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| nvention Is invention relates to the field of fire g equi pnent,
speci fically Pyrotemcal adroselfoghlngfiréextiriguishiend cogpoditeng aer osol
that is fornmed during burning of products made from pyrotechnical
compounds. Products made fndm gethed|affits praduetiepounds are used in devices
for fire 10 fighting mainly in closed vol unes, such as: - warehouses,
garages and shop prem ses - vehicle conpartnments State of the Art 15
Efficiency of aerosol-form ng fpieRt 6KithBIHVShtiBA conpounds and products
made from such conpounds is assessed proceeding fromits ability to neet a
whal e conplex of requirenents: - high fire-extinguishing efficiency at a

m ni mum fire-extinguishin 0,.concentration; - lowtoxicity and expl osion
a7 ar dness 1975 BTG HAGaCEs HE RED ohaye NG RO atmneatsan 9
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t enperature; E - hﬁgil ?evel 0 ge%@r %I on strengtﬁ c%aracﬁgrlstl s which
makes prodpossnate frone parstéchriegajonyowefdsect s of various factors (vibration,

i npacts, tenperature fluctuations) in transit and storage and to produce
and use pr bAeRyasnade Fom gerRAal-TIMIAY fPMPUNdhAtkHEsd N deyicgsi®r fifge of

t c Al ' varlati.on at atnospheric 30 pressure,

pr@f e%%‘%?ﬁ‘%wgﬁégégélﬁ%s%g%ﬁéﬁsi pur pose burn pronoters and w thout
posi ng speci akafdhalisésqyarageeahd shep plefpsssity and fraction conposition of
source conponents; - low specific nolding pressure which nmakes it possible

t o manuf act urehieletdompaitroemtg a safe, | ow power-consuning and highly
efficient production process. 1

State of the Art
15
Efficiency of aerosol-forming fire-extinguishing compounds and products
made from such compounds is assessed proceeding from its ability to meet a whole
complex of requirements:
- high fire-extinguishing efficiency at a minimum fire-extinguishing

20  concentration; |

- low toxicity and explosion hazardness of burning products since they
contain a minimum amount of underoxidated (NO, CO) and explosion-hazard (H,)
components;

- low burning temperature;

25 - high level of deformation strength characteristics which makes it possible
to avoid negative effects of various factors (vibration, impacts, temperature
fluctuations) in transit and storage and to produce and use products with a minimum
burning arch thickness;

- a wide range of the compound burning velocity variation at atmospheric

30 pressure, preferably without the use of special-purpose burn promoters and without

| - posing special high requirements for dispersity and fraotioﬁ composition of
source components;

- low specific molding pressure which makes it possible to manufacture

articles using a safe, low power-consuming and highly efficient production process.
1



- 3 1/;fi'r* 2005 WO 02/ 47767 PCT/ RUOL/ 00546 Known pyr ot echni cal
fire-fighting neans consist mainly of the follow ng conponents:3 -k 2005
oxi di zer (weneuslhy nitrates or perchlorates of al kali met a%.csr/ﬁ{]gll/({gisf%ture
thereof); 5 - a burning binder_selected froma series of epoxy or_ polyester

g bi . Sel ect T ep
resins, synKrewnc pyrotrginical firgplEHNg teansl sgnsistaseaiolyzed b ietiswiied
m Xt ures (%,Jﬂﬁgﬁglfﬂ;s_ - production process and functional additives. A
fire-fi g% g cofrpound is known (Patent RU 2095104, A ..., 10.11.97)
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bi nder; 10 5.0-20.0 coolant and the remai nder - oxidizer. As a burning
bi nder tihereei)] owi ng i s used: 4-hydroxybenzoic acid or a mxture of

4- hydr oxybenzoi ¢ acid a S r deh a y i r_a
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use pot assi um nptachcdionpreoesuandfunciiopal sddifgeassi um perchl orate, or
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conpbund5 -0 ctdcantand ddeiremiaider € lardizerg Asf a dumikgrbindénthenfoliowir er ,
bur ni ng binder, production process addjtives and burni ng,ﬁgr@g ters and
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25 pol yt edgiaf buer edktoyd efiepheriol-fetmaiidehedarianeld epoxy resixgr of ar nuirieirdé ayfr4-
After this the resulting nmass shall be used to formarticles of required
geomet r ynygroxieenzdinoacigi PENAdomaldghdsiang fPRYetssine HeeoXidizeriBos
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utilizat seaived pbhiticetdama mirtiee gesredhabicyardiadfide o saeldmtorhhelansingcarf | ¢
pressure 1000- 1500 kg/cnR2 (100-150 MPa). This requirenent results, on the

one handiréa niatispin,heizarebisiermastds Arngixues berpduae asrl asna weelather
hand, th?hgi %rc‘)mlp%vu%ld Qc;anSpaquJfEgnt%ﬁr?sﬁ%roﬁcggﬁi Bgocte%% additives and burning
promoters at a rate of 0.1-5.0% by mass.
20 The compound production method includes charging of a mixer with an

oxidizer, burning bin_der, production process additives and burning promoters and

mixing them for one hour. According to example 3 the compound consisting, % by

mass, of potassium nitrate — 60; sodium nitrate — 8; 4-hydroxybenzoic acid — 9,

phenol-formaldehyde resin — 8; dicyandiamide - 12; CuO - 2; and

25  polytetrafluoroethylene — 1, shall be mixed in a mixer for one hour. After this the

resulting mass shall be used to form articles of required geometry by the method of
blind die pressing at specific pressure 1500 kg/cm? (150 MPa).

The compound and its production method have a:serious drawback lying in the

fact that in order to ensure its practical utilization of the compound, charges shall be

30 pressed at high specific pressure 1000-1500 kg/cm® (100-150 MPa). 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



conpound processing nmakes it possible to apply a nore efficient, safe and

l ess 2 WD 02/ 47767 - 3 al AY 2005 PCT/ RU01/ 00546 power-consuni.ng @rpddsi on
processwef o2rfgsrconpound pressure by the method of conti pePHBoIMEES! NI
using a screw press. Conpounds nade by the blind die pressing are
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wat er di spersi on contal ni ng e mxture

sti rr egrdtette0bBOpatentitRld - 20063 1gnAal |, 15O18di Acordirghad lexaenmededheAf t er
this the mxture shall be stirred at a negative pressure for one hour. The
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pressure not |ess than 1000 kgf/cnR2 to obtain round blanks of up to 70 mm
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finished product shall be discharged from the mixer and passed for roliing. The

semi-finished product shall be rolled from 12 to 20 times at 70-90 °C to make it flat.
The flat product shall be folded and passed to formation operation on a hydraulic
press at 60-90 °C and a pressure not less than 1000 kgf/cm? to obtain round blanks
of up to 70 mm in diameter, with or without a channel.

This compound and the method of its production have several significant
shortcomings:
+» - high fire-extinguishing.concentration of the compound — 27 g/m’; .

- high specific pressure required to form articles from the compound — at
least 1000 kgf/ cm?® (100 MPa);

- unsteady burning of the compound (at a pressure of 2-20 at it is necessary
to add such special-purpose burning modifiers as carbon);

- unsteady inflammation due to residual moisture content of the main
aerosol-forming ingredients (KCIO4, KNO3). Moisture of the KCIO4, KNO5 particles
results in impaired agjhesion oéthem to the polymeric binder surface and this, in its
turn, leads to a drastic decrease in the strength characteristics of the finished
product. '

The indicated shortcomings, depend on chemical characteristics of used
components and their mass ratio. During combustion high and unbalanced content

3



results in inpaired adhesion of to the polyneric binder surface and this,
inits 1 91__ turn, leads to a drastic decrease in the strengthy MAY 2335
~characteristics of the finished product. The indicated shortcomrigs,
- depend on woeeal; characteristics of used conponents and REERDOIHSS
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i nvention solves" t tec ni cal tasks: ensuri burnin
stability aigh level eﬁdéﬁwgnbtnonmstrgngm olctanaxcteirmips hnémiaeporrmlsae,cﬁm@ r@aesaItho
aerosol formation spe enhanci ng the | evel of deformation strength
characl%rl§§?é§9hSpe@gﬁﬂgégmﬁd”?ﬁ%urrre exti ngui shing concentrati on;
decreasing |l evel of toxicity and explosion risk of the burning products due
20 to decrease of content of fraction of inconpletely oxidized and

expl osi on hazard gases; - decreaSungnhheos fieeiiventjpressure of the conpound
formati on and, as a consequence, lowi ng the hazard | evel and al so nmaking
It possible to use highly efficient and | ess power-consum ng production

Corved by uet nghind TRCHCHe P AR RERRh Rt pslas {echm oal tasis are

15 - ensurlng of burning stability and increasing burning velocity and, hence,

enhancing gas and aercsol formation speed;

- enhancing the level of deformation strength characteristics;

- decreasing the fire-extinguishing concentration;

- decreasir;g level of toxicity and explosion risk of the burning products due

20 to decrease of content of fraction of incompletely oxidized and explosion hazard
gases;

- decreasing the specific pressure of the compound formation and, as a
consequence, lowing the hazard level and also making it possible to use highly
efficient and less power-consuming production 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 polytetrafluoroethylene.

In claimed pyrotechnical aerosol-forming fire-extinguishing composite a three-
dimensional structure is a spatial formation of hard particles of oxidizers (KNOs3,

KCIQ,4) and layers of burning binder between hard particles, burning binder formed

4



met hod of its production. The pyrotechnical aerosol-form ng
fire-extinguishing conposite of a three- dinentional structure3cMiyapil§ an
oxi di zer, a production process additive and a 30 burning binder formed by

t hernopl asti c_fornal dehyde and phenol pol ycondensate, plasticized by
di car boX¥ 1%"74i d ester, and reinforced with pol ytetraf | UoVBEY Y Ehe. 1n
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di mensi orial structure is a spatial formation of "hard particles of oxidizers
(KNOB, dehbdxylandciHastesand politeirailudbeatiyiense Roddatrafiudrostliens partidkes ni ng
bi nder formed 4 - 3 MAY 2Q05 WD 02/ 47767 PCT/ RUOL/ 00546, by t her popl astic
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structure plays 5 a role of reinforcenent and is extended chains from
pol yt et r Wi @oirees AGFEHEOLRAMZ- 8- with a cross section of 0.1-2.0 m In

b ol aenpad 48, CEHRRAES FRftGRR0Ee ALY GAPBTPRFppdRRL - pnonor
di but yl - phhBrlchlge Psith (@itol) is wRlpgaite bahiny kindee dibefyephthaiatesaddiastyl

di carboxylic acid ester; stearate selected 10.fromthe series of potassium
st ear at esehasgtanosrbdueg dhereaf ¢s werdtamadivadbawlinisaid raster; searels salasteded

duct i i tjve: and.ni hi f  alkali
rotall O Fbiselied e s e b I e, BRI RS B S or el B ai s
the conpgresdrSalen utbg é@ltrh@\cfp'eraauéteéri Pocc¥sDYAABGS: anBOhiykaed r Bélcnrirart byl ene

- 1-5; thernoplastic fornmal dehyde and phenol 15 pol ycondensate - 8-11;

di car boxglkal metale st mixturetherepfrisgisediasithpoxttizgr. addi tive - 0.2-0.5; and
oxi di zer - the remainder. To produce the clained osite it IS necessary
to prepare -h&? _r?&ﬂ?f@#ﬁecorgﬁﬁlsph@nSPWBP%@nH‘eH%aI@PCg@QSer 'Pﬁno)f’ﬁpyam%grsgani c
sol vent FouteMHEBroMhPens i L i s|-snechisaAbabic t apmbfickR ety ehenol
chloride of carbon tetrachloride, or a mxture O thereof to ensure the safe
m Xi iy ppolyeduatensatel —e5d 1 pdearhexiowdir estenpoénpsodulizni prpcevhicdditive —
stirri ngO g(gl yt et r af .uoro&it hlyl ene suspension in dicarboxylic acid ester
shal | beladded2hd izees 1] (812888 hensi on and then the conposition shal

g]‘? [ﬁr])éegr O\é\ﬁé‘?i%ﬁeu‘%itﬁé z8himMd BomibBlid 3ROHS AL 118 afe FEHHAILERy g UNt
and phenol polycondensate suspension in an organic solvent for which purpose it is
necessary to take 10-15% methylene chloride or carbon tetrachloride, or a mixture

0 thereof to ensure the safe mixing procedure and exclude the powder components
dusting. While stirring, polytetrafluoroethylene suspension in dicarboxylic acid ester
~shall be added to the resuiting suspension and then the composition shall be mixed
“With the oxidizer with simultaneous addition of a required amount of the prodﬁction
process additive. The production process additive, selected from the metallic
stearates series, possesses surface-active properties. During mixing the oxidizer's
surface is being modified by absorbing on its polar surface of the stearate bifilar
molecule and this makes it possible to reduce external friction of the composition at
the stage of molding (at 70-90 °C). The production process additive concentration of
less than 0.2% slightly reduces external friction, while the production process
additive concentration over 0?5% ensures a drastic reduction of the external friction,
but decreases oxidizer's adhesion to the burning binder and this results in a

considerable reduction of the err}posite strength properties. |
In doing so no stringent requirements are placed upon dispersity and fraction

composition of the oxidizer. It is necessary -to use potassium nitrate and/or

d



_process additive. The production process additive, selected fromgtigy 2005
netallic stearates series, possesses surface-active properties. During

m xi ng t keo@iythigzer's surface i s being nodified by absor bp@Egreth/dokss POl ar
surface of the stearate bifilar nolecule and this makes it 2possi ble to
reduce extatassilinf pérchiamatesf withepeotfisogtirfacenamta oft he0G-1age anfi’/grahdimgis{uae
70-90 C). The producti ‘%% pé Bg/ess additive concentration of less than 0.2%
sl i ght |y GOEURRISOLINRE than 9Pt i on, while the production process additive

concentrat | 0%@?&&1@%%% §ﬁalﬁb€re@<§)biséd &@Mcﬁgeg{arﬁ&ﬁ HelcEbARbIlers at

friction, but decreases oxidizer's adhesion to t urning binder and this
resul t s i70-80 *CoMuirithey thid epemtiontthefoltdwingerooesoiakelate:engt h properti es.

" In doing so no strjpgent requirements are placed upon djispersjty and.
fractPon comJsPKidkEIIE r?H@C%%raﬁhZ@ramﬁ ynﬁ‘gr rﬂlé(c‘é@&&”%& t"gﬁ]%buéb@%gﬂl%

nitrate %%ﬁ%. - 3 MAY 2005 WD 02/ 47767 PCT/ RUOL/ 00546 potassium

perchlorates Wth specific surface area of 1000-1500 cn®/ g and noi sture

content not northd haichbblicThacitiesester ngplasidizes Shardldbieydxpeseld plaenol
t her mronechani cal effect on rollers at 70-90 C. During this operation the
f ol | owi nPPYeFEINSEK etopleasHre DPLMmEMoXisgPyertlovs Qr@ﬂ@é@asm% $if zheadgirning

uni form y .dj J i i ng binder volune; - the dicarboxylic
acid estgglﬂgéélé'{’&ﬁ%g@oﬁ%%%f)ggﬁéde and phenol pol ycondensate to ensure
opti mgm vi scoug sihanasdaiaadRrdf Plastsiadd ForenddER & anBiphéeiol Bl coheenbabe

conposite; 10 - a simultaneous flow of plastisized forml dehyde and phenol
pol ycondeaishpelytetreflyspgthmiend. IAfordesul 1of pelyiatraflupresthylerng thermodynamical
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thernopl astic deformation at the set tenperature, intensity and duration of
a 15 sheaturdef tharaoiptastichdeformeatonr ah e sehterpertdhgrier irdensityt aneé dusatidroof aas

aresult of which m.gration of polytetraf, luoroethylene particles be en
e’ TayerSiesr Sriaunpush Ao arn BRARES At e USRS HaHs #eed:eatb O
pl ace. Infeps| ansh i Rbr 'Ferh%r':?}ﬁE M %}e I : i ng
shal | be ‘éﬁl{a” 't'%rerllsbrgfejbta eé{%éﬁ (l)c\g'/\né}ﬁé condi tl%ﬁ?gg{%%ngﬁés <r§%8%\%glﬁé is
i s a di nefosnaltdebysde Y pherotgiodrconltieckatictakeniptase.t ot al def ormati on. For
the stage of rolling is at the set ) ) .
Intensity and duration of the thermomechanical effect during rolling shall be set
to ensure the following condition: 1000 < j; < 3000, where js is a dimensionless
20 parameter which determines total deformation. For the stage of rolling s at the set

temperature 70-90°C is:

=it [s" 8] _ (1)
25
In this case shear rate is
j= V,[s"1 , where (2)
8
30 2
8 is a roller-to-roller gap

V is linear velocity of composite movement.

InitstunV==n-.D - n, where (3)



tenperature 70-90Cis: is =Jt, [s" . s] (1) 25 In this case shear, éggs
[sl]] , where S 30 26 is aroller-to-roller gap Vis |linear vel™ i'ﬁé}fJl 0
conposi nt. Inits turn V=7c - D - n, where (2)_(3).6 -_3 MAY 2005
NVO 02/ Sﬁ)ig@wn?g?s the rollers rotation speed D is the r%ﬁ/épgl/oc?iﬂe?rret er. By
knowi ng d gnekholierstrotatResspdde to find t 5t = LN (4) PCT/RU01/00546 In one
pass a | ayer of conposite of length equal to length of roller circle passes
t hr ough R metheolollers digmeiel.er gap 10 L=i D (5) In m passes, accordingly L = m
it D( Then effect, time is 15 t= ngcD/ 7c-Dn=nin,[s] (7) Insert

equat i o% knawiyezeng Lg&ﬁqqsf}%leic,)tfphgi Dhm ' 0 jssj.t= Sn 2 (8) Taking
into consideration part of conposite circulating above roller-to-roller

gap and subjected to nmixing, lets introduce coefficient K which was

det esni tedlLA/ experinental |y, and which val(d¢ can be in the range of

0. 133-0. 222 dependi ng on

In one pass a layer of composite of length equal to length of roller circle passes

through the roller-to-roller gap

10 L=xn-D (5)
. Inm passes, accordinglyL=m.xn-D (6)

Then effect time is

15 t=LN=m-7n-Dft-D.-n=m/n,[s] (7)
Insert equations 2 and 7 into equation 1, then

r-D-n-m x-D-m
0 j=j-t=  &-n = 3 (8)
2 2

Taking into consideration part of composite circulating above roller—td—roller
gap and subjected to mixing, lets introduce coefficient K which was determined
5 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 = S (9)

2
¥

Preferred embodiments for realization of the composite and the method

according to the invention



conponent conposition and rollers dinensions. 1z D m K So, the final
equation is: is =S (9) 9 2 Preferred enbodi nents for realizationBoMAYl*?@%
conposi t ey e nethod according to the invention 7 - SpdMirtog§Ryx WO
02/ 47767 PCT/ RUO1/ 00546 Exanple 1. To prepare 1 kg of the pyrotechnical

aer osol - f or mibxgnfale d- ext i ngui shing conposite it is necessary to charge a
paddl e m xer with the foll owi ng conponents: 5 111 g of fornal dehyde and
phenol pol ycondensate with specific surface area 1500 cn2/g and 19.59 g of
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prepared in a reactor with water jacket at 20-25 C and a m xer rotating at
"85 rpm Dompasite ibfs nesessgry haicharge apaddienezer wihtthe fellewmgscomppnents:

45 g of pol £l hyl 10 di ioninb
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surface area ERE gntingd Q4 » IzuU ]
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to add 4 disperbioraircibutylsphtinadate takent hera ghtio 20@5¢ Ao siuspensioor shéll be

m nutes. The ready mass shall be transferred,to rollers with roll
| Aot o7 PIERBCHIN ACagoRM Brivalsedachol ot S9-50 i 2nd 8 BHep Foigng &t &5 rom.

roll er-tgbdrréhbﬁrofgggnésﬁsﬁtggqo fufdss shall be processed on the rollers

for 15 mnutes at er this the flat mass shall be additionally
passed througfifd ltes mebliléingt suspalnseon geigtumé Eht&n2y fomesidefpdal arntefpremat | on
during rolling in this case was j,.,=2094. The ready flat mass shall be

pl aced | PAHOHENERIFy Ibrieg y{®%ﬁ‘EFW%@n§r pPivteirgiucroathyleys, ShsRRISIRER Iy by

the gontiRHAUE pRIETSE Wi TR A P& it Mo REGSSEAS °8F 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 fiat mass shall be additionally
passed through the roller-to-roller gap at 80 °C 20 times. Total deformation during
rolliﬁg 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.
Tab'le 1 shows relationship between the operation characteristics of the

claimed pyrotechnical aerosol-forming fire-extinguishing composite of the following
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MPa. The conposite shall be tested by standard test nethods. By3 t&Wm’lﬁlEé at
at nosphar éci7pizessure it i s necessary to determ ne |i nearCwrRU@RIOEY Of

Dt or RAFTRGR (085) Aad KEI Gt 10 T Deinf o Rt el By InE) 4 G ne

duri n%téér%?ééghmgostsaﬁomvérﬁf o8k o @wg %irfaxatgsawmsné@ doubner skt bb ades

at speed at 20 C and al so during hearing of cylindrical sanples
(amea,withatut 4peigGt@fmodoathyieme). and nopsratitablconditishewsf r el atétbadhp et ween
the operati ?.n characteristics of the clainmed pyrotechnical aerosol-formng
fire- &XEPHFUPShi ng conposite of the following 8 WD 02/47767 - 3 NMAY 2005

PCE/ RUQ / 0fpdh bt ?él%%?ﬁlt%i 4% '§9§ 3 duced at
p(()?;yt et r af Puoroet yIOIZne{; O.IE% cal ci um stealIFﬁ te];telfslao%?lgi‘%&r? %1%% 28. 5%
di but yhempharhetizdrdcdls affptie oyl rdlliagd istmsite &nd wildradion of which meet the

pol yt etraf | uor oet hyl ene) d operatjon conditions of a nethod of its

pr epar@@yippment Ftlhéi;\ el é?erl}oﬂﬁ 4on ¢ 57ROy feat e aPeshes¥ofoSPEERRIN sanpl e
4 pro . idhernmomechani cal effect by rolling, intensity and duration
of m%@%?é'ﬁcé%{:stﬁsg requi renent that total deformation js=2094, has the best

set of op&@hpositeschiaszamplesiSbhd2 piCaupes vig®udfol &se (wiislitdlpsticluced
wi t hout roll joré[g stage (W thout plastic deformation) show the | ow operation
char actedennaatiosy shpw the lewRperatienprpp@stelisiigs. 4, it's evident that rolling

anur es t 16 BospeBtyrfftes. pARg, 87 B BuldBhy el g Stpe SERLT

bet weerfepRitRIN) Ototsipsfamh&idrsyt iof whiitdis dHvee MUBON afk GraiheMmRiR opephtion
pyr ot echni cal aerosol-form ng fire-extinguishing conposites and

f or nulcheragtedstiasheir initial conponents and total deformation value js

ol ai mad T o LPEET o dufiePne HerblBh,  leBRRE S ot al
1000 B e hen B Lot er St ee dnd th
js eature the best set of operation characteristics an e
| east coompesites &ridderotiation of thepinitiakcampirante@nd total deformation value js
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
the composite rolling meeting the condition 1000 < j, < 3000 feature the best set of
operation characteristics and the least concentration of toxic (CQO) and explosion
hazardous gases (H) in combustion products.
The composites were prE)duced according to above described method, ‘their
electronic photos made on electron-scan miéroscope are shown in Figs. 1-3.
Fig. 1 shows the photo of the composite of three-dimensional structure
comprising the following: 20% KCIO4 64% KNOs; 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 following: 20%
KCiOy4; 64% KNOs; 2% polyte??éﬂqoroethylene; 0.4% calcium stearate; 11.1% iditol;
and 2.5% dibutyl phthalate. _
Fig. 3 shows the photo \.Lof the composite of three-dimensional structure with

burning binder reinforced with po);’tetraﬂuoroethylene comprising the following: 80%



hazar dous gases (H2) in conbustion products. The conposites were produced
according to above described nethod, 'their electronic photos-maggyop)s

el ectron-scan nmicroscope are shown in Figs. 1-3. Fig. 1 shows the photo of
the co i f three-dinensional structure conprisin wi ng: 20%
KCl O4; r{gﬁi/gﬁKﬁé : 0.4%calciumstearate; 11.1% iditol; %néﬁgg@&oégbut yl

pht hal afMOui 2hott Poditatrafiedmgtipdena eOrdth| galcoun hstearaie; Filge5% itiwhs anfle

phot o qg éjg}e conposite of three-dinmensional structure with burning binder
rei nf ortd W‘Fﬁ%gﬁb?‘é‘? af | uor oet hyl ene conprising the follow ng: 20%

KCl O4; 64% S¥Adiareried prdibs af EebByited i FiysoEahaidsheieHateFigd. 1 %
iditol; and 2.5%dibutyl phthalate. Fig. 3 shows the photo of the

conposiare dfigh pebdiraturiostinilens mastides aig Kormbed rintey extanded reinivronged

Wi tg pol ytetrafl uoroet hyl ene conprising the following: 80%9 - 3 MAY 2005
WO 02/ "PCT/ RU01/ 00546 KNGB; 2.5% pol ytetrafluoroethylene; 0.4% |
cal ci um st eapab@oudly- 60 Yhadht 9|béeﬂn%n05vrﬂ5gyﬁﬂtééﬁr%alse@é’f‘é@bﬁfor%aﬁr‘eﬁpn of
photos of the conpoSites in Figs 1, 2 and shows that in Fig.2 and Fig.3
pol yt etexiiingucahirg hydrepeunds ©f cihege-dirsefsioned simicturexwihdesinfoedad bueding 5
chains. Previously it hasn't been knpwn rot.echni cal ,aerosol -form ng fire-
ext i ngUii8fFhg @orréﬁm?&é PIPRT ee?¥i :}Eﬁgpgﬁ'é‘ﬁh%tr@ém@k@ h RBfnflR

burnin AN s o8e NaMRBANictRgre by G dieh Sty f d?‘%de Moehagnol
pol ycog%oelgsat e,nspl ast irﬂ(;%zlecd by diycar b@y%lﬁcidﬁes%g@an rei n‘?or ced 10
pollyt etpcftetrafioetdstheleas. THee ttechmicahlohidinaidn edswitss wousdtb ledibtechet or
forecast, or obtained in,advance by cal.cul ati on usjng known cal cul atjon
t echnt qik@neshdn “adfanas o Aaian Lsind) Ragemo P iR R ERES. v APSI ng
by t hei do ABYSHiSR! comMists SRR ofCh AEhSbdrts [ A9 pi Eiber 8
conpl ex Oeffe%tl&glnC one gnot [?er bootrll at pr org%dctgis\éaralrg)@gepﬁemggg ﬁg%lte aﬂg
dur i ng d¢hesnicakcharacténistichi ayid ergriipgr gifisent ddnfler effeckidryond anoéhargidibd of
production of the gl ai med co_r‘g)osi te consists in u_%ijn,g t her monmechani cal
ef fect HPTREHALOTHPT 15 FOTRGOSEC BRE SBNTtiSHRS fariire-fighliDg RETRRRES: he t ot al
def.qrmati o I i | QM L4lan: h S S 0,
o %m)l " ngr%?h#ﬁgﬁir )é)rtrp Wﬁfﬁﬁggﬁ%_ﬂggé%ﬁmfggf O U ihRR  cdmPOde EdnsistdGR
using thermomechanical effect by means of rolling at the set temperature 70-80 °C
and the total deformation value (js) meeting the following condition: 1000< js < 3000,

and molding at the temperature 70-90 °C.
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5 WD 02/47767 - 3 MR( 2005 PCT/RUOL/ 00546 Table 1 Relationship between
operation characteristics of the clainmed pyrotechnical aerosol-3diif @05
fire-ex ing conposite (20% KC104; 64% KNO3; 2%

pol yt et &da @E‘Jo?@et hyl ene; 0.4% cal cium stearate; 11.1 % |%ﬂ/8pouﬂf’*§% di but yl
pht hal at e) and oper ation conditions of a method of |ts prepar atabda 1

effect ra |on ch racft [i Ftl&? e% glf% lforming
Stre% % z g re: 0.4%
th Fige f’ ¢ §
T

?p‘ﬁr |o 8d| Wi Enethod
rofling, 20C1202. 100 833.033.2 b 'bresm ng- 2Wt hout roI | i ng, 80C80

alia 0

blind,—hot pressing-2.651.-244. ﬂ’)':. 3 3Rel-ingi—blind—cel-d80C80950
pr es:,i ng4. 881_. 505. 411. 9 ﬁ,%négg,licg,ieﬁg, cont i UOU§RARNI4&Rrk3. 087. 19. 0
pressing Rblling; contihuous 5pressing, sanple is .
wi t hout 80CF020941. 501. 0f4. 716. 5_ gol P/F@t raf | %h@f‘nso@?'ﬁyl Vel @ | 1 11 f/\@
02/ 4T767 - | Goeled¥ 2005 Moldin deformation Sps MPa - burning inguishing
T,°C pressure P, | force during | temperature, °C Uo,1 concentration,
of MPa rolling mm/s gim?
sample ke
40 80
1 Without rolling, | 20°C 120 2.10 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, continuous 50 2094 13.6 3.08 7.1 9.0
pressing
Rolling; continusus
5 pressing, sample is -
without 8o°c | 70 2004 1.50 1.07 4.7 16.5
polytetrafluoroethyl
ene
-
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-PCT/ RU01/ 00546 Table 2 Rel ati onshi p between operati on charact e5i @t\i Cﬁ] gmd
t hernrodynam ¢ paraneters of pyrotechni cal aerosol-form ng - AY 200
fire-extiwgod/stibng conposites and formul ati on of their inipgdmty@Eeepgnents
and total deformation value js 5 .Conponents, Sanpl e2Sanpl e BSarrpIﬁ

4Sanmpl e5Sanpl e 6Sanpl e 7Sanpl e 8Sanpl e 9 %y mass. KNO3648282827 #8330
KCI ©420000 1928fshshietatve8n 03&abén 8Hakad8ri&tite.afd. th8mibdyaamml stelyidrrs si n

Pol yt et r a{loeharkhyérdsSkoniind fird-SdingdisBing GofRsites and formulation of their initial

Di octyl 2. 05. 53. 66. 205. 84. Bthpdns@banadt&alAdtbhivatidrOed, 8003. 0 pht hal ate
St Zn@. 20000. 300. 5- St NaO. 20800. 20-0.1 St Ca0. 10.50.50.5-0.5-0.2 Tot al

def or NHIGRPor@its, 25V ERBRA LR UL SR O EePEE 3 D Edhple 6 NHEpE Al | Sampled a] Qimple
t her nodyhianinesal cal cul afi ons Excess oki dizer ratio
al. 0220. 8150. 9910] 7611. 9280. 81[0. 9471} 012 Tenperature of bprning } Tr,
K17641388b72115531 838160 326611752 CO j B2 pr ofduyat s 62 83 80
KClO4 20 0 0 0 10 20 0 3
Phenol- 8.0 10.5 8.9 11.3 8.0 10.7 8.5 8.0
formaldehyde resin
Polytetrafluoroethyl | 2.5 1.5 5.0 0 2.5 1.0 3.5 5.0
ene
Dioctyl 2.0 5.5 3.6 6.2 0 5.8 4.0 0.3
sebacate
Dibutyi 30 | 0 0 0 48 0 0 3.0
phthalate
Stzn 0.2 0 0 0 0.3 0 0.5 -
StNa 0.2 0 0 0 0.2 0 - 0.1
StCa 0.1 0.5 0.5 0.5 - 0.5 - 0.2
Total
‘r:f;‘t’gmt';’“ of 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, 0.0103 | 4.1728 0.0081 549812 | 0.006 4,399 0.9995 0.007
mole/kg -

-Hz in products
of burning, 0.0007 | 1.3126 0.0008 2.2502 | 0.0004 1.039 0.1467 0.001
mole/kg
Volume of
gaseous 3.291 2.839 2.832 2.831 3.015 3.252 2.935 3.001
products of -
burning
V, m/kg

Operation characteristics

Strength, oy, 6.0 | 3.1 3.0 1.5 4.5 3.3 6.8 8.7
MPa

Breaking strain, €p,
% 37 15 50 2 33 10 39 46
Velocity of burning
Uo1, mm/s 7.0 | 3.0 3.3 2.0 53 5.9 3.7 5.2
Fire extinguishing
concentration, g/m® | 10 | 20 17 45 14 11 16 11
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of burning, 0.01034. 17280. 00815. 49120. 0064. 3990. 99950. 007 nol e/ kg H2 in
products of burning, 0.00071. 31260. 00082. 25920. 00041. 0390. 146703 0d4Y 280%/ kg

Vol ume o us3.2912. 8392. 8322. 8313. 0153. 2522. 9353. 0941 ReHM&ts of
bur ni nb‘%ﬁﬁzﬁz Operation characteristics Strength, Fer )

up, 6. 03. 13. 01. 54. 53. 36. 88. 7 Miaddstehd iAppiRdandlity, cp, %871550233103946
Vel ocity of burning UO.1, nm s7.03.03.32.05.35.93.75.2 Fire extinguishing
concentration, /n31020174514111611 12 - 3 MAY 2005 WD 02/47767

PCT/ RU0O1/ 00546 | ndustr, al i iLity T d technical_ _ .
aerosol - f or '%gPFC?Fl?%?ré’;?Hyﬁ@%%'lﬂ'i%%gl g%rr%Blstqerg%qu %@é@y@srﬁﬁgnéﬁﬁ‘pﬁge

hod : ) : D ) ) ; Sy )
(r:ﬁg?rbast'l bl eérergibgrl alscggiméiﬁ]ch sc{ }r’huct Erlgéégﬁ%@ Egvcfagg}gogggﬁ%éfgggﬁggﬁtmgrI ous

gar agesof wriguspeambsdible meftéiiglesn soohstriucturés kdd gpvistsnad:s and bi rds;

engi ne and | uggage conpartnments of transg_ort vehicles; ventilation systens
of industrial WAMRKIEPsERradest BNQP PERTBISES) Advant ages of the proposed

conposite are ,&i%gFo&ﬁg?&ﬁ?%wn%aﬁha@%@gregj als for the conposite

conponents and conplex o eration aracteristics, such as |low
fire-extingui sehgiaecmadegyage compahningints ef eangbortebhicies;i on strength

characteristics, durability and reliability during usage, possibility to
regul at e bur ni y@ntilation systefns 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-
5 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.
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velocity wi thout the use of special-purpose catal ysts. The
fire-extinguishing gas 5 aerosol m xture exerts no harnful efs QCMA\prmmlrmn
body and living organisns, nature, and high-altitude apparatus and

equi preWPO. 024dednt ages of nethod of its production are poBET/BUPIAG 0 use

wi dely avail able delivery sets of parts. for its inplenmentation, |ow

nol ding pressure, sinplicity and saf ?/m?ﬁ the production. 0 3 13 - 3 MAY
2005 WO 02/ 47767 PCT/ RUOL/ 00546 C ains 1. The pyrotechnical aerosol-form ng
fire-extinguishing conposite of three- dinensional structure containing an
oxi di zer, f pr odhetpywotqohoied scadsbliforming fedeXtinguistingdicotdpositerafedresy

t hernopl asti c_fornal dehyde and phenol pol ycondensate, plasticized b

di car boxyl i c AHBPRSIEERLAFIMEGHS @E?%?@Q@%@X'%Wtaepmptl%cFéPﬁ%SeﬁGEjm € The
fooxy! oo . A . o

DY s e an@° EARfihg" BiRen rdeblely B¢ WAGHIGHILE, TaTRaNEhEae 2658 " phdbl’ ©

pol yt etr af | upbRebhrbasstel -Flastidiesday asddrbokAioTatieByde and refiforded by

pol ycondensate 8-11 dicarboxylic acid ester” 2-6 production process
addi ti ve 0.2polyetrafiuxiogitnégng.ne remai nder 3. The pyrotechni cal

aerosol -farm ng-fire-extinguishing co site according.ta clains 1 and 2,
wher e di cg'boxyl-r%g acﬁy&ofggﬂﬁl,cails ggqo&rc}?—gcgn}ng%m IFExtngYislings - GERHRS(e
phthal ate, digeebidingePacRhe QonaifingitHEo! & R\yofaehni cal
aerosol -for rriang fi'?éé- ext i ngui shi r:gﬂn?onpog?(%‘@h%g%onﬁ%n& I'ng t}gﬁ]cl ainms 1-3,
whdfe a pr odpotitenafiuaroetylentliltd ve is selected fromthe series of sodium

Sstearate, po&ﬁassi u ste@rat& craqll ciumstearate of a mxture thereof. 5.
The pyr ot echtIFFIORRFUSOMAEISAYIS i re- ext i ngui shing conposite according

to clains 1- énd"t‘m’e’n%l %Blﬁéhgéﬁ%tei@ﬁe' ected fromthe series of
dicarboxylic acid ester 2-6
production process additive 0.2-0.5
15 oxidizer the remainder

3. The pyrotechnical aerosol-forming  fire-extinguishing ~composite
according to claims 1 and 2, where dicarboxylic acid ester is selected from
the series of dibutyl phthalate, dioctyl sebacate or a mixture thereof.

4, The pyrotechnical aerosol-forming fire-extinguishing  composite

20 according to claims 1-3, where a production process additive is selected
from the series of sodium stearate, potassium stearate, calcium stearate of a
mixture thereof.

5. The pyrotechnical aerosol-forming fire-extinguishing composite
according to claims 1-4, where an oxidizer is selected from the series of

25 nitrate, perchlorate of alkali metals or a mixture thereof.

6. The method of producing the pyrotechnical aerosol—forming fire-
extinguishing composite according to claims 1-5 consists in mixing of
formaldehyde and phenol polycondensate suspension in an organic solvent
and polytetrafluoroethylene dispersion in dicarboxylic acid ester and then

30 mixing the resulting composition with an oxidizer and a production process
additive with subsequent thermomechanical effect at 70-90 °C by rolling,
intensity and durati_on of which meets the condition: 1000 < j;<3000, where j;

is a total deformation, and by molding.
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25 nitrate, perchlorate of alkali netals or a mxture thereof. 6. The

nmet hod of producing the pyrotechnical aerosol-formng fire- extinguishing
conposite according to clains 1-5 consists in mxing of fogniAdelide and
phenol pol ycondensate suspension in an organic solvent and
polyt%@HEﬂWHBroethylene di spersion in dicarboxylic acikRCERU@Er0HMed t hen 30

m xing the re 'o rocess
Dt € Pve”ai t b s BRIERT O o oBeths B PV PRAftal "SRRI el
intensity amtngursaﬁngaaombom ebcomRic td BRIk ®)dh twm@h ah08i9anid aﬂ%}ﬁms wher e
js is a total deformation, and by nol ding. 14 - gﬂ 005, WO 02/47767

PCT/ RUOL/ 0GBdested frere et seriesofof pn@hutanegcinlﬁ@dpypatmh eaahlQliders@ll af or ni ng
fire- exthﬁ tShHBg %gnp05|te according to claim®6, in which an organic

sol vent is MEYEHEFYrom the series of met hyl ene chl ori de, carbon
tg;rachlorlde, or a mxture thereof. 5 10 15 20 i 5 a 15
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