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WO 2006/109304 PCT/IL2006/000457 -1 EXTREMELY INSENSITIVE
DETONATING SUBSTANCE AND METHOD FOR ITS MANUFACTURE
FIELD OF THE INVENTION The present invention relates to an explosive
SYIRRSIiag,of substantially 5 reduced sensitivity and low flgpmability o5+
and a method for its manufacture. More specifically, the present invention
is concerned with an explosive composition definable as an extremely
insensitive detonating substance (EIDS) according to ITN Regulations for

the Transport of Dangerous Goods (often referred to as the ‘orange
book), cld&XifiBEMEREINSEN SHHXEEHONO OFG BEBNVANTDN

High performancml%@m 'E@_Pﬁam%ﬁgmm as been a

goal for researchers to new explosive composition can be
defined as low impact and shock sensitivity and low flammability,

nqugrihsless oifar Mot revergNexplosive performance. A combination of
these properties offers higher 15 survivability when applied in armor

moduleslds weied greensionapkiiortation aipdotiandimgpsafgn whitsbsiantially

d%&?ﬁh (g e gverall BeraImanaswhen ﬁ%&ﬁﬁﬁdféoi{?ﬁ%ﬁfﬁ’&i@'&m
explosive compositions of similar enerdetic properties. One example of
lospékifiralbilifyeenplssivduomipositionernsedisd osdl ian @ Spinsizat doposition
4 o Hill i closi _, . - losive.i
SRR S I ST AIARAD EASnlfs o
ziRBbBregelatiors dorahmobiphepytined ledeatomsiitomls ipfrasseiatrettitryds the

phosphate ester, calcium formate,.afptimony oxide, ammonium phosphate,
a|l?r§”l‘I§I%’ll ?n%gg?éd% ?r%?ﬁ%}:ljgr?el,na@& Sos’rgl{zlér]%phosphorous diols in an amount of
9-41% and a_ binder component selected from the group consisting of

pabpkatienRe 2 palicreply mevRgepate ester-vinyl chloride latexes,

cellulose acetate
High performance explosive compositions are long known. It has been a

goal for researchers to find new explosive compositions which can be defined as
low impact and shock sensitivity and low flammability, nevertheless offer high
energy explosive performance. A combination of these properties offers higher
survivability when applied in armor modules as well as greater transportation and
handling safety, whilst not deteriorating the overall performance, when compared
to readily available explosive compositions of similar energetic properties.

One example of low-flammability explosive compositions is disclosed in
US Patent No. 4,861,397 to Hillstrom disclosing a material comprising an
explosive in an amount of 41-85%, an additive selected from the group
consisting of zinc borate, hexabromobiphenyl molybdenum flame suppressant,
triaryl phosphate ester, calcium formate, antimony oxide, ammonium phosphate,
aluminum oxide trihydrate, and organophosphorous diols in an amount of 9-41%
and a binder component selected from the group consisting of polyurethane,
acrylic polymers, phosphate ester-vinyl chloride latexes, celiulose acetate

butyrate, vinyl esters, styrene-ethylene butylene block copolymers fluorinated



butyrate, vinyl esters, styrene-ethylene butylene block copolymers
fluorinated WO 2006/109304 PCT/IL2006/000457 -2 elastomers, and
Plaster of Paris rubberized with acrylic latexes in an amount of 6-39%, all

AfPrararigns being on a % by weight basis. US Patent No. 5,989 »(8at8.457
Wagner discloses a cap-sensitive flexible explosive composition of

reduced flammability comprising a finely divided cap- 5 sensitive explosive
in a flame resistant polymeric binder sygtem which comprises a fluorinated
elastomer, or mixture of fluorinated elastomers, admixed with from about
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d@ﬁ%&’&?ﬁé@{}}oﬁ&%%'ﬁ&ﬁ%yﬁ GrosEyIRkINg, AGHvator whereby the
binder system when exposed to heat from arignition source will crosslink
and hardéeh atat@h Pire WhithlidYdsteMigiethdisatesas wehigiptrasitive flexible
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3 coreried capleratedn abbvme witisteshpedensitivd tutempasition Wihiehtermprises
CaPReRRING COmBoRIR AR %Pfﬁgﬁ% G i
SRR S SRR RSP SERRLE Mg i o
sulkstahd8%oieditions, 3080 dsubsignicefdassifipatinl € Bes elrdBr dovontitegial, a
to g&ﬁ%%&%%? fa%dﬁfgg Eﬁ%gﬁgrog 8{0 IR Sa%t?fzggif Tv'(r‘le e?e)%é!o 1€ binder
composition, provided between plates of a cassEtte of a reactive armor
meyiiten ceises:xthes pidte S tat dreplace gsitesutpof detdhiationslarddatiduisarden at
105‘"'8“&%% %%qu‘)iéhf%é% %ﬁ‘a‘t‘)s‘ﬁ?e %8 ﬂ%ﬁ}% dtﬂ%%” fheJeacive Smered pum.
module. Some 'major problems associated with reactive armars arise from
théhisenattext éssoretyaenditive @l Ramdabite @xplasivE-Eompositions.
Excessive, flammability can lead to ignition, é xplosive even by small
or e piCATB <O IS0 (1 B¥pl0ehet SombaRITR PR - et
patentiallyithngexqusensisivit maymnsiene. Thtotave e sargivebecapseition
buc{gxl,l%ge(s)fff g%t?s%gg]eegetonable when subjected to ignition by a so-called No. 8
15 detonator at unconfined substance conditions, i.e. a substance clagsified in Class
1.1D according to UN Regulations for the Transport of Dangerous Goods.

The explosive composition, provided between plates of a cassette of a
reactive armor module, causes the plates to displace as result of detonation, and
thus scatter (break) the jet caused by a warhead hitting the reactive armor

20 module. Some major problems associated with reactive armors arise from the use
of excessively sensitive and flammable explosive compositions. Excessive
flammability can lead to ignition of the explosive even by small or medium
caliber threats. In case the explosive composition burns, a potentially dangerous
result may ensue e.g. for a vehicle's crew, because burning of the confined

25 explosive composition may cause detonation, creating some serious hazards for
personnel in the vicinity of the vehicle. Moreover, burning increases both the
visual and thermal signature of the protected vehicle and fusther, the fire is likely

to consume the entire explosive in the particular armor tile and may even spread



25 explosive composition may cause detonation, creating some serious
hazards for personnel in the vicinity of the vehicle. Moreover, burning
increases both the visual and thermal signature of the protected vehicle
and further, the fire is likely to consume the entire explosive in the
particular armor tile and may even spread -3- to adjacent tiles. Obviously,
a reactive armor tile in which the explesive composition has burnt, offers
no protection against shaped charge threats. Other explosive

cmpéingents dlesnQiRuSHtisfcRRFEYRl areeridiedd iiisbt Senswrpdosive
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conditions and further' may have unsatistactory physical or m&chanical
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present disclosure there is provided an explosive composition.having .
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SUMMARY OF THE INVENTION

According to the present disclosure there is provided an explosive
composition having significantly low sensitivity, low flammability and a high
self-extinguishing rate, such that it is detonable only under extremely high
préssure/energy conditions, ¢.g. striking of a jet warhead, and offers high
performance as compared to readily available explosive compositions of similar
energetic properties. The present disclosure is also c.oncemed with a method for
manufacturing such an explosive composition and applications for use of said

. composition.

The composition according to the present disclosure is of substantially low
flammability, i.e. it is not easily ignitable by conventional means {(such as black
powder, small arms, projectiles, shrapnel, etc.), however once ignited its burning
rate is significantly low (almost as a passive material) and its self extinguishing
rate is significantly high. In any event, the probability of burning-to-detonation-
transition is negligible,



flammability, i.e. it is not easily ignitable by conventional means (such as
black powder, small arms, projectiles, shrapnel, etc.), however once

ignited its burning rate is significantly low (almost as a passive material)

and its self extinguishing rate is significantly high. In any event, the
probability of burning-to-detonation- transition is negligible. -4- The
composition according to the present ditclosure is of substantially low
sensitivity, i.e. complies with test series 3, 5, and 6 according to the UN
regulatidf§. EBMBREHINe 2aseTedEpdsiticheaceisritlg thstlespiesént of substantially low
RUERRS 1ot sapriRasHim (ast Siahiaven widgieninedandionse
non-ignitable in deflagration-to-detonation-transition (DDT) test (test 5(b))
mﬂa@a@ag o sxaEwle. Hrioampe sition achasding (e ths ypsentlighention is
t : g dj t Nt disG €S i erprs :
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classified in Class i.5D OHMS) according to UN regu ccor
tiisiremntivndiscle et ipretesqatnd doppsitbtiast Alpiisend orrsisranopassive

eéﬁ_lgﬂ inalerials one.or g{%g' retardant materials and a binder and

optlona}I{IF, some other additdig/ées T Erj%btaining various desired properties.

In accortfarieghivith the prbseat distlosune@voiumeticdiezcentabe gfrthent disclosure is
c i £ i elpal i re-dn the following ranges, as
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vol. Firéiretaddiant/so...the ... present.. .disclosure... the....explosive. 1beBGfisition comprises
(L0 I =1 o = P SRS 20-36%

v%ﬁ‘h%r e%lgfgsﬁ/}gﬂrﬂ%lﬁa%ia st erﬁlg:)llsbg%lgle%rtela?%mf%eg?%talbd%%%%ﬁg?ﬁl&& and a
péinderytmitobpeivanliyate¢BRE T hhery cluiditrethy Fore dbtiindnginesRIDX desired

and re %ced sensitivity RDX), cyclotetramethylene tetranitramine (HMX

aRiREGEed sensitivity BNM, trinitrotoluene (TNT), nitrotriazolone (NTO),

CL-20, in accordance with the present disclosure a volumetric percentage of the

components in the explosive composition are in the following ranges, as follows:

Explosive material/s ... eccceceineecenes e reesereeseans 42-58% vol.
FIre retardant/S. oo e vt ccee e ersas e s nas 15-26% vol
BIBAGT oo cnreeseerecrmen it e e e es et s e me e see e saneeen 20-36% vol

The explosive material/s may be selected from a group comprising
pentaerythritol tetranitrate (PETN), cyclotrimethylene trinitramine (RDX and
reduced sensitivity RDX), cyclotetramethylene tetranitramine (HMX and
reduced sensitivity HMX), trinitrotoluene (TNT), nitrotriazolone (NTO), CL-20,
FOX-7 and any other such explosive, or mixtures thereof. The one or more raw
explosive materials may be in several granulations.chosen according to the
desired final properties of the explosive composition.

The fire retardant may be selected from a group comprising boron
containing compounds such as zinc borate, boric acid, ammonium fluoroborate

etc.; phosphorus containing compounds such as phosphate esters, ammonium



FOX-7 and any other such explosive, or mixtures thereof. The one or
more raw explosive materials may be in several granulations chosen
according to the desired final properties of the explosive composition. The
fire retardant may be selected from a group comprising boron containing
compounds such as zinc borate, boric acid, ammonium fluoroborate etc.;
phosphorus containing compounds such-as phosphate esters, ammonium
-5- polyphosphate, etc.; halogen containing inorganic compounds or

hydhpsisripiateortpo lralisgsu cortsinéng bimrmrertiph coyipsuady BB pdpcarbon
with or without radical_stabilizers..suc antj jde; .
AR e T B e
askiiiysathesushchifirentmodgntexidmwhyidritedarmatariady resithegofalumina
The bipder e a thermoplastic or thermosetic polymer. The hinder
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Entane) i Keateror thikares-thafigofl -etc., or a group of thermosetic

poi-y-,ueis, such as polyurethanes (e.g. HTPB, Desmophen,.etc. .

oty IG5 R T i R TR ST G e Dinder
regaiationssayplagiierbondesuexplasipeisinB Xsruspbatitaipataggentuch as
agent (for, detectigyy by seculy sniffegg) and thus, the explosive . .,
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agash S8 elsdriarnao(ewp BIPRShg:Rinientiyen) divlidien EGBiNxanes
2;3-Dimethyl-2,3-dinitrobutane (DMDNB), para-Mononitrotoluene (p-

M@ﬁ%de&?tho-Mononitrotoluene (0-MNT), etc. Optionally, coloring
agents (RigRRAPEhNRAKAELATIe8WE A coFRasHRnip bilifieserintidrexplosive

oses between different compositions. The pigment may be .in.p

(@ i ' tn
or(iEie fBRAt oPTdaiish 19688MI 8967440 dFE SR JBS ARSHET T SRiFers) and thus,
InyeOtan cLoss-iBKiREsition according to the present invention may contain a

taggent agent selected from a group comprising Ethylene glycol dimitrate
(BEGDN), 2,3-Dimethyl-2,3-dinitrobutane (DMDNB), para-Mononitrotoluene (p-
MNT), and ortho-Mononitrotoluene {o-MNT), etc.

Optionally, coloring agents (pigments) may be added to the composition
for differentiation purposes between different compositions. The pigment may be
in powder or liquid form.

It is also possible to add to the compositions of the invention cross-linking
inhibitors (or pot-life extenders), such as aliphatic phosphates. A suitable pot-life
extender is, e.g. tris(2-ethylhexyl) phosphate (EHP).

Depending on the selection of the fire retardant materials, the composition

according to the present disclosure produces burning and explosive products

which are not more toxic than burning and explosion products of conventional
explosives. For example, acidic gasses such as HCl or HBr are not emitted during
burning or explosion of the explosive composition but rather, regular burning

gasses are emitted such as NOx, carbon oxides, etc.



inhibitors (or pot-life extenders), such as aliphatic phosphates. A suitable
pot-life extender is, e.qg. tris(2-ethylhexyl) phosphate (EHP). Depending

on the selection of the fire retardant materials, the composition according

to the present disclosure produces burning and explosive products which

are not more toxic than burning and explosion products of conventional
explosives. For example, acidic gassestsuch as HCI or HBr are not

emitted during burning or explosion of the explosive composition but

rather, fagtharmoraintiegaswemaieriadsttostduforapdi@xraivanbof tkidesplosive
etc. -6- Eurthermare, the raw materials used for preparation of the . .
R A B ARA BEHER R & R M Wity which
nradgriats voniideradyabeleamsidese diasthazatido uspssHiinlamghénhibitor and the
cross-linking inhibitgr and the catal are at significantly low quantities in

B R B E P OR AT Gaae e BT R R bosition in
accordanadamiibirtast firaaendfithelogyivitvihabaymiiiativie revetdance with the
analysis for providing the exact content of the raw materials in the ..

B %8§itl‘%‘ﬁg|1§’%’rr§ct?éal aﬁoﬁbﬁgg?&georresvﬁﬁietaﬁﬁé?ﬁ%o?ﬁ’ﬁliéje{f)é‘fc‘if.i ppethe exact
peaseaitdigtibsurevis duthesicdactnesbwitositioatio dfactimautastydegible or
of an explasive composition in accordance with the invention as will be

oS eng Aty TR .qﬁé' appreciated that granulations and ratios of the
powdergddnatgrialg,haveisignificant jofluepeagon themeshanicalith a  method
properties of the final explosive composition, namely flexibility, strength; .
STRARHAFHRS el PREIGFIRAGRR RO BhACS FHR e iR ertion as
th@ipoMgERIse RaREMAI. 1B eppResiion Mad thusiefleats:an Hbos of the

mechanical properties of the final product. The explosive composition in
adeovdsrde TalsTials frave Hanifissatinfuengs eratheErsdangaharoperties of

follpywn@ifegBiitive composition, namely flexibility, strength, strain hardness, eic.
The granulation ratio defines the compactability of the powdered components in

the composition and thus reflects on the twiechanical propetties of the final

product.

The explosive composition in accordance with the present disclosure

thus characterized by the following features:

e the composition offers similar explosive performance (efficiency)
as of other known explosive compositions (e.g. for Explosive
Reactive Armor (ERAY)

s the explosive composition is classified in Class 1.5D according to
UN C(lassification, i.e. the material is defined as an exiremely
insensitive detonating substance (EIDS);

e the burning time is shorter (i.e. the extinguishing rate is high) than
heretofore known low flamnmability compositions;

e the composition is cheaper than heretofore similar compositions

owing to the ingredients used and the method for its manufacture;

7 for



the composition offers similar explosive performance (efficiency) as of
other known explosive compositions (e.g. for Explosive Reactive Armor
(ERA)) the explosive composition is classified in Class 1.5D according to
UN Classification, i.e. the material is defined as an extremely insensitive
detonating substance (EIDSy;_the burning time is shorter (i.e. the
extinguishing rate is high) than heretofore known low flammability
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compositions owing to the ingredients used and the method for its
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In a first aspect, there is provided an explosive composition comprising one or more explosive

material 42-58%vol., one or more fire retardant material 15-26%vol. and a binder 20-36%vol,
wherein said composition has significantly low sensitivity, low flammability and a
high self-extinguishing rate said composition being defined as a very insemsitive
detonating substance according to UN regulations for the transport of dangerous

goods (Class 1.5D).

In & second aspect, there is provided a method for manufacturing an explosive composition as

defined above, the method comprising the following steps:

a) obtaining and drying powdered explosive materials;
b) mixing weighed raw materials, to thereby obtain a dough;
¢) removal of residual air from the dough under vacuum 1o thereby

remove air voids; and

d) forming the hardened composition to a desired final shape.

BRIEF DESCRIPTION OF THE DRAWINGS
Tn order to better understand the invention, some non-limiting illustrations

are provided herein, wherein:
Fig.1 is a schematic representation comparing efficiency versus

survivability/safety of various energetic/explosive compositions;



detonating substance according to UN regulations for the transport of
dangerous goods (Class 1.5D). In a second aspect, there is provided a
method for manufactqrinr%an explosive composition as defined above,
the method comprising the following steps: a) obtaining and drying
powdered explosive materials; b) mixing weighed raw materials, to
thereby obtain a dough; c) removal of residual air from the dough under
cuym to thereby remove air vqids; apd d) farming the hardened
PN M R L R
setup; DRAWINGS In order to better understand the invention, some non-limiting
illustrations are proyided herein, wherein; Fig,l1 is a schematic X
PEi8oentRion ConRARGRRIS & oy CEFEES SR ey RSy PRt vilifus
respecBRERESHIR HplR IR £ 0RO S0 Rsgul 48 ol WigrBchematic
representation of a bullet impact sensitivity test setup; Figs. 3to 5 are
foGratRs oPsEIINEABY TREBH SRt PR RTIRER TR 4R (HRRE P68,
@@é(ﬁ%&%@%@e@ﬁ%@d@ﬁlﬁ@@@ﬂé@%@%&ﬁ@ﬁ@%ﬁﬁmd
result of a_cap sensitivity test (test 5(a)); Figs. 4A to 4B are setup and
(DDT)desti(6F L4888 n-to-detonation transition (DDT) test (test 5(b)); and
¥g5s. 20 and SB aeSelupnanssresylt ahextealdiatesk{leghf(c); -8-
DETAILED DESCRIPTION OF THE INVENTION The composition
according to the present invention is of substantially low flammability, i.e.
it is not easily ignitable by conventional means (such as



small arms, projectiles, shrapnel, black powder, etc.), however once
ignited its burning rate is significantly low (almost as a passive material)
and in any case its self extinguishi"ng rate is significantly high. In any
event, the probability of burning-to-detonation-transition is negligible. The
following are examples of compositions of explosive compositions in

ntages of ingredients
Dﬁpg%%lcate(;%l in percent volIQ"t “ Eﬁcﬁ)swe mateng{lﬁe....

------- The' composition accordtm‘éztéQ%évﬂ}esgﬂ'ieﬁ%tﬁ{ﬂ@xﬂt is of substantially
................................................................... 15-26% vol.; Binder

low flammability,. i e 1t 1s. 00t easily.ignitable by, co@@ﬂ@%aloameﬁhe (such as
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bufﬁQngﬁit@Sﬁds@ﬂﬁ'&@l@dfﬁﬁmMﬁﬂmesﬁﬁmgﬂfﬂ@mt@ﬁ%ﬁommi@Qﬁtse

of boron containing compounds such as zinc borate, boric acid,

its é@i&%ﬁm@ﬁﬁlﬁ#&é@éﬁésetgnﬁ"mhbEugleo}ﬂaaﬁm&‘eﬁmﬁ&@rwbabﬂ15% of
buﬂﬂﬁ plig)aa%@%tce{%namggigms ;é%l%hate etc.; halogen containing
Inorganic compounds or hydrocar compounds, such as
decalbbhonfolipivany loxideaiDEDP ) covitipari titho ot eapii%abmhmpmmons
. such santlmo ,{—BXIde hydrated materials, such as aluminum tr, td%%é:lr
& ients

in G PR ALt e INEDUANH AYRF S GHERT FE Fe i

ardIRueniadhe ﬁé}@ﬂp%g@ﬁethereof The binder may be a thermoplastic or
thermosetting polymer. The binder may be selected from a group
compagilag st theeidplastic polymers; sueh -as- Estane M, Kextoipwol.;

FluorelTM.,, Viton.m etc., or a group of thermosetting polym h a
Of8t (tl%(nt 'S 23#9 VO

polyure hrgﬁaés e g'"HT'F’B DesmophenTM, &tc.), "polydiméthylsi oxan§§

(PDRSK@ate. . According 1o.one. patticular.emhadiment... the. biidé6% vol.

com gzeesxpiosive material may be a homogenous explosive material or may
consist of two or more materials. For example, RDX and HMX in 10:1 ratio
may be used.

The fire retardant may be selected from a group comprising of boron
containing compounds such as zinc borate, boric acid, ammonium fluoroborate
etc.; phosphorus containing compounds such as phosphate esters, ammonium
polyphosphate, etc.; halogen containing inorganic compounds or hydrocarbon
compounds, such as decabromodiphenyl oxide (DBDPQO), with or without
radical stabilizers, such as antimony oxide; hydrated materials, such as
aluminum trihydrate (ATH), magnesium dehydrate, ete., and any other such
fire retardants known in the art or mixtures thereof.

The binder may be a thermoplastic or thermosetting polymer. The binder
may be selected from a group comprising of thermoplastic polymers, such as
EstaneTM, KratonTM, Fiuorelm, Viton™ etc., or a group of thermosetting
polymers, such as polyurethanes (e.g. HTPB, Desmophen’, etc.),
polydimethylsiloxanes (PDMS), etc. According to one particular embodiment,

the binder comprises



WO 2006/109304 PCT/IL2006/000457 -9 PDMS (between about 88-95%
weight), a cross-linking agent (between about 5- 10% weight) and a
catalyst (between about 0.05-0.2% weight). The binder typically

i cross-linking inhibitor such as tris(2-ethylhexyl) hate .
EHP?‘?nﬁgts?/'ﬁcical amount of 0.3-1.5%weight. 5 The taggent %lg%gﬁ?“%n@%@ﬂg%ﬂ
selected from a group comprising, among others, Ethylene glycol dinitrate
(EGDN), 2,3-Dimethyl-2,3-dinitrobutanes (DMDNR),
para-Mon.onitrotoluene (p-MNT), and ortho-Mononitrotoluene (o- MNT),
et frethed fabmartBetibsing:ofid) explesiveicompgasitiabdnveen about 5-

acgordance 10 with the present invention comprises the following steps: .

a) ogr{//?n‘gvﬁlg\ll}/ e?%%qu&#gl%é% g@r}fg%ninagogﬁegig(ﬁilodae’é’lgwgg p#ﬁﬁ’vg inder
progficaién domexiplasiverpewlieks) d nkdiifoingukavamatsilatsiielhmixinghtghate
ra erials, e.g. in a sigma mjxer. oy a planetary 15 mixer, as known
pe&@ﬁ%@eﬁy 18%1:?{%%‘@% %%@g)ﬁfé)/‘%%’ﬁ?%% | of residual air from the

5dough toTtherelygavoidpiesangetnf wileviidsinihe: figalugoshiebrihig jSamong
obtained er vacuum and the compagsition.is then compressed through |

a gﬁﬁe hat§Fae d r‘é‘il[xl1 s%éfaé?g.@z(gﬁ&?apgél @Pﬁé@%ﬂ&%&’mﬂe
20 eMInSBinking Mencoitpositiens anoveh, athD Ok hbasdenRdckdtiene (o-

cgﬁ%@ition. This stage, however, may be omitted to thereby retain the
comp it as a dough for different applications e.g. where the final

product STt Besinirr e hikie fsirth fosmiaggobare enes GAMRORIIRAdRIance
ade irﬁ%fir_]al shape. 25 It is app,recieged that different levels of
10, gatly iﬂbeﬁ’é%‘éeﬂgﬁ%ﬁﬁ@@we“ e following steps:

a) drying powdered explosive materials in a specially designed

explosive proof oven for explosive powders;

b) weighing raw materials;

¢) mixing the raw materials, e.g. in a sigma mixer or a planetary

15 mixer, as known per se, thereby obtaining a dough;

d) removal of residual air from the dough to thereby avoid presence of
air voids in the final product. This is obtained under vacuum and
the composition is then compressed through a nozzle ha{fing a
desired shape, e.g. cord shaped, flat paste form, etc.;

26 e) cross-linking the composition in an oven at 50-70°C to harden the
composition. This stage, however, may be omitted to thereby retain
the composition as a dough for different applications e.g. where the
final product is to be injected in its use;

f) forming the hardened composition to a desired final shape.

25 It is appreciated that different levels of cross-linking may be performed in

order to obtain different levels of flexibility of the final product. While cross-

linking, the chemical, sensitivity and energetic properties of the composition are

not affected, but rather only the mechanical properties of the resultant product.



order to obtain different levels of flexibility of the final product. While cross-
linking, the chemical, sensitivity and energetic properties of the

composition are not affected, but rather only the mechanical properties of

ya &WI&%t product. WO 2006/109304 PCT/1L2006/OOO45I7, 1'}19#0 000457
urt er appremated that the explosive composition obtained (ftert
compressing stage through the shaped nozzle (step d) may be of any

desired form. For example, for use in—ré@ctive armor modules, sheets of
material are required.. In this case, the paste obtained after step d) is

pressed isindistircensysocittad thadihai mxphta’ﬂalcanamsﬁmd ﬁneﬁmﬂf@ﬂm the
thickness. Furth [mare, for. trﬂ% e f|n I mat fl | e uttl ercm&_}su‘ed

of tREHinral c% § e|t|ornD(L:)1 ained a?%?e é))z carrie outeb0
méchaniEat mzmnpie efgr um@gmmmavgeemdﬁfer@iummw«ﬁtpreémamal are

rollers, or Ite nativel arri ut man using simi

A e B SESTe RS L AU AR TAGBe b B s s
Sthescompasdtiamisriol he aidedrad andaxpfoeinghicrddear. example, to

cut/shee pi etc., the explosive caomposition is formed in the
hane oA ot 6 Ei0h R E e SAABE ARd [rBie of the
présantinventomayrbhieed mimadifiedpagdithedoieving dreditdeental means,

exargpllglsngE;( %vrg%re J%f exelof%é\égnrtngé%n%%f ;&%ss or rollers, or, alternatively, it

----may be-carried- out- manually, using: simple means. such a2%6vols, Rdives, mold

..................................................................................... 25%vol,
10p@?ffaﬂefsﬁs..ﬁﬁf}.‘%%l.9%..?rf .......................................................... 0.05 %vol,
taggent (e MPBRposition is to-be used as -an- exploding Cl@¥oy@ikample, to

Example 3
cut/sheer pillars, pipes, etc., the explosive composition is formed in the shape of

a flexible cord.
The explosive composition according to the present invention may be

15 modified, and the following are different examples:

Example 2:

explosive material - RDX ..o 55%vol,
ATH et cv et s e e ea bt en 20%vol,
20 PDMS oeooveveeeeceemesssssssnsenesserssssssssesesssssssssssssssssssssssssnesress 256Vl
PAEIMIEIT ettt se e 0.05%vol,
faggent (€.2. DMDNB).ccvoiivvrcnrecrrcnnisrntsesseecsnensonenenessns 0.18%vol.
Example 3
25 explosive material - RDX ..o, 46%vol,
explosive material - HMX .o 4%vol,
DOTIC BCIA 1 onvieriecreeeree e eeie e seessiesve s e s e s s e s s e ssbes e esaaesnees 25%vol,
PIDIVIS <ot etarssea s bas e asensarsnsa e saean s e raraeaseseartaes 25%vol,

PIEMENE ... 0.05%vol,



25 explosive material - RDX .......ouvuiiiiiiiiiiiieeeeeeeeeeeeeei e 46%vol,

explosive material - HMX .........oooiiiiiiiiiiiii e 4%vol, boric
G e 25%vol, PDMS
S e PR A et et et e e e e e e e e e e e e e et ee e e e er i aearns 25%yv, fl i i
1 E g
WO IO 0,05 devbl VG o004S7

2006/109304 PCT/1L2006/000457 -11 taggent (e.g. DMDNB)
........................................................... 0.26vol. Example 4 explosive
material - RDX .......ouviiiiiiiiieeeceeeceee e 48%vol, 5 explosive
material 1ag8Xt.(6.2. DVIINE Joversirrisissareonsrisssanonese . 6%0V0L,..DOTIC. AERHVOL.
................................................................................. 22%vol, PDMS
...................................................................................... 24%vol, pigment
EXAIMPIE L 0.05%vol, taggent
€.9. DMDNB) .............oom.. e e e 0.18%vol. 10T
goll%wingetjé% SiiGIER el Rt rences vetwear the 'C'O'rﬁpbéitibﬁérég/ e
5above exappidscasatefiettddiiballistic. (armor).and. hullet.impact. 6%vol,
sensitivit)é test results. Example 2 Example 3 Example 4 %ol
Performalely&ffidianey 1 s+ w5 (armor) et inpact sensitvity 1V O
-f--1-i- +i+PTSIR is.farther appreciated.that. the.granulatian. ratios.of 2hescaiy
powdered, materials, in particular the explosive materials and th i fi[e
retardant2Eilerice onty the mechanicat properties of the resu aﬁg ovo

COMPOSitiQEEAABIRELY DMDNB) .......ovevreriireeerrerene s s srasenes 0.18%vol.
10

The following table illustrates the differences between the compositions of
the above examples, as reflected in ballistic (armor) and bullet impact sensitivity

test results.

Exaniple 2 Example 3 Example 4
Performance/efficiency e -+
(armor)
bullet impact sensitivity ++ +H+- H+

135

It is further appreciated that the granulation ratios of the raw powdered
materials, in particular the explosive materials and the solid fire retardants,
influence only the mechanical properties of the resultant composition, namely,
flexibility, strength, stain, hardness, etc.

20 Turning now to Fig. 1, there is illustrated a graph representing the
efficiency (in an armor module) of different explosive compositions versus their
survivability/safety. As may be noted the explosive composition in accordance
with the lﬁresent invention, identified as LBR-6, shows significantly high
efficiency with reasonable survivability/safety as compared with other

25 compositions for explosive reactive armor (ERA). The composition identified as



flexibility, strength, stain, hardness, etc. 20 Turning now to Fig. 1, there is
illustrated a graph representing the efficiency (in an armor module) of
different explosive compositions versus their survivability/safety. As may

%38 (e/(ii“glg@_‘ explosive composition in accordance with the prgsent.. noo4s7
invention, identified as LBR-6, shows significantly high efficiency with

reasonable survivability/safety as compared with other 25 compositions

for explosive reactive armor (ERA). Thd Zemposition identified as WO
2006/109304 PCT/IL2006/000457 -12 LF-2, which is available in the

marRel, stiowlsisiankilblevivdbititpinksn aholor siodalcesuy blhdvBR-8 armor

th f t
B e e
cladsifiibdruenGings e, 5D BiSuificititng EEX (SgERMpsomgrsddass 1.1D,

eng ﬁtﬁ?ﬁ]lallleaé légf: uﬂ&ay 1|n Armey module, which can provide

goo capa ity In Mo Ve configuration. The energetic
5materlaI/éxmmmlngeﬂﬁm&m)nomm@m&caﬂeemgaﬁy cettmiblesplosive

e losives. This m t rial be classﬁ dun D or, potential
e Bt ET oM &IE SYV%L‘&% Sh ILb‘(glsw Ocﬁﬂ%n é §S| e?ﬁqgc ve %uiar
Armﬁ@dﬂl—h) Hblﬁommmtmbimmﬂai&a@dmvs LEd A tRbERtieren exgefiective

mate xRA is not an explgsive (not i Cla e iva, f
AT AT ARCR S e LB i S G TR Tsp o
chmmmmbadmmﬁnﬁtgﬂassRe{aotlm éphsiy®ERA) has limited

aEfeency st b olen chries s il ek BURPNER
arsioERediileudhehmaieriatiayerndiniate bassatiendstrnt ﬂp@d&g&&c{ﬁtaﬂ Class 1).
re% rugﬁrgwgha&gs a{%}{r ) 1sgg88 anthghgstgg(gﬁ !ﬁtipclg%ﬂ: capablhty against
hollow charge warheads.

Non-Energetic Reactive Armor (NERA) has limited efficiency against
15 hollow charges and is totally passive, thus provides excellent survivability and
maximal multiple-hit capability. In this type of armor module, the material layer in

the cassette is not energetic at all, e.g. rubber, glass, efc.
Tuming now to Fig. 2 there is a schematic representation of a bullet
impact sensitivity test setup illustrating a barrel 14 aimed to fire rounds of
20  14.5mm small arms at a sandwich-like element 16 containing an 8mm thick layer
of tested composition 18 (the energetic material or explosive) displaced between
two steel plates 20 and 21 (2mm and 6.4mm thick, respectively). The sandwich-
like element 16 is positioned at a typical standoff of 7 to 10m in compliance with
the UN regulations and is inclined horizontally at about 30°. The following Table
25 1 represents bullet impact sensitivity test results at room temperature for different

explosives applied in such a sandwich-like assembly.



impact sensitivity test setup illustrating a barrel 14 aimed to fire rounds of
20 14.5nnn small arms at a sandwich-like element 16 containing an 8mm
thick layer of tested composition 18 (the energetic material or explosive)
wggl‘%gﬂqgt[;ﬂween two steel plates 20 and 21 (2mm and 6.4 %5090 457
respectively). The sandwich- like element 16 is positioned at a typlca
standoff of 7 to | Om in compliance with the UN regulations and is inclined
horizontally at about 30. The following-Téable 25 1 represents bullet impact
sensitivity test results at room temperature for different explosives applied

in su¢h a safdpiosilike asse mEer@Zﬁﬂﬁﬂiﬁ%@4 Burning duration

L b oy e Riirniuao

PCT/t1:2606/600457 13— ExXplosive:Burning-probabitity Burnitig-duration
C-4 High (10/10)>10 min. LF-2 Lor\:;lv ﬁ/‘:ll -10 min. LBR- g?‘_%\ﬁ /10)

1-2 min. Table E-Bullet impc ct senﬁbwtyéwesgs The term buBin@min.

prOb hilityv,. Aanaotac tha | fianitien-of nlncl\ln in-the

lJIIIl.y » 1TC ||I\U||| Uuu T LA I.I l\' U
sandyvich- I|T<:Te vmént 16 uppn strlljré b%% 5mm round. THe™8Hata

presenteﬁdm&'ablﬁlﬂ;euﬁrgggcmmm@yqegfglhty" indicates the'number of
burning incidents out of 10 rounds fired. The term burning duration

denotes the burning time of the 8mni explosive layer in the sandwich-like

element 16:0ngen lgwt@gdagwm@mﬂag 084 BRMUEQHIbINHE338:8hn of the

ler arms, such as 0.5" rounds, the 10 burnlng

triki I
orEAIETIN O Lbe 338 LAl SOrDE PR RS fo PG, The

5hlﬂbﬁf P BRI mgm@w ladags rBiadihereraritistairdphotaraRRr of
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of several_ safety test setups and their re a‘ﬁjectlve results, according to the

URYERERsH s guaalid Yrewadadisnt
regalNEHIef the Smm explosive layer in the sandwich-like element 16 once

SdRaRiity et chteriénirdlenqtes the

ignited upon striking by a 14.5mm round.

In case of striking element 16 by smaller arms, such as 0.5" rounds, the
burning probability of LF-2 and LBR-6 becomes zero (0/ 16), while for C-4 it is
higher (4/10).

Turning now to Figs. 3 to 5 there are illustrated photographs of several
safety test setups and their respective results, according to the UN regulations. _

Fig. 3A is the setup of cap-sensitivity test (standard UN regulations (test
5(a)) showing a polyurethane cylinder 22 of standard dimensions containing
LBR-6 explosive 23 with a No. 8 detonator 24 received there within in the
center. The cylinder is positioned on a steel witness plate 26 placed over supports
27 which in turn rest on a heavy steel plate (40 mm thick) 29. A successful test
result for a cap-sensitivity test is no penetration of the witness plate 26, as can be
seen in Fig. 3B after ignition of the detonator 24. As can further be seen in Fig.
3B the explosive composition 23 is only mechanically scattered (i.e. no
detonation occurred) such that most of the explosive remains intact in the
cylinder. The other part of the cylinder was fc;und outside of the cylinder afier the
test. Even more so the witness plate 26, shown on the left side of the picture,

remains un-indented. The cylinder 22 is partially ripped owing to the detonation



15 5(a)) showing a polyurethane cylinder 22 of standard dimensions
containing LBR-6 explosive 23 with a No. 8 detonator 24 received there
within in the center. The cylinder is positioned on a steel witness plate 26

&%ﬁ@gﬁ{%ﬁ Supports 27 which in turn rest on a heavy steelplate (40 mm.__

successful test result for a cap-sensitivity test is no
penetration of the witness plate 26, as can be 20 seen in Fig. 3B after
ignition of the detonator 24. As can furthér be seen in Fig. 3B the
explosive composition 23 is only mechanically scattered (i.e. no

detbHxidblv o clatrsuyasuh thae rloscokmdexsiosivprainbinsngtastdnl tdinder
cvlingel E@§8§?ﬁ{e&§iﬁ9f%&*l guindsrwas found ouiside OJothﬁﬁt‘flcY"”%ch are
. Ev ot 856, 11h elefts

after the te en more e witness plate shown on Ide
ofthehisnes@Bremairiondhdented. The cylinder 22 is partially ripped

owing to t jon W 6/109304 PCT/IL 2006/000457 .~ f the
No. 8 de#o h?égr‘ %{ﬁ%eesak%i\%e% % U %ﬂvggrge%é)ﬂ%l%?é‘d%a&%%%ﬂs e}e:flf? test setup

5 cylitatatarih $fdh o gh aviyus dthstne Yyl indercoonsittetey Aisdeo3nadilied with the
cqnditi lich are mu e severe (not s n). Fig. 4A illustrat
O S R S B T R e B (R o o
regetdtishgdbess Gla)y dhereidacataet GBirdacddedilleidhiitstheatesietiblack

L%R-G explasive 32. T§| bottom end of the cylinder 3Q is welded fo.a .
SR e SRR 6 R, ol hior 96 T Pak e Ul Sy B xplosive
blecisitider ¥atsuppeldeti by dlbstecodiainGod? thitldistdherte I8 dhrough a
explgsive composition, with lectric cord 44 extendi LEO tgi1
10, Ssttier Thisign = Seeleain e s peerast e tmd Tl an
opposedienacoteyfiih destIRsiltstiecaISMIMesitres b fpeteAbAEsT iheavitness
penetrajion of the witness plate 36 due tp detonation of the explosive 32,
NS b U A T TS IS 36 (Sl Seehapldga i the
builithigsinptiagecybndes2@but e pepedsation notutedmakesylinder 30 but no
detonation. Moreovey, the c lind r.30 and the )
penetration occurred as resuit of detonation. Moreover, the cylinder 30 and the
15 cap 34 remained whole (undamaged) and most of the explosive was found after. .
the test, 50% remains intact in the cylinder and the rest of it was found beside the
cylinder.
Fig. SA illustrates an external fire test setup (standard UN regulations (test
6(c)) wherein five cardboard boxes 54 filled with 150Kgs. of the tested LBR-6
20 explosive 56 (a total volume of 0.15m’ in compliance with the UN regulations)
are mounted on a rack 58 placed in a Kerosene reservoir 66 of 1500 liters. The
Kerosene is remotely ignited resulting in a total burning of the boxes 54
containing the explosive composition 56.
As is illustrated in Fig. 5B after complete burning of the explosive
25 composition during 1 hour, remainders of the explosive composition 56 are
visible. These results indicate a low burning rate of the LBR-6 explosive.

Furthermore, in such a test the burning of the LBR-6 explosive was non-violent

(calm), i.e. throwing flames at a diameter of approx. 30cm. in average.



15 cap 34 remained whole (undamaged) and most of the explosive was
found after.. the test, 50% remains intact in the cylinder and the rest of it
was found beside the cylinder. Fig. 5A illustrates an external fire test

ard UN regulations (test 6(c)) wherein five card gl es .
éﬁ%ﬁg@%ﬁ%swgs. of the tested LBR-6 20 explosive 56 (g((%g{ia 21\8/%%?315’7
of 0.15m3 in compliance with the UN regulations) are mounted on a rack
58 placed in a Kerosene reservoir 60 off 3500 liters. The Kerosene is
remotely ignited resulting in a total burning of the boxes 54 containing the
explosiv8 torsplbsititrsicasplisiohtagtrdted ihdigstBeatteptidmplateligs. 3 to 5

burning .of the explosive 25 composition.during 1 haur, r ders of th
o R R SRR S R O e kg o
rate ofl thieisBRrthexphosivet Fulthgerosezdodich a test the burning of the
LBR-6 explosive was .non-yvjolent (calm), i.e. throwing flames at a
diamete;i(%fc acpoﬁxrlggs%)cnmqq%ﬁlg\?érécﬁg%%%fﬁ@%&fﬁfwn ion may be used,
SP G ARROI00M ST HiSitlesdtaty testvesplissbhiainagositivn t@sis explosive
exemplified in Figs 0 5 Jindicate an explosive compgsition qualifying as
a CiAe8'T BIRE I gnflg% ’%’gl]faa i8ﬂ§?8?¥ﬁ‘évﬁglﬁgﬁ%ﬁ%f dangerous
goods. Thaiienspositiemntehiainedbadtadiothicdeaiaianiine sioadaaibed, it
be used, 5 according to one of its, applications, as an explosive . ..
oMo PP SR AR AL D (B A AES S tegfon s ot
connfigddv &fyiclesaetbavVbish spimteparicwiasembedime nischdig-begibodiments
illustrated and described, it will be appreciated by persons skilled in the _ .
10, RS (HESRRPRen TR isthSIMAER B R IE R BsFaEs g tional
shewbiinibhecaermptaly ehegimeits Lo dassiibeghereinabeye. Thus, it
should be understood that numerous additional embodiments are within
the scope of the invention, nautatis inutandis.



- 16 - CLAIMS: 1. An explosive composition comprising one or more
explosive material 42- 58%vol, one ?r more fire retardant material
I5-26%vol. and a binder 20-36%vol, \?/hérein said composition has
significantly low sensitivity, low flammability and a high self-extinguishing
ClraevEsid composition being defined as a very insensitive detonating

substance accarding to UN regulations for the transport of dangerous
1. 5ood< BRI ED FORMPIERPI SEREEERFOBRIGH RUSraRjaR @ dnatgtial 42-
s8whereipnsaid eerpasitionisisdetenablasubstantially anly LpaREexenae;vol,

high pressure/energy conditions. 3. An explosive composition according to

WherSifh SPIGURRTEIRSLERT diRe SIEMGIRENENpIOEIEMtENR 18 Eelientapehibihy and a
highepépesyihiiakistianttate P EbMposyeiotimgthiemedriniramine (RRXsitive
and reduced sensitivity RD))((Z, Cﬁlotetramethylene_ tetranitramine (HMX
delgpg s SHBHAKASARATINXY, HinitroRBIaEnRs (FRIThitrRiRgEIGhedangerous
codlbT@)adsli-20) FOX-7, or mixtures thereof. 4. An explosive composition
according to, claim 1, wherein said one or more fire retardant material is

2+ selectell R BETSIT BARAINAG ESHPRuHUE o pHBFIE Bt S RRROs Hon 15
deteampondsaidratadymateials nhaloge pregiRiRing dNRGRNIG s,

compounds,_h ;drocarbon_caompoungs, with or without radical stabilizers,

3 or mixtdrEEP IR ST OBIRRN EXPIBOE BB oditich heRBiifty fieiay pr more
expuhigrein seigdhindersis acthesmoplastic AletesMoseiting Ralmesd. APETN),

s SEIRREIEN EolARETVR. Rt R FILGHE MRS M (BTt etRane 0% -
cyqolydimethylsiloxanesiRRMS) - IAMXAreiplasvecompositionty HMX),
trinalg%%ﬂ.{g et&g!%rpn%frg‘grritahz%ﬁgz% 6!’}19 &%%91@8507, or mixtures thereof.

4. An explosive composition according fo claim 1, wherein said one or more
fire retardant material is selected from boron containing compounds, phosphorus
containing compounds, hydrated materials or halogen containing inorganic
compounds, hydrocarbon compounds, with or without radical stabilizers, or mixtures
thereof.

5. An explosive composition according to claim 1, wherein said binder is a
thermoplastic or thermosetting polymer.

6. An explosive composition according to claim 5, wherein said binder is

selected  from Estanew, KratonTM, Fiuorel.m, Viton ™ polyurethanes,

polydimethylsiloxanes (PDMS).



agent for detection by security sniffers. 8. An explosive composition
according to claim 7, wherein the taggent agent is selected from a group
comprising Ethylene glycol dinitra‘tei GDN), 2,3-
Dimethyl-2,3-dinitrobutane (DMDNB), para-Mononitrotoluene (p-MNT),
and ortho- Mononitrotoluene (0-MNT). 9. An explosive composition
7. according:iplctmconvpoengin thedatagnt agent is AMBNBmBOisAg a taggent
explosive composition accor to claim 1, further comprising at least
aggiidq cﬁgﬁﬁﬁ% n?e“llfﬂ,&ﬁ%glﬁfgswe composition according to claim 1,

8. furthepaampltsing anigasitionadqotdiieextenders, %eﬁdﬁ;ﬁh[ﬁl&&ggmt agent is
ompaosition according to.claim 1, where antltatl _analysis

s A S ST 18 P T AIBRER o et mition s

Dlmmﬁybal[ydhﬁttnﬂﬁsdﬂe apslibsiantiaiy-cdonpidcatediutde Am eRplosived ortho-

Mcom Ostltjjon according to claim 1, wherein the composition is easily
HEUHREE EHE Hy shaped and applied. 14. An explosive

9. compasitiplaccerdimgptesiclamadeoidinise adan Explastem gubstanree dgent s
r ive armor modules. 15. An explosive composition according to claim

wheérein the explosive material is RDX (55%uvol), the fire retardant is

10ATH (20%xalstie duimgesisdrDiMSrd2%val)piand thendds fortireisaddad east
gl Tent agen (O 05%uvol), and a taggent agent (0.18%vol). 16. An

on onn

mposmon according to claim 1, wherein the explosive

1 lmaterf'aﬂx capipsise SRBRO{A B o boadal Hiv X tdsovolJthefireratasdantideast
baric |d 25%vol) the binder is PDMS (25%uvol), and there is further

onefge de |gmen§agent (0.05%vo0i), and a taggent agent (0.2%vol). 17.
12An explo s o posifiori acc arding tezdlaitain Wheteirethe expiosive reverse

analysis for providing the exact content of the raw material in the composition is
practically not possible or substantially complicated.

i3. An explosive composition according to claim 1, wherein the composition is
easily machined and manually shaped and applied.

14. An explosive composition according to claim 1, for use as an explosive
substance in reactive armor modules.

15s. An explosive composition according to claim 1, wherein the explosive
material is RDX (55%vol), the fire retardant is ATH (20%vol), the binder is PDMS
(25%vol), and there 1s further added a pigment agent (0.05%vol), and a taggent agent
(0.18%vol).

16. An explosive composition according to claim 1, wherein the explosive
material comprises RDX (46%vol) and HMX (4%vol), the fire retardant is boric acid
(25%vol), the binder is PDMS (25%vol), and there is further added a pigment agent
(0.05%vol), and a taggent agent (0.2%vol).

17. An explosive composition according to claim 1, wherein the explosive
material comprises RDX (48%vol) and HMX (6%vol), the fire retardant is boric acid
(22%vol), the binder is PDMS (24%vol), and there is further added a pigment agent
(0.05%vol), and a taggent agent (0.18%vol).



material comprises RDX (48%vol) and HM X (6%vol), the fire retardant is

boric acid (22%vol), the binder is PD}HS (24%vol), and. there is further

added a pigment agent (0.05%val), and a taggent agent (0.18%vol). -

18. A method for manufacturing an explosive composition according to

claim 1, the method comprising the following steps: a) obtaining and
18drying‘powidierethexplosfuetmate dalsy i pivxicgmweigitied meordaterialsiaio 1,
thet%?et?% obtalgllsa1 do t%gt}bﬁzﬂg%rpoval of residual air from the dough under
uum to there 57 remove a|r°v0|8s and d) forming the hardened
composﬁ}ombmmﬂg&rﬂdﬁm@hﬁp&r&@ chpinsthodiaiecoiging to claim 18,
whereln tep.(b) is carie out |n m |xe lanetary, mixer. 20.
A methoj a%cgc‘w)l tilcglm e%elﬁoa gte ((c)i? e cgtméééltlon is
compres$ecbmwag Infamenz%zid hsax/nﬁg)m dhsmkﬁgham&i@ Ivahumethad thereby
according to claim 18 a] relraafter step (d) the composition is pressed
into a sheef(%jfrldesweafOl dmogeneous thickness. 22. A method according

to claimdi8 favhengithafterdsiep! (ctipecompositibniiisddioskshnked in an
gOven gl metﬁog aEgcha fjn%ntéh& nﬁ%jsnh%?eg% %tgl? %E)egslggz%ed out in a sigma
mixer or a planetary mixer.
20. A method according to claim 18, wherein at step (d) the composition is
compressed through a nozzle having a desired shape.
21. A method according to claim 18, wherein after step (d) the composition is
pressed mto a sheet of desired a homogeneous thickness.
22. A method according to claim 18, wherein after step (d) the composition is

cross-linked in an oven at 50-70°C to harden the composition to a desired level.



