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1007/ 030 FLUOROSURFACTANT- FREE FOAM FI RE EXTI NGUI SHER s FI ELD OF THE

| NVENTI ON The present invention relates to a novel fire-extinguishing agent
devoid of fluorochem cal surfactant, and nore particularly "‘lll'““'
synt heti c-surfactant-based foamf re-extinguishing agent camwmwuwml

provi di ng enhanced heat resistance of foans to flanme and i nprovegyso
water-retentivity within foans. The fire-extinguishing agent of the present

1 oinvention is i i Lgh= ~ar, | i m
fire-extinguishi ngfg?gﬁg%@*‘#ﬂ%ﬁ% ﬁﬁIAM EWEW&Sggﬁmt er or
freshwater, with an excellent fire-extinguishing performance. BACKGROUND OF
THE I NVENTION 15 In |l ate years, devel opnent in chem cal industries leads to
enornmousl y i ncreased production and consunption of not only water-insoluble
flammabl e |iquids, such as gasoline and naphtha, but al so water-soluble
flammabl e i quids; such as al cohol ether and ester, and their stored anount
and dassoci ated storage faci | iRIEEP ORYHEMSBENTIONasi ngly scal ed up. This

ci rcunst ance i nvolves an increasing risk of disasters such as fires, and

count er neasWhe Sprésend giivestions Uefatedi 38Sh ehéveld e GRIBRRLRH ﬂ?f it dH?oEc?tS’f ore,
an aqueous-filmform ng foamfire-extinguishing agent, typically a

fire- extivosiehedicap saﬁsmntusdnag ﬂdré'%ﬁ&é%@dglgc% >4 Lﬁgﬁ@%fa%ﬂﬁﬁi){sgﬁ g{??'g‘hi ng

preventing re-ignition of oil fire en use as a frire-ex

fqq b Th
FPuor oehey %%’P@%‘E%?a el Gomhl B o °°'$fe=ﬁta§°e% g ﬁ?ﬁ%ﬁﬁfﬁﬂﬂ%ﬁé&mgﬁ on to

25 maintain a S]St c.e fIa durability to heat.
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reason, .there have been devel oped var| ous nodi fi ed aqueous-fil mform ng

f oartPf i daveation s usable ngeithse high- irdewreapansion foam fif-extingyishingiagent and in

hydr ocar bon- based surfactant to fluorochem cal surfactant to provide

r educed citberndewtyd t form| wiithhecawatan of |frealnatorat with savd egedilentc dile-extinguishing

aqueous-filmform ng performance while reduci ng the enquired anount 5 of

f | uor oclperformmincs ur f act ant, or by using | ow nol ecul ar-mass am ne conpounds

and fluorine-contai ned betai ne-based surfactant (foam ng agent) as base

materials (Patent Publication No. 1 ) There has al so been devel oped a foam

fire-extinguishing agent conpr|5|ng polyethyleneglycol whi ch has a

nol ecul ar mass of greatergj f(%?ﬂlﬁgﬁ' ends 10 substituted

with am no al kyI its derl vatl ves, an T?%)am ng agent as base materials
t.his foam

b h
1£|P ?gggit |P ﬁg‘h: S gﬁaggﬁ‘{"%"a‘“gn‘“e%%ﬁg“ %%lfsatl%?f]s atﬁoﬁ'for%"l‘ﬂyémm?seﬁnd a
f t h t . h t t
fora s BiSRo dethonsdionion drnot Snl vl Hesiabe Apmahls Tiaedss BShb R Fosiiots ey

be any copventional surface-a |ve compound for fire-exti ngw sh| ng agents,
such s 438 BEPHUAI DB AR IS OB ICS AT EERE digBidssteh #p lsabologther and esten@ndni cal

surfface-acti ve conmpound, preferably, a fluorochenical surface-active
conpountheir stored amount and associated storage facilities have been increasingly scaled up. This

circumstance involves an increasing risk of disasters such as fires, and countermeasures
20 against such disasters become more difficult.

Heretofore, an aqueous-film-forming foam fire-extinguishing agent, typically a
fire-extinguishing agent using fluorochemical surfactant. excellent in preventing re-ignition of
oil fire, has been used as a fire-extinguishing agent for large-scale oil fires in oil storage bases
or the like. The fluorochemical surfactant must, however, be used in a high concentration to

25  maintain adequate resistance to flame or durability to heat.
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er'e “has "beén kKnowi another foam fiTe-extinguishing agent prepared

m xi ng foamabl e surfactants such as fluorochem cal surfactant and poly
(oxyal kyl ene) pol yi socyanatc pol yner in which the oxyal kyl ene chai ns
contain sufficient oxyethylene-units 20 to provide hydrophilic and
water-solubility in the polyner (Patent Publication No. 3). There has been

known still zanot.her agueous-fil mform ng f.0 | re-extinguishi ent
essenti al | yr@f) irgai‘sr?g’ F}K)‘e [1318 "yy‘ ny gelrﬁl ee,d ‘%@OL%:(%OO 1@%38%@5@;}@@@% al |yl
ammoni um, sal t_ and, mal efic acid, and (C). perfl uorqal kyl.., group-cont aj ne
noni oni cioafy Ae-EXtinsuishine: fgey bP’ieBaa'F?s’o ﬁorRIG." Ul.‘” ’Fﬁ@l“g ﬂé‘gof?é&ﬂ‘%ﬁfgn yet
anot her foam fire-extinguishing agent prepared by mxing -2 05/ 13/ 2004
17: 04 Fasurfagant7pfluprarhemixgl plassant (oamrpude radwged bamdarygtensien hetwaempid and s
derivatives) natural or synthetic polymer conpound, foamable surfactant,
and f| uowatehami exblancedrdgaetwrfilm-feameng peFfobharcatvilvle riiducirg the Bnguieednasouneen
known anot her further foamfire-extinguishing agent conprising hydrolyzed
prot e n @hdlublodhemiehle Bindaitarfi Uit gyt aBingaiteeholditlapimass \Ahiihe doftippusdicaid i S
usable 5 for both oil and alcohol fires, it has poor storage performance
due to f@udrRleiceRtaftled dBRRMEbAsdIE 3GHAKart AUSAAINRY afchDNIE Bale PlateANd GaRAPL be
effectively used for extinguishing fires of acidi ¢ water-soluble Tlammble
subst ancg, .5 etic acid. There has been known a
synt het |§ub213§t¥b§?$%ﬁl -based foam fire-extinguishing agent devoid of
fl uorochem gal syrfactan repared., b ddi ng_a hi gher. al cohol serving as a
1 o foam ngﬁ'ﬁﬁr(?elti’é?a? P ?’Sc’ﬁy VSLOBF‘bo%-g%dH?W’& @HP{! & SENENRS her
al cohol sulfate ester salt havi nggﬁ carbon nunmber of 12 to 18, preferably
| auryl abclvstylensghvsal, ayhich has g moleeylar mass of grrater than30A8 jand hoth fesming ends
triethanol amne salt, or a polyoxyethylene alkyl sulfate ester salt, and
opt i thal fupstititteil rwjthearhingralksd, s desivativess anda ffoaming mgend.oasnbase apateriadsa(Pateahd/ or
a rust-inhibitor (Patent Publication Nos. 6 and 7). 15 Patent Publication
No. 1) JRyhdicatkm WatDnt ItRsdbsceibed that fiis fohimlfire2F0RgurdirenigeRtibdd aadxpamsidio. 2)
Japanese Patent Publication No. HO3-63386 Patent Publication No. 3)
Japaneseraffat gMabditb i easi o had 41dire-3REdphisRiige timePobl 110C & i 13N niibutedt in a
Japanese Patent Lai d-Qpen Publication No. 2000-126327 20 Patent Publication
No. 5) Jgne ; L Qe i ' e :
ﬁﬁa&ﬁﬁfmgm)ﬁﬁgwst forh dofapatt ﬁ%ﬁﬂgﬂ%%s’i?&l\ltg Q%’%gg%% fdagdisy Agent

Publ i cati1 on No: apanese Patent Publ1cation Pat ent

SP%)![ Lg?f%ggﬁrg fg“a‘%%‘r‘]‘?"- Eaiseif ¥]9€1etﬁ1 #PFECH&?E ngtolgsr}ﬁl 'n’ét. ?gfené % %nﬁ\gg‘#ﬁd&g\t}gl ](c)ped
enc?issgdh’?gl %ﬁ?xg'l’ﬁﬁi‘ﬁny Surfee-a %Vlerl‘g‘?%'&e)(t I H%’u?lzaotgus |q£n%>b%%ﬁen5§ gcgflz‘fés‘?/\ﬁgs '?Eﬂ%ﬁn 3 KII c

HATTORI 1010/ 030 as rack. warehouses for hazardous substances, tunnels or
m ne cavli’rﬁfeé@,ly,arﬂ!l’éf‘ﬁg@ﬁw\é\ia peractycsPERRUWd  nder gr ound parking lots or
high-rise buildings, its water retentivity is |owered as the expansion
rati o i s i ndhetgshas, beans khowm gnpther| foam i fisegrdepuishing agent pyepased by mixing
performance. As descri bed above, nost of the conventional :
aqueous- foamable orsaifagiaitoasuch as fluorochemical surfactant and poly (oxyalkylene)

polyisocyanate polymer in which the oxyalkylene chains contain sufficient oxyethylene-units

20  to provide hydrophilic and water-solubility in the polymer (Patent Publication No. 3).
There has been known still another aqueous-film-forming foam fire-extinguishing agent
essentially comprising (A) polyallylamine, (B) copolymer of dimethyldiallyl ammonium salt
and maleic acid, and (C) perfluoroalkyl group-contained nonionic surfactant (Patent

Publication No. 4).

25 There has been known yet another foam fire-extinguishing agent prepared by mixing
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fire-extingui shing agents have been prepared by addi ng fl uorochem cal

surfactant. However, perfluorooctanyl conpounds constituting the

fl uorochem cal surfactant involve a risk of causing environnental

di sruption as with chlorofluorocarbons and hal ons, because they can

actual ly spread over environnents and stay there for ages, and the

product i . Of . {J ke- NG, Shi I r ene-.has ounds

have becinistieid ¢ 4 fis, Bl b RRAR TSR S bbit) FATBRGIERIET 0

Protectio ency's poljicy | e . Oct oher ,2000 of applying a Significant

New Use ﬁgdﬁgﬁ‘f"%’ﬂ‘cf’gs“r*éﬁéf*z@%§n?lj‘?bq‘-c%?ﬂo@ iWes". Under the above

situation, the aguegus-filmform ng_ foamfire-extinguyishing agents, have

been suf f er dBeter B3k gy jkagypyanather further ifopm ¢ firg-cxHpginshing AgeRlf camprigng nor e

di ffusion coefficient in accordance with Japan mnisterial decree (Hone

Af f ai r s hydralyzedypreteipeandafiuaxechemicab syriastant e@cf)eﬂithgetohevémmwmntos usable

aqueous-filmform ng foamfire-extinguishing agents, w thout using any

f | uorsoc herrbothl oiband alcélmi tfired) itchashmer storage perfoanaide idae eo famatiom ofidéposits f or

form ng aqueous filns. As above, there is a strong need for devel oping a

new f oanfeidilyecaiéd BPehadpeia pFUeaHd ¢onadt e effectivblyi uded For &xdingGRRRRE i8S of

| arge-scale plants, mlitary facilities, airports or shi pstesseI s and in

ei ther dicidit Geef-0810b1W aMmniiA Riben@ subll 854008 &did. @S @ 20 substitute for

foam fire-extinguishing agents using fluorochem cal surfactant. SUWMARY OF

THE | NVENTI My M 0 Pkl h n:obj of
Tk ot B knbuf 2 J3HReC ArE R bick Bab BHERRI AR deRt

t he present 0 provi a syn c-surfa

fire-extinguishi ent .capabl e of providing.25 enhanced foamability
expanaatte P, oF sifropficeC BRTRIp uebispd 5 SR PeRRG S 5ohl SEREDE 55 hea
-4 05/ 13/ 2004 17:06 FAX 202 775 9242 WESTERVAN, HATTORI. 1011/030

resi ¥t arfeaming acgelpratas do dydracatben based syrfactant, such; a5, ughemyjcehod sulfate gster
usable in either high- or |Iow expansion foamfire-extinguishing agent

appl i cabials having etcarbanmambenehl il 18, prefarahly lawrd alrobolanemoivmsulfetegstendn ne
and wat er-sol ubl e flammbl e substances such as al cohol and in either

di | ut ed lhayhaleblidh sslfirivadser tiethdnobmiine sadt, or apolyosyetigltenel dligi tsulfate ester salt,
fire-extinguishing 5 performance superior to that of Lightwater (trademark
of 3M Ua8)oplibhdlly miikingta foapiigs abiikdryefréeziigaptintideprosdatit didAgr o stdinhibitor
fire-extinguishing agent using fluorochem cal surfactant. In order to
achi-eve bRl 6L 6 abd§).Pr esent invention provides a new y devel oped
synt heti c-surfactant-based foam fire-extinguishing agent devoid of

fl uo&ochem' cal surfactant |10 capable of achieving an excell ent perfornmance
equi Val ent to that of conventional aqueous-filmform ng foam

fire-extinguyishi .agent i.ng fluproc 1 cal sur. . More

speci fi cal | yat Wﬁbf@?&ﬁ&ﬂi%ﬁwsﬁﬁ g e&?‘é’?’%‘@%‘&i@i?@ t ed hi gh- expansi on
foam fire-extinguishing agent havi an eﬁi amsiﬁn}i i f about 500 to
1000 : 1 whPeRnEROIREHONNG ) JHERatte SAtsEP It faton Mo 085800 f oam

fire-extinguishing agent typically for oil fires 15 having an expansion
rati o of ab®atentPul 'Calom:N(l-}?ﬂanﬁeé’@!ﬁﬁiP‘i‘bilﬁémqﬂﬂ- H0%3888%4ovi des a practi cal
performance equivalent to that of aqueous-filmform ng foam

fire-exti ngPatehi Publiagtiomi No. 4 Japaness PatentiEaidiQpenyPublication Nao 2000=32632%nce to

fl ame capable of remaining on a burning liquid surface over an extended

ti meyger i od paggt Publiexicn NE&rs) Jipaavs!Hakdnt LaidapyehlPablifation Ny, R0 -D466121t he
burning liquid surface in a short tinme-period. 20 CGenerally, the

foamabi | | tyﬁQ{emSbeli%Eﬁ&rNo.iI? Thpphbdtaneadpablaaged Noes48-1303yhe type or added

anount of t e sur f act a_nt. i's know that a conbi nati on of several
surfactants pli b £[15/8ktidnNo. 7) Japanese Patent Publication No. §52-34158

-

While the synthetic-surfactant-based foam fire-extinguishing agent has been developed

25  as a high-expansion foam fire-extinguishing agent for fires in specific enclosed spaces, such
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surfactant, and a conbination of surfactants different in ionicity, for
exanpl e, of anionic and nonionic surfactants or anionic and zwitterionic
surfactants, can provide high-quality foanms. For 25 exanple, Japanese
Pat ent Publication No. H03-66933 discloses a foam ng auxiliary agent -5

05/ 13/ 2004 E LRt 3 Vi n

ci g f1 cgnﬁ*y e ey aﬁ%;% S %ié%rg@n@%

obtained b inin r.f act ant bove manner

P o o pithe efatpun, aatking Tottk Biehrish DRt G5 WA SHRIVI: 9 lowend o5 thec

i nventor nmade researches on various conbinations_ of surfactants having an 5
adequat eC¥Ransign satiods incrassed, resulting in deteriprgtsd Seerextingatishingrpesformance. As a
result, the inventor found that a specific conbination of surfactants coul d
provi de an aAte qdescabgik r dmven nmests udlS t the utcoreentional f |aqoecnsHfdmi-forrhingurfbant ant .
The i nventor al so found that when this specific conbination of surfactants
was us edfivé-eingoisking ygérity haveddem piepared bl iadding Sudrochédhicsl-sacthatiite However,

macr onol ecul e having both term nal ends substituted with am no al kyl, and

its deri paflu¥Rbetafyl compdin@®lcyRstit@ingy {IRNBusodRHial fmwm%wem%@wol
am de ester salt, or higher alcohol 'such as dodecyl al cohol, excellent

per for m@&gﬁlgl vy eaﬁgméltmﬁgg@(ﬁ wa?mfchg;e& S'cg]tfo?x% afid h@%ﬁ& ad%&axf&é‘ﬁf‘e? chfam

coul d be I n expan |ty, oama

wat er -rct Vi t for unknown reas act ant e

fire-extf Iys Fﬁrﬁﬁd S4EN P bgmgrséﬁa ﬁ 48 @WpPPSH&‘P@s taf e ¢
will be |Iuted V\glgh not only, freshwat (pI ain water) but also seawater.
Thug, it lrfse’ﬁ@s@g By 3getHr J¥inde THoRBE: e comPERRdF HWFné’cflbng"Weéﬂycause
functional deteriorations in seawater, so as to naintain an even

per f &9 madiseonsinued, i aeqosdance Wilben Environmental Pratestion shganey's paliepassied en
surfactant, such as pol yoxyethyl ene al kyl sulfate ester salt, |auryl

sul fate @atolbm' 20006 applyxipg tal Sigmificars Newt UserRegulation th X Dsbh 8@ e c}dbiid;s,s".

car boxybetai ne or N, N-dinethyl al kyam ne oxi de, exhibits excellent

per f or manceUrder ftlabddel situdtion,| W&dﬁﬂﬁﬁl%ﬁlﬁ@%ﬁhﬁﬁt&-tﬂﬁg&ﬁﬁﬁglalgents

seawat er. Each of pol yoxyet hyl ene kyl sulfate ester salt and |auryl

sul fate galel beth Wulfeted ﬁéxﬁedhh?dﬁtyflﬂ%ﬁﬁhﬁg the %ﬂu&ﬁ&ﬁt 6f"§5yorhﬁ191l% diffusion

foamstability individually eveh 1n theit diluted formwth 25 seawater.

_Hglwevgg, iéf??%tf& ﬁ?kﬁ*@%?ﬁ%%%éﬁ%ﬁ%@%@ﬁ@%&&%ﬁgP?&%E"‘ff o

gﬁeéﬁity%y e %&2@%‘%@ ﬂééﬁflﬁf’s‘?ﬁﬂ?ﬁ?’w’aﬁ @‘&ﬁ‘gw R B, s, s
pecams | PRSI AR OB DEBioAL Scdpetant SRLetiis Sl ch BRaRe YouPD SRt sed
by a chemical action of calciumand magnesi um contained in 5 seawater. The

i nve)nt or farmingd aquesns dilms. pAs rabaEn othereois| ¥ siangmeed: dor, dexeloning perevh Joamdi ng

fire-extinguishing agent usable in oil industrial complexes, large-scale plants, military
facilities, airports or ships/vessels and in either diluted form with seawater or freshwater, as a

20  substitute for foam fire-extinguishing agents using fluorochemical surfactant.

SUMMARY OF THE INVENTION
In view of the above problems, it is therefore an object of the present invention to
provide a synthetic-surfactant-based foam fire-extinguishing agent capable of providing

25  enhanced foamability, expandability, vaper-sealability, water-retentivity and durablity to heat



rqlsflral/f%ot‘lrf%é’gtl?‘é &P % P45 bel i eVed T RAt Hr';‘leforRlII otriacetic acid act ggo&rl]/oao
netal ions in seawater to block the activity of the netal ions while
converting theminto a water-soluble netal conplex, and serves as a

wat er - sol ubl e i on-exchange agent for softening hard water to provide 10
enhanced foamability: The water softened by nitrilotriacetic acid wll be
never c I o [ oum , ke | L ShiNG. t
ndded v CRoae o ERpeiRl b PRASRTAF iR SrintPofaperiC i BN SBBRATEF ;o
filmto be created.on t.he netal ,surface wi.ll -hav orrosj on-Jesjista

(ant | - coP NSRBI ot} Fis-ptinetishing agext prplicahlc i BB vargr msanble Smmatle ng i n
conbi nati on the syntheti ¢ surfactants of 15 the present invention allows

f oams. t FUBEaRSES sHRS, gaspline wicRier elbble ﬂammﬁrkew%smﬂ@s sl as alcohol and in

vol ume-reduction ratio and an enhanced durability to heat resistance, to
provi de either)hlutedc Ferma ovith issawater og ufreshwater,o withban i exgellent ufiresextinguishing hose
of the conventional fluorochem cal surfactant. Wile synthetic surfactant
cannat rpetioamarer fupetiot dosthat aft Lightwaterdtrhdeweirk off BNVt USA) hiizhoedaend cal
surfactant, it provides fine and persistent foans capable of achieving an
20 excelfepbentdtive - f0ebRIFInS FdriGnd TodrR ' ARNGENSHIA ApedtOudil@ifidtochemical
fluorochem cal surfactant. Thus, differently fromthe conventional foam
fire- extgu;ﬂmu?.hi ng agents essentially using one surfactant selected from
fluorochem cal surfactants, the synthetic-surfactant-based foam
fire-extingyi shi e f £ Lan._can .nroyi an improved
f1 owabi | | tyﬂ‘wg’tlaﬁ‘gﬁ’tﬁg‘sﬁ%gg)"aﬂ;f% oRieEE B pr AP By RRVESY b bTRLL api d
fire control ,of er-in uble 25.f| anmabl e subst.a fires,such_as oil
e o yateic-melitianbasod Toa T SoinubRBRemteso o Romshon L ERRAN
HATTORI 1QJ014/030 Specifically, the present invention provides a foamf
re- eb0t i rrgnabitii ofy aghievingf en excsllent peripupanes peduivalant oto |that of peanyentionalbam
fire-extinguishing agent. The foam fire extinguishing agent conprises a

f oamabl eageyoisHfimi-formingf dedmnfirczextdigeishing egentsa)using Ylorsoehémice suefhdtart.
sulfate ester salt, and (b) at |east either one of lauric acid amde 5
propy! diveiehypecifitally) Rt piesént cimeéntion prottides’ isoptasticated Nhigh-eRpaRIORNFAMOXY
sul f obetai ne. This foamfire-extinguishing agent is devoid of

fluoroc fﬁ@eﬁﬁﬁgﬁdﬂﬁ%&éeﬁﬂ havih? aRNRpAIANKAGE BF aBdut 1500 tHr106€111 WhithHaé ast t he
foam fire-extinguishing agent may further include at |east either one of

i hing agent ! ., either one of
B kb SR RACE] Y e B Tl oA B Rt Bl B oS, 7T

nonoet hgnol am de phosphat ster C aodecyl. .al cahol f).. .

ol yB TS tRegRyBRBIRRG af PG St 10 4 B EFESYat iv-ERPR alop proviges amrasten! aci o
The foam fire-extinguj shi gg %gent of h(—?ir ar.es?.nt i.hvention coul d achieve an
excel | erReTioERanse sgpivalentfo hat; QQWW’%‘BT erming fqamy firesextingpishing agents; spchn oo
Fire Defense Law. The foamfire-extinguishing agent of the present

i nvent i cas arduability to beateRiresistanss i flamge sapabls of ramaining onn Bwpine Mauidisueage: he
foam fire-extinguishing agent contain a |arge volune of water content.

Thus, t hovef @anexténded dimd-pericdsandgn ayesilent flowrbility capablguefdovering over the
fire-extinguishing tine-period, and an excellent performance of preventing
re-igni thuehing (iguidsadHc inlatshor dthefpedionit he foam fire-extingui shing agent have
excellent flowability. Thus, even in a spilled-oil fire, the foam

fi 1 eyext i Nggemdthily tROfAMabHly 6K Sirfigtint 1§ infiferickd & gidat dediRyalle Bpeald @Uded: WO

times faster tﬁan that 1n protein foamfire-extinguishing agent.
amount of the surfactant. It is know that a combination of several surfactants different in

type provides a higher foamability than that obtained from a single surfactant, and a
combination of surfactants different in ionicity, for example, of anionic and nonionic
surfactants or anionic and zwitterionic surfactants, can provide high-quality foams. For

25  example, Japanese Patent Publication No. H03-66933 discloses a foaming auxiliary agent
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(035) aI{he  GAi% M- 8% ngui <hi ng agen? SR b at a dilution rate 1%

to 3 w% (4) The foam fire-extinguishing agent can be selectively arranged
in the wide range of a high expansion ratio to a | ow expansion ratio. (5)
The foam fire-extinguishing agent is stable in quality to provide excellent
storage 25 performance. _g_ 05/ 13/ 2004 17:12 FAX 202 775 9242 WESTERMAN,

FTTCR R R ey R R b A SR Do ed By
AR T LR RE S R S TR SR S TP

the present invention, 5 even if the rich concentrate solution of the foam
fire-ext fOIRREHPHIATRAEHE of the present invention is diluted with
freshwater or seawater at a dilution rate at 2 to 3 W% the diluted foam
fire-exti ngdibshinventor amadec teseasehesi o vaniows squmbinations of esutfactguts sheving an
performance. Thus, the foamfire-extinguishing agent of the present

i nvens i oadeqaate peHomvance shbstineiVecfor Raotockdmied]lfsurfactant. Waisl £regaty, the isvesioer age
space. 10 The foam fire-extinguishing agent of the present invention has an

adequat efdugd ftRitn@8p&Rifid| bombinkfiéh ROTsGrfadtais 868d YProvide Nat ddaf@dte FHeffSrmance
Prot ection Association (NFPA-11A) and Japanese Fire Defense Law (Rule 18)

whi ch prﬁﬁﬁﬁtﬁﬁ@éf&ﬁﬁfor&hﬁ?&fﬂ;@g g&.@e%esim hoamay mna%&m?eﬂﬁhg%gﬁé o of

200 to 300 : 1 is requir Ire prevention equipnments in c pl ant

a1 0 RARS St WNUSEET U RSP B, RO Rl P,
RARRRERETIACY A L IS N e UL I L

invention can be used for fire fighting in the usual manner. For exanple,
the 1 upglypxyethylens coganut fatkymcid monesthanglamidsi aster sefbrar highengjeghelasyches 2 to
3 W% by sucking its rich concentrate solution into water flowin the 20
m d- f | owdaslecylt aleohelippekéedidnt opexforinamcesli of i fopmiss uperiatetbca diucnodhemival
nozzl e. Then, nonflammabl e gas such as air is injected into or mxed wth
the di | uhefictatwalpaséd rfoaraxtauld Ubes bbrinedginexpandstiin] eeilabilit, fomdabilly hepns
are discharged or supplied froman injection nozzle to a fire surface. In

t hi s opewaki-Rfentivith) fdvkaowh réadp@ct i on nozzl es can be sel ectively repl aced
to use the foamfire-extinguishing agent as either one of high-expansion 25

T 75 RN 36 AR 0 b bl
HATTCRI Ls i {e: i i i i s .di i .

TR AT R Sl ARG oS SRR e
M- AR AR CUE S T 2 G R T

understood that the foamfjre-extinguishing agent may be 5 diluted in an
adequat eSeaWAlEh o a% ite M3iptaing oo fVen trerigepance of psfactant dn thothe feghwateruansher .
In order to suppress the phenonenon in large-scale oil fires, such as
weakenedsepwaler. seal agai nst a high-tenperature surface, potential

oi | -surface exposure, deterioration in foam expandability and/or

adhesi venes4 specific isufattang, smeh hs polydayethyldnb alklyb sulfate esteraslt,i lagyl aiifategsagent
may be di spersed while discharging water to the wall surface or banni ng

surfgce l%d)yd,@eﬂa?reﬁ@ Rlifer @idthdniole@fing, Al addoRyBikine 6£N, RedifrefHyRiNeRmke
virtue of a cooling effect fromthe
oxide, exhibits excellent performances of foamability, flowability and foam-stability even in
seawater.
Each of polyoxyethylene alkyl sulfate ester salt and lauryl sulfate salt exhibits excellent
foamability and relatively high foam-stability individually even in their diluted form with

25 seawater. However, in a fire-extinguishing test using a seawater-diluted mixture of



sulfate ester salt [the above conponent {a)] is used in 15 conbination with
| auric acid am de propyldi nethyl am no betaine acetate or lauric acid am de
propyl hydroxy sul fobetai ne [the above conponent (b)], the pol yoxyethyl ene
al kyl sulfate ester salt, one of anion surfactants, provides an enhanced
foamstability fqr h i ngk hi er-content . foans,..and signifi iy
enhanced PP hﬁﬁ{%}i‘yjﬂf?eﬁkﬂfﬂgﬁtﬁ 5[95{‘1’ f \#\ﬁéaqdolpuxgij f)‘ataéesia?tn hile m&e%ﬁgquﬂiﬁﬁﬁtyad d
am de propyl di ncthyl am no, betajne acetate or lauric 20 acid am de

propy| hy d¥as ehtaingd i pr initig] dischargingrstagg foamp besame smafleninttimg, and then phesfoagent |
effectively acts as a water-retentivity inprover, foamability inprover,
expandabiblanket igradueliergaingl undee aatabedamey thinperowhich Pedf ter ablignitiarhe This

pol yoxyet hyl ene al kyl sulfate ester salt is prepared as a mxture in
advance Iphenvmenoy wontdbeacaneéd byt chanical avtiog of catioy anenhgresiurmomiited iat her
et hyl enegl ycol, 25 dodecyl al cohol and water. The pol yoxyet hyl ene al kyl

sul fase eaiwakersalt used in the formof -10 05/13/2004 17:14 FAX 202 775
9242 WESTERMAN, HATTORI 1017/030 such a pre-stirred/ m xed m xture provi des
enhanced f oafgesiiRhtor bund WRdFBINiY phinoRisloddotld get&mcﬁyawseu%ﬁewaam, the

pol yoxyet hyl ene al kyl sulfate ester salt 1s used as pol yoxyet hylene

al kyl et her, . fate Lrieth i j Vi i ntriethangl,. .

Pol yoxyaﬁ'{(t?/ﬁgjinag |%?1‘1£'§ie ]% gﬁ@&%&%&/@%&%‘&%@ﬁlgﬁﬁ%&cﬂ 5%%19? ﬁ[bmgd?’?f PSFNHL P ends
5 substit ut w t.h. am.no al kyl act.s to increase the viscqsity of fo and
oroate. vPLEk the telisinEOt R aieat Sons il somuehie BRR imla  Weter Mable mefhl cpPBR e
significantly enhanced water-retentivity of the foans, heat resistance of
t he)f oanARq SEVEX 35 rfgmwﬁﬁlbérg don-excharge] pernt dor saftening, dards Watsgi lagProwide f oans
to stay on a burning liquid surface over an extended tine-period. The

pol yd&yabﬂyﬂe@ﬂeﬂiﬂawgﬂié)’-i nBieuwatst softsned iyt hifilotriag¢tienacié will be never changed

pol yoxypr opyl ene-di am ne, and 10 pol yoxyet hyl enepr opyl enedi anmi ne. The

pol yoxy ahtlgiscplt eamesaacidio/i héoa ffirdé-extivignizhing ngent adtad with infteilotfiddetiasdid o

al kyl is a known substance, and its typical exanple is polyethyl eneglycol

and its geinje¢RBionesa vl tirface]ah &xideafilm®Sbe treated On 't G4} fsudfaRaliflr havban
3000 to 25000 as disclosed in the aforenenti oned Japanese Pat ent

Publ i cat | y f 1%} ces are comercially available. 15
{:ﬂ%sm rebiStaAO@ERE orra_ﬁ&?gci%%%z.

Pol yoxye ene coconut fatty a t hanol am de phosphate ester salt

[the above c ] . 0 C

i ncrease t he'&)\?i}jagg%gﬁ ?%us?%gﬁag&gtnc%'i%ﬁgg? gh g&u\;@é%{ioﬁstﬂgggﬁnhﬂé\{gq . eé \%ﬂfscous
foans_are firmy.hold er to provide sjgnificantl.y enhanced. .

watt on3 1 o fETRIFRFR JPNERUOR ALows, Tt Ty b Sroplel Wik Resienitieant refised, time-based
fire-extinguishing agent, and liquid resistance allow ng the foans to stay
on a bur Mplymetredpehan Fafio; and am enhanced gyrability Aoy bgat; resigtange; it rovigeeegpate

pol yoxyet hyl ene al kyl sulfate ester salt is used in conbination with the

| auri ¢ achatacigristies, pucipgs fhamability, equivalenbia those: of thet comyengionplaflwerochgmiasl ani de
propyl hydroxy sul f obet ai ne, flane-resistant dodecyl al cohol (C12H260) [the

above coppfimeant. (While symtietiofsutfaging camiot eddotessurfaentehsion dihe sirheleetl®f that
provi de a performance nore simlar to the 25 conventional fluorochem cal

sur f act agf flus@clmit4l suffaéBnt @ REvides fihe dndVpérSis@nOfafnsCapaBlY of Adhieving an

20  excellent fire-extinguishing performance superior to that of fluorochemical surfactant. Thus,
differently from the conventional foam fire-extinguishing agents essentially using one
surfactant selected from fluorochemical surfactants, the synthetic-surfactant-based foam
fire-extinguishing agent of the present invention can provide an improved flowability without
using any fluorochemical surfactants to achieve a rapid fire control of water-insoluble

25 flammable substance fires such as oil fire or gasoline fire.
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ti me-based vol une-reduction rati o and an enhanced heat resistance. The
foanms created on the oil surface have a higher viscosity and strength than
t hat of foans obtained fromthe conventional fluorochem cal surfactant. The
wei ght ratio of (1 ) pol yoxyal kyl enedi am ne having both term nal ends

ot ¢ (3 cbelkA T ek Kvenpin brBited SEA Bl i B FecRino

betai ne acetate and lauric acid anjde ptopyl,hydroxy sul fobetaine : (4)
dodecyl if@()m?“ﬁ‘%“ p?reﬁBWéﬁpﬁmé% ar@l)ﬁrg-%gn ‘?h"(%)agfbt't 0 fogm) firgy 1 o
15 (4) 0.5,to0 1.5. The weight ratio of (1) pol yoxyethyl ene coconut fatty
aci d nonSEHRENShINg, AgeRt 1ePIETIsEHhat do systhetic  surfagiasit y gaysisting| ofie (@l kyl
sulfate ester salt : 3% at least either one of lauric acid am de

propyl di pebyayyethyléneoalkpk sulfate gstet aalt andd(b) atideast sithex euvi offlaprio meidhypdidexy
sul fobetaine : (4) dodecyl alcohol is preferably about (1) 5to 10 : (2) 20

to 255: pijpyldimethyll aminb) Bétafie deetayeciui lanfiegicyd amidenpropglhgdry suffobdisin@bove
conponents of the foam 15 fire-extinguishing agent to provide enhanced

heat - r esThisofoaf firdextifpaishitg dgbit 9 HeVodOBERokemid! SrfRiaat 2 strength foam
film Preferably, polyethyleneglycol 20000 or polyethyl eneglycol 4000 may

R R R

pol yoxyal kyl enedi am ne havi ng term na n no

al kyl : I hylkeneagl.vcol i refera about. 4 to.6 : (2) 8 to
5 "o THEHFE i A HEREGEF Pre o8 (S ARNEASHUc Ao hhving Py iyl ends
nonoet hanqgl .am de, phosph estfer.salt . (5) polyethyleneglycol is |
prefier abF"g>s Ptk E'“)’PQS“GJ‘[‘@’ 3'6} Ser{"ﬁﬁ“"f? 4"36&’?5 iﬁwpﬁfoémgﬂype earonutfatragidam
fire-extingui shing agent further includes polyoxyethyl ene al kyl et her

t ri etthansionpsthanol pmidenphosphate ester de)dadspyl alephob (6 pqlyethyleneglycol, (g) lauryl
pol yoxyal kyl enedi am ne havi ng both term nal ends substituted with am no
al kyl : ¢3fatesalt] swkh) sittilotniaceticeaadd. | auri ¢ acid 25 ani de propyl di et hyl
am no betaine acetate and lauric acid am de propyl hydroxy - 12 05/ 13/ 2004
17: 17 FAX 20Phe%6am ¥ié 2x g SHRM A dentloT TeRpreseni fiveribrscduld betiavendn excetont
dodecyl al cohol : (6) polyoxyethylene alkylether triethanolamne is

prefer abbé’(f(ﬁ'mﬂée(iﬁja)tgré-ekﬁn@iéhiﬁ est QrésriBed in (4pandse ®irf DefeRde 10wl OThE. The

wei ght ratio of 1 pol yoxyethyl ene coconut fatty acid nonoet hanol am de

BP?;?PSF iR e d*sﬂé S%%ZB%*"E?;Z%Dg‘ﬁéﬁvﬁﬁ”°f§%r@%fdé@f‘5&%ﬁ|§f§9?§?ﬁ3Fhydr oxy
i : . - (6).
1Rt B e Bl ARG 5B v e MO SO Gl S O,

: (6) 10 to 12. _Preferaply, .the abaove foam fire-extingui shing agent further
i ncl udesPnienty | Thys 1the 3&% firesfngENRg GEFHt-RIBYVIES AcTeaved Bre-siginguishing,
adequat e performance of the agent in not only 10 freshwater-diluted form
but al sotimeasriodrand jan gxesllentpesformance of preyenting|re-ignitiom| t acts to provi de
enhdnced foamability and water-retentivity. The nitrilotriacetic acid, one
of chel a(2) Foempobtathed front thetfoam dir¢-extingaistingagent havelexseledt dlowahiligy c ddhwus,
foamability. The weight ratio of (1 ) polyoxyal kyl enedi am ne havi ng both

t er m nal ewsndin asspllfedidilufired thei folim dire-ertikguishing: agemt) can extinguish the fire at a speed

20  about two times faster than that in protein foam fire-extinguishing agent.
(3) The foam fire-extinguishing agent can be used at a dilution rate of 2 to 3 wt%.
(4) The foam fire-extinguishing agent can be selectively arranged in the wide range of a high
expansion ratio to a low-expansion ratio.
(5) The foam fire-extinguishing agent is stable in quality to provide excellent storage

25  performance.



|°a56%3y/,|2°%4u|1?a 2T 02 77(58)924n2| tril ot r‘vF%T(SEgMNé Tord s preferably about (L@Ts)/o%o
to 9: (7)) 3to8: (8 0.5to 15 2. The weight ratio of ( 1)
pol yoxyet hyl ene coconut fatty acid nonoet hanol am de phosphate ester salt

(7) lauryl sulfate salt : (8) nitrilotriacetic acid is preferably about (1)
6 t09:(7)3t08:(8)0.5t02. In addition to the above conponents, the foam
fire-extj |.SA . I i I nclude a, sol vent,
freozi no o s onAos AR he by BeB Rty ela WK S Yor i SEnir 3
rust inhpbiitor, pH regulator, hard-water resistant agent, oil resistant
agent, h ﬁsfh“fa istant agent and/or foam stabilizer. EXAMPLE 25 EXAMPLE 1
-13  05/13/2004 17:18 FAX 2Q2 775 9242 ~9ESTERMAN, HATTORI 1020/ 030 The
fol | owi ng mihhecoRpaieptlsynthetic-gurdactantebased fpam dirgneutinguishingjagest 5 ggvarally 4900
g of honpogenous m xture conposition. (Mx Conponent 1) 500 g of water, 150
g of pol §iited with svgtey aba didatsmoraternf abog 3o 6rwise bafbreaisy.et Inthe pessénd iiviention,
(Kawaken Fine Chemcals Co., Ltd.; PEO Am ne 6000, average nol ecul ar

mas s =B006évenaif 866 dich asvncentratd seluticl 6f they fbaox fire-wxtingaisRingvegeat bf eed prdsennd

m xed to prepare total 1150 g of m x conponent 1. (M x Conponent 2) 40 wt %

of pol yomyetttnl ie @dut kyith GBI Br Sedviaaéraat a3R1uibRoraE atlDab Ry att ¥idkd 10
nonobut yl ether, 8 w'/ of ethyleneglycol, 2 w% of dodecyl al cohol and 13

oS O S S SO OAR 2
o 10 Do e it oSO B e S 5k SBERRAT

honbgenous m xture conposktion vvaé 'prem' xed with tap water at a dilution
ratp of ?OW%?,;"@F’@B&)‘@E‘!" YR & 728 Pfigui shi ng agent. The fol | owi ng
fire-extinguishing_.test was carried _out to check the performance of the 20
firel®xti ngdihe koam firgyextingpishing agent of therpreseptinyention hpe an adeayate performance

hi gh- expansi on foam node. 50 L of N-heptane (oil layer: 30 nm serving as
test fuefulfiltisg betl standers o€ UiSANational Fire Rroteotion AssagiafinSNERARC) APt Japantge ncp)
for f re extinguishing tests. The atnospheric tenperature and water

t enper at Eite Défnse LawC(Rulel 18) Gvhicle phsaibes ahat. a Tedivex-prpimkion foami KavitigSab96
1. The expansion ratio was determ ned by encasi ng di scharged foans in a

vessel t&paRsisiifatioiof 20@ B Y0U UI'R requitbddor fiftafieveRfonBqpapheits WPEH D Plant S
initial volune before dischargi ng‘)%ﬂ- 14  05/13/ 2004 1?:519 FAX 202 775 9242

VESTERMARG &&EI%Ct:}%Q&léso%hergmund shopping areas, warechouses or ship's hold is, and a

15 high-expansion foam having an expansion ratio of 500 or more : 1 is required for a stationary
fire prevention equipment in parking lots or the like.

The foam fire-extinguishing agent of the present invention can be used for fire fighting
in the usual manner. For example, the dilution rate of the foam fire-extinguishing agent is
adjﬁstcd at 2 to 3 wt% by sucking its rich concentrate solution into water flow in the

20 mid-flow as it is supplied to a fire-distinguishing device or a foam nozzle. Then,
nonflammable gas such as air is injected into or mixed with the diluted foam
fire-extinguishing agent to create foams, and the foams are discharged or supplied from an
injection nozzle to a fire surface. In this operation, two types of injection nozzles can be
selectively replaced to use the foam fire-extinguishing agent as either one of high-expansion

25 and low-expansion foam fire-extinguishing agents.  Particularly, when the foam
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Afster. 60 seconds fromthe ignition o% the test RqueI, t he above foam

fire-extinguishing agent was di scharged onto the flanme surface using a
testing hi gh-expansion nozzle (MSC, CIRC, 670 Hi gh- Expansi on Foam
Generator) at a nozzle pressure of 5 atmand a discharge rate of 6.0 L/ mn.
After 60 seconds fromthe ignition/preheating, the foam di scharge was 5

initiat eﬁke—e-ﬂﬂﬁ%%itlﬁg%fséﬁm ds b&ilited! WitlY seawhiep)! gxgij 1{% & s :iéw-%‘igmﬂ)% fﬂfal%n the

initiation of arging. After 64 secon e surroundi ng walTs of

the t o fislled wi : he f] hed. The. f

Fi o oxt TERRUHEE ol Yot BF RETRL sRBBICK 1T bl SHEoR P e ot e
t a significantly high d whi f ior t i t of
i hi . PR PYSPTRISE R g1 G o ETRITA SuisaReBUn UMD BFke ©o

Law. (Fire-Extinguishing Test 2) The above honbgenous mi xture conposition
was pr enﬁrﬁé’énml-'ﬁw%ﬁg t elt igtungergtopd tth¥nthe foam dirextinguishing, pgept meayabd oam
fire-extinguishing agent. The follow ng fire-extinguishing test was carried
out tso cdilnted inkpa tgroonesndratién inplvascefto pee igatriontgblie Sine extirmgishtr. of t he
present invention when used in a | ow expansion foam node. 130 L of
N- hept ane ( in érderstpsupprés thephenemenmgindargeaedle bil Gresy\Rifchfag ehkenad F6t @apul ar
iron oil tray (MSC CIRC, 582: 2.12 mx 2.12 m= 4.5 n2) for fire
ext i ngui ZphinBg atlﬁgﬁ-&mﬁiﬁure}’s@fdw,s?_&ﬁﬁﬁ& 6iﬁ£{ﬁﬁ5@te§1{:6‘su?é?dde‘féﬂo?£tioheﬁpﬁfaﬁit ure
were 12' C and 10C, respectively. The expansion ratio was 11 : 1. The
expansi i ' ' [ f Jn.a.vessel
Pansi QRpifiabitiy\aid/F WEhdiivancks B £BafiAd Safll SEARE 45€ f8§9 {5 Btihliching

to measure 1ts volune, an VI asured vdl une
vol une b r L.schar.gi AF 1. Q seconds from,the. ignition of the.test
fuel, t h“gt’@b‘ge‘gl"?oé%“%&g?%@t ﬁi‘géd’ﬁ‘?%‘#ﬁ Wa%ég% the Wil surtuer o B‘EB‘“G LB | ane
surface ,using.a tin t andar d- expapsi on nozzl e C, CIRC, 582 STD) at a
oz e JPBE SIS ofjituss & oBbRncbanoed Rekangice i, Grigs o atoo)ine AesHeom e 5
between the ignition and the quenching was 120 seconds (the requirenent of
Japanesé¥#®r e -15 05/13/2004 17:21 FAX 202 775 9242 WESTERMAN, HATTOR
1022/ 030 Defense Law. within 5 mnutes). After 300 seconds, the foam

di scharge was di scontinued. After 600 seconds fromthe ignition, a re-fire
test was initiated. The exposed oil-surface area after 15 m nutes was about
0.5 n2, and the exp@ESCRIPHONORTHERREFERRED EMBODIMENTE. Sn2 = 11. 2%

whi ch was far superior to the requirenent of |ess than 25%for exposed 5

oi | -surfac eWeﬁ;ipdlﬁIxyem&reﬁé a1 Bulate @8teP 818 fhe RPEve RorPORREIH)] it usedDRf ense
Law. (Drai nage Test) The aboveé honbgenous m xture conposition was prem xed

W thy Sy 'Hoﬁm%izlaﬁgﬁ %ﬂ?ﬁﬁﬁicaﬁﬁi@%&{ H—«{}gld’iﬁhﬁéﬂmﬁm"‘ﬁé’{%&’ ALERAE lagri(t. ARy

fire-extingulshing agent. W ng al nage test prescribed In

J Ei De L ' i {1 | th -ret.entivit
S20an il SrPSII- BBi, y hbrb s DSBS
PR B R R MR R LT I i

was) about 14 m nutes. Japanese Fire Defense Law prescribes that in
| ow expdigh arptarcantent feamst andgai signifiganilyeprhangedy Blapkgtiexpandability fam
fire-extinguishing agents), "the tine

suppressing flame. The lauric acid amide propyldimethyl amino betaine acetate or lauric

l41016/030

Ot

20 acid amide propylhydroxy sulfobetaine, one of zwitterionic surfactants in this agent,
effectively acts as a water-retentivity improver, foamability improver, expandability improver
and spreadability improver.

Preferably, the polyoxyethylene alkyl sulfate ester salt is prepared as a mixture in
advance by mixing with a solvent containing diethyleneélycolmonobutylether, ethyleneglycol,

25  dodecyl alcohol and water. The polyoxyethylene alkyl sulfate ester salt used in the form of

-10 -
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1% or restoring 2B, &F° P&tm sol ut "6 ol Une betore foani ng, from foans

shall be equal to or nore than 1 mnute", and in foamfire-extinguishing
agents having a expansion ratio of 500 1 or nore, it shall be equal to or
nore than 3 mnutes. The above test result is far superior to the
requirenent of equal to or nmore than 1 minute for |ow expansion foam

the foam B8 15 P SYFBRLBIp HEREE JEbip *ﬂ‘?%?‘ii?ﬁ#%@@ﬁe Rl 5
vt or 1 oPBit] fv?f‘ﬁgrawao?ﬂfa‘éab&@é P ?’5&}% SR Aol i is s s

were m xe and to p are 514 25 of honmogenous mxture

conposi t P °x5f98}Y§‘3§? W“éﬁ 1§ ddethin aé?’??dlé%qlﬁdrfﬂﬁ%hﬁ&hol - 16

05/ 13/ 2004 17:22 FAX 202 775 9242 VWESTERVAN, HATTORI LQ 023/030 am de
phosphat e edtabyoxyalkylenediamined [the aboyehsempeneat (6} pavingxbethhydrmiredi endsne i n
EXAMPLE 1. Further, the m x conponent 4 was added. (M x Conponent 1 ) 500 g
of wa$ er subbtititag with poinpeikyt lacts g incocake e Fi0ositycbf 404ngamif creaié yiseystfoathene 5
coconut fatty acid nonoet hanol am de phosphate ester salt (Kawaken Fi ne

Cheni cal Thé&viscoustfdarns Afel Gmily HBRPvaiee teprovidie dihifivatly eiteMcé DwiteRRdivitpt al
1050 g of m x conponent 1. (M x Conponent 2) 40 wt % of pol yoxyet hyl ene

al kyl a”HPﬂie“fBaﬁH' i:.e&tepe iSthndd ¥F @ﬁe ?daﬁ%]li‘i%‘é ancgmse W%(y Og@%pggcﬁﬁ{%%st&cw % of

glt hyljegegl yco 2" Wt /oO dodecyl 0
(M Corbsbaah i oo Hab %%?w%‘r%?ﬁ@‘f e Sgoar e eRier RS, bbb ne

acetate d 15 E)III dodec al co ' xed to e total ,750 of
i %) comph myag‘yﬁe A Doty oyt hefhetite, ORI OR i mee gaf o
from260q |umI sulfate and 80 g of nitrilotriacetic acid.

(Fi r & ExPOINSNN qngprm neflmws abbreolyervaliienediammethavine bothsaninalsmdsa s
prem xed W|th synthetlc seawater at a dilution rate of 3 W% to prepare a

f oam f i r substitutedgwithiamjnagalyl isne dmewnt Mebstaneen 2od f its etypical neyample rig
agent was used within 10 m nutes. The follow ng fire-extinguishing test was
carried palyethylemdpycivol ambity defivativeshaving a tridechilar masx in thguhsdd ofjgregenthawf t he
present invention when diluted with synthetic seawater. 50 L of N-heptane

serving 3600t @$t25000! as\aisciosed iin her afdréiiditionéd (Japdnese? )Paten® PridlicationdWo( MBC
Cl RC, 682: standard nozzle) for fire exti ngw shing tests. The atnospheric

t enper at 1158-655%6. "athée %smg{%& g\ﬁ_rg gnd 15C, respectively. The
expansion ratio was 10.2 : 1. The -17 5/ 13/ 2004 17: 23 FAX 202 775 9242

~SES[ERVAN) %EI@MB) godt/oggtofatty acid monoethanol amide phosphate ester salt [the above

component (d)], one of organophosphorus compounds, acts to increase the viscosity of foams

and create a viscous foam wall. The viscous foams are firmly hold water to provide

significantly enhanced water-retentivity within foams, durability to heat of the foam

fire-extinguishing agent, and liquid resistance allowing the foams to stay on a burning liquid
20  surface over an extended time-period.

When the polyoxyethylene alkyl sulfate ester salt is used in combination with the lauric
acid amide propyldimethyl amino betaine acetate or lauric acid amide propylhydroxy
sulfobetaine, flame-resistant dodecyl alcohol (Ci;H60) [the above component (e)], one of
higher alcohols, can be added thereto to provide a performance more similar to the

25 conventional fluorochemical surfactant, so as to foams to be created with significantly

-11 -
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expansion rati 0 was determned by encasing discharged foans in a vessé€l

measure its volunme, and divided the neasured volunme by its initial volune
before discharging. After 60 seconds fromthe ignition of the test fuel,

t he above foam fire-extingui shing agent was di scharged onto the flanme
surface using a testing high-expansion nozzle (MSC, 5 CIRC, 582 STD

H gh- Exp j £0a 0 l.e. pressure, of 6.3 atm and .a

di schar gZ&rﬁfg (petl(";ﬁ %aﬁqs%Q'El}"%l{en{.eh%ﬁogf&aggZaégca&nggmp?egnﬁaﬁéemgiance' The' fSams
ignition/preheatjng,, the foamdischarge was initiajed. After 2 m nutes and
50 secon(‘fge,a%ph‘g’ #h‘egwemgﬁge Y higher Xpeesity gng; strgp ,tﬁi%g‘ﬂ? shfaamsebiaingde was
di scontinued. The thickness of the resulting foam bl anket was 150 mm 10
After 11 frommthe senventippal fluprochemicalsusfaptant i at ed. Even after 5 minutes, the
foanms were stably maintai ned without foam ng away around re-ignition pots.
After 10 mi rilheeweight mbialdf (&) pelyoxyalkydenodiamine hiavirg bath temyine etdbyubstittedot .
After 15 mnutes, the exposed oil surface area becones 25% and the oil

face eauglith dminealkyhe(2) pelybxyetliydaie allad sclfteeset, sal 0 (B) i teakrithes éhel F3uricesul t
was far superior to the requirenment of within 25%oil surface exposure

after 1 gcid-dfhidetsropylaimelityl DikinG! bt iaQetdRPAYC BRrE! 4c8d %Ii&@?\goeﬂy@wdmxy

(Drai nage Test) Under the sane conditions as those in the ab

Fi re- Bxt| o Sy EH N ' i ion i f el were
Cr cat od. IR AT B5decht AC AR Sy AEIN SO0 301828’ toto'1s?
seawat er-ﬂiﬁjﬁ{eﬁ form the foamfire-extinguishing agent of the present 20
inventioﬁ ot % % above test result far superior to the requirenent of
equal to or re than 1 mﬁgzbe for | ow expansi on foam fire-extinguishing
agents prescHi€highh 13Hp PPivexysihydense cocaput faty apidianqmoptharslt amids a

| arge anount of water content in foanms or excellent water-retentivity. 25
COVPARAT Phesplataostersalt = (29 polypsyathylene alkyl7sublaterysjer 3ol : (3pavleds g ERMAN)
HATTORI 1025/030 In the foamfire-extinguishing agent in EXAMPLE 2, the

pol yoxy etduyic acid apnidepropylidanetiylcomido ibetanetabetate land bawlie aphbapida peopyiiydroxgal t
was renoved fromthe m x conponent 1, and the conponent 4 of |auryl sulfate
sal t andsulfdbetainel:(4 pdsietyl abcohd] iwpsefeRblvabeut (A) 5 itd €0 e)iNgy S hiNA 0.k :was
carried out under (t he saﬁe conditions as tho(s)e i n EXAMPLE 2. ?)The

expansi oy rahlgd was 9 : 1. After 60 seconds fromthe ignition/preheating,

t he foam Ji scharge was initiated. After 5 mnutes and 30 seconds, the flane

was quenche se d foam.dl s g i.scoptjnued. After
6 m nutes, &ﬁﬁ&gﬁegﬁg%%a@gfe &/gstag‘?esdcgﬁt itﬁ%e%.tb%f ectoﬁ%f"%éiegpcgﬁngga%e
guenched wi t hin out 3 mnutes, it ig,difficult tgo assue uf ficient
oamit ni BRTEReRBRRE e do Piovide sohinse benresicitice end sBIH Gl Faeidassdg 1 oam
bl anket was only 30 to 50 mm |ncapacitated to the re-fire test, and thus
the t ost Oifae 4iskwgHh if‘?ﬁ?égi.lmEXRKﬂf'FIEb y, nﬂ@ﬂgﬂrm@wﬁb 28090 g5 Polysylegeglyco) 3
and 4 were mxed and stirred to prepare 5240 g 15 of honmpbgenous m xture
conposi t #0900 mFnbe wsed an thegrolysthylenegheoly| ene coconut fatty acid

)

01%/(())30

The weight ratio of (1) polyoxyalkylenediamine having both terminal ends substituted
with amino alkyl : (5) polyethyleneglycol is preferably about (1) 4 to 6 : (2) 8 to 15.
20 The weight ratio of (1) polyoxyethylene coconut fatty acid monoethanol amide
phosphate ester salt : (5) polyethyleneglycol is preferably about (1) 5to 10 : (5) 8 to 15.
Preferably, the above foam fire-extinguishing agent further includes polyoxyethylene
alkylether triethanolamine. In this case, the weight ratio of (1) polyoxyalkylenediamine
having both terminal ends substituted with amino alkyl : (3) at least either one of lauric acid

25 amide propyldimethyl amino betaine acetate and lauric acid amide propylhydroxy

-12-



oAb S ARNS! 1A ‘de ?)%o%shgf‘lez ester évg ERWSZ ?Agg?gased as conpared to tl%%]tg/?ano
EXAMPLE 2, and | auric acid am de propyl hydroxy sul f obetai ne was used as a
substitute for lauric acid am de propyl di nethyl am no betaine acetate. (M x
Conmponent 1) 20 500 g of water, 150 g of polyethyl enegl ycol 20000 and 500 g
of pol yoxyet hyl ene coconut fatty acid nonoet hanol am de phosphate ester

1, BT SR e 10, i M g
e T e

wt % of water_ - 19 05/,13&22%4 17:26 FAX 202 775 9242 WESTERVAN, HATTCORI D
026/ 030 wer &bg| ¥righy ratiey oft (br palypyyethviens coroppt fafbe acish mongetbang) amidei x
conponent. 2 (M x Conponent 3) 600 g of lauric acid am de propyl hydroxy

sul f obet phasphaieestersalt ¢ (Drat rssteaither erecaf hmiricveeideamiilx propyldimpetbplaansine betaine 750 g
of m x conponent 3. 5 (M x Conponent 4) The m x conposition 4 was prepared
f r om 260adqgtaté ahdulaytic seid amdde fpropytteydeony Sélfapetainent t(4) |dodedyhcstédhol acisyl.
(Fire-Extinguishing Test 1) The above honbgenous m xture conposition was

pr eni xedpalybilyetiytenb alkiylethe areth@iol @hind id prefbrdbly htsut (?tsetoqfo J3M§4d 05 plagpar e
a foamfire-extinguishing agent, and then the foam fire-extingui shing agent
was used3yy § hig) 18% ya.nutes. The follow ng fire-extinguishing test was
carried out under the sanme conditions as those in EXAMPLE 2. The expansi on

ti 1 otk A ] . he 1 gni il f
o101 bl o e Sl B S RONR AFSERED RPN e
15 di tJ d.. The thi.ck f th | ti f | anket 150
17,9520 Al 063 S8 S oL ST,

re-|?nited nor fired due to a string foamsealing. The re-fire test was

cl eaf®d, freshvater-duied  forma. byt ddsq seawsiarcdiluted: fnimg  dheclonml utfatensalt eqtmto i n
EXAMPLE 2. (Drainage Test) 20 Under the same conditions as those in the
above Fi providgehhapged friamabilisy and watepzgtentlyityi nGhemitrdgiiansticoavid, ang of diclat®. 2 :
1 were created. 25%drainage tine was about 14 m nutes. | NDUSTRI AL

APPLI| CABtdnipo\nds; adtsao syfierhhirid ovaterr drelgiravite lenltanded foamability - €Riel we ghtbtio g
agent of the present invention is -20 05/ 13/ 2004 17:27 FAX 202 775 9242
VESTERVAGY (15pdilekYalidlencdfagting g bothabinfindl¥hdé RebsEQfedewith afddo alkyl : (7)

hi gh- per f or mance aqueous-fil mform ng foam
lauryl sulfate salt : (8) nitrilotriacetic acid is preferably about (1)6t09:(7)3to 8: (8) 0.5 to

15 2.

The weight ratio of (1) polyoxyethylene coconut fatty acid monoethanol amide

phosphate ester salt : (7) lauryl sulfate salt : (8) nitrilotriacetic acid is preferably about (1) 6
109:(7)3t08:(8)0.5t02.

In addition to the above components, the foam fire-extinguishing agent of the present

20 invention may include a solvent, freezing-point depressant, liquid-resistance improver, foam

stabilizer, rust inhibitor, pH regulator, hard-water resistant agent, oil resistant agent, heat

resistant agent and/or foam stabilizer.

EXAMPLE

25 EXAMPLEI]

-13-



05/13/2004 17:18 rlf;AX 202 775 9242 WESTEH?MAN, H?’I‘I‘gR 10207030

fIre-eXxtinguishing agent "using fluorochem’ca Uffactant. The

synt heti c-surfactant-based foam fire-extinguishing agent devoid of
fl uorochem cal surfactant, such as perfl uorooctanyl conpounds, which has
problens in ternms of ecol ogy and cost performance exhibits excellent 5
fire-extinguishing performance, resistance to flanme, durability to heat,
liquid resis = Lt p td o) Q e
conventi onal o%%ogs}ge@gx%%ﬁegﬁi lhgeaéggn‘?&gs@ gégé ﬁ%g%?ﬁgﬁ%e ‘{sgl?p fgaé:t?ant .
The foamifire-extinguishin nt of the present invention is innovative in
that it ihgmagg}ﬂ)ﬁgng%&ow]%sgﬁﬂ and | ow expansi on foam fire-extinguishing
agents and ipn._both seawater-diluted and freshwater-diluted forns while |0
mai nt ai ni ng %’éﬁf&ﬂﬂfé’“ﬁ’é‘r# or mances, cost performance, and environment al
safety in terns of deconposition products. -21 05/ 13/ 2004 17:27 FAX 202
775 9242 VESYIORhg AN HeaFOR! 150Q19 2 80 3inedylencglycplal 200001 Sand! . 500 f ganof
fire-extinguishing agent for use as a hi gh-expansi on or | ow expansi on foam
fire-éxt ipolyokydthyienedipaning (KawakenoBime fCheerieatd iCogUitd)iRED agnint G000Dhvesagey a

f oamabl e synthetic surfactant consisting of polyoxyethylene alkyl sulfate
ester Sahiclecalisl Mass+8009! toeB300¢ amdRL valhe=1041 5, Chydfdx§1 ¥aIuEL2)PverRyblehdeatdhd!

am no betaine acetate and | auric acid am de propyl hydroxy sul f obet ai ne,

wher ei n ﬁﬁkéﬁzﬁﬁﬁ?g{‘é t{,ﬁlqﬁdrg_gp}ﬁp&gﬁ?@ﬁ@qt_ is devoid of fluorochem cal

surfactant. f oam extin ng agent as defined in claim1,
whi ch inclu | voxyal-kyl enedi am ne having both term nal ends substituted
wth amno a %ngnﬁagﬂeiﬁi vatives thereof. 3. The foamfire-extinguishing

agent as defjned in_claim r 2, i ch ipcludes polyoxyethyl ene coconut
fatyy acid rdﬂmag%h%awyaﬁ%@%%ﬂ?@%m sulfyte, 3% Wik, o digghileneglycol-
fire-extinguishing agent as defined in either one of clains 1 to 3, which
i ncl udes mopgbutylethsr, Sowte ofthytencelysaln2s wi’e of dodecyli plsphal ind d3nwt% of weaterned
in either one of claims 1 to 4, which includes pol yethyl eneglycol. 6. The
f oam f i r aveesdhlendgd iand stirginglyemixed ¢o prsparn tadali 3600 gtofirix compafent2ains 1 to 5,
whi ch includes lauryl sulfate salt. - 22 05/ 13/ 2004 17:28 FAX 202 775
9242 VESTERNMix Odpbaktit 3)Q1029/ 030 7. The foam fare-extingui shing agent as
defined in either one of clainms 1 to 6, which includes nitrilotriacetic

acid. -23 600 ,ﬁﬁf lauric acid amide ﬂgldimeth 1 amino betaine acetate and 150 g of dodecyl
ACA{LAL. AALA % A LA L AA Al % /oAA.A.A,.%Ah.A,A.Ah%ASU.:&..A{%K..AA.A

A>?| " 7dv NG . :

FT| wr nhc%‘%“&eé ca e((:ié]) gﬁpgrae]tgg.} Z%‘] %3{%‘?"a‘]°é“aﬂ°é‘%’1‘c33] ca] ca] ca] ca] ca] ca] ca] ca]
calcalca]calcalca]calca]lcalcalcTalUcalT c

uGSkil P814x} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ¢a] cal.cal.ca] cal ca] ca]ca]ca]calcal P+ ; 77<KS ! v

{vql gb] X] ca](gg}' E@"é&%ﬂzﬂ‘%ﬁ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caU] ca] caU] ca] ca] ca] ca] ca] ca] ¢a] cal . . . o

1181 v 1/ """ /Thembpysbemagagous mixtyne) comppgitien. yas prerixed with tap vatpratjadilvtian ca] ca
] calica] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] cal]ca]c
a] ca! +*, ratoof 2 witp t8prepare @O firé-titidishing agent.

The following fire-extinguishing test was carried out to check the performance of the

20 fire-extinguishing agent of the present invention when used in a high-expansion foam mode.
50 L of N-heptane (oil layer: 30 mm) serving as test fuel was fed in a rectangular iron oil tray
(MSC CIRC, 670: 1.42 mo) for fire extinguishing tests. The atmospheric temperature and
water temperature were 22°C and 20°C, respectively. The expansion ratio was 896 : 1.

The expansion ratio was determined by encasing discharged foams in a vessel to measure its

25  volume, and divided the measured volume by its initial volume before discharging.

-14-



Qséll%zzf} 514}75]595|FAX nﬁog‘Yﬁ ca]ca] cal cav]EST KoF ca]TTOTca] ca] ca] cal] ca] ca] ca]ﬂé?é]”’a"
]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca! 56n66$777<888M9: C. G | :
; 3<~<<, ===>k>>?2u??@ w nhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] cal caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! @@aAPB" BgBBBChCCD}
DD) E\ EEGGGHKHHI el 1 J{ JJJKhKK} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c

a] ca] ca] ca] cakeAbE W oAas RbHAMEILERbS %}'ﬁfg &8 fdl o sdhedbsd ]tfre-exéillxguls ng NN
e St i e B

YoYYZnZZ \\ S ALANO 9 wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] C
a]gca] caﬁé]a?[ E?Q: o Xpangion Foppty ew@aq)aapg@fda]pmwa]oéé] aim] and] acdichatgea) cal

" abaabgbb#c, cj cchddepeee8f fflgghhehhh7iiij'j4j|wmnhc”Y]]ca]ca]ca]ca]ca]cal
ca] ca] ca}ft,ta]oéé]ﬂcb/j!ma] cAften e spwmile Foonihedpnitipw/picbedting] freafoam] disdhasek osdsca) ca
Jcajcal4j <y G {jjjkakkl*I xI1ll!nmmmmrsnn' coo5pppp, qqa{ vqgl ga\ W ca] calU] ca] ca
| ca] cd] cajitatpd a] Tee] Bape eduid be appidlycewhrallebd fea Wh st shidl ke eCinitiaide of 8l cal ¢
ajcaljcaUcalcalg2rrrGssslitQntttPuu
vVwe W~ wlissbatging.y 7AREZ6X febbudsD it séhelnBd e ahiadand %}&Hil&ﬂvl{iﬁ‘hfé%&ﬁ:l ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal cal ca] cal

| chu ch] o] etk S aé‘?%il“c“f@*fﬂﬂ* PSR RO B T o
2L L5 i s ML b e e il o
o A A B AU e

| wmhc”Y]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] calca] ca]ca]ca]cal]c
a] cal®a] k8Wca] cal] ca]ca]ca]cajcalca! b _$w} “~>C

| wrmhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal(Bug-ExtingilishangTast2) ca] ca>?l ' i K-L"10% U& ()- 3"10% U& ()- 10%
U& ()- 310% U&' ()-S 10% U& ()-S#310% U&' ()-)10% U& () - 7daB-L"10% US&" 10%
U& () - 9%$$1THe dBo¥e) hordsgehois H&tﬁr):cﬂ)ﬁn‘}fvhlﬁor( was pfdffixed with ta water at a dilution

U& ()-4!#9ynmd0%JU& ()-: dvTdE-L" 10% U3" 10% U& () 0 10% .10%
U& () -

o s 1%3%’/9ﬂ38w(/}to prépife W¥odnh fird-extifdUishifigGhent TVZ[ \ ] “dYNCL" 10%U 10 U 10 U

The following fire-extinguishing test was carried out to check the performance of the

15 fire-extinguishing agent of the present invention when used in a low-expansion foam mode.
130 L of N-heptane (oil layer: 20 mm) serving as test fuel was fed in a rectangular iron oil
tray (MSC CIRC, 582: 2.12 m x 2.12 m = 4.5 m?) for fire extinguishing tests. The
atmospheric temperature and water temperature were 12°C and 10°C, respectively. The
expansion ratio was 11 : 1. The expansion ratio was determined by encasing discharged

20 foams in a vessel to measure its volume, and divided the measured volume by its initial
volume before discharging.

After 60 seconds from the ignition of the test fuel, the above foam fire-extinguishing
agent was discharged onto the flame surface using a testing standard-expansion nozzle (MSC,
CIRC, 582 STD) at a nozzle pressure of 4.5 kgf and a discharge rate of 2.5 L/min. The time

25  between the ignition and the quenching was 120 seconds (the requirement of Japanese Fire
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After 600 seconds from the ignition, a re-fire test was initiated. The exposed oil-surface
area after 15 minutes was about 0.5 m? and the exposed oil-surface area rate was 0.5
m?/4.5m” = 11.2% which was far superior to the requirement of less than 25% for exposed
oil-surface area rate after 15 minutes prescribed in Japanese Fire Defense Law.

(Drainage Test)

The above homogenous mixture composition was premixed with synthetic seawater at a
dilution rate of 3 wt% to prepare a foam fire-extinguishing agent.

The following drainage test prescribed in Japanese Fire Defense Law was carried out to
check the water-retentivity within foams of the fire-extinguishing agent of the present
invention. Under the same conditions as those in the above Fire-Extinguishing Test 2,
foams having an expansion ratio of 11: 1 were created. 25% drainage time was about 14
minutes. Japanese Fire Defense Law prescribes that in low-expansion foam
fire-extinguishing agents (aqueous-film-forming foam fire-extinguishing agents), "the time
for restoriﬁg 25% of foam solution volume before foaming, from foams shall be equal to or
more than 1 minute", and in foam fire-extinguishing agents having a expansion ratio of 500 :
1 or more, it shall be equal to or more than 3 minutes. The above test result is far superior
to the requirement of equal to or more than 1 minute for low-expansion foam
fire-extinguishing agents prescribed in Japanese Fire Defense Law. Thus, the foam
fire-extinguishing agent of the present invention evidently contains a large amount of water

content in foams or excellent water-retentivity.

EXAMPLE 2
The following mix components 1, 2, 3 and 4 were mixed and stirred to prepare 5140 g

of homogenous mixture composition. Polyoxyethylene coconut fatty acid monoethanol

-16-
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OB/ 1Y 2% T Bl BHEH () -1 o IOV Y7006 e ()- 10 U 10 U 48/
WU=10% U&' ()-s9%$10% U&' ()- HP8dE_@" 10% 10% U&' ()-310% U& ()-"10%
U&' ()-Ys$10% U& ()-"10% U&' () - 10% U&' () -81l4xaB_@" 10% (10% U&' () - @&10%
U& ()- $10% U& ()-"10% U& ()-F$10% U& ()- !yl %d0%JIU& () - GP+dE_@."10% 37
10% U&' ()- 210% U& ()- 010% U& ()-."10% U& ()-,10% U&' ()- s*10% U& ()-
@ 10%mifd phkphite e 1Q7EWRaSiséd AV 4 Oslrbifiute) Tor® PolyoxPethylenediamine in
EXAMPLE 1. Further, the mix component 4 was added.
(Mix Component 1)
500 g of water, 150 g of polyethyleneglycol 26000 and 400 g of polyoxyethylene
5 coconut fatty acid monoethanol amide phosphate ester salt (Kawaken Fine Chemicals Co.,
Ltd.; Amizett P52) were blended and mixed to prepare total 1050 g of mix component 1.
(Mix Component 2)
40 wt% of polyoxyethylene alkyl ammonium sulfate, 37 wt% of diethyleneglycol-
monobutylether, 8 wt% of ethyleneglycol, 2 wt% of dodecyl alcohol and 13 wt% of water
10 were blended and stirringly mixed to prepare total 3000 g of mix component 2
(Mix Component 3)
600 g of lauric acid amide propyldimethyl amino betaine acetate and 150 g of dodecyl
alcohol were mixed to prepare total 750 g of mix component 3.
(Mix Component 4)
15 The mix composition 4 was prepared from 260 g of sodium laury! sulfate and 80 g of
nitrilotriacetic acid.
(Fire-Extinguishing Test 1)
The above homogenous mixture composition was premixed with synthetic seawater at a
dilution rate of 3 wt% to prepare a foam fire-extinguishing agent, and then the foam
20 fire-extinguishing agent was used within 10 minutes.
The following fire-extinguishing test was carried out to check the performance of the
fire-extinguishing agent of the present invention when diluted with synthetic seawater. 50 L
of N-heptane serving as test fuel was fed in a rectangular (4.5 m?) iron oil tray (MSC CIRC,

682: standard nozzle) for fire extinguishing tests. The atmospheric temperature and water

25 temperature were 15°C and 15°C, respectively. The expansion ratio was 10.2 : 1. The
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volume, and divided the measured volume by its initial volume before discharging.

After 60 seconds from the ignition of the test fuel, the above foam fire-extinguishing
agent was discharged onto the flame surface using a testing high-expansion nozzle (MSC,
CIRC, 582 STD High-Expansion Foam Generator) at a nozzle pressure of 6.3 atm and a
discharge rate of 11.3 L/min. After 60 seconds from the ignition/preheating, the foam
discharge was initiated. After 2 minutes and 50 seconds, the flame was quenched. After 6
minutes, the foam discharge was discontinued. The thickness of the resulting foam blanket
was 150 mm.

After 11 minutes, a re-fire test was initiated. Even after 5 minutes, the foams were
stably maintained without foaming away around re-ignition pots. After 10 minutes, a small
area of the oil surface was exposed by one pot. After 15 minutes, the exposed oil surface
area becomes 25%, and the oil face caught fire. The re-fire test was cleared, and the re-fire
test result was far superior to the requirement of within 25% oil surface exposure after
5-minute burning prescribed in Japanese Fire Defense Law.

(Drainage Test)

Under the same conditions as those in the above Fire-Extinguishing Test 1, foams
having an expansion ratio of 10.2 : 1 were created. 25% drainage time was about 14
minutes. Even in the seawater-diluted form, the foam fire-extinguishing agent of the present
invention had the above test result far superior to the requirement of equal to or more than 1
minute for low-expansion foam fire-extinguishing agents prescribed in Japanese Fire Defense

Law, and evidently contains a large amount of water content in foams or excellent

water-retentivity.

COMPARATIVE EXAMPLE 1
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acid monoethanol amide phosphate ester salt was removed from the mix component 1, and

EEEEEE

the component 4 of lauryl sulfate salt and nitrilotriacetic acid was removed. A
fire-extinguishing test was carried out under the same conditions as those in EXAMPLE 2.

5  The expansion ratio was 9 : 1.
After 60 seconds from the ignition/preheating, the foam discharge was initiated. After
5 minutes and 30 seconds, the flame was quenched. Afier 300 seconds, the foam discharge
was discontinued. After 6 minutes, the foam discharge was discontinued. If the flame
cannot be quenched within about 3 minutes, it is difficult to assure a sufficient foam thickness
10  for the re-fire test. The thickness of the resulting foam blanket was only 30 to 50 mm

incapacitated to the re-fire test, and thus the test was discontinued.

EXAMPLE 3
The following mix components 1, 2, 3 and 4 were mixed and stirred to prepare 5240 g

15 of homogenous mixture composition. The amount of polyoxyethylene coconut fatty acid
monoethanol amide phosphate ester salt was increased as compared to that in EXAMPLE 2,
and lauric acid amide propylhydroxy sulfobetaine was used as a substitute for lauric acid
amide propyldimethyl amino betaine acetate.

(Mix Component 1)

20 500 g of water, 150 g of polyethyleneglycol 20000 and 500 g of polyoxyethylene
coconut fatty acid monoethanol amide phosphate ester salt (Kawaken Fine Chemicals Co.,
Ltd.; Amizett P52) were blended and mixed to prepare total 1150 g of mix component 1.

(Mix Component 2) |
40 wt% of polyoxyethylene alkyl ammonium sulfate, 37 wt% of diethyleneglycol-

25 monobutylether, 8 wt% of ethyleneglycol, 2 wt% of dodecyl alcohol and 13 wt% of water
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600 g of lauric acid amide propylhydroxy sulfobetaine and 150 g of dodecyl alcohol

were mixed to prepare total 750 g of mix component 3.
5 (Mix Component 4)

The mix composition 4 was prepared from 260 g of lauryl sulfate of soda and 80 g of
nitrilotriacetic acid.

(Fire-Extinguishing Test 1)

The above homogenous mixture composition was premixed with synthetic seawater at a

10 dilution rate of 3 wt% to prepare a foam fire-extinguishing agent, and then the foam
fire-extinguishing agent was used within 10 minutes.

The following fire-extinguishing test was carried out under the same conditions as those
in EXAMPLE 2. The expansion ratio was 10.2 : 1. Afler 2 minutes and 40 seconds from
the ignition of test fuel, the flame was quenched. After 6 minutes, the foam discharge was

15  discontinued. The thickness of the resulting foam blanket was 150 mm.

After 11 minutes, a re-fire test was initiated. The test fuel was neither re-ignited nor
fired due to a string foam sealing. The re-fire test was cleared, and a better re-fire test result
could be obtained than that in EXAMPLE 2.

(Drainage Test)

20 Under the same conditions as those in the above Fire-Extinguishing Test 1, foams
having an expansion ratio of 10.2 : 1 were created. 25% drainage time was about 14

minutes.

INDUSTRIAL APPLICABILITY

25 The synthetic-surfactant-based foam fire-extinguishing agent of the present invention is
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4, The foam fire-extinguishing agent as defined in either one of claims 1 to 3, which

includes dodecyl alcohol.

5. The foam fire-extinguishing agent as defined in either one of claims 1 to 4, which

includes polyethyleneglycol.

6. The foam fire-extinguishing agent as defined in either one of claims 1 to 5, which

includes lauryl sulfate salt.
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