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QZONE FRI ENDLY FI RE EXTI NGUI SHI NG METHODS AND
COVPCSI Tl ONS BACKGROUND OF THE | NVENTI ON

FI.ELD OF T | ON 5 The present invention rela field
of fire HE%&P%EgEishing conpositions and net hods, and par%??ﬁ#é%ﬁ%%ﬁ()
conposi tions and net hods enpl oyi ng conpositions conprised of

hydr of | uor ocar bons and acid scavengi ng additives. DESCRI PTI ON OF THE
PRIOR ART 10 The use of certain brom ne-containing chem cal agents
for t he extinguishnment of fires is comobn. These agents are in

general thought to be effective due to their interference with t he

normal chain reactions resporEONE FRIENDLIYAF R EXAGAGUEBHING The nost

wi dely accepted nmechani sm for fl%ﬁg@?ﬁ&f; EB&EP?%%QENéS radi cal trap

mechani sm proposed by Fryburg in ature Pertinent to Fire
Exti ngui shing Agents and to Basic Mechani snms I nvol ved in Their Action,

NACA- TN 2102 (1950). It I S BRORGROUND a§E el dr N T I pounds cont ai ni ng
brom ne act by interfering with free radical or ionic species in thle

flame; 20 the presence of fluorine has not been considered as

contri buting FIELDeOf THEcINVENTIGHI ng properties of a conpound, but

will inpart stability, reduce toxicity and boi li ng point, and increase

thermal stability. )
‘5 The present invention relaktes to the field of fire

extinguishing compositions and methods, and particularly to
compositions and methods employing compositions comprised of
hydrofluorocarbons and acid scavenging additives.

DESCRIPTION OF THE PRIOR ART

10 The use of certain bromine-~containing chemical agents for
the extinguishment of fires is common. These agents are in
general thought to be effective due to their interference with
the normal chain reactions responsible for flame propagation.
The most widely accepted mechanism for flame suppression is the

15 radical trap mechanism proposed by Fryburg in Review of
Literature Pertinent to Fire Extinguishing Agents apnd to Basic
Mechanisms Involved in Their Action, NACA-TN 2102 (1950). It

is generally accepted that compounds containing bromine act by
interfering with free radical or ionic species in the flame;

20 the presence of fluorine has not been cousidered as
contributing to the fire extinguishing properties of a
compound, but will impart stability, reduce toxicity and
boiliug point, and increase thermal stability.

Various halogenated hydrocarbons have been employed as fire

25 extinguishants. Prior to 1945, three halogenated



Var i ouse hal ogenat ed hydrocar bons have been enployed as fire 25

exti,ngutshants. Prior to 1945, three hal ogenated WO 95/ 26218
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extingui shiMg %@k s wi del y used were carbon tetrachl ori de, PCT/US§9849¢ |

brom de and bronochl or onet hane. For toxicol ogi cal reasons, however, the
use of these agents has been di scontinued. The three fire extinguishing
agents presently 5 in comon use are brom_ne-containing conpounds, Hal on
1301 (CF3Br), Halon 1211 (CFlerr]Brc) ~#7d Hal on 2402

(BrCF[err]Br). The effectiveness of these three volatile

br om ne-cont ai ni ng conpounds in extinguishing fires has been descri bed

in United States Patent No. 4,014,799, issued to 10 Onens. The Nati onal
Fire Protecti entissgmmnmrﬁs(wynideIYpemgleidcarpir@ncatrh@nFtﬁérwbi@énlen
Handbook, ~Sec égpyﬂSbrom1déjEHE‘ﬁfd&odﬂﬁdﬂbﬂ@@ Halogﬁaetﬁéxéasméglaaﬂ

Systens" (198 describ hese agents in nore
Al t hough the é%@%%“ﬁan%RWQﬁ?ﬁnrﬁ?Q:ﬁﬁFaPﬁlﬁ@eﬁﬁnﬁ86H5§ ggsaPﬁeEffectlve fire
fighti ng agendsscéhobfue@entthe Wlir@enifiige exthhguisktiay abkatsnprasently

d
ozone layer. Foreomnon e e mropliEsitinadnif 5aReSRRaR  THRIShCEARYT,,

( ODP) rat(@@ Bf) 10Jalkord 1allor( CF2BrOias aad @BPOBfZSOZAs a result of 20

concerns OVer gz @lnecfiefﬁl)et | Ofhe 18 SHtQPeNs@N o2NEnedketikee volb@i@eagent S

after January 1, 19942i's prohi bited under |nterna}|onal and

States pol i cybromine- c°"ﬁ?k?%ﬁ%a%ﬂ“ PdoF&EéPBBﬁg‘éggefﬁfﬁﬁuhgﬁlﬁﬁen

3ggntslé hg@igﬁe%bm onoaﬁciuyﬂ )Strae:(e&m?layt,enftol\loexaaplle a99¢esssiib@dton 25
at ent 5 | r ocar bons

do not cohfai A®Fdhi n l%wda orlne %h%&%L9§tqgg kgggchg§2¥ﬂo?gkgﬂét on the

stratospher|cpuhknmmtggny thel Fire Protectlon Handbook, Section 18,
Chapter 2, entitled "Halogenated Agents and Systems® (1985)

describes these agents in more detail.
Although the above named bromine-containing compounds
15 are effective fire fighting agents, those agents containing
bromine or chlorine are asserted to be capable of the
destruction of the earth’'s protective ozone layer. For
example, Halon 1301 has an Ozone Depletion Potential (ODP)
rating of 10, and Halon 1211 has an ODP of 3. As a resull of
20 concerns over ozone depletion, the production and sale of
these agents after January 1, 1994 is prohibited under
international and United States policy.
The use of hydrofluorocarbons as extinguishing agents
has been proposed only recently, for example as described in
25 U.S. Patent 5,124,053 to likubo and Robin. Since the
hydrofluorocarbons do not contain bromine or chlorine, the
compounds have no effect on the stratospheric ozone layer and
their ODP is zero. It has been discovered that certain of
these compounds, especially those with a higher ratio of
3p lhydrogen to fluorine in the molecule, can decompose to some
extent in a fire, producing hydrogen fluoride, HF, which is
potentially damaging to personnel and equipment if formed in
large quantities.
It is therefore an object of this invention to provide a

35 method for extinguishing fires as rapidly and effectively as



their QOP is zero. It has been discovered that certain of t hese
conmpounds, especially those with a higher ratio of 30 hydrogen to fluorine

in the nol ecul e, can deconpose to sone extent in a fire, producing
hydr ogen fIW@P5&318 HF, which is potential ly damagi ng t ®qT&Isesede¢ and
equi pment if formed in | arge quantities. It is therefore an
object of this invention to provide a 35 nethod for extinguishing fires as
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t echni ques enpl oyi ng presently enpl oyed fire extingui shing agents while
avoi di ng the above-nanmed drawbacks. It is a further object of this
invention to provide an agent for use in a nethod of the character

descri bed t hathies t8ckhigeesnenp bepiwy e sentd e evipdoyedntalkky safe with

regard to TSN g??h?ﬁ Ofgents whllé“%égyéQ%%lghe above-named drawbacks.
PCT/ USO5/ 0349820219 5 %4 by
It is a further object of this invention Lo provide an
agent for use in a method of the character described that is
5 efficient, economical and environmentally safe with regard to

ozone depletion.



SUMVARY. OF THE | NVENTI ON Briefly describing one aspect of the
present invention there is provided a nethod of extinguishing a fire

t hat - conprises introducing to the fire a fire extinguishing 5
concentrati Woasf26a® exti ngui shant conposition conprising, antTuses/03490
preferably consisting essentially of, a hydrofl uorocarbon and an

aci d-scavengi ng additive, and maintaining the concentration of the
conposition until the fire is extingui shed. Fire extinguishing
conpositions conprising, or 10 consisting esdentially of, a

hydr of | uor ocar bon and an aci d-scavengi ng additive are al so provided.

It is an object of the present invention to provide an effective nmet hod
for extinguishing fires. Another object of the present invention is to
provide a fire extinguishing 15 nmethod which utilizes particular

conbi nati ons of hydrofluoro;gé@@giliﬂg;aﬁ£2; / | ng additives which
are effective at nontoxic | ; @EﬁﬁgiﬁﬁL”ther obj ect of
the present inventign to provide a fire extinguishing nethod which
enpl oys conpounds : LS 8751 haNBRat 3k ale, ViRds -
depl eti on pote%&?&#qéhgegFgeéﬁégsg%ma?n?%c?egfegp? bbd E?@/gﬁ?ﬁg%h%¥
obj ect of the Yhesgedts ipreaicdesh 3 aethogr 6fi getinguiphingxaj fjueshhak
conposi tions coMYrisieRd ibiteBdscdhyg to ndr @ikBOROEaEROBEL @AGuishing
aci d- scavengi ng addi tivyes mglch 25, bl ends arg effective and safe In Use: 5
A further obj SCEHEREIBP8ENET RFEAPIYASPEPELCRPBOFYEIOR CppEising., an
extingui;h!ngpa&ﬁpmabﬂwonsnwbbthngredaeatiédﬁgedfanauh?érqf1gofocarbon and
decompositi on i QIGLeGOERAIRG hAgELRSE 'Lh8 mainCXLhDfY! BRLNO agent s when
hmént "o ires, urthe

enpl oyed in the extinguis esS. . er objects of the
present inventGodseRtrRrtaen of LBpaFenpPofibiPhhunbésckiptFdRewhFch fol | ows.

extinguished. Fire extinguishing compositions comprising, or
10 consisting essentially of, a hydrofluorocarbon and an
acid-scavenying additive are also provided.

1t is an object of the present invention to provide an
effective method for extinguishing fires. Anolher object of
‘the present invention is to provide a fire extinguishing

15 method which utilizes particular combinations of
hydrofluorocarbons and acid-scavenging additives which are
effective at non-toxic levels,

It is a further object of the present invention to
provide a fire extinguishing method which employs compounds

20 that are environmentally safe, having low ozone depletion
potential and greenhouse warming effect.

A further object of the present invention is to provide
fire extinguishing compositions comprising blends of
hydrofluorocarbons and acid-scavenging additives, which

25 Dblends are effeclive and safe in use.

A furlher object of the present invention is to provide
fire extinguishing compositions which produce reduced amounts
of decomposition products compared to other fire
extinguishing ageunts when employed in the extinguishment of

30 fires.

Further objects of the present invention will Dbe

apparent from the description which follows.
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DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS For the purpose of
pronoti ng an understandi ng of the princi ples of the invention,

ref erence wwo 9smerisbe made to preferred enbodi ments of t&qmsw@%d on
and specific language 5 will be used to describe the sane. It wl
nevert hel ess be understood that no limtation of the scope of the

i nvention is thereby intended, such alterations, further nodifications
and applications of the principles of the i meention as descri bed herein
bei ng contenpl ated as would normally occur 10 to one skilled in the art to
whi ch the invention rel ates. I n accordance with the present

i nvention, it has been found that conpositions conprising a

hydr of | uor ocar bon in conbi nation with an aci d-scavenging additive

provi de particularly effectlve f|re extlnoU|shants at concentrations 15
safe for use. Because th&=e&fpé ORS—COft- BT MR O PO HHE e chl ori ne,
t hey have an ozone depletion potential of zero. addition, the

conposi tions producg, %q&%aqﬁﬁgﬂﬁ%§'%'%ﬂomoL19 O%%pgﬁdgsgﬂakﬁfn? of . L?F

hydr of | uor ocar bon anal ogs nce uced toxicl
regard to use PRiRCIPIeS Rbridie dnventdopy refgrescsspadd, “P‘Heb?rﬂ%‘ﬁ?l‘%ﬁ\

rel ates to nethpésefoeq emb&?(‘trtié"iﬁiﬂ F el Ilrn%n\&hbﬁhaﬁaespaaipyedmygwwg
t hese conposjiions as fire xt|n ui shi ng

a
invention it dftEbtRdy %%F%i?ﬂmPﬁﬁﬁﬁ SameextF%gﬁﬁiﬂaﬁ?vﬁﬁh$?}%?%gP?n
combi nati on: 2Zbnderstodd)tteathyr dfllmictla(ma;mbom t@het Beoper ofil ahe invention

C[Srr]H[err]F[ﬁ%rd¢$reb Eﬁéﬁﬂb %Lcﬁ aﬁ%érgt%énffng ?ﬁﬁé?'ﬁo&1£f%£d18ﬁs

nore substances sSel ecté
consi sting of 2rd parkicafiqnsucdt ddeoiprd ncpdesnrsi éaﬁbeﬁaeetwn apot assi um

_tFlh car b?nate E@é‘é{lﬁrﬁ"ﬁgﬁ Lﬂatmqsmm@ cdlnltak 1mete@l agowon{ll H@?m@?ﬂy Lﬁcﬁﬁnrf
e extl ngul shan CcO 0s|.U1 I’IS Vi consit s essen (0]
t he hydrof“hor%%é?ﬁ%gB &5 €28 §- g8aV 8 {Q? TRvehe £35Sy

In accordance with the present invention, it has Dbeen
found Lhat compositions comprising a hydrofluorocarbon in

coubination with an acid-scavenging additive provide
particularly effective fire extinguishants at concentrations
15 safe for use. Because the compositions contain no bromine ot
chlorine, they have an ozone depletion potential of zero. In
addition, the compositions produce less decomposition
products than the hydrofluorocarbon analogs, and hence are of
reduced toxicity with regard to use in a fire scenario. 1In a
20 related aspect, the invention relates to methods for
extinguishing fires which are improved by using these
compositions as the fire extinguishing agents.
The invention is directed to a non-toxic fire
extinguishant comprising in combination:
25 (a) a hydrofluorocarbon of the formulsa CxHsz P
wherein {(y+z) = (2x + 2), and wherein y ¢ x; and
(b) one or more substances selected from Lhe group
consisting of terpenes, unsaturated oils, sodium bicarbonate,
potassium bicarbonate, monoammonium phosphate, alkali metal
30 halides and urea. The extinguishant compositions may
rreferably consist essentially of the hydrofluorocarbon and
tlie acid-scavenger(s),
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-6- . Speci fi ¢ hydrofluorocarboris useful in accordance with
the present invention include trifluoronethane (CFerr]),
pent af | uor oMOPAR62IBCF[ err] CF[err] H), 1,1, 1, 2-tetrafl uoroet hpefrusesnzssn
CFlerr]CH err]F),1,1,1, 2, 3, 3- hexaf | uor opropane (CF[err] CHFCF[ err] H), 5
3- hexaf | uoropropane (CF[err]CI[err]CFlerr]),

- hexaf | uor opropane (HCF[err]CF[err]CF[err]H),

, 3-hept af | uoroproparie (CF[err] CHBEF[err]),
- hept af | uoropropane (CFlerr]CFlerr]CF[err]H),

(
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1,1 ,
1,1

1,1,

1,1,

1,1

1,1

hyd

3

3

3,3

3, 3,4, 4-nonaf | uorobutane (CF[err]CF[err]CF[err]CF[err]ll), 10
4,4

3-

, 4-oct af | uorobut ane (CF[ err CHFCHFCF[ err]) and

3
2
2
2
2
2
3

, 3- hexaf | uor obut ane (CF[err]CH[err]CH[err]CF[err]) Q her

it of | o ccar 01| 3,4 BB RESIBRLABKERD! SRELF 9 goqorcance wich
Cerr]Herr]F PresentCPéV?PtPPérFPFFEﬂ?rtc}éluqrwmﬂtﬁéﬂ&HQQFjﬂﬁi _
err]liferr] '[_)[e@xrt:ral]flu1>5oetllarle @@?th“' ﬁ)t einnﬁsz f‘ﬁ'dbr%é(iq{aqgﬁ'ce with

the present nvenLion [ nclude3ci®ra frone | moneue

dlpegtene (CFﬁgﬂuﬁékl *dr phas Brﬁeh%xaﬁé?%r%Pﬁ%h%"e %Qﬁyﬁﬂfcﬂgﬂkﬂn n A

bet a- carot ®#nel, and,BSGpBepenyEihenaphybayelo@e gFFTﬁﬁ t er penes
az}’c?q
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preferably coqprlge f50513399E19096§£ gggu H wei ght of the

ext i ngui shi ng ¢o urza e’d oils useful in
accordance w &hlt eZ 3 érbgﬂhﬁfi%QéﬂP¥®hamﬁc(Qﬁ§LHﬁQﬁjﬁ,aC|d | inol eic

aci d, pahnt el ei g, Q?B%éﬁéaiﬁ@&?@bfoﬁ&ﬁ@ Jﬂ%twft%atx rated oils
preferably coqu e frog1?b9ut 1@’10 about 15 t' of 25 the
ext i ngui shi ng=¢ n%o%r?r n -nonat upEehyt %“%I@;;CF 2ICPhdl)i-des usef ul
in accordenhcelwith,z,3, 4the4p®e€€ﬂ1u¢fﬁﬁmmaﬂﬁl(GEHGHFEHEmﬁiyndmmcwlde,
potassium 3y 3 ,3,3,3-hexafluorobutane (CF 3CH,CH,CFg) . Other
hydrofluorocarbons within the present invention are

C3H3F5, C,H F7, CSHF3F 17° C H

4
L5H3F9, C5H4F8, and CSHSF7

15 Specific terpenes useful in accordance with the present

2F10”

invention include citral, citronellal, limonene, dipentene,

menthol, alpha-pinene, beta-pinene, camphor, vitamin A

beta-carotene, and isopropenyl-l-methylcyclohexene. The

terpenes preferably comprise from about 0.1% to about 10% by
20 weight of the extinguishing composition.

Specific unsaturated oils useful in accordance with the
present invention include oleic acid, linoleic acid,
palmitoleic acid and vaccenic acid. The unsaturated oils
preferably comprise from about 0.1% to about 10% by weight of

25 the extinguishing composition.

Specific alkali metal halides useful in accordance wilh
the present invention include sodium chloride, potassium
chloride, sodium bromide and potassium bromide. The alkali
metal halides preferably comprise from about 0.1% to about

30 10% by weight of Lhe extinguishing composition.

In accordance with one embodiment of the present
inveuntion, Lhere is provided a method for extinguishing fires
which includes the use of a composition comprised of a
hydrofluorocarbon and an acid-scavenging additive as a fire



chloride, sodiumbrom de and potassium bronide. The alkali met al

hal i des preferably conprise from about 0.1%to about 30 10% by weight of
tpe ﬁxtlngU|sh|ng conposi tion. I n accordance with one enbodi nent
of the pre i nvention, there is provided a nethod f i shi ng
fires W\ﬁ&ggz*sﬂcl udes the use of a conposition conpri s&@éﬁoﬁ%

hydr of | uor ocarbon and an aci d-scavenging additive as a fire
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-7- extingui shing agent. The conposi;ions may be applied in the
variety of methods enployed for other hal ogenated hydr ocar bons,

I ncl udi ng application in a flooding system portabl e system or

speci alized system The extinguishant is 5 effective in |ow
concentrations, and of gourse h r o] T
concent r at i on®BhpPI YL IHY é"tdepgr{% " c?cr?é‘@giégt' @gg E?hgﬁﬁﬁhbelgf bﬁﬁe
fire, the va:ohé)ustomgnemmfrs ampdredretthd ogi odiest hrdegeoptagpl i cati on.
CGeneral Iy, app él?@ttépébersat Eishcplrﬁxeff,ﬁt%ﬁﬁblrl%@%ofnr m %b@QBoéY%%OsyEQeﬁbOUt

25% v/ v, and ably Trom about. 2% and to 5% v of the
hydr of | uor ocap‘bbha‘ékﬁrpﬁif%ﬁ iGF tSRecialiged, SYFtea .- %H& a&tan%ﬁﬁﬂmnbs
addi tives ¢onptiserfvOMn lowvhtticdhtilotionahorundl 0% byuwseghttohighe

conposi tion. %%%gﬂgt%m%r}{/ealsatwlevlel am&qr&t fceg%galgxg%ogngggggarmg and the

15 acid-scav € are not cri ctated
by the characdepésditos shess restt frdy qméclwmaé;lwre of &bapbirerohheFor

exanpl e, in cgf, Eﬁlﬁ%ﬂ‘p&)l[ﬁ%fl%s atrﬁ?rtﬁxem@’i rcumle%néeQr S@t ebpmeedtieh | ow

the ext] hgul sHREARE1E0 20P L CRIGARIAES FIELEIBPLEat FORSof "o e HBLEr Bod
fire ext i otgug‘mnf\gzsmrmom tarn snoaree piredea abigwiirom bbousel bl ahdr to
the Hal on agenéguL ié& ad té”ﬂﬁé &}H?%%f@%QEQQ§bHEi%EﬁSonent in the
atmosphere. The acid-scavenging additives comprise from
about 0.1% to about 10% by weight of the composition.
The relative amnunts of the hydrofluorocarbon and the
15 acid-scavenging additive are not critical, but rather are
diclated by the characleristics desired for the overall
composition. For example, in certain applications there may
be a greater need for low toxicity, and in other instances,
the emphasis may be on cleanliness of the extinguishment.
20 The methods for application of the described fire
extinguishing compositions are those known to be useful for
Lhe Halon agents. In broad terms, Lhese methods utilize
application systems which typically include a supply of
agent, a means for releasing or propelling the agent from its
25 container, and one or more discliarge nozzles to apply the
agent into the hazard or directly onto the burning object.
Thus, the agents of this invention may be used in Lotal
flooding systems in which tlie agent is introduced into an
enclosed region surrounding a fire at a concentration
30 sufficient to extinguish the fire. In accordance with a
total flooding system, equipment or even rooms may be
provided with a source of agent and appropriate piping,
valves and controls so as to automatically and/or manually be
introduced at appropriate concentrations in the event that
35 fire should break out. As is known to those skilled in the
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I ntroduced at appropriate concentrations in the event that
d break out. As is known to those skilled in tlhe WO
arlL, the fire extinguishant may béxﬁiéﬁiﬁﬂiEﬁﬁﬂhﬁ:h nitrogen
-~ Lh I & t L.ogul shant pressuri zed with nitrogen
Ior tot'la‘lefr Ege?g gggu%§6‘8€ tmbgnft agrﬁe%{lg aq: an}?d’letnitons.

t gas at U psig a co

AIternativerFOPﬁétééﬁﬁositions_of the invention my be 5 applied to a
fire through the uagtetngeRveNy| OPRE PORPGP €ions Jf r&@@r‘lm#t'i%?xl Ry be
s ysyal to ipcreas essure in portable fire

equi pment. |t

e the r
ext i ngui shér s ®RPLASHi EPoBehl b thr°%ﬁ%e&“?rﬁ%§ Ha e tgiodal pertakdar e
that the agenfiire extingupskiryye@xpmhédet. f romidaisrdl nguiisheease Byst ens

110,260 2ResetbD LA bo LOYENLTPLL I 06, SRRV, ntp i 220

any desirabl e*pressure u

g

The inventionoWher beeftrgaees dbvcridre b tenswferdrde the ageuthdsf ol | owi ng
speci fic ExanpbfpietopVekpel ledV fiobe e ditdaliliqdd.hat shesqsBxampl es

are illustrat
10

15

20

25

30

35

ive and not restrjctive in nature. .
accordance with this invention may be conveniently

pressurized at any desirable pressure up to about 600 psig at
ambient conditions.

The invention will be further described wilh reference
to the following specific Examples. However, it will Dbe
understood that these Examples are illustrative and not
restrictive in nature.

EXAMPLE 1

A test facility with a total internal volume of 1440
cubic feet was constructed from 2x4 lumber and 3/4“ plywood.
The enclosure was equipped with two 3 foot by 3 foot windows
and two standard doors located on opposite walls. The
delivery system consisted of a standard Halon cylinder
connected to 1" carbon steel pipe via a stainless steetl
flexhose, terminating in a standard Halon nozzle located 6
inches down from the center of the ceiling.

A large steel pan was filled with commercial n-heptane
and placed in the center of the facility, and the n-heptane
was then ignited. Thirty seconds after ignition, the doors
to the enclosure were closed and the extinguishing agent
released. The enclosure atmosphere was sampled after
extinguishment of the fire by pulling a sample of the
post-extinguishment atmosphere through a buffer solution
contained in a polypropylene bubbler equipped with a 70
micron porous polyethylene frit. Fluoride and HF
concentrations were determined employing a fluoride ion
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el ectrode (3 SBncldhecgost - exti ngui shnment at nosphere was sanpled at two
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10 6 foot location and 1948 ppm at the 2 foob location.

EXAMPLE 2
The procedure of Example 1 was repeated employing 69
pounds of 1,1,1,2,3,3,3-heptafluoropropane (CF3CHFCF3) to
which had been added 1.0 pounds of dipentene (1.4 % by
15 weighlt). &analysis showed the concentration of HF to be 2403
ppm at the 6 foot location and 1202 ppm at the 2 foot
location,
This example demonstrates the advantageous effect of the
addition of a small amount of an acid-scavenging additive to
20 the hydrofluorocarbon. The amount of HF produced was reduced
by 32% at the 6 foot location and by 38% at the 2 foot

location.

EXAMPLE 3
The procedure of Example 1 was repeated employing a
25 small steel pan filled with n-heptane. Analysis of the
post~extinguishment atmosphere showed a concentration of UF
of 50 ppm at the 6 foot localion and 11 ppm at the 2 foot

location.

EXAMPLE 4
30 The précedure of Example 3 was repeated employing 69
pounds of 1,1,1,2,3,3,3-heptafluoropropane (CF3CHFCF3) to
which had been added 1.0 pounds of limonene (1.4 % by



Anal ysi.s showed the concentration of HF to be 3535 ppmat the 10 6 foot
| ocati on and 1948 ppmat the 2 fool |ocation.
EXAMPLE 2 The procedure of Exanple 1 was repeated enpl oying 69

pounds of lwh okiéaig. 3, 3- hept af | uor opropane (CF[ err] CHFCF| er ﬁﬁ;& 90 whi ch
had been added 1.0 pounds of dipentene (1.4 % by 15 wei ght) /Y

showed the concentration of HF to be 2403 ppm at the 6 foot Iocatlon
and 1202 ppm at the 2 foot | ocat i on. Thi s exanpl e denonstrates
t he advant ageous effect of the addi tion)gf. a small anmount of an

aci d-scavengi ng additive to 20 the hydrofluorocarbon. The anmount of HF
produced was reduced by 32% at the 6 foot |ocation and by 38% at the 2
f oot | ocati on. EXAMPLE 3 The

procedure of Exa e ted e 2 steel nfilled
w t h n-hept ané'’® gﬁﬁil ys??ié?w?ﬂ‘g exnmé)s?y 2% “ﬁgutsstf{zeema%l%% llorelsshowed
a concentr at i shoyedHFhe coofzeabr@pm!amf. h’éF6t¢on Jdam ok d:dtf-‘ 16 foeh at

the 2 foot loE@Q@BhOBnd 7 ppm at the 2 fooL locatlon EXANPLE 4 30
The procedure of

was repeated e i n oun S
1 S 5 hept AAFBoPEAPB barLSTRs of 7 CLFCR 0T3R4 ReTus \RAEST b tiden
added 1.0 pouadai@tohi 6bnenem{ 1l dadiodyt of an acid\WeB&drHidikp additive to
PCT/U895/034the hydrofluorocarbon. The amount of Hf]§¥oduced was reduced

by 36% at both locatious.

EXAMPLE 5
Testing of the fire suppressing and extinguishing

10 capabilities of 1,1,1,2,3,3,3-heptafluoropropane with each of
the following acid-scavengers yields similarly advantageous
resulks: citral, citronellal, menthol, alpha-pinene,
beta-pinene, camphor, vitamin A beta-carotene,
isopoopenyl-l1-1l-methylcycloliexene, oleic acid, linoleic acid,

15 palmitoleic acid, vaccenic acid, sodium chloride, potassium
chloride, sodium bromide and potassium bromide. Desirable
results are achieved for combinations of 90% to 99.9% by
weight of the 1,1,1,2,3,3,3-heptafluoropropane and of 0.1% to
10.0% of the acid-scavenger. Similarly, suitable results are

20 obtained for fire extinguishant compositions comprising
blends of the foregoing acid-scavengers and the various other
hydrofluorocarbons defined herein, including for example,
Ltrifluoromethane, pentafluoroethane,
1,1,1,2-tetrafluoroethane, 1,1,1,2,3,3-hexafluoropropane,

25 ;,1,1,3,3,3-hexafluoropropane, 1,1,2,2,3,3-hexafluoropropane,
1,1,1,2,2,3,3~-heptafluoropropane,
i,1,1,2,2,3,3,4,4-nonafluorobutane,
1,1,1,2,3,4,4,4-octafluorobutane and
1,1,1,3,3,3-hexafluorobutane. The foregoing compositions are

30 effective in bolh Lotal flooding and portable fire
extinguishing systems, and work conventionally wiltl typical,

known propellants.



wei ght), Follow ng extinguishnment of the fire, analysis showed t he

concentration of HF to be 32 ppmat thé © foot "ocation and 7 ppm at
the 2-foot |ocation. Thi s exanmlenieRBsh: gaﬁthe advant ageous

ef fect of tMO9Be2wdditi on of a snall ; d- scawengisegosasdi ti ve
to t he hydrofl uorocarbon. The armumnm ;_.,Hllﬁmed was reduced by
36% at both | ocati ons. EXAMPLE 5

Testing of the fire suppressing and extingui shing 10 capabilities of
1,1,1, 2,3, 3, 3-hept af | uor opropane wi th each ofl- the foll ow ng

aci d-scavengers yields simlarly advant ageous results citral,
citronellal, nmenthol, al pha-pinene, nene. hor, vitamn A
bet a- car ot ene, isopoopenyl-l-l-nethyl mi ﬁ“ nﬁlc acid, linoleic
acid, 15 palmtol el @xrdidy: vacceni c aci pot assi um

chl oride, sodium brom de and potassiun1bron1de DES|rab e results are
achi eved for conbinations of 90%to 99. 9% by wei ght of the

1,1,1, 2,3, 3, 3- hept af |marlopst Epanexdndgofisbing eofire ¢omposing highe steps
aci d-scavenger,gSinmlarly, suitable results are 20 obtained for fire

exti ngui shant conp05|t|ons conpri sing bl ends _of the fOFE?OIﬂ

aci d-scavengers and®t hel REHONG NGt ker the fW&r 8f FLER oBBF bR ¥ Thed
herei n, i Nnc udedicdt c £50I0E, a com'fpblsﬁkliehoﬁbmbbﬁﬁi?nq pemt@dmmmaeitdmne

1,1,1,2-tetrafl uoroet han 1,11, 2 hex

1,1,1,3,3 3- hexafluoropﬁ@ﬂa gne bf %b% ﬁ§aﬁgx§9$8é§§§$§ﬁéﬁ%f the formula
1,1,1,2,2,3, 3- EgAudnnpnmpAUEZ) = 123 %, 2)2, an@, wherenaf | uor obut &nek’
1,1,1,2,3,4, 4, gygct af | uor obut ane and 1,1,1, 3,3, 3-hexafl uorobut ane. The
f or egoi ng conp05|t|ons are 30 effective in both total flooding and ortable

fire ext i ngui shi ng §y§ten§“eaﬁﬁ WerR SBRSEARFBMaFEICTREh F590

known propgd | ajfsup consisting of terpenes, unsaturated oils, sodium
bicarbonate, potassium bicarbonate, monoammonium phosphate,
alkali metal halides and urea; and
b. maintaining the concentration of the composition
until the fire is extinguished.

15 2. The process of claim 1 wlherein the composilion is
employed at a level of less Lhan about 25% v/v of Lhe
hydrofluorocarbons.

3. The process of claim 1 wherein the extinguishing
concentration of the compound is from about 1% to about 15%
20 v/v of the hydrofluorocarbons.

4. The process of claim 1 wherein the composiltion is
introduced by a total flooding system.

5. The process of claim 1 wherein the composition is
introduced by a portable extinguishing system.

25 6. The process of claim 1 wherein the composition contains
from about 90 to 99.9 percent by weight hydrofluorocarbon.

7. The process of claim 1 wherein the composition contains
from about 0.1 to about 10 percent by weight of one or more



W claim 1. A method for extinguishing a fire conprising
t he steps of : a. introducing to the fire a fire extinguishing
5 concentration of a conposition consisting of in conbination:

(i) one or wpsshehpgdr of | uorocarbons of the formula Cierrﬂéﬂﬁgﬁkgkgrr],

wherein (y+z) = (2x + 2), and wherein y [err] x; and
(ii) one or nore substances selected fromthe 10 group consisting of
terpenes, unsaturated oils, sodium bi carbonate, p i i ,

potassium-biearbonat e
nmonoanmoni um phosphat e, al kali netal halisles and umnmmmm f b.
mai nt ai ni ng the concentration of the conposition uhi | "H'""H
ext i ngui shed. 15 2. The process of claim 1 wherein t he conmffosEti®n i s
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15% 20 v/v oftermengsr omsphwedesores ls, sodimm bithabgnetessprotasbabm 1

wherein the coppOsiddiitd,S monddMcRAYHE Pi1REphatel ala1kla09dineE a3y ibeikes
5. The process of claim1l wherein the conposition is i ntroduced by a

portabl e exti rfif $HiSfy system

53 8. The process of claim 1 wherein the composition consists
essentially of from about 90% to about 99.9% by weight of
said hydrofluorocarbon and from about 0.1% to about 10.0% of
said substance.

E
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