrYkeal: The cmpbinstion of the forgsaic helogensermtaining corpontat and the 00 er r ] C,
Wt hout Wi gthinRObihder Bfstem typically produces a rubbery-like solid material that can be

combusted to form reaction products capable of suppressing flames.

25 The flame suppressing compositions, when used in the methods of the

invention, are combusted at temperatures between about 160°C to 1200°C, preferably about -
300°C to 1100°C, to produce an effluent of primarily gaseous reaction products. These
reaction products typically contain H,0, CO, and a halogen-containing byproduct of the
group selected from KI, KBr, H,, COH,, 0,, ,OH, K,I, and a mixture thereof. These

30 reaction products are applied to flames as discussed below to suppress the flames according

to the present invention. The type of halogen found in the halogen-containing byproduct
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and Zone B 20 skt D BABHE B EordEE onbolitGn B BE ol of e BB oh prodiiiio ot

occurs that gk ths shéckaubasli snick thibears twﬁally cortaifila. hnzﬁsefasaféalospﬁamkal Iy
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and oxygen. SPrEPeRitian audp shell 19 of mGtala VanprosAYEREoNal dimnensiops pEthg Sh8°1?1@b5§
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el | able. T oltbAsHinb L I DR raswhera MHISHER i ReslBl Aumicaty B e
conbustion r @aglone Br Adre déVides tétbre the bothpdsiticH, %c&ﬁﬂh&ﬁ%&ﬂﬁﬁ%ﬁﬁ% tbAPEsif

met hod of the 20 present invention suppresses or extinguishes
Fol | owi ng sufp pisfinsd eobodiment furedheasthe velocity ef the apastion peaduatstte aﬁaqﬂsyta@l | of

byor oduct . et e RBLAGNPRAR3 Uik, Bud N BEARa it aBn (I LS BRTAR AR
the flanme2%Tbf meeiett fo theflame. One obrdinary skill in the art with knowledge of these devices

is readily able to select a suitable device for use with the present invention. -

‘When the flame suppression composition is combusted to form the plurality
of reaction products, the reaction products are in a primarily gaseous form. The reaction
products are applied to the flame as with conventional flame suppression agents, i.e., -

25 typically near the bottom of the flame. The reaction products of the invention typically

enter the flame at a temperature of between about 160°C to 1200°C. Without wishing to be
bound by any particular theory, it is believed that the reaction products link with dky_gen to
block the flow of oxygén into the portion of the flame. Flames are believed to involve a
combination of two reactions: (1) an endothermic reaction that produces free radicals from
30 a fuel; and (2) an exothermic reaction that provides heat to the endothermic reaction, where
the exothermic reaction is produced by the reaction of free radicals with oxygen. By.

providing free radicals in the form of low or negative heat of formation reaction products,
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" The invention is _further defined hy refer he foI wi ng exanpl.es .15
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combusting the conpositions, Wwere prepared accordlng to the invention
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© reaction produdplismogs frepradicalstin dhe engothermi rgpgtion. It is believed that the radicals in the
' reaction products 23 of the present invention combme with oxygen 25 and inhibiting

reaction 28 of the conventional radicals 35 and oxygen 25. Normally, the oxygen 30 would
be freely available for bonding with the free radicals 35 to produce a conventional
combustion reaction 32. Thus, FIG. 2 illustrates how the compositions and method of the
20 present invention suppresses or extinguishes flame.
Following suppression or extinguishment of the flame, substantially all of
the halogen in the reaction products is converted into a halogen-containing byproduct that

preferably becomes solid as it leaves the vicinity of the flame. This solidification is

25

30
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believed to occur as the reaction products leave the flame and cool, thereby vastly
decreasing the toxicity and ozone depletion potential of the halogen in the halogen-
containing byproduct by ensuring solidification. _ _
“Substantially all" of the component is defined herein to mean at least about
90 weight percent, preferably at least about 95 weight percent, and more preferably at least
about 99 weight percent of the flame suppression composition. The "flame suppression
composition(s)" of the present inventions are defined to include compositions that inhibit,
suppress, and/or extinguish flames. "Flame(s)" is defined herein to include all oxidative,
burning, and other combustion processes. The compositions of the present invention have
effect against various types of flames, however, the present compositions are particularly

effective against conventional oxidative-type flames.

EXAMPLES

The invention is further defined by reference to the following examples

describing in detail the preparation of the compositions of the present invention. It will be

apparent to those of ordinary skill in the art that many modifications, both to materials and
methods, may be practiced without departing from the purpose and intent of this invention.

All weights are in percentages unless otherwise noted.

EXAMPLES 1-39: FLAME SUPPRESSION COMPOSITIONS
A variety of flame suppression compositions, and the reaction products

generated by combusting the compositions, were prepared according to the invention
described herein and shown below in Table II. The compositions prepared included the
organic binder system and one or more of an inorganic halogen-containing component
containing the specific halogens of the present invention. The temperatures indicated are
the temperature at which the flame suppression composition combusts to generate the

reaction products for application to the flame.

- 16 -



PCT/US98/24161

&1 | 2600 - 1500 | L0 - ()§41) 080 - V0 - eI | 90¢ - essll | - 33 - X (114
ST | 5600 - 6v00 | 6660 - ¥800 | O0F0 - ¥19°0 - ozl | L1t - 6ee | - 33 - 16 61
- | 9600 - 9500 | 12v0 | se0 - 0£0 = | %50 - 661l | o6l - ceC | - is - T8 81
[~ ST | €600 - €500 | L9¢0 | - VTO | 9c0 | 1000 | €090 - oLt | cet - Wit - 13 - o 1
2600 - €600 | €2v0 | 6£00 - 160 . 0L9°0 - vitl | €61 - welC | - 65 - 3 o
= | 9600 - ST00 | 12V0 | 9v00 - 0t0 - 7190 - 6611 | <61 - oit - 65 - ) s1
S1 | ¥600 - 0100 | £8¢0 - 0510 | sco - £09'0 - 0ztt | see - i - 33 - o1 vl
= | L600 - v100 | 61v0 | LL00 - ¥E0 - 609°0 - 9zl | 661 - 13 - <9 - ] tl
= | 8600 - €100 | Ziv0 | 6610 - 60 - 6L50 - wel | 80t - 61 - F7) - ] T
0Z | 6010 | 200 - 7Iv'0 - €000 | SE0 - 0910 | s620 | 1501 | 0¢C - 6l - - Sl 3 i
0z | 8010 | 8100 - 9860 - £€00 | ¥e0 - 0810 | 1620 | 6v01 | 8¢t ~ s | - - oL 3 ot
= | 0110 | 1200 | 1000 | 61¥0 | $100 - €0 - 6EL'0 | 8060 | evol | ¢€€ | - sot | - - SL ] 6
= | Cil0 | 9100 | 1000 | 61¥0 | €900 - SE0 - 6L00 | 6v50 | 6101 | L€t - $6 - - 7] S8 | 8
= | vito | cio0 - 61v0 | 0100 - $60 - B€00 | 6LE0 | 866 | 1vC - 3 - . 1 ] L
= | sito | €100 - 61v0 | 9010 - S0 = | 6200 | s8c0 | €6 | Vet - 5€ | - - 88 58 | 9
= [ 8010 | Sz00 | 1000 | Z5v0 = | Zico |- sro - - 09c0 | sl | vee | - - - : 88 7] 3
- €10 | €00 | 2000 | Zzvo | 9s00- - oro - - 1560 | cfol | 0.2 - - - - $06 56 v
- - 100 - 0£c0 - 8150 | <c0 - - S6E0 | 086 | 60t . - - - <06 HS'6 £
- - 010 | €000 | 9v¥0 | Ov00 . €0 - = | 9EE0 | 611 | st . - - . $6 59 3
61 | 8600 - - 0620 - - 50 7 - . 06y | SLt [ - - - - 7 i
PR I ] HO1 00 0 "HOD | OH | *H ] ™ | 0. Bif | O'HN | Jad | I | 'oi|x | 'O [ 4spuig
Wi _n_m oW oW oW oW oW oW} oW | oW | tow | cduer | %A % % % % % % #

0z

ST

0T

- 17 -

SUBSTITUTE SHEET (RULE 26)



WO 99/25424

161 -

PCT/US98/24

g1 | coro | - . L150 . oo | 1o - - soro | ws | soz o - - - ﬁw e /13
- | woro | 1000 . 1270 - oo § oo Jowvol| - o0 | s | sz £s - . - +9¢ 6 9
. 100 _
- | soro | coo0 - 16£°0 - 600 | sco oo | - wio| ws | ru ss - - - 9 6 s€
_ 500 . .
- | wovo| zo00 §f - | 98¢0 - woo | eLo | €1zo - gero | s6L | oz 09 - - . 1 6 ¥e
.. 1600
- | 9010 . - 1860 - aivo | o | w60 - | eooo| 969 | e oL . - - 14 6 | ¢
_ _ _ “7100 )
1z | w10 . . 690 | - Ligo | oo | oseo . woo | w8y | sz 08 - - - 1 6 43
_ _ _ — 1200 —

oz | eoro | - . $86°0 - sizo | w0 |ievo | - - gy | ot 18 - - . - 6 I

= | 110 | €200 - T 5or0 - 1000 | ovo - - €Ir0 [ 9901 | ¢t - = [sst | - 53] 3 of

~ | 7o | @woo | o0 | S0 | - | 2000 | @o | - = | 9wo [ @01 | s [ - 1% : 5] g | & |

- 1170 | £200 | 1000 | 00 - - €0 - - W0 | 9901 | ©€C - - Vst - 959 6 8¢

= | 6oro | 6000 | 1000 | Zzco - 600 | 6o | - - 0sv0 | 886 | O¢€C - - | ¥z - Ei R s |

= | 6010 | 9000 < o | - &0 | IZ0 - - [ wvo | 66 | 6 | - = [ ¥se - 9ss 6 9
~ZZ | 8010 | <000 - 180 - S0c0 | t20 - - uvo | &8 | Lt - < [ vor -~ 05 3 st

= [ sil0 | 1160 | $000 [ cevo | 9vi0 - vE0 - - o0V0 | ¥56 | 65C - - - - ¥06 96 73

st |10 | - = | tto | - Wvo | 180 oo |- - 1% | 622 | vo06 . . : . 96 | €

T1 | 2600 - €600 | Lev0 - 01Z0 | 00 - 90 - STt | 902 ol 6et | - v - T

= | s600 : 8600 | 80v0 . 800 | 20 = | 6650 - 8811 | 112 | S | «6€ | - | s& . T6 1z

o ™ | HOT 00 ™ | HOO | OH | *H | & ™ | o B [ OTAN | &% | TN | ‘ol | 'Ol | 5puig
Wi ,“um 1o oW oW oW IoW PN | oW | oW | oW | cdwer | %A % % | % % % % #

114

ST

- 18 -

0T

SUBSTITUTE SHEET (RULE 26)



PCT/US98/24161

'\Lv%rsuzsm

[err]

“Uolisodition s Uy papnjouy 219 JuL[00D pue 5jud3e SuIBuUoABIS 1HOH 44y
“Sujoos myiton) 03 uopysodusos ouy uy POPRIAU} SBAM JUBIO0D JJB[EXO WNIPOS,,

"BujBuaneas apiey usBoipAy aefons o uonisodiod sy ut papn|us sem sjeu0qed Wi %z,
1100 Y00 — ]
N0l L8300 - w1 899°0 weo $8¢ € (42 294 - - 4} - 4 6t
q oon j
(4 - - $96°0 $€9°0 - - 610 - ¥LI'O | $80°0 18 00 6E+1S - - - - I 8¢
] ] HO 0o ‘0 HOD OH XH Ly ] Do 7] OP'HN | i ¥ Koy o sopulg
/a
Wi usqg 1o oW 1o 1o 1o 1o 1o 1o 1o *duay, %A % % % % % % #

0e

ST

0T

- 19 -

SUBSTITUTE SHEET (RULE 26)



[ err]

10

15

20

25

30

[err] [err]
WO 99/25424 : PCT/US98/24161
The amount of various reaction products produced by the compositions after combusting for
use as a flame suppressant is shown in various mole fgactions above. Moreover, several of
the compositions have a figure of merit ("FM") that indicates a high potential effectiveness
for flame suppression. An FM of 1.0 is a 10 pound "unit" of HALON having a 288 in®
volume.

Although preferred embodiments of the invention have been described in the
foregoing description, it will be understood that the invention is not limited to the specific
embodiments disclosed herein but is capable of numerous modifications by one of ordinary
skill in the art. It will be understood that the materials used and the chemical details may be
slightly different or modified without departing from the methods and compositions
disclosed and taught by the present invention.
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in various nole fractions above. Mreover, several of t he conposi t-i ons
have a figure of nmerit ("TM') that indicates a high potentiat—effectiveness

for flame suppression. An FMof 1.0 is a 10 pound "unlt"
288 in[err] 5 volune. THE h prefer tl "al
t he invention have been described in the f oregoi ng de

be understood that the invention is not Iimted to the specific

enbodi ment s dypglioeREméEisei n but is capable of nunerous nodifications by
one of ordinary skill inthe art. It wll be understood that the
materi al s used and the bhérﬂamsunpmsloscmpomom@mnsgtﬁ ly different or

o Lo byt heor e o el B HERP b bromi 6488
a mixture thereof; and
an organic binder system having a heat of formation of less.than about 200
cal/g, wherein the composition is solid at a temperature below 100°C and capable of
combusting at a temperature between about 160°C to 1200°C to produce a plurality of
10 reaction products capable of suppressing a flame upon application thereto and wherein
substantially all the halogen is converted to a solid form after suppressing the flame.
2. The composition of claim 1, wherein the inorganic halogen-
. containing component comprises potassium bromine, potassium bromate, potassium iodine,
' potassium iodate, ammonium I_Jromine, ammonium bromate, ammonium iédine, or
15 ammonium iodate, or a mixture thereof.
3. The composition of claim 2, wherein the inorganic halogen-
éontaining component is selected from the group consisting of potassium iodate, potassium

bromate, potassium bromine, ammonium iodate, and a mixture thereof.

4. The composition of claim 1, wherein the organic binder system .
20 comprises: |
a binder resin of at least one curing binder, melt cast binder, solvated binder,
or a mixture thereof; -
a curative present in about 1 to 3 weight percent; and
: a plasticizer present in about 10 to 30 weight percent, wherein the organic
25

binder system has a heat of formation of less than about 0 cal/g.

5. The composition of claim 4, wherein the organic binder system
further comprises at least one of a curing or bonding agent, an antioxidant, an opacifier, or a
scavenger.

6. The composition of claim 4, wherein the binder resin is carboxy-

30 terminated polybutadiene, polyethylene glycol, polypropylene glycol, hydroxy-terminated

polybutadiene, polybutadiene acrylonitrile, polybutadiene acrylic acid, butacene, glycol
azido adipate, polyglycol adipate, or a mixture thereof.
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conprising: 5 -~ .an |norgan|c halogen contai ni ng conponent
conpri si ng brom ne, iodine, or a mxture thereof; and
an organi c bi nder syst&m hamhagompbaadmMclémH&&h@ﬁndiedrg&ﬁcbihﬂBr@besZOO

present in an amount of about 4 to 15 weight percent of the composition.
8. The composition of claim 7, wherein the organic binder system is
present in an amount of about 8 to 12 weight percent of the composition.

5 0. The composition of claim 1, wherein the reaction products of the
composition comprise H,0, CO, and a halogen-containing byproduct selected from the
group consisting of KI, KBr, H,, COH,, O,, ,OH, K,I, and a mixture thereof.

' 10.  The composition of claim 1, wherein the reaction products are in a
substantially gaseous state prior to application to the flame.
10 11. A method of suppressing flames comprising;
combining an inorganic halogen-containing component comprising bromine,
iodine, or a mixture thereof, and an organic binder system having a heat of formation of less
than about 200 cal/g to form a solid composition;
generating a plurality of reaction products from the composition in a
15 substantially gaseous form, wherein the reaction products have a velocity; and
applying the reaction products at a temperature of between about 160°C to
1200°C to at least one flame in an amount sufficient to suppress the flame, wherein
substantially all the halogen is solid after suppressing the flame. _
"~ 12. The method of claim 11, wherein the gaseous reaction products are
20 generated by combusting the compositioh at a temperature of about 160°C to 1200°C prior
to application to the at least one flame.
13.  The method of claim 11, which further comprises reducing the
. velocity of the gaseous reaction products generated from the composition to facilitate
directing the reaction products into the flame.
14.  The method of claim 11, wherein the inorganic halogen-contammg

component is selected to comprise potassium bromine, potassium bromate, potassium

25

iodine, potassium iodate, ammonium bromine, ammonium bromate, ammonium iodine, or
ammonium todate, or a mixture thereof,
15.  The method of claim 14, wherein the inorganic halogen-contammg
30 component is selected from the group consisting of potassium iodate, potassium bromate,

potassium bromine, ammonium iodate, and a mixture thereof.
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. —
cal /-g, wherein the conposition is sol[id at a te e below 100[err]C
and capabl e wb992s42¢0nbusting at a te \“\mm‘ lﬁﬁmm\about PEOTUSIBR4361 O
1200[err] C to produce a pluratity of % ! h ucts. capable of ~ ~
suppressing a flame upon application thedreto and wherein substantial ly
all the halogen is converted to a solid formaftter suppressing the fl.ame.
2. The conposition olbcl aiThe methgdafclaim ewllhﬁfﬁ“b%i %?%’Egﬁ-sygtmﬁ
cont ai ni ng. c%&gggy%@m S p_ot_assi um brom ne, potassium bromate,

“potassiumio : potasstum i odate, anmoni um brom ne, anmmoni um bronmat e,
ammoni um i odi ne, or 15 aiimier resin i ieast ane curing binden malegasipinder, solvated binder,
3. ~The conposi tion of c*_'ai m 2, wherein the inorganic hal ogen- .
cont ai ni ng commﬁm@e@e sected fromthe group consisting of potassium

mixture fhereof R e DAL R e

- wher ei nf t he f)r géni c bi nd@dasaymemmmt ioabont toto 3rgjweightpemmt, Whefein_théam}@ﬁi&er

resin of At | eal e oL JHabP RS b 166k Bl Bleayg 0! vat ed bi nder.

- or a mxture pred¥ent in about 1 to 3
- wei ght percent; and 17.  The method of claiftl B6;finghet ebmptisiag Rélectingathe otgahit t o
- 30 wei ght percent, wherein the organic 25 binder systemhas a heat of

" formation of bimslsr system tchinolude atlgastgne of a curing or bonding agentgan antiopgdant, an

conposi ti oR gof cl.ﬁi m 45, wherein the organic binder system further
. conprises at PBARYTRE ¥RVEE ri ng or bonding agent, an antioxidant, an
opacifier, or a scav@ngerrhe method of claim 16, whereift the binddraesinigseisctedda of

claim4, wherein the binder resin is carboxy- 3 0 terminate polyggég i ene,

. pol yet hyl ene gbWpHse casbrxptenpinatadpolybptagiene polyehylene glyrolapRiyprop ycol,
pol-ybut adi ene dj Lt i ﬁﬁﬁlﬁl i ehflic aci
but acene, gl y83&%&3%?3%%&ggﬁg{fi@%ﬂ%ﬁ(’%ﬁffcoii’!eé | pik?g?ai’? utadicne aktlic acid,

t her eof . butacene, glycol azido adipate, polyglycol adipate, or a mixture tRereof.

7. The osition of claim1l, wherein the organic binder stemis..

' present in&;ggpamunt of 1§boutThFmﬁfhﬂgﬁﬂﬁ'&hiﬁﬂ&‘gﬂ'ﬁpm@mﬂg@m%&ﬁ% on

- 8. The conposi i f ' : Leildidifhe fdael ¢ bi nder systemis

~ present in armﬁomﬁunﬁﬂgg a outmgﬁ%lgm}geﬁl%ht percent of the conposition. 5
9. The conposition of20c| aiThelmethbé pfélaim ht, whereinitherepetio producss geneeated are

- Compositon COmRLLSE, thatkde 20 Sl RUSRGRR AR ABLEF N5 e g
0.

Oferr], I[er r]cghbi?t fR1, KEAH, COH) 0L BOH) ®L,E @hd a mixture thereof. 1

 The corrposi%t on o aim1l, whérein the reaction products are in a
substanti al ‘{/ gaseous state prior to application to the flane.

25

30
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10 ' A method of suppressing flames conpri sing:

conbfnlng an nor nlc hal ogen- cont ai ni ng conponent conpr|5|g6Fﬁg 1
i odi ne, %?% t hereof , and an organi ¢ bi nder system havi &gbﬁggt_of
fornation of Iess "~ than about 200 cal/g to forma solid conposition,;

generating a plurality of reaction prﬁzgfts fromthe conposition in-a 15
substantially gaseous form wherein t eaction products have a vel ocity;’

and - applying the reaction products at a tenperature of
bet ween about 160[err]Cto 1200[err]C to at least one flanme in an
anount sufficient to suppress the flane, wherein substantially all the
hal ogen is solid after suppressing the flane. 12. The

nmet hod of claim 11, wherein the gaseo
by conbusting the conposition at-
1200[ err] C prior to appllcatlﬁ_
13.  The method of claim 11, mh|“
vel ocity of the gaseous reaction @
facilitate directing the reaci\g B}; _
14. The met hod of claim 11, mhere : @ inorganic halogen-containing
conponent is selected to conprise potassium brom ne, potassium bromate,

pot assi um i odi ne, potassiumiodate, anmoni um brom ne, amoni um bromate,
ammoni um i odi ne, or ammoni um i odate, or a m xture thereof.

15.  The method of claim 14, wherei ngghe iporganic hal ogen-containing 30
conponent is selected fromthe gr (<) i ng of potassium i odate,

reaction,products are 20 generated
O ur e -about 160[err]C to

t least one flane.

'co i ses. reduci ng t he

‘ gted fromthe conposition to

e

pot assi um br omat e, potaSS|un1bronine a niumiodate, and a m xture

t her eof o - 22 -

16. The method of claim 11, wherein the ofgani bi nder systemis

prepared by conbi ni ng: bi nder resin of at |east one
curing binder, nelt cast bindér, nder, or a m xture thereof;
5 . a curative pies n a o 3 weight percent; and

a plasticizer present in abouf 1 LSO vpht lpercent, wherein the organic
bi nder system has a heat of f¢r of bs tlhan about O cal /g.

17. The nethod of claim 16, {fur e
bi nder systemto include at | ¢ast P of
anti oxi dant, an

sing selecting the organic
burijng ‘'or bondi ng agent, - an
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10 opacifier, or a scavenger. 18. The nethod of claim
16, wherein We9954Mer resi-n is selected to conpri se car h@CTUSIBR416ht ed
pol ybut adi ene, pol yet hyl ene gl ycol, pol ypropyl ene glycol, T
hydr oxy-term nat ed pol ybut adi ene, pol ybutadi ene acrylonitrile,

pol ybut adi ene acrylic acid, but acene, gl ycol azido adi pate, polyglycol -
adi pate, or a mxture thereof. 15 19. The nmethod of claim11,
further conprising applying the reaction products in an anount
sufficient to extinguish the flane. 2/2 20.  The nethod of
claim11l, wherein the reaction products generated are selected to
conprise Herr]0, CO, and a hal ogen-contai ni ng byproduct selected fromthe
group consisting of KI, KBr, Herr], gACOHerr], Jerr], T[err]O0OH,
Klerr]l, and a m xture thereof. 20 30
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