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aerosol -form ng fire-extinguishing conposite and a nethod of its productiion
Fi el d of wohedrmerenti on *159159* 5 This invention rel at esSPEURUNAOSIG| d of

fire-fighting equipnment, specifically tg.nmeans of. fire fighti.ng by a
fire-extingui shPykptaehatal a@ﬁ%?“i‘é”f‘ﬁ?ﬂ&ﬂ'eﬂqfrf%"'ﬁhw ﬁ&"ﬂ?é%?‘gduct s made
from pyrotechni cal conpoun r rodi&df osol - form ng conpounds
are used in devices for fi ?@qg'ﬁ%ﬁ?ﬁgﬁ%& nl'y iﬁl osed vol unes, such as:
- warehouses, garages and shop prem ses - vehicle conpartnents State of the
Art *@00002* 15 Efficiency of aerosol-forming fire-exti ngmwmlmﬂmmmtounds
and products made from such conpbigldofi theendian pr oceediling

ability to meet a whol e conplex of requirements: - high fire«gxtokngui shing
effi&iency at a mininumfire-extinguishing 20 concentration; low toxicity

and expl osi ofy RagReAes Tedlict Yomnednakodh skafishing ddiaymenn! spatificatiyntorum
~amount of underoxi dated F , CO and expl osion-hazard (H-) conponents; -

| ow bur mheghd efirer fighting;, b2 a firefaxthglishizlg agrogef ihakis fosmestduring buming of
characteristics which makes it possible to avoid negative effects of

var i ous Pre@¢@sdnqde fpat PHQFGQWWf-%gpgmptoé'ﬁﬂér ature fluctuations) in transit

and St or age gfich |9 R e rdé%ﬁf&(h)ﬁrg%&%gwgmﬂsaar@ (B[R BEUREEFoR iR

t hi ckness; e range of the c urning velocity variation at

at W%IOhqrdhﬂng%ﬁhﬁsﬁwl@se@wm&bbylclw'eshout the use of special - purpose burn
pronoters and wi thout - posing special high requirenents for dispersity and
fracti on conmposvarebauses,gaipges aBrSHRBMIeMISEY ow specific nol di ng pressure

whi ch nmakes it ssible t facture articles using a safe, |ow

power - consuri nﬁ%&%eﬁpg}ﬂ%?tr@%ﬂlgci ent production process. 1 vi~ S WO
02/.17717 PCT/RUL11/I1111S~li Known pyrotechnical fire-fightin

consist mainly of the foll ow ng conponents: - an oxidi zeﬂ“@ﬂﬁﬁ‘ﬁmﬂﬂ
nitrates or perchlorates of alkali te of WecAHi xture th I

burni ng binder selected froma series of epoxy or polyester re®as,
syntlRetic or natural rubbers, thermally plasticized rubbers and mi xtures

t hereof; - preguction . pr _ ; 1 et idbﬂ‘%b undsl Eedf | udg
conmpound i s kﬁg'lvﬁﬁ:érk%atogn %aZ‘g)g@iﬁ(%?ﬁ% émﬂbu'%ﬁﬁgtll 9 )O_qont aini rﬁ)gd&? n per
cent by mage fidre sliohlconipruncsripassessad groseeddmafoemiitsgalitydermegbasvimleo. o
cool ant and the remajnder - oxidizer. As a burning binder the following is
used: 4-9RMAPIEXYBEALGTRMEBISH or a nixture of 4-hydroxybenzoic acid and
phenol f or mal dehy: ad : I NSy mxxt ug e i yd yReHMEIngei d
and epoxy resi Ir:%{'gﬁr a@%m&ﬁﬁ@b'e&ﬁ'ﬁé p%éfrlltgﬁ%r I’%| (Lzlgehyr@@lrg%@ egl?;y resi ns,gor a

m xtay e ednctiny@tienybenzoi ¢ acid, phenol -formal dehyde and epoxy resins. As
oxidizer it is 15 allowed to use potassiumni trB?t e or sodiclljm ni t.r at et,negr

pot assi um per chlowt A@XCity ransh @xplasist AAZeFdesS 6F BHRING: B AYG{R HBee

Di cyandi ami de or | g eI OO A hihsiéh- H.
azobi sf of HUAIHE @%Jﬁﬁgfﬁ ﬁﬁfa"ﬁ r?gm eo r%)géa%ge@‘%’sbgbcgﬁ? ﬁﬂbs‘lrﬁghgg?rrgo&n" can
al so cong@hpBoRemduct i on process additives and burning pronbters at a rate
of 0.1-5.0% by mass. 20 The conpound production nethod includes charging of
a m xer with- anlaykbdinirg terppeiaty§: bi nder, production process additives and
burning pronoters,an 1 XI f rJi iset he
corrp%ﬂnd consi Shq%[e%%ﬁd%ﬂ)jsn%gb sgll(;etn E}gicﬁ%’.%ﬁt?@%tﬁg \gh%g;%ggﬁ?(ﬁmﬁlggt e -
8; 4- hydfpxxhaazabgaii deffedls phevmlousorastbrehivitraties, impadts, diergperatusi de
- 12; CQu0 - 2; and 25 polytetrafluoroethylene - 1, shall be njxed in a

mi xer f ofluciiatinosy in trdnsit andstorage anpddaIPrPHhans U§ﬁaandB%tSd§'m§Hatf6'”frB‘HW\
articles of required geonetry by the nethod of blind die pressing at

speci fi chF@Qg%f%h %@%Q{S&/cnﬂ (150 MPa). The conpound and its production

. met hod have a S%r*‘vf&ésréi{g%"’@ﬁ% lshipduna blding aefodithatariationr sieatrhosphesicr e
its practical utilization of the conpound, charges shall be 30 resﬁgd at
hi gh3e peprdssurer prefenablyl§BeUisDe usglaf sReCEdOLIBES AR ProRiaerssRff WERBHE

. Its, th hand,. i h d < ] i !
ind. on’the ot nepsmsEEee el R G e, Ot Siskerfy 67 helioh EnfRERRTer
comoundswﬁg%ﬁges it possible to apply a nore efficient, safe and

| ess 2 PCT/ RLI (1 1/ 005~G power - consuni ng. pr oducti on process
of the conpound Ipwesmadifec yolting peegsoice ovhisbniakedut AnssEie 1§ MENYRUYS:r ew

press. Conpounds nade the blind die.pr i re. char i

enhanced aH¢Ie8 USHIL3 S@%Aogtpoan@gmopgwgﬁ)%?ﬁﬁQ_'Qq%&eﬁﬁ‘%“Z‘ ;%ébgéfr'rﬁ p Bdl?é&g.] ue
at rupture does 5 not exceed 2% Theinost cl ose anal ogue is the conpound
and the nethod of its production protected by patent RU 2005517, A ... ,
15.01.94. According to exanple 1 the conmpound includes, % by mass, KO O -

39.5; KNOB - 38.5; PVA (polyvinyl acetate) - 8.8; dibutyl phthalate - 3.5;
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The conpound production nethod includes m xing pure PVA (and only after
this adding to the mxer up to 10% of water) or adding in two or three
steps a ®@BBRU7wWat er di spersion containing KC Ga, KNOa, anBCHRUOI/DR& mi xture

shall be stirred for,K 20-30 njnu . and : j tlev S ;

added. Af t &0V} PYREECDBIGH! )r:t'rl?r'%gefitﬁkﬂ m%%ﬁgt ?%Sé%{ﬁgigwnedéaﬁ%e@b lévérhs)fre
for On%oH‘beHrT n‘{g'ne processed sem finished product shall be discharged from
t he m Xer an(? passed for rolling. The sem -finished product shall be rolled
from 12 t0-20 gni oedizet (FeraaliCniteatealas parchlosgtes TiealkalhmefalsAnd MKEIe be
fol ded and passed to formati on operation on a hydraulic press at 60-90 C
and a prereofk e not | ess than 1000 kgf/cn2 to obtain round bl anks 20 of up
to ZO mmin di j 1 aoChanes! sy &P astepneésirze

ot fiod of M & e, wﬁhﬁéﬁe'%égﬁﬁmﬁgﬁi & caorfta@)gt_cgﬁn? e
fire- exgyhfresticsd matueaimasibérsathiermatiy dlasiczethaiibers and rgkivges thefegh speci fic
pressuré required to formarticl.es f_rOrp@tcpet. conpound - at 25 | east 1000
kgf| crm2 (100 avpdyetion prpsesa &ddUPRioNa! @dditeSconpound (at a pressure of
2-20 at it |s.n u e¢p et 0 [ nmodid h erogyas
carbon); - %ﬁfEFgﬁ@ﬁ@#@%@ﬂﬂoﬁs gﬁga’?oﬂ;%gingu%ép %gigggjg?'emgdhf ?nqngf t)he
mai N agdPRGntiPinTives dengbyoingss shé KElWingkedRpondmiss tus-¢.®butring Kindar, KNO3
particles 30 results in inpaired adhesion of themto bhe pglgrperi c. bi.nder
surlac &.ar2D.Oico|antrand e remainder eaeddizer A% aRWMNG BK1AeA B ifallowag s

h i stics of the finished
Short comarb-ASBaYGhEaenr e endpaliceFf < oy Brid A8 A, prench

their ' i HS! bPB Mibatireaotl Aumirbryettoloatienand epond
(121 ~7%§%g%%|«e@8ﬁ?@§f conbust i bli es in the conpound | eads tp?%
i“onal

under oxiegirt, i om aofnixiers op @henobformatdrhytde andteROXYaresiNH\R) aamektdidd

Ldi tol) burning binder b £ it . il
Oxygen. AEREEPTETG | 99k PTEGHTRSRALATIR EB5 SPaRtaesliiafe ShHieer o &
expl:0si g SadsiURr AfEE Br YodRithMhiftate, UBS peasisium peranrraten aand 5

conbusti gon\p%%q{)ﬂé%gg)ﬁpom te. Because of technologi cal problens selection of
the bur gbdigmppedelorats, ror araiixtu(Pirean diayatidiamidg of milem| pr maiagine

necessity to use PVA water dispersion. That | eads tqQ KC104 K

noi st enliJr{m@,, QEndr W@Pﬁ"w@s@ﬂqb'%@?ﬂ“ﬁg‘t‘&lﬂrim%hﬁﬁﬁﬁﬁﬁretoﬁ@rgdﬁﬁgggea c6iant
infla ion ti i i AW o] adhi of i
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use hi ghrsReErE bt aratalbing 15.0%shy enassSunmary of the Invention This invention
solves the follow ng technical tasks; 15 - ensurI ? bur ni_ ng st a ilainty

i .of
and20 ncr easi ?ﬁbebg@'ﬁpﬁgnQeﬂ’@@ﬂ@?o'&rm,etm%?'u%% I n_wﬁgga aaHHQ%rer“ﬂ I
formati On'dif?ggpr@inge'mﬁggﬂ '}goapﬁié;rfp%ce%fs Q@éiﬁﬁﬁbha%%fr@??&noters and

char act 8¢} creasi'ng re-extingui shing concentration; -

decr easiginhare & drixholi. YAcuordiegptoosiamplei 3 khefcotrpundr sinsisting dadyys due
20 to decrease of content of fraction of |nconpl etel)@_oxi di zed an

, d .
expl osi orassazdrpbtgasien nitralecr §95isegiumeigate it Pc ApMEEeIREEPG RS 5nBound
formati op an as conseguence, |HW rd | eyel al se. g it
possi bl QR?BOGEOé”ﬁ@qnyf%eff ent a8(n)d @g%és%%'\%eﬁéconsﬁ?ﬁ ng%gjrjoduc?'i’ gﬁéﬂ&

Pr 06ess W)t BPafilsoetiidisious, ehalpbesmixed et haiker Toe ohectire After dbles ther e
sol ved gy usi ng the new conposite and the clai ned nethod ?;I}y{tsla%@cgﬁjﬁf' on.
|

The pyr oksdting cadssashalkbe Usedtpigr iaricles of ARRHIEIH AEOTSHYJY the ee
di mentiognal, structure contain i, g . I hon process additive
and a S%I'BGr‘fﬁ?rﬁ’{f}eﬁ"ﬁ%@fSP%?'h%gr%%}u?ﬁégpég{gé%ﬁ@%M?aap'dehyde and phenol
pol ycondens g, orﬁpééﬁéﬁ]@ha% ArBadEE hretydd hads dserriusrdraabdck &fing dm tel

wi th pol ytet raf?uo oet hyl ene.” I'n cl ai ned pyrotechnical aerosol-form

. fi 1 e- extracighis i omgler dnposutesitaprantisel diiliagtionsfhe sompaunde chargessialh
formation of hard particles of oxidizer , 4 1d =ha Of i
bur APng AEEHYRSG Bbtﬁl@ n W&Pg'cpaf?r??%"l'rgsj@l?g% Bgfr%gr)qg@ﬁrgg WiP3). ©This

' requirement results, on the one hand, in enhanced hazard in processing the

compound and, on the other hand, the high level of specific pressure during the

compound processing makes it possible to apply a more efficient, safe and less




WO 02/ 7717 PCT/RU1/ A 1S-1( by thernopl astic formnmal dehyde and phenol

pol ycondensate, plasticized by dicarboxylic acid ester and

pol yt et rafd azeera@t hyl ene. Pol yt et raf | uor oet hyl ene parti cl eBC¥/BUM/@S460r der ed
structure in thernoplastic formal dehyde and phenol pol ycondensate

pl asti cpawer-bgnslimingopropuiciondiracess et therrempPHBR dessirechY: (e nethodof,
role of reinforcenent and iséﬁ%%ﬁegg%;chains from pol ytetrafl uoroet hyl ene

parti cl BMHAUASPTESTEY WY P 2.0 ~.m In this conpound,

formal dehydg ﬁﬂ%uﬁﬁ%”ﬁ%d_@% aendaRaadie preebipgOkbieo chatabedrabel by senhaficdit ol )
is used as tﬁe urning binder; dibutyl-phthalate or dioctyl sebacate, or

mi xt ur ebiiftieneeé éveruabdoam temperatorg.] Relativeddeforraation vk ek rYRiUER t498S10
fromthe series of potassium stearate, sodium stearate, calciumstearate or

m xtur eBot 2%re used as the production process additive; and nitrate,

per chl or at expt, AbkAhlosBRAHIBAEE i tH EbHRUNILEREfiné Smethod GiSits produdtibhzer
- The conposite contalrns the c%rrponents In the follow ng ratios, % by nass:
pol yt et pajteuieobyhyhtene RU 126055 1er Aopl,a$5i0d .94 r Ascarsinngldo exarppiend| thes

pol ycondensate - 8-11; djcarboxyli [d e ek 0 d i\ O S
Badi 1 1 v EomPRLDSS INCHBS A PYo eSS HE Tk N K'?@f*pr‘ogé-g’eu'tgwé‘ (b
conposi RS C eparrse;di de |Rfanal @okgeondensat e
suspens%gﬁ{qtt%)l agr%rcggﬁﬁwg%ﬁ@%t ?'(?t‘ ng:ﬁéghp%lgge@? ig necessary to take
10- 15% @BEdBA £0e2:0bdlpetdéuoroatiaylboe —t by antlisteardts —dr0.a mi xture 20 ther eof

t th f d d | ude, t h t

st i ng, - vihi Toe Crmpauns BisSIuption e aarIBEk e dRisELRIBLE An (F ANDAPDBicy i
id |l .b ! o ' ' -

Compos: s (6 nd HFRLLR bk et Dof SSPFF PO BBeRE R 30

a requi med, JPReRtdighersith RbAHIGIHGOKCIDHCKNO At Kad. The mixtuhec shalh be
process additive, selected fromthe netallic 25 stearates, serjes, Pogisesses
i 95,86

sur f ace-sivedvier @®B6rmirstes podi thgnralk they addiivesi thatlkbe 2 48

nodi fi ed by absorbi ng,.on .it.s | at. FEE i iecul e

and 1Phj M 355?]51“ B%gé'frﬁpeétt%q}%ggh\ééﬁé erﬁgfﬁr r:écﬁ(lglg'ﬁ 0 ?@(&Cfe%%@rr%c?g%i on

at the ?ﬁ@%oog)fré"@llcﬂiﬂfbll( Bt di8citgBY - frdmethier arixart and pussedsfor avdintg. VEhe

concentrati on | ess than 0.2% slightl é reduces external, frict ké)ri]féﬂgym l e
t .

the prodeoiiforished peeductGhati dietiolled e drttoar0 Emes\atr” b990Ldraia

Chesi o Mo Bher el S e darod and hFtdiq Mt GB8 BRI piiidraule .
of the 35;%?9%& B@ailﬁs PN PFEYREFE BB |essthE R TTDOSIY o Stor dltgntouneidblanksrent s

are pla upon persity and fraction conposition of the oxidizer. It is
necemsargf upotous® npotimsliEneteni witoewithduboa chanrelo U2/ 7717 PCT/ RUU / O0S~G

pot assi um perchl orates with specifi urf . Oz L d

noi st ure contﬂ'H? GRIPPSHY} Wﬁaﬁ‘eomﬁ}ﬁo‘ih"ef ?%%S@ﬁﬁb&{mhég %rseé]‘%ﬁgll Fr%{gg:ea@gosed

to therm%hg@ effect on rollers at 70-90 C. During this operation the
sS ta

foll ow ng proce ke place: 5 -the oxidizer is reduced in sigze and
uni form y di-st rhightfiee-eixtingtishing eonegntratide of i oempound re2 PERE boxyl i ¢ aci d

Vi scouS 1 ow crABRCHRA PessurS TRatien 1o A8, ARERSRANC I SRPEL AU S T

0 Al sliegg{ § 806 RHE Qo8 ivip )asti si zed formal dehyde and phenol

1

pol y€ondensat e ang polzgt etraf‘%ﬂoroet hyl ene. As a result of

pol yt et r af | uor ogdtebeybutrieg b tya aainpalind fabapaessireiaf -0 ehitis NREEERARY de
and phenol pol yconden,Sﬁt e in normal cog@ii tions_ it c)an' t uniformy

di st ri buloeadGhsEeh sREEBRPHEPOSSPBRKISINOREE)S BREEIRMe vol ume. But  duri ng
thermopl astic dG{QeORY PRafmdith Lo tETRAIAIAI oidtliENTtentand her aidian of

a 15 shear deforna there are conditions of their sinultaneous flow as

. a resul t agfosehiarming dngtedtents f(KEHDy,t ENOsY. | Moistwehyl theeKEH01,i KNESs pasticleen

the layers of plasticized fornal dehyde and phenol K paol ycondens ak

pl ac yI fﬁse#§ii8ym%ream SN B%t 19 % R ?{%P@‘QF}ZEF%E? a%if’(p T Irﬁitlsl ing

.shal | be, set f i itdrith dR8cteri finlspied | S
rr%ﬁﬁi (génz?dser?ég%edr%@ﬁc %c’r@%ﬂéﬂ'% qgédéﬂ’érﬁih cterisfics otOfe finlxped |

is a di ess par anmet er Ich determ™nes total deformation. For the
st age ofFrcchJdt,ng js at the set tenperature 70-90Cis: js =] ~t. [S ~ s]
(1) 25

n this case shear rate is j, =V, [s' .where (2) S.. ;S a
rol | er -t o-rollher Iglipated; §{"Pftﬁ%'ﬁlng§eld89ﬁ‘9 8#‘ E%ﬁ@&qltgh?%%?ﬁEH?g %fn £d
turn V = _~¢ - D« i 0L A Grideihi QPbafEnetiscarient
rollers PS&QPPEQ)H,(SS%B%EH%F&é%%étlroblqwe@g (gjclgrﬁrret (Iar. y knowing length L it's
possible to findt 5 t=LN (4) In one pass a | ayer of conposite of |ength
equal to length of roller circle passes through the roller-to-roller gap |0
L=~c. D (5)



In m passes, accordingly L =m. ~ . D (6) Then effect tine is 15t = LN =
m. ~. Dhc . D. n=mn) [s] (7) Insert equations 2 and 7 into equation
1, then wo®/en ~.D.mao js=zj.t=s.n - s_ ($) 2 2 Taki ngPCTIRU01/00546

cub; ect e EAMALST R indBEBBTERERLEUL B P B bk it kS5
experi rrerafathleymaaﬂqbwmcan&aédmim (gitdIN buRgingab@”lep fbdbalidd- 8f 27elifficient
dependi ng on conponent ‘conposition and rollers dinensions. ~.D.mK So, the
final eq@aentty ggoxptzef’Ssoxy@)enz Hemcerit éoliows highntoatiemt f Joxiorundespkidatacn

(121 - 4779MOSREP T T RES) BT BT ey Sere BTG, RSB o apmmiekem anch

- aer 0s9l - tah{BuURboh! dfetRXEdMBYsiEd) BEcAREES 'téc%niowoldiém %eqdézﬁﬁhabﬂm
paddle m xer with the follow ng conponents: 5 1I1 g of fornal dehyde an
phenol pdluyciogdendeat pawi niais EYA) iands additionak(idibol)] 38ads h® agnecessit . t6Ouge of

- met hyl en | oride to obtaln 85% s nsi on he suyspensi on shall be

pr epar edﬁ\&&]&’ﬁt@a‘gﬁB?rW@-ﬁ%ﬁt‘@ ﬁ%’cgéfg‘a?n‘g&'&@ @Oﬁﬁﬁﬁ‘gnﬂ? A5 3TV at
85 rpm - i ' . ol
necessary S apHRdging ity CapOSty IfarinaloR o Gubith, WHBSSRIR to fesch
pht hal at déigtalexel af defaratation2iredgth Tharasterjstics iaihs lkalipdsite pteepareedssity &
react or vvitrmé\gter g_acket,at 20-25 C and a m xer rotating at 85 rpm

Dur at? on Use SRECERANPIINY AESHMPut es. To the resul ting suspension mxture

cont ai ni ng formal dehyde and phenol pol ycondensate in nethylene chloride and
pol ytetraf| uoroet hyl ene di spersion in 15 dibutyl phthalate it is necessary

to add in two steps 640 g of poSamwnanry of thélrvemtion specific surface area
1500 cnR/ g and then 200 g of potassium perchlorate with specific surface

area 1500 cn2/g. To the resulting mxture it is necessary to add 4 g of
cal cium stearate .and . .then stif t cO sition for 10 m nutes. The ready
mass shall be 'Pdﬂ@j’&%ﬂ"{%s%%@P‘é’_‘rﬁ%ﬁmﬁaﬁl@%i aneter D=100 nm at
rotagson speed Bnsudfgld BUrAml SBHRY %dairfcﬁéésﬁtﬁ%‘&[rﬁiﬁ@ @éloeiapaagf henGE]

The mass shall be processed on the rollers for 15 m nufes at 80 After
t hi s t he ehhancingsgassamnd laetesohffimationsddegdpassed t hrough t he

ller-to-roll t 80 C 20 ti _Jotal def tion duri I'1i [
thi s case ves | €05805Nore i & cbftiianedsanioh ChaBst S n 't he rol aing'
press to obtai ”d@@r@éstitig'trfédmfe-gﬁirﬁu‘iﬂmg@ceﬁ@é@%tbbn?y the continuous
an

pressing nethod at 80 pressure 50 MPa. The conposite shall be tested
by standard testdegeadsing levey obtoxitihgand explossphesk of the bsitniegigrodscts due

necessary tp determ_ne line veloci ty of burning.(.Uo., nd .

T et tonsthckeast, B Soteitr s M ob TaE aRg eIk, Ok igech; nd Esnlopiam harard

st rengt hg%geg.GP) characteristics shall be determ ned during stretching the
materi al Sin one axis using two doubl e-sided bl ades at speed 0.21 mm's at 20
C and al so duri dgcsdasing rilge afpecific prssced of atinel esmpoead)foahadén HhdC and
speed 0.21 mmls. Table 1 shows rel ationship between the operation

char act eFPEBERERE. tIRWiNg Hed@zad g@‘@l‘ﬁﬂ%éﬁ%@ﬁm Jt ppagiRlg to use highly

Fire-extigpgib i (08P AW&-Bnduiing ObtAURENS process using the continuous
25  pressing method.
The technical tasks are solved by using the new composite and the claimed
method of its production.
The pyrotechnical aerosol-forming fire-extinguishing composite of a three-
dimentional structure contains an oxidizer, a production process additive and a
30 burning binder formed by thermoplastic formaldehyde and phenol polycondensate,
plasticized by dicarboxylic acid ester, and reinforced with polytetrafiuoroethylene.
In claimed pyrotechnical aerosol-forming fire-extinguishing composite a three-
dimensional structure is a spatial formation of hard particles of oxidizers (KNOj,

KCIO,) and layers of burning binder between hard particles, burning binder formed
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pol ytetrafl uoroet hyl ene; 0.4%calciumstearate; 11.1 %iditol; and 2.5%

di butyl wodadratre {sanples 1-4 and sanple 5 wit hout PCT/RU01/00546

pol ytetraf | uor oet hyl ene) and operati on conditions of nmef hod, of. i1ts
ongkpse

pr epar at ih. thermeg sﬁﬁblfgr@algﬁgéd‘?t and RheNght R HLastieizsd sB¥pi e
4 produce j i i ! } of
wh n meatcd R EL AR RIS g poRterE U e tlend droly BYSIRG RN HEHULS 21
of oper atfopfi char asiderédt i staict@enpirsi tthermdplastipl dermalaetiyde prantilic gghenol

wi thout rolling stage (wthout plastic 10 deformati

( n) show. the | ow
oper at i orP@yeansiensales trlasticized P§ Perrpaxyic apig eten ﬁ?%oﬂ;]erpg'%r%rﬁeﬂl@y?hat

9001 89 LA cLBLARELEEL S5 KRRkl BB e et

rel ati onspiup aReb¥essctiebpd Honoghar act eri stics and 15 thernodynam c

- paraneters of pyrotechnical aerosol-formng fire-extinguishi ng{ conposites
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 is a roller-to-roller gap
V is linear velocity of composite movement.

Initsturn V== - D - n, where (3)
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Taking into consideration part of composite circulating above roller-to-roller
gap and subjected to mixing, lets introduce coefficient K which was determined
25  experimentally, and which value can be in the range of 0.133-0.222 depending on
component composition and rollers dimensions.
n-D-m-K
So, the final equation is: js = o} (9)
2
30

Preferred embodiments for realization of the composite and the method

according to the invention
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To the resulting suspension mixture containing formaldehyde and phenol

polycondensate in methylene chloride and polytetrafluoroethylene dispersion in
15  dibutyl phthalate it is necessary to add in two steps 640 g of potassium nitrate with
specific surface area 1500 cm’/g and then 200 g of potassium perchlorate with
specific surface area 1500 cm?/g. To the resulting mixture it is necessary to add 4 g
of calcium stearate and then stir the composition for 10 minutes. The ready mass
shall be transferred to rollers with roller diameter D=100 mm at rotation speed n =
20 10 min™, ensuring a roller-to-roller gap & = 1 mm. The mass shall be processed on
the rollers for 15 minutes at 80 °C. After this the flat mass shall be additionally
passed through the roller-to-roller gap at 80 °C 20 times. Total deformation during
rollihg in this case was js=2094.
The ready flat mass shall be placed in the molding press to obtain an article of
25 a given geometry by the continuous pressing method at 80 °C and pressure 50
MPa.

The composite shall be tested by standard test methods. By burning at
atmospheric pressure it is necessary to determine linear velocity of burning (Uo.1)
and fire-extinguishing concentration in a 80 dm’ box. Deformation (g,) and strength

30 (op) characteristics shall be determined during stretching the material in one axis
using two double-sided blades at speed 0.21 mm/s at 20 °C and also during
shearing of cylindrical samples (Gmean) at 40-80°C and speed 0.21 mm/s.

Table 1 shows relationship between the operation characteristics of the

claimed pyrotechnical aerosol-forming fire-extinguishing composite of the following
8
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5 From Table 1 data it is evident that the composite of sample 4 produced at
thermomechanical effect by rolling, intensity and duration of which meet the
requirement that total deformation j=2094, has the best set of operation
characteristics.

Composites of samples 1 and 2 produced without rolling stage (without plastic

10  deformation) show the low operation characteristics.

If to compare samples 3 and 4, it's evident that rolling stage (plastic
deformation), total deformation js of which is above 1000, ensures the best operation
characteristics.

Table 2 shows relationship between operation characteristics and

15 thermodynamic parameters of pyrotechnical aerosol-forming fire-extinguishing
composites and formulation of their initial components and total deformation value s
during rolling.

The data given in Table 2 show that the composites in the claimed range of
relationships between the material components and total deformation value js during

20 the composite rolling meeting the condition 1000 < j; < 3000 feature the best set of
operation characteristics and the least concentration of toxic (CO) and explosion
hazardous gases (H.) in combustion products.

The composites were produced according to above described method, their
electronic photos made on electron-scan microscope are shown in Figs. 1-3.

25 Fig. 1 shows the photo of the composite of three-dimensional structure
comprising the following: 20% KClO.; 64% KNO;; 0.4% calcium stearate; 11.1%
iditol; and 2.5% dibutyl phthalate without reinforcing polytetrafluoroethylene.

Fig. 2 shows the photo of the composite of three-dimensional structure with
burning binder reinforced with polytetrafluoroethylene comprising the foilowing: 20%

30 KCIOg4 64% KNO3; 2% polytetrafluoroethylene; 0.4% calcium stearate; 11.1% iditol;
and 2.5% dibutyl phthalate.

Fig. 3 shows the photo of the composite of three-dimensional structure with

burning binder reinforced with polytetrafluoroethylene comprising the following: 80%
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_ 0% () - Z Coapaaaon)of photaseidke(qonmosies it igy 172sees3showsdiat in Fig.2
and Fig.3 polytetrafluoroethylene particles are formed into extended reinforcing
5 chains.

Previously it hasn’'t been known pyrotechnical aerosol-forming fire-
extinguishing compounds of three-dimensional structure with reinforced burning
binder, a namely formed by thermoplastic formaldehyde and phenol
polycondensate, plasticized by dicarboxylic acid ester and reinforced

10 polytetrafluoroethylene. The technical obtained resuits couldn't be forecast or
obtained in advance by calculation using known calculation techniques. The
composition consists at least of five components varying by their physical and
chemical characteristics and exerting different complex effect on one another both
at production of the composite and during its use for fire-fighting purposes.

15 The novelty of the method of production of the claimed composite consists in
using thermomechanical effect by means of rolling at the set temperature 70-90 °C
and the total deformation value (js) meeting the following condition: 1000< js < 3000,
and molding at the temperature 70-90 °C.

10
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0409GE ()-Z

_9%0

040968 () - Z

S A

JR0568 () -2

5 of its preparation
Thermormechanical effect Operation characteristics
Total Shearing strength | Velocity of Fire
o . Molding deformation Cpy MPa at | burning extinguishing
Ne Operations T,°C | pressure P, | force during tepmperature, °C Uo,1 concentration,
of MPa roliing mm/s g/m®
sample Js
40 80
1 Without rolling, | 20°C 120 210 0.83 3.0 33.2
blind, cold pressing -
2 Without rolling, | 80°C 80
blind, hot pressing - 2.65 1.24 4.0 25.3
3 Rolling; blind, cold | 80°C 80 950
pressing 4.88 1.50 5.4 11.9
80°C
4 Rolling, continucus 50 2094 13.6 3.08 7.1 9.0
pressing
Rolling; continuous
5 pressing, sample is
without 80°C 70 2004 1.50 1.07 4.7 16.5
polytetrafluoroethyt
ene
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_YAO0%E ()-Z _9A0%G& ()-Z _YAO0%& ()-Z) T*T+T, T3TAT5Tj P66 _%0% 9A0%G& ()-Z
_0%GE ()-Z _9A0%G& ()-Z _YA0%& ()-ZAoQ X <[ A 1% _YA0%R ()-Z5T6T;

T@DTI TIWO 620X <[ A | % 0% ()-Z Y40 ()-Z _YdOYBRT(RUOTI00546
_Y0%G& ()-Z _9A0%G& ()- ZITKTLTQTRTSTTTUTX DoQ X <[ A ]% _94.0%G& £ )54
V0% ()-Z _9H0%G& ()-Z YAO%R ()-Z 9A0%EE ()-Z 9d0%k ()-Z

_YA0%GE () -R&BICSR TR bisdrandd ciaaeesitics arid therfiaghdmicharamessEeof( ) - ZAoQ
X <[A] ?%yf’éi&?‘ﬁ%a( erésal B Mkagife)} exdaguishihy EompeSREQIndibaiEAtion efbeiERitl) - Z(
_YAONE () - 2( _YOAEE () ~bmpBhEIHEBnG Xotdl dORNAEBN(valL j.

940968 () - ZTTTTTTTKQ7D0Q _90%3& ()-Z _9A0%GE ()-Z

Components,
% by mass.

Sample2

Sample 3

Sample 4

SampleS

Sample 6

Sample 7

Sample 8

Sample 9

KNOs

64

82

82

82

74

62

83

80

KCIOq4

20

10

20

Phenol-
formaldehyde resin

8.0

10.5

8.9

11.3

8.0

10.7

8.5

8.0

Polytetrafluoroethyl
ene

2.5

1.5

5.0

2.5

1.0

3.5

5.0

Dioctyl

sebacate

2.0

5.5

3.6

6.2

58

4.0

0.3

Dibutyl
phthalate

3.0

4.8

3.0

StZn

0.2

0.3

0.5

StNa

0.2

0.2

0.1

StCa

0.1

0.5

0.2

Total
deformation of
material js

2500

800

4000

3000

1000

2000

2500

3000

Data of thermodynamical calculations

Excess oxidizer
ratio, o

1.022

0.815

0.991

0.761

1.028

0.817

0.947

1.012

Temperature of
burning , T+°, K

1764

1588

1721

1553

1728

1607

1661

1712

CO in products
of burning,
mole/kg

0.0103

41728

0.0081

5.4912

0.006

4.399

0.9995

0.007

Ha in products
of burning,
mole/kg

0.0007

1.3126

0.0008

2.2592

0.0004

1.039

0.1467

0.001

Volume of
gaseous
products of
burning

V, mkg

3.291

2.839

2.832

2.831

3.015

3.262

2.935

3.001

Operation characteristics

Strength, op,
MPa

6.0

3.1

3.0

1.5

4.5

3.3

6.8

8.7

Breaking strain, &p,
%

37

15

50

33

10

39

46

Velocity of burning
Ugs, mm/s

7.0

3.0

3.3

2.0

5.3

5.9

3.7

52

Fire extinguishing
concentration, g/m

10

20

17

45

14

11

16

11

12




_YO0%EE ()-Z _YMO0%SE ()-Z _YA0%8 ()-ZAoQ X <[A | TTTTTTU; DoQ
“9M0%3& ()-ZA0Q X <[A ] % YA0%R& ()-Z _YA0%R ()-Z _Y0Y%G& ()-Z
“M0%C WO ENTTATTTTY _EoQ 9% 9405 ()-z _M0YCE () -7 _PEORBR1()HE
0% ()-Z _9M0YGE ()-Z _YMO0%SE ()-Z  YA0%& ()-ZTTTTTTTeK1EoQ
%096 ()-Z _ 0%k ()-Z ()/aowmd(lftrzqﬂmmm li&) ZA0Q X <[A 1%
“d0%E’ ()-ZTTTTTTT}: EoQ 9%A0Q X <[A ]% 940%& ()-Z 9YA0% ()-Z

T9409GE ()-Z _YA0YGE ()-Z YA0YGE ()-ZTTTTTTTTi J+ 9d0%G& ()-Z 9Y%A0%G& ()-Z

_9%40%& () - Z0Tpd -
94 0%GE 8 ZT¥T§;F(U%?J§§G?4§0L Zf’%%%maq)aém@‘%é)ﬂze extinguishing - composite

produced by the claimed method makes it possible to carry out efficient fire-fighting
5 of various combustible materials in such structures and devices as:

- warehouse, garages, shop premises;

- offices rooms for holding animais and birds;

- engine and luggage compartments of transport vehicles;

- ventilation systems of industrial enterprises, hotels, etc.

10 Advantages of the proposed composite are a wide availability of raw materials
for the composite components and complex of high operation characteristics, such
as low fire-extinguishing concentration, high level of deformation strength
characteristics, durability and reliability during usage, possibility to regulate burning
velocity without the use of special-purpose catalysts. The fire-extinguishing gas-

15 aerosol mixture exerts no harmful effect on human body and living organisms,
nature, and high-altitude apparatus and equipment.

Advantages of method of its production are possibility to use widely available
delivery sets of parts for its implementation, low molding pressure, simplicity and
safety of the production.

20

25

30

35

40
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VA0%EE ()-ZA0Q X <[A 1% 9A0%& ()-Z _940%& () - ZUUUUUUU} c+

009G ()-Z 909k () 9A0%GE ()-Z A0Sk ()-Z Yd0%s8 ()-Z Yd0%e& ()-Z

_040%3& (WORmMPR0YGE () - ZUUU' UHUSUAK Q7+ %4 YA0%G& () - Z PCAdrOMERLI4) - Z

0% ()-Z _9M0%GE ()-Z _YMO0%GE ()-ZAoQ X <[A ] 9RAU U(U) Ur U+Ul<+ 9%

“%40%6& ()-ZA0Q X <[A ]% YH0%G& ()-Z CHImSE ()-Z %0%& ()-Z

“940%3& ()-Z+U. U UOULUSUNOVUW U4 s" 109K $K& () - & Y409K$Kk& () - "9109K$k&' () -

S910%$k&' ()-10% 10940% =1099& () -V, VBV@/AVJIVSVcCv U4

s" 1=94.0%&" () - - =HHYAE: thrrmd0YB& h)-fard A dnar & ' i }

® e 10008 ()1__ &SVTW%?@F\@W%&L{%S@ formiA® HekeklinguidfinYedortposite of three

m(\)/%&' () - dinfé e (Struchb0e@&aining 2vdadidige,) a prod Osdhs processdadidye ) - -

: z"B&/=%10% &' ()--"=%40%& ()--. =%0%& ()--=%40%& () -=%d0%& ()--
8% n% 03forr&&d b Al & /%&eh(\)d A /%& } 1

M> s

and burhing binder y thermoplastic forma e and phen

#! 9U/VVVVWMt Xv

s

Um& ()-- :0/&OWagg%gﬁ‘i%}é%ﬁ%@%W?%%@X B@Zﬁ%?%ﬁé% 33:@1/%%‘?%&% ) by 40,

10%& () - - =% OpGIstetdafiidrosthylene.
#1 9WNVWWWVC V=% 0%=%4. 0% & () - - =940%& ( 1) --=94.0%& ()- - =%0%& é - - =94.0%&
b ¢

() --=9%4.0%&. (
# 9%94.0%& ()

) - - VRV (e ab/s- ass0aRl-ToTmingy dUaeXinguisinNg/a sL9PosiR s

2 () - sa ovas O A BERATT 1 SOoR (EE AbuT bA RGeS B e () Tl
5

S 10
# 9%9%4.0%é& ()

polytetrafluoroethylene 1-
CIZ94.0%& () - - VWWWWWhHY =% 0%%1 0%9%4.0%&' () - - =%40%& () - - =%

0% &' () - - =% 0%k&rnpplastcdoesaldphyded 0%a& () - - VWWVVWBHY=0%40%9%40%& () - - M>

S
# 9% =94.0%R & (

and LHeAoLROYSONARAIHE 811 - - WMWY X<=04.0%94 0% &' () - - =94.0%

& ()--=940%8& GhrarFdfRYakid bster="40%8 () - - =940%& () - - =940% &' () - - VWNAL WY
e o 00098 00 at SREakid bster="12"8 ()

#! 9%=940% & (

DrodtRAiOnERDEYSS additve .25 1VBEWBW WAWPWAW G<=94.0%=94.0%@ & () - -

=940%8! () - - =%d0%@& ()--=%A0%& () - =%A0%a& ()-- (=9L0%& () - - AVEW WQIRWLG

<=04df s

#! 9‘)/@0/6.00/0.&'4)
M-=940%& () -
=04 0%& ()--\
#1 99B694.0%8" (
VB MEYRL 0% &' ( ) -

oxidizer the remainde

- U QVRE)r E YAV L Yo EALOSRE (A - 940
adhes -%@%E%F&fﬁ( SrosoEIHR ( §f?r?:é:ioé/f&ii@og}a| v) i"i(I% ket () -

WYY W BBtids=P@bMtdPwiere dicarboxylic acid ester is selected from
--==9%40%R¢& ()--=940%R& ()--=%0%g& ()--aW W VW WWE G<=%4.0
%h@ﬁ@%%ot §iblindphiaiaie) mcz_atw@@%ac@)e.m):awﬁa&@ eregby 0vmg, () - -

L Lo LRGP S g A g R -

%L0%g () - - M

8ccording to claims 1-3, where a production process additive is selected

#1 QUNWWANN X<=9A.0%& () - - =91 0%@& =940%& () -~ =Yd0%& () - - =9A0%a& () - - =9.0%
a& () - - =94.0%a&fro;m theseuesol sodivivaipgvale xReigspivsglestaic Falcikun Gigae %% ofa—oq
0% & ()--=9%40%& (): 1

#1 9%wwwwc<%¥§{‘g€?¥‘:'%§8%&' ()--=%0%& ()--=9%40%& ()--=940%& () --=9%40%8&

() - - =940 (
# 9%=94.0%8& ()

)-- YoteenpitalrYa8%asl-formiry/d Offasextinguistiig @& itk
- - X<=9%4.0%-%4.0%& () - '—T'jgjaocya&' )E ) - - - :Wao?/agp%@- - :%io

a8 () - - =94.0% &ceyrdingdoosiainty -1-4owbes aN) OXidiRANEAE ested o om:theo sales Jof - - =
%4.0%&' () - - =9%d0%

# 9%94.0%& ()
& () - - =%40%&
# 9%=94.0%& ()

R CRipuDRRR IS oAl iale 152 MOSHHBERT: - oaovae () - - 0%

O - TRUL Q¥efdd) - CTReA PYB YRS )2erasBioRading -
o Do e o e s () coa

0% & () - - =94 0Ym@atinguiskiv ZeeOsite=BLoomiing ) to- RIRXXOEHCOyBBIE Y0 YRikINg) -of M>

30

formaldehyde and phenol polycondensate suspension in an organic solvent
and polytetrafiuoroethylene dispersion in dicarboxylic acid ester and then
mixing the resulting composition with an oxidizer and a production process
additive with subsequent thermomechanical effect at 70-90 °C by rolling,
intensity and duration of which meets the condition: 1000 < js<3000, where js

is a total deformation, and by molding.
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