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1 COVPCSI TI ON FOR THERVAL | NSULATI NG MATERI AL
The pres‘@ﬂt”’i‘??\?éntl on relates to conpositions for use PCT/GROVHE el
insulation or barriers in articles that are required to function
under transient elevated tenperature 5 conditions, such as are
experienced during a fire. Articles in which conpositions according
to the invention may be used i ncl-udle” el ectri cat=#ne® opti cal cables
whi ch have fire_r.e ropertles electrlcal fittings such
as terninals and cablE28% AT SRMAL LTINS &=¢&=  which are
required to act as fire barrlers Var i ous materlals are used
as thermal barrier have to with t.and contl nue
to function Srhe gfcg\slg?%g tvle%k:é?rét Ut eélézessu@hc%x‘éposflo °re’35<arﬁﬁ es
occur d@si ﬁgeamﬂr@sugaéhomrerblaalrserﬂcirudgtltées etdmatplage 15
certain netal z‘éﬁu@@@dv\@é CAurldRY6n DORIE o USGHs ol QlvAced tomfiR@TLE COALING

era

and inert mn remain in a ble solid state up to

t enper at Ut es |°r?n8>‘<5é8’§s_fs“t°|}i’eas are W@ﬁé%‘t’c?%rﬁ)’érléﬂu% tifter which the
~article is requtietlles oin whichpesfigrantibak @a@dmﬂle;,g Hagﬂ@élme@tudﬁ whi ch
remai ns 20 sent YA the t eratyr.e ed by,a nor mal
organic matter%?ugPl !é%ér%llrnec%dg & & G248 QH%% L{: n@'sll o< \é% de nmay be
cont ai ned wit hiayeafaee a#qsiléthégspmertvs, electrLCIéél 9nb¢1m erchl s have

been used. Son® REkMIBLSs a9MdCHabla ciids, Shhd CRUYJ-UBREE g dmpilalke at
terrperatures fld’g‘f-ﬁg around 25 300 errfC but abqve these tenperatures
a

deconpos® Are requirgd Fotdqhyagshit? R495%€@5H - di oxi de which then
remai ns stable to higher tenperatures. The silicon dioxide ash is
however fragile and,jay,fall.a%ay 0L, { ragt her | yrers, such
as pol yam des, fuseaarEti 'Fe?rtkpetr at u)fttsasgfiér o%nguég tl%ggi)l f@éré’eﬁggt er{r:g to flow
anay With a r @SGEFARE Fards hgve to withssandtion danginparto ofundséoart | cl e

where it is regyi e@dvated temperatureﬁ nshhﬁ EéeQ&ﬁﬂﬁﬁgm@ﬂgil%#ﬂ diBgr
i ndustries, artlcles 'T%X EonP é/ with the star‘idards | ai d down
5 ch materla nclude,

" by 1SO 834 IGf o832 for examp
PCT/ (GB98¥50087%ertain metal oxides which have been fused to form a

ceramic coating and inert minerals which remain in a

stable solid state up tc temperatures in excess of the
highest temperature under which the article is required to
perform. For example, magnesium oxide, which remains

20 essentially inert at the temperatures achieved by a normal
organic matter fuelled fire, may be used. The magnesium

oxide may be contained within a metallic housing.

Polymer materials have been used. Some polymers, such

as silicon rubber, are stable at temperatures up to around
25 300°C but above these temperatures decompose to form an

insulating ash of silicon dioxide which then remains

stable to higher temperatures. The silicon dioxide ash is

however fragile and may fall away or fracture. Other

polymers, such as polyamides, fuse at temperatures around
30 300-400° and tend to flow away with a resultant loss of

insulation from part of the article where it is required.

In the electrical and building industries, articles

may have to comply with the standards laid down by ISO 834



Part | which requires an article to remain functional when “subj ect ed

to heating according to a specified tine/ tenperature curve. |In many
cases t heWsesd/e3zsmance of - mat eri al s under such condPCIr@BY8HE75
conprom sed by the 5 tenperatures at which the conponent materials
change state or react chemcally. One class of materials that is used
in various forns is the alumnnosilicates. In general, as the silicate
content of alum nosilicates decreases the 3 - fusion tenperature

i ncreases. Pure alum na fuses at 10 approximately 2,050[ err] C whereas

the naturally oesutri mhich requiussownt erfdlm ab abmwaimd&inctcah£l fuheas at

APDrOxI MRLelY oo dekOOLELLL Grd BBk AL 18 3 LUBLI AN, Lhig T erper ature

does not reath [err erefore’if nuscovite forms part of
the fire barri eF—e@&%ltﬁﬂrel Fule A& PAnY hexsssl ithe pprstorrgnce efir oughout the

fire. Such a spstemdis lQhBQE §&m@hamt§@{s is combpAdrliled Bocamse the
barrier sygtemLsm%non- at e durln the ire. |If the

muscovite i°s in pRTicIES® 2t W}Tlc??‘mtﬁﬁdc‘t‘f%ﬁ’od‘einﬁ ’6?5 RBP® cthfi¥6nent s
of the barrier eor rea@ymemmm | 0se trdegrft maﬁsﬂdﬁfs treapet atusfeel

i ncreases, 20 . 1n"&afJ§> ISI @QLT@S J% @ll | @M‘@%‘lo&u lt.tcgpees mj%né Egréf I

smteredformlt IS obefracture ment’s caused by
t hermal expansi &f¢ ﬁ@dﬁ&ﬁ?c‘é‘l’n%l@‘c alumlwl\}FbF%ﬁﬁ%ﬁFr@%Eéﬁlﬁtﬁzed during

the fire. Fractgasigh temperathesnicheabise ot aansh fiotrngasegus products
of 25 nbustlonto e rrier s appl i cations
wher e theclgorrpos??r aQ uge%’a&asgo ?VSFﬂeas the XPFW?H@' PEFBTHYY i er

failure may enamtlecmm@ugpmmft calummospbr:atreafesaﬂchtsmp@adxtrhaatc—fliwe for

exanple fromong, {@9M. 1n mbdit oflt e s0exLe Qnsl ! Of OlhnddARN-L Ogddie Next i n
a building. 30 In electrlc I plications, ure of the fire barrier

is li kel yPPb F&&H ¢ Fﬁol%s?é‘dotthétf%%?rrq ddl MPRERYGGY FOrmS part of
There is need feneafnepaskiéonaenngit hdim@hs in thd %ulxat bRgsepr operti es,

that IS d tlle XJ.b he atedte ture experlenced
during a |gre ang’g%‘g& ot ltﬁaﬁfnlsxt% nt garcpty ssyo\é td BtEY i%o D %%e $RE oughout
t he 'a) ggﬁuggyﬁlbecause the barrier system is in a non- ductlle

PCT/ GB98/ 00875 state during the fire. If the muscov1te is3n partlclé' re
enabling it to ggntlnuet?ﬁfunctlon as a therma barrie

According to t h&°TP 8Ehfei fvEnRIGTS; Hya"’frter"stcoﬁ‘gﬁ’é%’tts of the b%ﬁt‘ﬁ&m tion
for use as therapbtemsuliahi besorintagriey af the tempetdtoires ihhad¢asarse

required tg fungtlpp undee Eéafh%.'le%tva 1f eéh%vatsgotee@%r safyre conditions,
conprises at |east two onmponent s, first e two conponents, at
t enper at ur es sintered form 1t is liable to be fractured due to

movements caused by thermal expansion, mechanical shock
and vibration experienced during the fire. Fracturing
allows the fire front and hot gaseous products of

25 combustion to penetrate the barrier system. 1In
applications where the composition is used as a void-
filling fire barrier, failure may enable combustion to
penetrate and spread the fire, for example from one room
into the next or from one floor to the next in a building.

30 In electrical applications, failure of the fire barrier is

likely to result in loss of electrical integrity.

There is need for a composition having thermal
insulating properties, that is ductile or flexible at the
elevated temperatures experienced during a fire and

35 retains integrity so as to stay in place throughout the



within a first |ower tenperature range, being ductile or fl exible,
but- und 0i.ng,a physical or chem cal change at 10 t enper.at ures _above
t he Iomgéga%%ggﬁbut bel ow an upper tenperature lim CrERPPEd f or
fire resistance performance, a second of the two conponents being
di spersed within the first conponent, and the first conmponent bei ng
cohesive in the | ower tenperature range so 15 as to retain the second
conponent and to stay substantially tn place, the second conponent
undergoing a . hysical, or chem cal change ip transitjon to a second
upper t enper at Ure F%ﬁég}n?tﬁ§ 5808ﬁﬂtiﬂﬁﬁuﬁ?eggnﬁﬁ}?ﬁyas a th%ﬁﬁﬁ%l e or
flexible in theayeer. tenperature range, and 20 bei ng cohesive so as to
stay substantially in place at tenperatures in the upper tenperature
range, the | ower limt of the upper tenperature range being bel ow the
upper t enper AIAFAPH O fiEe Pirpeeresimtetdenpir foriigiteasreds
In the conposid icorposibeod o3t usBda s IhaGORRONEMiSn or baBF@dTiixed
afire, .t [ nent, or_ the

together._ In the event. of the first . conp

reaction pr odu%rtq'slcg St Rt ig& rgg%‘o‘?{ng functiqp e“rﬁ’ie§pgf’§’éﬂlet% oughout the
second ‘conponesitevattetheempgpearture condignjpersat voeprioyegeat 1l8&st two The :
change of statgof ,Lhe f—igsft-rggrrggnﬁ?z_t fusi

deconposi tion. T%%mb aﬁge of state of the ggg%%ﬁfnts'.g§cggm6%§ﬁfrﬁay be
fusi'on or decdigddrt poflirst lower temperatmygef ppage cfpddeARCHEde ©nprise a

polymer. In thilexible, CON eXldetBEiALIaNBYSYRRI 65 eRdchD éHMiigedact he

ggrycn;g8}%0875tevn\ge%§/tﬂ§gé1ak_30ve the lower range but beloy4_an upper

=]

itself
and/ or reagenttemiexatnay beritegefetreddgmirhéireoresistanter m a pol yner. The

pol ymer may be,& 3irdhhfeBE 4 WARGhd of the $hbl EORSoAdHNCLiRgSt abl e at
tenperatures u approxi mately 300[err]|C, but above these

) to . [ Yy \
t enper at ur es i4+SPsTsedqetnSBe I OGARARER R APGItPPCORER oxi de.  The

silicon chnponaetaséing cohagive andtheolowés tamperweute taand o fall
away or acture. : [ ch _as polyam des _and pol yesters
“fuse at §%npeg3 Jfgéggéﬁﬁﬁ%%ggﬁéﬁgg %ﬁﬁfoﬁgﬁt and t%|§§f? own, would tend to

drip away theredpptessinglaon rlpasul the Gecbndnremrongnti gh@ergoing a

In the case Wiy ilche birSHenGRAROBRMgd S tPRhYBIon to a ¥BE&Giy fuses at
tenperatures above the first te rat%%g range, the géesence of the
¢ thipypesepde

e
second conmponetPS h SERBE P ATer 209 CYYPINGeFeB&8E e he viscosity
of the fused pblotiBe &5 flexdmdet hereby wpelkl eenpetarusayange place at
tenperatyges being cohesive so as to stay substantially in place at
temperatures in the upper temperature range, the lower
limit of the upper temperature range being below the upper

temperature limit for fire resistance performance.

25 In the compositions, the first and second components
are mixed together. In the event of a fire, the first
component or the reaction products of the_first compeonent
are dispersed throughout the second component at the upper

temperature range.

30 The change of state of the first component may be
fusion or decomposition. The change of state of the second

component may be fusion or decomposition.

The first component may comprise a polymer. In this

context the term polymer is used to include the polymer



above, say 400[err]C The second conponent nmay conprise a

gl ass, a m xture of materials which when fused forma glass or a .
crystal | WfRO%EREY | al . The second conponent fuses at a 20 PCTIGBIpOISIS ur e
bel ow t he maxi mum t enperature which the article is required to

wi t hstand. The second conponent may start to fuse at tenperatures
above the nelting or deconposition of the first conponent. Were the
first conponent is a material that sdeconposes to a solid phase -25
resi due, the residue may be di spersed within the fused second

conponent and seselS and/pncreasatist shat segsbeyreacted ltebptimer ito to remai n
in place as the,tge ALHEE.  The pbiGhEEA 1 P& .conposi tion
may i nclude a t%%r?go B(}(‘)lnent Wﬁl (F:Jh %ﬁ Sl‘n%f’/emal %SSlstlé:gFg f% a solid phase
t hr oughout t heStpirane r”bbe’feﬂspélté%? et fegeesdtwzes ¥Pi ferease the
viscosity of tbpproxlmattmgesbw@;oadtC&Hﬂa@nenbseﬁhﬂnﬁe&laltdr@@rwnent may be
i ncl uded ere . there is olid reS|du a ul t. of .decanposition -
of the flygt c%?r%om eonstesor forrxr“afnbe |ncﬁeud§a°° lox% 98}‘121 Z?%lcon

PCT/ GB98/ 00875dioxide ash is fragile and, on its own, woulB-tend to fisfiére there
is a solid reshgie dih rRLEeLrd 0 'o‘&ﬁé?aé&ﬁrlé?cs such avé %;%Q%M/dé’é a%'&e fused

second conponent further. third nmponent may be an oxide
of al umini um POlyest&Tsi EBse Git ﬁﬁ@ﬂ%’éﬁ“tﬂﬁeér aé°‘é‘3ﬁ‘rtﬂ°r?at4i°8n s ®@h oxi des,
such 5 as aieinlowt, Nesild aznd. to dihig hkbidticargrenessin@y renmain

in a solig stafe ‘?ltatti%gpﬂg%qh%saggléfe and above the upper

,_terrperature limi required for fire resistance per formance, say
1000[err]C, or it my fuse at tenperatures bel ow t hi s upper

tenperature limt by @t@\e%séh@hémmelelréﬂ raohpeﬁeﬁbelyrap%lwwer ature
range. In this onent may, forma ductile system

rd
whi ch provi des¥P*€ I f“c*&ﬁe%roﬁfﬂpﬁrat% ggwﬁ'ﬁpé?et &y SEUPe A Ge. For
exanpl e, alum mlsgd,l Cakepnayerle btfeamedsetc@nriedumndr& in the fpugivorr

Lerperature ! onbd AENER LIE RRCEnL TRAIALYL CodSne (3095 Ahhel oW the
upper limt at hi ceh he conposi t to pe orm

"As st at edSabovend aqhﬂﬁeﬁé)’sPW@eﬁ é§ Hav%tad{ar*ﬁepé%ﬁ@st temper%ﬁ“‘fﬁfsl on |ying
in the range faeswd, EAQ[ @0oid to 2,050[err]C. Ve have found that by
treating alumnosilicates with ot her 20 materials, the tenperature of
fusion can be lowered to lie within the range of tenperatures |ikely
to be experienced The sdgpngdheomwarentofafi cauprippi eajlassthe makersal s
conpri se of materials which when fused form a glass or a

crystalline material. The second component fuses at a

20 temperature below the maximum temperature which the
article is required to withstand. The second component
may start to fuse at temperatures above the melting or
decomposition of the first‘component. Where the first
component is a material that decomposes to a solid phase

25 residue, the residue may be dispersed within the fused
second component and serves to increase its viscosity
helping it to remain in place as the temperature

increases.

The composition may include a third component which
30 remains stable in a solid phase throughout the upper
temperature range so as to increase the viscosity of the
fused second component. The third component may be
included where there is no solid resigue as a result of

decomposition of the first component or it may be included



met al oxides or precursors to netal oxides. Preferred met al oxi des

are-al kal‘,v %J oxi des. W have found that 25 by usi n%éﬁgh%(}gﬁ de in
P 84 S . . 2

the formo °lim car bonat e significant reductions inh usion.

t enper at ure of al um nosilicates can be achieved. For exanple, by
treating mca in the formof nmuscovite with sodium carbonate, the
tenperature of fusion can be reduced from 30 around 1,100[err]Cto
around 850[err]C. As well as sodi um oxi de - I i t hi um oxi de or potassium
oxi de or conbr n ns, 9 odi_u of i.um |des may be
used. Using %EB:Q aﬁ ceor%ﬁr ﬁafcr’lts)lnésj teﬁédflerrbreroart ure gf r?&:eiac?n rgré be

| ower ed tvesapemd Sooper F1Ed Arcahdntorernengafertheated in this
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manner may formthe third conponent, or the second onent referred
to above. The ﬂhjp“rcglr%%E‘F?PPﬁ’éY By D5e 2BnRGHfHfR é’rfeBIWH Yhe second

conmponent i s madéiodn nat margaémmmrdzaranrcnngMMn of sich oxialeasssudhi s that

the material Tt B8 NEMIALLY)icape ICULIURCENCBKROR: ide OSHLLRD! © fOT

some appl i Scati 6ns’ he' ¢6 ron-is
non- del i quesceln, a\golid staggyat ffcﬁymrtahare%mn &lol enﬁa@@‘{%ltélef epPPehe

~second and/ or temper.&tmféj 1%@@%@1&1&&8%?9:595@R@%@Qté&%@g other materials,
10 f or exanpl e | ead oxi de Cf&ioaJ ni n I asses or the raw materi al s
i

for such gl ass@§TTOBIIMGS LY 88s Wybéuse 3t LREgratures
The second conpenent tinby uppek ntérpe fagumeol igl @gsit above fthet Sowéhe use of

gl ass 111k DAURYEToc A% BobBe coflienadyant ag,dn thaleid Wi hgns! derabl y

to the costso ositron the raw [ ngredienfs to form
t he gl as$hard EPERPIEALL ’E‘?hgfoéﬁd ag@l-‘ﬁ'él%#@ eEegl ‘a%sc?pmqve#eéso
that it can becoResiprat adskobsd tlipek &shp@ﬁm@eahnge rdvol ves a

consi der abl e anount . of and several 20 pr.ocessi st.ages. The
glass frits t h&FEFBFE a%ﬁml%s LGS §8YaBFy* ﬁ?tteﬁle%o’é?&%fe tl%g

conposi tion. Wfusave temperatouedtd Hate 9athsma@teomppsecmnbm¢p@ﬁents can be
formed by, rafgll Xhdngaelh EH@ JeD¥ Y R9RSHT 2015, FA0 £ Re Ol sitRHR

according to a preferred formof the invention the second 25 conponent
conpri ses a ni ¥SuFedeiref $Or BEELYER i cl es of di fferent oxi des which
on heating form |n srtu a gl ass. A possi bl e disadvantage with a

second conponent in rmig fhat .there b n nelting
due to the ti rre g%%dfagrovgh alingredsllﬁt §£ 'IPQ(,)? t%g Q,?a{{%’ e gl ass 30

and the fusi onofefipeten Uvdngf iphehd manedi nes IvdpOSE to 2,050°C. We

have found that by treating aluminosilicates with other

20 materials, the temperature of fusion can be lowered to lie
within the range of temperatures likely to be experienced
in the event of fire. Typically the materials comprise
metal oxides or precursors to metal oxides. Preferred
metal oxides are alkali metal oxides. We have found that

25 by using sodium oxide in the form of sodium carbonate
significant reductions in the fusion temperature of
aluminosilicates can be achieved. For example, by
treating mica in the form of muscovite with sodium
carbonate, the temperature of fusion can be reduced from

30 around 1,100°C to around 850°C. As well as sodium oxide,
lithium oxide or potassium oxide or combinations of
sodium, lithium and po;assium oxides may be used. Using
such combinations the temperature of fusion may be lowered

to around 500°C. An aluminosilicate treated in this



hi gher than for the glass. On the other hand, the heat - required to

fuse the_ingredients my have a benefi cial effect in taking energy .
anay fromoc%é‘-"?qlre. WO 98/ 43251 PCT/GB98/00875

PCT/ GB98/ 00875 The preferred materials are materials-
whi ch, on fusion, forma low nelting point glass, such as borate

gl ass, phospate gl ass, sul phate glass, electronic glass. When t he
first conponent is a silicone polyner whisch 5 deconposes to form
silicon dioxide, and/or where silicon di oxide is added to the

conposi ti on sORPBIE PRY¥ 5P¥R dde third alimpendetwidd thiex sacémdt he fused gl ass
to forma vi scéfponent rPBSERd $8NMELHFY. dissolve in the fused | ow nelting

poi nt

gl ass and thereby nmaking a higher nelting point glass and 10

thus increasing its viscosity. According to the present
invention in a secolcroblem aspectay beConpafiteired FHdn UL kBcbhE

manuf acture of o,

po(ﬁlenrthgg rfg%c{ey Olfnlﬁéléa.ll;:arlg .E:I Et?a:{neiSi St a t rrat eri al S I nCl UdeS
a fusible oxide

a pol ynmer and L mat eri a M Xed' %t 8atEd with 15 a
met al oxi tle orPYESSLuBxi Hethtettiesmrtaniad nentheatatomadly metal oxi des
or metal oxi dedgWiRudEEeRt Makihg@l Mt AunsuitapEONENSi ddr@nNapbi cdhdiuses at a

t enperature bel ow the tenperature likely .to be experienced in the

event of fire.

- tenperature belom1;EiﬁﬁEZabthehqtmpmbbeitmdndasnaynkmerﬂ@uescent. We
-al umi nosi || catg,yahigghaBatdt LUSEODId GIRELALYL & APQUE seconq HOAILEMT1 C

~ before treatnment. For [ower tenperafture ranges a

§ be used,

‘for exanpl e zifdWoFarRoNeS FapdPe prepargsiweinmptber anatdddalls, met al
=oxi de, fos examg exsmpleimedn oxi®Xi&dmtQhnkhy hiHBR%i d8 Ofe RQLASSI UM oXi de,

or a

conhi,na

i thi um and

at.ion ides,fromthe group of sqdium |
'potassiun1oxi§g§?roFQthﬁ%ﬁg%g'Feﬁﬁ“ﬁ&idthgﬁf? ic oxidss mayi Be, or
“precursors of udeslse materials or m xtures of t hese oxides or

- —pfecursors.
f usi on

" fusible oxide in t

30 The amount of | owering of the tenperature of

IS deﬁﬁpdant upon the proportions of netal oxide and
Si*kFAPe. component may be ppethe HfiANP Phevtasi on t akes

pl ace over a rimige.of The use béEnpkast WHre tvhi gdwearabl asstdhe conposition to

mal nt al Nyg

20

25

30

disadvantage in that it adds considerably to the costs of
the composition. Heating the raw ingredients to form the
glass and then fritting and grinding the glass particlesso
that it can be incorporated into the first component
involves a considerable amount of energy and several
processing stages. The glass frits therefore add
considerably to the cost of the composition. We have
found that satisfactory second components can be formed by
a mixture of the raw ingredients for a glass. Thus,
according to a preferred form of the invention the second
component comprises a mixture of discrete particles of
different oxides which on heating form, in situ, a glass.
A possible disadvantage with a second componenﬁ in this |
form is that there may be a delay in melting due to the
time taken for the ingredients to mix to form the glass
and the fusion temperature of the ingredients may be
higher than for the glass. On the other hand, the heat
reguired to fuse the ingredients may have a beneficial

effect in taking energy away from the fire.

Typically the tenperature of fusion is lowered to a 20
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structural,.l ity over this range of tenperature. One age of
form ng fﬁggg%rgr%gsi tion that fuses as a m xt ure of nggglGI%&lX@gé or.
precursors is that this i ncreases the range of tenperature over which
fusion takes 5 pl ace. Preferably the range of tenperature
is between 450[err]C and 1210[err]C. As indicated
above, the conposition nay conprise a ~ ?” “mixture of the fusible oxide
and the netal oxide Q¢ | 0Xi. precursor.. or it. nmay conprise the
fusi bl e oxi de ) %Eee- regg %%dbn;‘/ataﬁ)'grlgg yaf)eeimn%%ﬁéﬁ ‘(Sadw%/\ﬁ({;ﬁ toﬁle nmet al

oxi de so &ssiqn.r fagr &ikay melténg wasnthelessponiahi 8 beratrwer ed

fusion tenperatgfsss, phospate glasshNs@Ifeltd @1LEPS AW dchenperéoidmnce of
the 15 conposition at, %lgher tenperatures, refractory materials,
i

that is materiatWwhbeh i Edhi FPPOOPEAT abdl S153BfE0RE Polymery WRheR at ures above
the tenperat ur edé¢ddaglogesotbeform sileacounicied, i andfer event silicdire, may
be added 10 tNeg;qr;qe SOMRAR 11N :nBYc BING SHCDMRLEY RS, oI N SCOST LY
of 20 t he fus_eci‘_crys_a Ine materi al §s increased so as to prevent
the fused cryst@dtige walerhat vitbwihg fweed pleas to formha #is¢ade. The

inclusion of repdadd,OlymBBhSy IBlsSolBY in the 2h80dSESW Geh@ifhapbidse the

vol ume of the conpositi.on, ) According to the present invention
in a further ZSg{g)ssa?f} cEReE RO MBELRT i D AEHr i“gég"%? rpé’flf‘écf‘gﬁ/s F%Ye and a
gl assy materi al thdiinicedasing hisds stisoctimyal integrity of t he
conposition is nmaintai ned over a w de range of tenperatures, the

nodi fication consisting of adapting the ~ fusion characteristics of the
gl assy material and RFEPIHING e ek AEEPNbxivieenSdorhal & SAASGUs | i qui d
phase is U BedofbdditG oNAEbOUSsStidgRfe Oharfufdct@reans structural

Y o b ANGY LALOHAN ! e 20li dR0aR e eriage MRS
this way a nor epefymest ievd £ifusilbder peide material mixed or treated with
- 15 a metal oxide or metal oxide precursor or a combination of
metal oxides or metal oxide precursors teo form a
composition which fuses at a temperature below the
temperature likely to be experienced in the event of fire.
Typically the temperature of fusion is lowered to a
20 temperature below 1,000°C. The fusible oxide may be an
aluminosilicate which has a fusion temperature above
1000°C before treatment. For lower temperature ranges a
borate may be used, for example zinc borate. The metal
oxide may be an alkali metal oxide, for example sodium
25 oxide or lithium oxide or potassium oxide, or a
combination oxides from the group of sodium, lithium and
potassium oxides, or it may be lead oxide, antimony'w'
trioxide, or precursors of these materials or mixtures of

these oxides or precursors.

30 The amount of lowering of the temperature of fusion
is dependant upon the proportions of metal oxide and

fusible oxide in the mixture.

Preferably the fusion takes place over a range of

temperature which enables the composition to maintain



mat eri al can be produced. - Sui tabl e refractory oxides include

silicon oxide, al um ni um oxi de and al um nosilicates. 5 : The
fusi bl e oWR8/43281 have a fusing or softening poi nt i pct/oBegrasye 400
to 850[err]. Lower softening points may be achi eved by the addition
of other materials. The nodified refractory oxi de may be used
w th ot her materials to formsystens that may be conbined with a 10
pol ymeric host material to provide flexiblge-materials or void-filling
conpounds. These conpounds can be desi gned to be electrically

conductive, senbeothrsElyéntegmitlyapiver this rapgefdfmemperardent , Cdependi ng
upon the applicaliDtage of rd¥nlig) n@ﬁévg&é{postltﬂgo ﬁdﬂ %Iusggyagea used on its
u

own. 15 . Since the condltlons experience rin ire are
transitory, thePEX%fi9 oBematdle A¥drsEuPe Fg‘i"éd‘lréﬁfs is thatt hRdtighout the
article so thatifitfdte@nthpardrije0bft BEmperatureabvé£lvdriwhl Fubtoratratekf er ent
tenmperatures at_any, tinme. For exanple, when the article is an

el ectronic cabl% one 20 side of the cable may be closer to the fire

t han the ot her and so the tenperature on the outstde of the cable

closest the fprecdmpiheciRiChinyiedber &bt kchigel 14 %ét%egfaém cabl e
on the side awa romthe fire. For this reason, it may not be

necessary to pr def 1f Eyst emwhich is flexible 25 and provi des
integrity at all tenperatures. Provided that at all times there are

some appropriate parks Slaiditey aboye ALbLCLEdAL BLeA dgmELatATes a

whi ch one or othe vr(repﬁonent S provi di ng the
necessary mixfitreg eift ?hetﬁ’esrlélﬁayxiﬁe @tnldethpam%alofoxgﬁe @F tie¢ké at 30

tenperat ungs at ou<CprReLEESF, GRMRENREY domprAsthene fusiblaPPiy i ate phase.
WD 98/ 43251 PCT/ GBO8/ 00875 -

-10 - pre-treatsi Ry AL GeRGENPT I deadetont Bhdg: BEEAL BSSsi ti on
conpri sing any $eweortonpeecofwittihe itoté oy tékesemgasition of -lavepebyner to

provi de integritysand tgﬂﬁg;;,gg%_at anbi ent tenperatures and
t hroughout a | ower el evafed rate of 5 tenperatures (the range may be,

say, up to 300[err] Q) - a glass or fusible oxide conponent to provide
integrity and thcdétdert Yoaimprdvieghne ﬁ@f‘lﬂlﬁﬁrﬁhdéeofaﬂgie (the range may

lie betwe sa 5Q[err] ay, 850 e
refract or?gom déc’m rosqrtggﬁrg%r s%ih& ¥é a[tuée refzs torgt%%er&ﬁlaé to

provi de integri tﬂg/él'fari!ds daceridky WihnCh remaln §10ilMi mcgh@abﬁen@‘erat ure range
(the range may tifpodI@it\885, above the temperature likely to be

encountered in the event of a fire, may be added to the
composition. By adding such materials, the viscosity of
20 the fused crystalline material is increased so as to
prevent the fused crystalline material flowing away from
the article. The inclusion of refractory materials may

also serve to stabilise the volume of the composition.

According to the present invention in a further

25 aspect, a composition comprises a refractory oxide and a
glassy material modified so that structural integrity of
the composition is maintained over a wide range of
temperatures, the modification consisting of adapting the
fusion characteristics of the glassy material and the

30 refractory oxide so that a viscous liguid phase is
maintained during various stages of a fire, and structural

integrity is maintained through liquid-~solid phase



_ say, 850[err]C and, say, |,000[err]C), and - arefractory materi al
which is i%oﬁ%ﬂe and renai ns soI id at all tenperature _conditions
experiene a fire 15 (say up to. 1,000[err] QO PCT/GBISROBTS 11,0
conponent s t hat are in the solid phase at any particul ar tenperature
when ot her conponents are in the fused phase may serve to increase
the viscosity of the conposition and thus i nprove the integrity of

t he system 20 at that tenperature. - V\here t he pol yner is of

a type that dec ses at temperature abave ovver range to form
a solid rg’g’?’ t HE SPE8UETS HFOFECS Pracsqlt % VHOrR h

refractory nntema&leruhhtcarsbstabb@lmd al | terrperatures or 25 |t may be
additional to other refractory materials that are stable at all
tenperatures. . stem may conprise all four conponents. In
such a system sé’étﬁﬁéehﬁ‘sgaﬁémjhe‘?x%éoﬁbé%‘é%e SiHé cgras3i

fusi bl e oxi de pantmehesn fdisdet andegivhinbeiprecaess of 30 substituting a
ductile glass for the polyneric phase. As the glass or fusible oxide
melts, it binds to or dissolves or bonds to the refractory oxides

that form part of the&he fusilply gixdde Baypesiet hofugidmtor solfoehitdie stable
refractory poTRte{A AnARdnkbes dpdidy 8dok ef ragker M@é e@a gkoﬂeg the

WD 98/ 43251 0875

- 11 - ofMREr PR e FHAYSAy PHat RS iasidd tipat o hge E?E%%’rﬁ Sas a

product of the deconposition of a host pol yrrer Thi s action increases
the liquid phase vis i he t enperatur jicreases, in
the still higher 5 T ;n%(r%le?rlagtdurrgffaﬁﬁ%ry &95?0’3 ?n)d org H:é{f‘n ca(-%1

i nteraction or materl@b%lcﬂ:q Srropceyseensettieemaheemsdinbyied wigéne, for

exanple i tfgﬁl%gaié mttalnae&p&s,toaggow& rafehast O ya ey i4as 59 form
speci es capable of fusin approxi mately 850[err]C.

reaction progredSeg-Htth ﬁ@mB?X’E‘P'I% adhgat ‘1‘6“9°“n6‘ﬁnﬁﬂl’i‘fl?%diersé1gf‘§€tory
oxide fromthe sol bd phaserizadly condddtﬁt/bersmid’bnldbetieé}‘ actsalptodHxéde in a

blass br e e Ehpme erdsRRBLY el nl Niped (ML BBEE S LT Y
the point at whifdfrepBRyIEALYdeEBRPBRTRTIGE BREUPS ‘-bﬁ?d‘ Pﬁellﬁ owrf.ysed nodi fi ed

refractory oxide bond to the stable refractory materials that are
present as_having be | ected so as not t use Wt

t enper at ur® range esnmc\fhp&% ciqr?éil&ﬁ’?%l%xﬁes”&?ﬁ‘é t Y §u?i‘7f?/e“"ien t he

event of firresifbese themef wslhope ef ragperaturet gradisnt ncrease t he

throughout the article so that different parts of the
article will be at different temperatures at any time.
For example, when the article is an electronic cable, one

20 side of the cable may be closer to the fire than the other
and so the temperature on the outside of the cable closest
the fire may be much higher than the interior of the cable
on the side away from the fire. For this reason, it may
not be necessary to provide a system which is flexible

25 and provides integrity at all temperatures. Provided that
at all times there are some appropriate parts of the
article that are at temperatures at which one or other of
the components of the system is providing the necessary
integrity, there may be other parts of the article at

- 30 temperatures at which neither component is in the

appropriate phase.



20 viscosity of the fuséd refractory oxide and may serve to

stabilise its vol une. M nor degrees of absorption of the .
non- f usi MYP 98/43251 r of ractory material into the liquid phas&CT&BIBEE§ fused
gl ass or oxide and the fused nodified refractory oxide 25 phases may
occur. This action serves to provide a stable matri x even at very
hi gh t enperatures. @ asses are non-crystalline solids and

t heref ore have non- uni f orm nol ecu ap bondi ng. This gives rise to a
non- specific broad nelting or softening point. The rate of 30

change of viscosityThetRreEHseénvertianpdrat cortemplahgtigh compositbemposi ti on

dependent, is e6hgtisigley asl OWaVAN me@BPSF 8thd @o1lowind M ehahtd Ne SollcidS- By
a mxture o

using a mxture of d]irffer(gnt Lypes . of gl asies,, ar

fusi bl e oxi des t RaR°FIh TBrProVide ABEEITLY #°¢ GESY it et aF™ 3 iposi ti ons
can be provi detlemperaturd® 884 43¥%lhghout a lower elevated rate of

PCT/ GB98/ Q0875 - oz t hat have
an interngdi at genrlr%ﬁa}tﬁlgregh%%%trgﬁggt_Iln?:'\.y %a'y’ ey u%s‘fonggjeél gsées t hat
devitrify at hrghe¥lasenpér Arsrle oxide conpamestt rorPisdtiReehntewridvystal s
~fornmed on devi khdfdeaiilghy at a naHekhEedgdRitirBdrddddui (@hphaseallagws t he
viscosity to b?_lieSbetw rg%i n;ai ne&oarc t enper at urgﬁn t which the liquid phase
woul d ot AEF W Se 58"t 36 F 1 Ui’d "t 3" %ai #¥4i R>FPntegrity. Thus the

upper end of t heatreefidigturef rantgayabxide clr plrecursors ¢onposedifird s
effectivgomay berexddedxide to provide iAﬂEg@%Q&'&ﬁﬁ'éﬂ@%iﬂ@@§eh€|ECtr'Cal

i nsul ating 10 properfies are inportant, |ead Oxide contalinlng glasses

are particul ar FyiEf fegheyetemdAtigRi EaRInsdds 5an¢R Feyedie betwaemat

cont ai n speciesagapsdtioe afid nedity,allj somr)i,onha fragments of the nobile
phase may al So—bg Psfar%'ct material whfgrl; '%l a%gg etahna r%{‘ngigéis%qt'ldy
el ectrically conductive 28Y im Rature;” fat 8rfars Wt AT Acr easedal kal i ne
met al content at all gedreopewre aepditiopesxpkrigsteah durdngus t fiblee.

Chal cogenisdes apghy & dleas, 6esrd)e used where el ectrical conductivity
IS required. For | ower tenperature fusing gl asses, phosphate,
" 20 sul phate and boric oxide glasses with various nodifiers and

stabilisers are typlbalcomponents that arBoiateheylsadsdspimasd wsi bhe oxi des
that fOrmborabgrticular temperature when other components are in the
fused phase may serve to increase the viscosity of the
composition and thus improve the integrity of the system

20 at that temperature.

Where the polymer is of a type that decomposes at
temperatures above the lower range to form a solid
residue, the products of decomposition may form the
refractory material that is stable at all temperatures or

25 it may be additional to other refractory materials that

are stable at all temperatures.

A system may comprise all four components. In such a
system, as the host polymer decomposes, the glass or
fusible oxide particles fuse to begin the process of

30 substituting a ductile glass for the polymeric phase. As
the glass or fusible oxide melts, it binds to or dissoclves
or bonds to the refractory oxides that form part of the

- original composition (that is both the stable refractory

material and the modified refractory material) and the



gl asses are particularly preferred. W have found that by using a
m xtare cowbagRkyrg | ead oxi de and a borate, a 25 sati sfa&%_g}b%m
4B ony

conposition can be achieved. The m xture may al so co

trioxide. As indicated above, there can be considerabl e cost

savings if the fusible oxide conmponent is present in the conposition

as a mxture of the raw ingredients for a 30 gl assy material rather than
as the glass in frit form WO 98/ 43251

PCT/ GB98/ 00875 o¢p, fract : - 13 - For
er refractory ma erla%ﬁ %Pat may Fgm%reifﬁ

the formation of a refractory oxide wtr Fed T udoh
tenperature, a cBRDFHE: i96ntBE deFqpesdEjon of a dristeredyeral kAhis net al

oxi de donating fhoxisn dnerefsésdard 1iquiaighddevcorpesiyion. Preferably the
alkali metal oxide is 5 sodi umor |ithium oxide or "a conbination of -

sodi um l'ithium and possibly potassium By using conbinations of
al kali metal oxides, Rssilon teeppestiny dnclhehsss 850] ehe] €c£BN higher be

achi eved, eyen a 005 0 The, £l u ts. i br eak up
t he coval en%’l y bg‘?l141 ed a??féc?ﬁ?go%%?ﬁg%lef;lr}]gic/togr éh%glcal g)ﬁtaleféaﬁr} $his

i nportant as bonB*3TTrERgPARSUEHT REt¥een the mpadifyipeyagsiitde fareexgmleal |y
60-110 kcal / nol ems Aaxali metaXidxaekky & aRd tertbetemmenature @lwhi ch
mel ting oc%yé s..esTp:grgkaPredf }A[Jiut hin limts, the quanti t}é of alkali '
metal oxi de added deter mhes the fUudrbh températ BPREUHRATELY58°0 todi fi ed
refractory oxi deThis reaction progdependi withupomet he appldscgeton to which the

Systemis jo  {ubndif fSER! P¥EL RS 8!2?{54 i&%n\r/\ﬁkgaség{y oxide,cgn be
present in either one of two-distinct forns. ere or & are no
—overriding el ect THAIET B4ED rEtfefed ragher s ysvidm énna 2frsed phaappthasd iwi t h
t he conponent i ndiwsdlvetieahed tieati@quidiathase forhSd iy A thesasoyet

unnodi fied refr I i nd t di fying agent are co-m xed
but un-react ed. slcis&dﬁgg&%é %f:lt lggédv%%ft}égz?ngf'q‘éﬁ rfg"rﬁfgi rﬁ]@r’B &tep from
t he manuf aEteuFcdgtpr bodsishandl ymer pleowmges ani @ddidcuenakn@ X he

endot her mi g5 f | anpudert abdapi e®TfeehtBEPUAN dehBohi DES alHOR ap1e  Of
non- conbusti bl e zgeafssei (U_for exarrRI e, nitrogen, water _or carbon
di oxi de). In ot Ker A FeGHsT RIS Ss HRAt AraWREFEent as haydpe Peem need for

el ectrical insulsalevgedr spead ires 0p fuse witthénethai taddeaatate emalgeed
gasses, the nodifigs &gEr ' may be. pre-preprepared, that is
g 1 Etﬂ%{ﬂ{l}é :.)fg expg&c#f.to gul.bvupe in tﬁ[g)d‘la‘%ﬂtné)fa

t he conponents of, syst em un-no i'ed”oxide and gent
are f used, T¥58 -t t EBeBh P Yrdéuadngeroimaciorgna teumdsr anetedse tthe

conposi tioeo t hatvistcappli efl dne fraEEUt AerAIdtoehCoxidl S may serWi®Yo the gas
| i berating reactjons.,conpleted prior to the 3 incorporation to the

systeminto a hos abﬁ&ﬁ?ﬁejrtsorv,o &n using the conposition as a
coating conposition, wthout

Minor degrees of absorptiom of the non-fusing
refractory material into the ligquid phase formed by fused
glass or oxide and the fused modified refractory oxide

25 phases may occur. This action serves to provide a stable

matrix even at very high temperatures.

Glasses are non-crystalline solids and therefore have
non-uniform molecular bonding. This gives rise to a non-
specific broad melting or softening point. The rate of

30 change of viscosity with respect to temperature, although
composition dependent, is relatively slow when compared to
crystalline solids. By using a mixture of different types
of glasses, or a mixture of fusible oxides that form, on

heating, a glassy material, compositions can be provided



WD 98/ 43251 ' PCT/ GB98/ 00875
further adaptation. The pre-prepared nodified oxide may al so have-
advant agé@ogﬁﬁéé‘rtal n applications in that the phy §CE4IBI8ABTE heni cal
changes that are taking place as the conposi tion undergoes the
tenperature change of a fire are 5 sinmplified which may enabl e the
thermal transitions to be rationalised to provide distinctive ends
to the tenperature ranges at whi 88 the various conponents of a
system perform As indicated above, a conposition according
to the 10 i Fhafit have ddednhefrefiades Bl Hing riirgastaf 1SHGur BY
corrgonentsI It u&&ﬁgCﬁn&jéﬂs Iﬁﬁéeld/eﬂftrtlmg @@Ilyl@,graaelm;sél&\tures, f usi 3I eh
oxi de or gl ass r _the e fusi oxi de ass; and the
refractory mat ér% Fm‘&ftg’%tweén i Ac%éf?g?ﬁsg G R Pr deesvel(r%trllgﬁﬁ:/aetﬁ on in
anot her . aspect and the repaitihgdlipridppbdeeiaigiows thystiddasigynhedrs al with

a fusi OﬁaEﬁHP%é’& Wie tgﬁ%%é\ﬂ%s”ﬁ{“ PRYR eRRet ahu£ ghiak vk&uld
likely to be experl enced in a fire 000C, conprises addi ng an

alkali metal oPtBETYHTE PaitRPufEist &) IE‘%H""‘%’E& drtegpity. ofYss %?Td
precursors to spphrosdies theatemfdraeipeyrange at @Xiele,tHeor exanpl e,

--alum niumoxid i I I con Qxi neS| um oxi de and conpounds of
t hese oxi des, %Bcﬁo AT 0 g?fecnve mFE 2T UH OSE ?I cates, and fusing the
resul t ant conposi tion. 25 According to the present
i nventi.on in anot herInaSLBﬁﬁaatlons whd e pleeseNtal rl‘h%ﬂ&h@ﬂn@r ovides a
corrp05|t|on for us manufacture of therpally insulating fire

resi stant? Pr°ﬁﬁf‘é’r‘?%la§er ﬁ‘@?%‘éﬁaﬁﬁ'a ﬁ%‘?ﬁfb‘rdeaﬁanﬁa’rﬁ% P&28%% Vi scret e
particl es of disfkkepentioxiadey whfsadriven hebédtnpnitugbssded o30glasde m i n

situ a '0“’te”ﬁ%ﬁ@tHéé&iU§EBQc9éQ%%%Eble of neutr llEL? éﬁﬂly the pol ymer

is a silicone polyner oses toformo es of silicon upon
heati ng. frppment s Pfisthe mobile phase may also be used
PCT/ GB98/ 00875

For glasses that are slightly electrically conductive
1s in nature, materials with increased alkaline metal content
and lower temperatures of fusion are suitable.
Chalcogenides and metglas can be used where electrical

conductivity is required.

For lower temperature fusing glasses, phosphate,
20 sulphate and boric oxide glasses with various modifiers

and stabilisers are typical.

Borate glasses or fusible oxides that form borate
glasses are particularly preferred. We have found that by
using a mixture containing lead oxide and a borate, a
25 satisfactory composition can be achieved. The mixture may

also contain antimony trioxide.

As indicated above, there can be considerable cost
savings if the fusible oxide component is present in the
composition as a mixture of the raw ingredients for a

30 glassy material rather than as the glass in frit form.

- T



- 15 - Preferably the m xture fuses at a tenperature in the

range 450 Cto 850[err]C Preferably the-m xture includes
a bgrate kﬁ% o zinc borate. Pr SE(CRBP0RHe

m xture |ncludes a netal oxi de, preferably | ead oxide or antinony
oxide or a m xture of | ead and antinony oxi des. The
conposition may al so include a refractory material, for exanple
silicon dioxide. 10 The conp03|ﬂ|ons descri bed above nmay be used
for maki ng a wi_de vari artipcles ul di,ng extrusions

or other processes. ~°F the Qgg%lﬂﬁc%#cﬁrﬁffFBXFﬂﬁyﬁ?8§inVlF%v%ntlon in a
further aspeced therien| seppondtied, an cothiglagibhatf i efreguored to 15

per form under tangitofoh gheuat efe L LML a&%&&tmf&cwgwg ate énc%)ﬁg'&{ mel

i nsul ati on conprising any of the conpositions escr ove

The article nmayiBethh GAMROSEtioRahlRred6rpPisithy gikall metalypoxigeeisl| ectric
conduct or s.s The sbheufBdr i11gHblahi &id@yr 20comblmabht gt esddiqemel ectric

i nsul ating mat ef of e | ayers qf. el ectric

i nsul ati ng nater#g &K adagﬁ3551b{y pOtaSﬁpr|Se 385 ?afOé%¥%ﬂ§ﬁ°n%h%fartlcle
may be an electﬁiball metalcabLéE%A|ﬁu&;pnot¢mgenannassobyldwa&@ﬁCete@tr|c

cable, or 1t be acHBWd 0cklEftidlal FOIPANRNE. rneSriux 1BLS tovention
will now be further described and | | ustrated by means o

fol | owi ng exanpPEE2HMP tHhe °°Valent3dc€6ﬁsaﬁy§?rgqu“gar@f Hey refragreeh shows
on enl argew scabeide. Thisaier D§So:etlti a8 Béndstleagths caf thabl e which

i ncl udes in
PCT/ GR98/ 00875 refryg%égylgiggé are typically 60-110 kcal/?Pl and are

structure a | ayéllrwthatr@rluaapda%@oﬁm rgmperatureprgswhich melting
occurs. Therefore, within limits, the quantity of alkali

its

metal oxide added determines the fusion temperature of the

15 modified refractory oxide.

Depending upon the application to which the system is
to be employed, the modified reffactory oxide can be
present in either one of two distinct forms. Where there
are no overriding electrical requirements, the system can

20 ~be applied with the component in an untreated state, that
is to say the as yet unmodified refractory material and
the modifying agent are co-mixed but un-reacted. This has
the advantages of eliminating one step from the
manufacturing process and may provide an additional

25 endothermic flame retardant effect through the liberation
of non-combustible gasses {(for example, nitrogen, water

" or carbon dioxide). In other circumstances, such as where
there is a need for electrical insulating properties or
the elimination of evolved gasses, the modified refractory

30 oxide may be pre-preprepared, that is the components of
the system un-modified oxide and modifying agent are
fused, fritted and ground before being incorporated in the
composition that is applied to form the article. In this
way, the gas liberating reactions completed prior to the

35 incorporation to the system into a host polymer or, when

using the composition as a coating composition, without



I nventi on. Exanpl es of material conpositions according to the

I nvention are as follows. The conpositions my be mxed 5 by any
convent i OGP SHERAT . Exanmple 1.1 An i nor ganiPCTZBI$AERTS
conposition is made up as foll ows: 1. 100 wei ght parts

or ganopol ysi | oxane gum 2. 10-100 wei ght parts reinforcing
fillers. 10 3. 1-20 weight parts organi c peroxide.

4. 10-120 weight parts 1ead oxide. ~ Me- D. 10-90 weight parts
antinony trioxide. 6. 1-40 weight parts zinc borate.

7. 20-75 wei ght partherotfeptdtioner Sharpkproepsseagrodifiedapxisissmely as
preci pi tated Sléiggiﬁgng QﬁJé%tages 1n é§ﬂ¥§ghlgﬁﬁﬁ&catlons in tﬁ@@i Ee 1.2

A further conposition is nade up 100 wei ght
parts organopol YR 5Eahead. Cﬁ‘el‘ﬁilcall C*Z@‘Eespéhéérﬁf%@é%?a?we ag tphati c

hydrocar bon groufsgposition undergoei. tBS-thmpdRbfiie RGnGasot | £ ired boe -
havi ng a CIfI urface area ,of 110 er.r e 3.
2-7 wei ght parts d'p l}r%?legpzhrlox y(i’b BaCt %‘veg%%im ]t gns%:%%ﬁrks &P EE’DM
carri er_systen) .ratiphalised to provide isidmghivepands ¢b thad |1 oxide.

5. 20-50 wei ght fafdetadlbé Mihhyelel @ Xbllen £rE" varlougwgomponents of a

system perform.

As indicated above, a composition according to the
10 invention does not necessarily include all four
components. It may consist merely of the polymer and the
fusible oxide or glass, or the polymex, &he fusible oxide

or glass and the refractory material.

15 According to the present invention in another. aspect,

) a method for producing a crystalline material with a

e | fusion temperature below the maximum temperature that is

i ' likely to be experienced in a fire, say 1,000°C, comprises
adding an alkali mefal oxide, or a mixture of alkali metal

20  oxides and precurscrs to such oxides to a refractory
oxide, for example, aluminium oxide, silicon oxide,
magnesium oxide and compounds of these oxides, such as for
example aluminosilicates, and fusing the resultant

composition.

25 According to the present invention in another aspect,
the present invention provides a composition for use in
the manufacture of thermally insulating fire resistant
materials including a polymer and a mixture of discrete
particles of different oxides which, on heating, fuses to

30 form in situ a low temperature fusing glass.

Preferably the polymer is a silicone polymer that

decomposes to form oxides of silicon upon heating.
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- 17 - 6. 5-13 weight parts-zinc borate. 16- 30

wei ght p%t%mé?s‘m licone oil (with a dynam c vi SCS§T{(§}39F/H03[7§€ range

of 20-40Pas), 13-29 wei ght parts precipitated silica filler, and
5-13 wei ght parts 5 extending filler. Exanple 1.3 A
further exanple has the follow ng conposition: : 1. 100 wei ght
parts organopol ysi | oxane (0 2 nol ar - 15 ‘percent unsat ur at ed al i phatic
hydr ocar bon groups). ht parts silica fill havi n
a speci i c PEPFRLEOLY dhooP LB GNBRg bt & temperabify!in [RE MY N
parts dicunyl pengxi de0T40% 8s0icie on a chal k or EPDIVI carrl er
systen). 4. 55 weight parts of lead Il oxide. 5.
35 weight parts antinony trioxide. 6. 10 wei ght parts zinc
bor at e. Preferggl wdihghniptirrs igiclyfes corforgite, (gﬁ”t IEX@mgyRani c
viscosity in thesrapge . 20-40Pas), 20 weight parts _ precipitated
silica filler, and 10 weight parts silica 20 flour. ' In the
above exanples conponents 4, 5 and 6 are fusible oxi de or

nodi fiers;sa m xtur e’reffenammorte:r&t sl whnich mmludes a melt@at prRydéorm a gl ass or

ceram ¢ nater'g&eégré %E%Eu5§§de or, aPtngﬁ OgLegrdigngq 4400[err] C

25 On exposlre to he materials are expose evate
t emrper at ur es aﬁéaénﬂ@?g@%@?wtwwe%hanges as the

The composition may also include a refractory

material, for examplé silicon dioxide.

10 The compositions described above may be used for
making a wkde variety of articles, by moulding extrusion®

or other processes.

According to the present invention in a further
aspect there is provided an article that is required to
15 perform under transitory elevated temperatures, including
thermal insulation comprising any of the compositions

described above.

The article may be an electric cable comprising one
or more electric conductors. The thermal insulation may
20 constitute the electric insulating material or one or more
of the layers of electric insulating material or it may
comprise a separate layer. The article may be an electric
cable clip or other accessory for an electric cable, or it

may be an electrical component.

25 This invention will now be further described and
illustrated by means of the following examples and the
accompanying figure, Fig. 1, which shows on enlarged scale

a cross section of an electrical cable which includes in



tenperature rises. Between about 350[err]C and 450[err]C
organopol ysi | oxane gum (conponent 1), which is largely responsi bl e

for the coMEs#2¥8nd structural integrity of

WD 98/ 4BOEHEBI8/0875

PCT/ GB98/ 00875 - 18 - t he
conposition, begins to deconpose to forma silicone oxi de ash
Odinarily, this ashing would result in | oss of structural
integrity. However, with the exenplified~- 16 - conpositions the fusible
oxi des or nodifiers (conponents 5 4, 5 and 6) start to fuse at

t enper at ur es abo¥es ATDMETRFE,. 2 laver ofypatgwiiadn ageo¥HdPe oM RARSE Fesul t's

in a fused glass;Qroneion
* integrity to the overall conposition at elevated
t enper at ures where the organopol ysil oxane gum has fornmed 10 an ash.

struct ural

Addi tionally the
oxi des) created

fusgp

B i

ceram c or sem-ceramc material which gives

e

Iﬂ% i&ggg %JTEXOQ#§§c4fG%StQ@coEﬁiﬁ%qtgsPhéSilicon

econposition O

opolysi | oxane gum

resulting in incipeserion acesas Yfollows. Ofhd hembusiediarisxtmayebamiixedcr eased

strength. By

undi ssol ved silicon dioxide form ng a paste-

partly by the in

4 by $$%§%g%¥%ggggﬂathe fused borate glass nmaterial, the -
oxi des 15 of ~%i

G885 of higher nelting point and

thus the viscosity is increased, partly because of the effect of the
| i ke conposition, and

i3t he melting point. 20 In the exanpl es
nodi fiers (conponents 4,5 and 6) consists of

the fusible oxid
a base of lead o
materials are

10

15

20

25

es or
Xi de,

antinony trioxide and zinc borate. These

An inorganic polymer composition is made up as follows:

o N o W N

7.

100 weight parts organopolysiloxane gum.
10-100 weight parts reinforcing fillers.
1-20 weight parts organic peroxide.
10-120 weight parts lead oxide.

10-90 weight parts antimony trioxide.
1-40 weight parts zinc borate.

20-75 weight parts other fillers and processing

aids such as precipitated silica and oils

respectively.

I

1

A further composition is made up as feollows:

1.

100 weight parts organopolysiloxane (o.2 molar

percent unsaturated aliphatic hydrocarbon groups) .

2.

35-65 weight parts silica filler having a

specific surface area of 110+20m?/g.

3.

2-7 weight parts dicumyl peroxide (40% active on

chalk or EPDM carrier system).

4.

5.

45-70 weight parts of lead II oxide.

20-50 weight parts antimony trioxide.



effectively a cost effective route to a | ow tenperature bor ate

glass. Gther materials that may be incorporated 25 into |fLers
i ncl ude: WO 98/43251 1. lithium oxide 2. borghji]&ﬁqggés% ,_
3. magnesi um oxi de 4. sodium oxide 30 5. potassium
oxide, nitrate or carbonate 6. vanadi um pent oxi de WO
98/ 43251 PCT/ GB98/ 00875

- 19 - 7. zirconiumoxide ~ 17 - 8. titanium di oxi de

9. precursors to phospha €, | ass . pol yphosphat e)

5 10. precursdrs :g"feﬁﬁ egﬁ’fgifé?c BorRRe. 11. ot her

el ectronic gl ass precur, sons 30 weight partsldf eh‘.lne&oﬂ:ﬁtcﬁn glasis aprecursors
13. strontium oxide or carbonate . calciumoxide o

carbonate 10  dynamiqoVisqosghyoln fdie range of 2196‘”5’3?? u A H&lgh‘:

17. yttrium oxi dgares preci 1tai1:§d yanadl M 0L d&ing 5-13 weightlBarehrom um
nol ybdenum or tungsten oxide 15 The terrperature of fusion of the

conposi tionscan lextending filler.

Example 1.3

A further-example has the following composition:

1. 100 weight parts ofganopolysiloxane (0.2 molar
percent unsaturated aliphatic hydrocarbon groups).
10 2. 50 weight parts silica filler having a specific
surface area of 110+20m?/g.
3. 4 weight parts dicumyl peroxide (40% active on a
chalk or EPDM carrier system).
4. 55 weight parts of lead II oxide.
15 5. 35 weight parts antimony trioxide.
6. 10 weight parts zinc borate.
7. 23 weight parts of silicone oil (with a dynamic
viscosity in the range of 20-40Pas), 20 weight parts
precipitated silica filler, and 10 weight parts silica

20 flour.

In the above examples, components 4, 5 and 6 are fusible
oxide or modifiers; a mixture of compeonents which on
heating form a glass or ceramic material at temperatures

between 400°C and 1100°C.

25 On exposure to fire the materials are exposed to elevated
temperatures and undergo structural changes as the
temperature rises. Between about 350°C and 450°C
organopolysiloxane gum (component 1), which is largely

responsible for the cohesion and structural integrify of



effected by varying the tot al anmount of nodifiers (conponents 4, 5

and 6) in the overall conposition, and the relative ratios of these
three i ndVQIP#&S1 conponent s. By increasing the tot BCTAGRBAHOSTST
nodifiers within the 20 overall conposition, the fusion tenperature’is
| ower ed. Exampl e 2.2 A further exanple is: 1.
100 wei ght parts organopol ysil oxane gum 2. 10-100 wei ght part
reinforcing fillers. 25 3. 1-208mei ght parts organi c peroxide.

4. 50-200 weight parts | ead oxide. 5. 30-150 weight parts
antinony trioxidhe composition, bgging-tzp dgsPghespdra Formne Hvkigras WO
98/ 43251 : : ; - ; R /908

- 20 - oxide gshy S%fdv%éllaﬁﬁ%ybatrl%lss Sehepe fﬁullgrcgé%ggp%oééggi ng

ai ds such as pretisgirtaterkkiintegranyg. oiHavervespeettty ¢by. exemplifiedExanpl e
2:2 A nore cific.ex le,is: .. 5 et 1. 100 I ght
parts or ganopol‘ilos“qog)ggﬁ%n? %hf %%Fégle Odeespgfc'%on‘%lfﬁﬁsrgt &?%'?Pé’élen\é\gl | phatic

hydrocarbos groups) and 6) start to Puse G- @8mperaghirepanbsvsiddoca. filler

having a Thsep%glsg.clag os r.tfhaecég géggonoefnts %‘%soil.ztos '%r 21] /fgs'ed glass or
ceramic or semi-ceramic material which gives structural
integrity to the overall compogition at elevated
‘temperatures where the organopolysiloxane gum has formed

10 an ash. Additionally the fused modifiers wmay disselve the
ash (silicon oxides) created by the decomposition of the

' 'organopo1ysiloxane gum, resulting in increased viscosity

of the fused mixture and increased strength. By
dissolving in the fused borate glass material, the oxides

15 of silicon produce a glass of higher melting point and
thus the viscosity is increased, partly because of the
effect of the undissolved silicon dioxide forming a paste-
like composition, and partly by the increase in the

melting point.

20 In the examples the fusible oxides or modifiers
{components 4,5 and 6) consists of a base of lead oxide,
antimony trioxide and zinc borate. These materials are
effectively a cost effective route to a Iow temperature
borate glass. Other materials that may be incorporated

25 into the modifiers include:

lithium oxide
boron oxide
magnesium oxide
sodium oxide

30 potassium oxide, nitrate or carbonate

ot o™ W N R

vanadium pentoxide



10 3. 2-5 weight parts dicunyl peroxide (40% active on

‘a
chal k or By carrier system. 4. 140-170 wei arts
of lead Il BMS/ 3251 5. 90-110 weight parts anti nB‘ﬁ G[B? 9

6. 15-35 wei ght parts zinc borate. 15 7. 30-40 wei ght parts of
silicone oil (in the viscosity range of 20-40Pas).

Exanple 2.3 A still nore specific exanple is: 1. 100
wei ght parts organopol ysil oxane (0.2 nol art® 20 per cent unsaturated

al i phati c hydrocarbo gr QuRs 2. 80 weight parts silica

filler having a specific 2ebaiun SHF8ce area of 100+20merr]/g.
3. 4 weight parts di cmnyltl}nanmmhd&c(aéa% active on a chal k or EPDM
carrier systen) 158 wei ght. parts of |ead Il oxide.

5. 101 wei ght parts a%‘tl ﬁﬁﬁﬁuf??%&lt&epmsl’hate \iH§8FA 3950 ammonium

PCT/ GB98/ 00875 polyphosphate) - 21 - 6.
29 wei ght parts zinc borate. 7. 35 weight parts of silicone
oi | _(in the®viscosityt0- Precursemfe tof spiphafe glasses Wth these

exanpl es, _the fUSlblfhiD“ dedePrermrdi-bheL glass precursors

12. other water glass precursors

13. strontium oxide or carbonate

14. calcium oxide or carbonate
10 15. iron oxide

16. barium oxide

17. yttrium oxide

18. wvanadium oxide

19. chromium, molybdenum or tungsten oxide

15 The temperature of fusion of the composition can be
effected by varying the total amount of modifiers
(components 4, 5 and 6) in the overall composition, and
the relative ratios of these three individual components.
By increasing the total amount of modifiers within the

20 overall composition, the fusion temperature is lowered.

A further example 1is:

100 weight parts organopolysiloxane gum.
10-100 weight parts reinforcing fillers.
25 1-20 weight parts organic peroxide.
50-200 weight parts lead oxide.

30-150 weight parts antimony trioxide.

a n » W N

-10-70 weight parts zinc borate.



5 conponents 4, 5 and 6 fuse at tenperatures between 450[err]C

and 1200[err]C. . A conposition m xed according to exanple 2.3 was .
exposed WO98/43150 t he tenperatures associated with a fire BGSI/GBI/ LS.
Several sanples of conposition 2.3 were taken. Each was 10 exposed to
constant tenperature in an oven for a duration of two hours. Sanples
wer e exposed to constantw- - t enperat ures between 400[err] C and
1300[err] C The appearance of -each of the sanples was studied
after exposure. The conposition began to show the effects of the
fusion of 15 conponéntss Yeidhtapdrss abtter Eipdsus eando paocesperat ure of
450[ err] C. Sanpl es exppsed to t.enperatures .higher than_thi . (for
exanpl e 450- 75(ﬂléfsr ]S&?gsﬁ%vyrier% gg%te%‘} e\/(‘]lé'el éea%é cfllt}ssl 5ﬁ;gpgcuvelyét | ower
tenperatures (for exanple 450-750[err]C) the - appear ance of the
sanples is that of a slightly fused 20 mass, sanples exposed to higher
t enper at ur es (fft#ﬁ!@%&-ﬁﬁ-l‘-g 800-1210[err] C) have a nore gl azed or
ceram c appearance. The t enperature range over which fusion and/ or
ceramni fication took place, while the conposition remai ned cohesive,
was t he & &INF€ 6PeaLHiq ¢xePRPF ¥ C. At tenperatures-above 1210[err]C
25  fusign occured to such a large extent that the conposition
flowed; it no | onger displayed effective cohesi on. By way of
illustrating one of ¥he Jf@nyebahssipairesusesansipolysiloxanenidset Po¥Rr accor di ng
to the inventiaon c@gguags;t@%\gésﬁﬁggfatigrg};gro%%gghgnggupasr’ electrical

cabl e forned us?énrg

PCT/ GB98/ 00875 2. 60-90 weight parts silica filler having a
specific surface area of 110+20m?/g. |
10 3.  2-5 weight parts dicumyl peroxide (40% active on
a chalk or EPDM carrier system).

4. 140-170 weight parts of lead II oxide.
90-110 weight parts antimony trioxide.

5.
6. 15-35 weight parts zinc borate.
7.

15 30-40 weight parts of silicone oil (in the
viscosity range of 20-40Pas).
Example 2.3
A still more specific example is:
1. 100 weight parts organopolysiloxane (0.2 molar
20 percent unsaturated aliphatic hydrocarbon groups).
2. 80 weight parts silica filler having a specific
surface area of 100+20m?/qg.
3. 4 weight parts dicumyl peroxide (40% active on a
chalk or EPDM carrier system) .
25 4. 158 weight parts of lead II oxide.

5. 101 weight parts antimony trioxide.



- 22 - " conposition according to the invention. A copper

conduct or i s surrounded by a silicone insulator 2. The | i cone

i nsul at or. V&Opg/ #5tonventional silicone rubber - extr uc?&?’%?%ﬂﬂqﬁl"st he.
conductor 1. The silicone insul ator 5 is surrounded by a |layer 3
formed fromthe conposition described in Exanple 2.3. The layer is
applied by extrusion over the layer 3 and aired in the conventi onal
manner. The whol e cable, which in this cas@ rncorporates two copper
conductors and their(iurrgundl | a ers is. 10 itself further
surrounded by a sheat égéo F8 tipc borate, fame tenperature of

950[err] C-the el ectrical 3ptwéyHmBRRets of sildRGnst bUCt e tok Vhecsale was

mai nt ai ned. In the flre the | ayer of conposition 3 fuses and
| oses its insul 3PA§ BFopRT49P&E) ‘Tt is therefore 15 essential that
conductor 1 has a surroundi ng Iayer t hat mai nt ai ns i nsul ating
properties during the fire. In this exanpl e the silicone

i nsul ation | ayeMizhf hege grapplefystie fusibleapxidesulogt madifisir of Si0[err]
which is refained,] E@n@ﬁg%e«; by, and 6 sddle aq:oQBQ}?%HtQ{}eEaXSEW%{?nge@am

the cable to maint its e ectri cal ormance 1nt |re

Conpesi tions acamddiiRg0i® the i nvention nmay also be based

or gani ¢ pol yner systens. Exanpl es of organi c pol yner based syst ens
whi ch fuse upon heating to forma rigid structure are as foll ows.

It will 25 pbeoﬁpbeﬂtid’iﬁﬁmkedtilﬁs&cﬁ)ﬁgﬁﬁb65xérﬁiﬂermdi3f\bﬁ ,e@oseiixture
of conponents that fuses to provide a cohesive structu

el evat ed t enper &UFEE, CFPFETHEEE PEXTRATSHeNE a fire asv@?%?ﬁﬂﬁese
exanpl es, the mudivki-gl SORNQREBE SohpliBTiOUEE. & were taken. Each was

10 exposed to constant temperature in an oven for a duration
of two hours. Samples were exposed to constant
temperatures between 400°C and 1300°C. The appearance of
each of the samples was studied after exposure. The
composition began to show the effects of the fusion of

15 components 4, 5 and 6 after exposure to a temperature of
450°C. Samples exposed to temperatures higher than this
(for example 450-750°C) show increased evidence of fusion;
at lower temperatures (for example 450-750°C) the
appearance of the samples is that of a slightly fused

20 mass, samples exposed to higher temperatures (for example
800-1210°C) have a more glazed or ceramic appearance. The
temperature range over which fusion and/or ceramification
took place, while ﬁﬂe composition remained cohesive, was
the range of 450 to 1210°C. At temperatures above 1210°C

25 fusion occured to such a large extent that the
composition flowed; it no longer displayed effective

cohesion.

By way of illustrating one of the many possible uses of

compositions according to the invention, Figure 1 shows a

30 cross section of an electrical cable formed using a



tenperature range between 850[err]C and 1100[err]C ' WD 98/ 43251

PCT/ GB98/ 00875 . 23 - EXanpl e
3.1 'WO098/43251 1. 100 wei ght parts ethyl ene- propyl ene RV ERASHAETS,

2. 25-175 weight parts relnforC|ng filler. 3. 150-300 wei ght
parts nodifiers. 5 4. -10 wei ght parts coupling agent.

5. 1-20 weight parts crossllnklng agent. 6. 1-10 weight parts
free radical pronoter. 7. 1-Z&0-wei ght parts heat stabiliser.

8. 10-75 weight parts processing aid and anti- 10 oxi dants.

Exanpl e 3.2 Composition a&ccorﬁmﬁgviei gie pavestigihy| anecppey| ene di ene
nonomer . I ght parts, silica flour 3.
60- 80 wei ght pacﬁnsdugﬁﬂ‘”n%nv tsfui%?( dgfé’oglibflccne o arh x pzarts Fead I

oxi de, and 10- 3ilsebgbt ipailator 2 is aZIdEbﬁvbﬁf_ﬁbxﬁal 5111cone rubbe4. 3-5
wei ght parts organosil ane. 5-13 wei g arts

I cunyl
peroxi de (40% a&etPEegnaramd thy E‘Pf%ﬂ%'t(?lr EpDMhe si lES’E‘Fl’éfS §F%
6. 7-9 weight ppgts%r%hﬁaédlbfxamw@@ formed from the?compdkitgoght parts

zi nc oxi de. 0-50 wei ght parts proceSS|ng oil, and 2-4
wei ght described in Example 2.3. The layer is applied by
extrusion over the layer 3 and aired in the conventional
manner. The whole cable, which in this case incorporates
‘ two copper conductors and their surrounding layers, is
10 itself further. surrounded by a sheath 4. On exposure to

a flame temperature of 950°C-the electrical performance

and structure of the cable was maintained.

In the fire the layer of composition 3 fuses and
' 'loses its insulating properties. It is therefore
15 " essential that conductor 1 has a surrounding layer that
" maintains insulating properties during the fire. In this
ekample the silicone insulation layer 2 forms on pyrolysis
an insulating ash of S10, which is retained in place by
the composition layer 3 and enables the cable to maintain

20 its electrical performance in the fire.

Compositions according to the invention may also be based

on organic pelymer systems.

Examples of organic polymer based systems which fuse upon

heating to form a rigid structure are as follows. It will
25 be noted that in these examples the modifier, or mixture

of components that fuses to provide a cohesive structure

at elevated temperatures, is denoted by component 3

With these examples, the modifier component 3 fuses over a

temperature range between 850°C and 1100°C.

-



parts anti-oxi dants. 25 Example 3.3 1. 100 weight parts

et hyl enevgrog) Iene di ene- nonomner . 2. 120 wei ght parts
silica fl /33251 WO 98/ 43251 PCT/GB98/00875
PCT/ GB98/ 00875 - 24 - 3.
70 weight parts antinony trioxide, 110 wei ght parts lead Il oxide,

" and 20 wei ght parts zinc borate. 4. 4 weight parts
or ganosi | ane. 5. 10 wei ght-p& ts di cunyl peroxide [err]
chal k or EPDM carrier systen). 6. 8 weight parts triallyl
cyanurat e. Example 3% 5 weight parts zinc oxide. 8. 45
wei ght parts processing oil, and 3 wei ght parts anti-oxi dants. 10
Exanpl e 3.4 By i nt r oduci ng fibrous materials into the system a
nor e coherentl { ugéQ peighicrarty eehulisriccpedryenaetaypbymer.

containing a fibrous, mater tal. 1. 100 wei ght
parts ethyl ene- propy entezgt (ha?%) Yef/i ﬁ: gg%gg Jp'een&\’grc?g %lle?% wei ght parts

reinforcing filler. 3. 150-300 wedght2paB0 mwelifierpart s nodi fiers.
4. 1-10 me|§ﬁf'parts Coqpkbng %ﬁﬁnparts coupling agent.

1-20 weight parts crosslinking agent.
1-10 weight parts free radical promoter.

1-10 weight parts heat stabiliser.

o 3 o W

10-75 weight parts processing aid and anti-

10 oxidants. _

Example 3.2

1. 100 weight parts ethylene-propylene diene\”gﬁ

‘monomer.

2. 100-140 weight parts silica flour.

15 3. 60-80 weight parts antimony trioxide, 100-120
weight parts lead II oxide, - and 10-30 weight parts
zinc borate.

4. 3-5 weight parts organosilane.
5. 5-13 weight parts dicumyl peroxide (40% active on

20 a chalk or EPDM carrier system).

6. 7-9 weight parts triallyl cyanurate.
7. 3-8 weight parts zinc oxide.
8. 40-50 weight parts processing oil, and 2-4 weight

parts anti-oxidants.

25 Example 3.3

1. 100 weight parts ethylene-propylene diene-

monomer.

-

2. 120 weight parts silica flour.



5. 1-20 weight parts crosslinking agent. 6. 1-10 wei ght parts

free radical pronoter. 20 7. 1-10 weight parts heat stabiliser.

8. 10- 75 weisgks2sparts processing aid and anti - OXi Ceo™/6B898/00875

9. 10-70 weight parts natural or synthetic alum nosilicate fibre-

25 Exanple 3.5 A nore specific exanple of an organic pol yner based
system that contains a fibrous material is: WO 98/ 43251

PCT/ GB98/ 00875 - 24 - - 25 - 1.
100 weight parts et hyl ene- propyl ene di ene- nonomner . 2.

80- 150 wei ght parfts =il |7©awéighrr parts antlmO'zy tBiok{ia30 1vBi ghigHparts
antimony trioxide, 80-125 arts lead Il  oxide, and 10-30
wei ght parts 8% ts Qeag éctlge, an@ Q\relght Zpar§s5z‘}‘gi:glm aﬁ&r‘t S

or ganosi | ane. 4. 4 webghophFteebgfdndiantsedi CUW' “per oxi, de (40%

active on a chalk or EPDM carrier system. 7-9
wei ght parts triallyl cyinteight paxts dicewyd PF“‘%*QF V\Haghmﬁ‘@nm nc

OXi fle (8 shalk 8r Mia\e@wptsypﬂehzop&glcgﬁtsl Bgr '?Is I nagﬂ?af grwel ght
parts anti-oxidants

synthetic alunina 1% Soreddimipasse| trbaldyfli byesurate.i bres generated from
di basi c 7. 5 weight parts zinc oxide.

8. 45 weight parts processing oil, and 3 weight

parts anti-oxidants.

10 Example 3.4

By introducing fibrous materials into the system, a more
coherent fused product may be achieved. An example

' containing a fibrous material is detailed below:

1. 100 weight parts ethylene-propylene terpolymer.
15 2. 25-175 weight parts reinforcing filler.
3. 125-300 weight parts modifiers.
4. 1-10 weight parts coupling agent.
5. 1-20 weight parts crosslinking agent.
6. 1-10 weight parts free radical promoter.
20 7. 1-10 weight parts heat stabiliser.
8. 10-75 weight parts processing aid and anti-
oxidants. e
9. 10-70 weight parts natural or synthetic
aluminosilicate fibre.

25 Example 3

A more specific example of an organic'polymer based system

that contains a fibrous material is:



rocks. Exanple 3.6 A still nore specific exanple is:
1. 100 -wei ght parts et hyl ene- propyl ene di ene- 20 nononer .

2. 120 weiPP¥$RPts silica flour. : 3. 70 meighﬁ“ﬂ%??%mﬁﬁpinony

trioxide, 110 wei ght parts lead Il oxide, and 20 wei ght parts zinc
bor at e. 4. 4 weight parts organosil ane. 25 5. 10
wei ght parts dicunyl peroxide (40% active gon a chal k or EPDM
carrier system. 6. 8 weight Barts triallyl cyanurate.

7. 5 weight parts 2|§8 0§b95w%%? Parts egt ene P¥§5§¥Eﬁaﬁ?§%§ o Processing

oil, and 3 wei ght oXi 43251
PCT/GBQS/00875 monomer. 9. 50 melght parts natural or synthetic

al um na or alum ngsilicate fibres or fibre enerated from di basic
rocks. Exanpl%e 488' 2 vetfe tf%ﬁ‘iﬁmsﬁ&l% gjrfg&arrpl e of an organic

pol yner based yﬂsemmﬂsﬂghhugeﬁtymlheayl el dxd deQr av @125 gi d |
structure: 100 wei ght parts et@ylene rop hggﬁzggrpolyner.
5 weight parts lead II oxide, and 10 weight pa
borate.
4. 3-5 weight parts organosilane.
5. 5-13 weight parts dicumyl peroxide (40% active on
a chalk or EPDM carrier system).
10 6. 7-9 weight parts triallyl cyanurate.
7. 3-8 Qeight parts zinc oxide. _
8. 35-55 weight parts processing oil, and 2-4 weight
parts anti-oxidants.
9. 40-60 weight parts natural or synthetic alumina
15 or aluminosilicate fibres or fibres generated from dibasic

rocks.

. Example 3.6
A still more specific example is:

1. 100 weight parts ethylene-propylene diene-
20 monomer.
2. 120 weight parts silica flour.
3. 70 weight parts antimony trioxide, 110 weight
parts lead II oxide, and 20 weight parts zinc borate.
4. 4 weight parts organosilane. '
25 5. 10 weight parts dicumyl peroxide (40% active on a
chalk or EPDM carrier system).
6. B8 weight parts triallyl cyanurate.
7. 5 weight parts zinc oxide.
8. 45 weight parts processing oil, and 3 weight

30 parts anti-oxidants.



2. 10-150 weight parts reinforcing filler. 3. 100- 250 wei ght

parts nodifiers.. 10 4. 1-10 weight parts coupling agent.

5. 1-20 wwaysi43psirt s crosslinking agent. 6. lpadDGres/gUsys parts
free radical pronoter. 7. 1-10 weight parts heat stabiliser.

8. 10-75 weight parts processing aid and anti- 15 oxi dant s. A
nore specific exanple is: 1. 100 weight parts

et hyl ene- propyl ene di ene- NONONEF. 26~ 2. 70-90 weight parts
muscovite mca. 20 3. 60-80 weight parts antinony trioxide, 60-80

wei ght parts |ead |12oxisdeveighlgransisghttyral ©rzsymetirivigt @lumina orand 20- 40

orgamost e, | 4TUHTERL PO Ginpes or fipres fenckalolCrOh BELC oo

or ganosi | ane. par
active on 25 roakschal k or EPDM carrier systen). 6. 7-9
wei ght parts triallyl cyanurate.. 7. 3-8 weight parts zinc
oxi de. WD 98/ 43251
PCT/ GB98/ 00875 Example 4 - 27 - 7 8.
35-45 wei ght parts processing oil, and 2-4 weight . parts
anti - oxi dants. A still nore specific exanple is:
5 The following is an example of an organic polymer based

system which fuses upon heating to form a rigid structure:’

1. 100 weight parts ethylene-propylene terpolymer.
2. 10-150 weight parts reinforcing filler.
3. 100-250 weight parts modifiers.

10 4. 1-10 weight parts coupling agent.

_m S ”5; 1-20 weight parts crosslinking agent.

’ 6. 1-10 weight parts free radical promoter.

7. 1-10 weight parts heat stabiliser.
8. 10-75 weight parts processing aid and anti-

15 oxidants.

A more specific example is:

1. 100 weight parts ethylene-propylene diene-
monomer .

2. 70-90 weight parts muscovite mica.

20 3. 60-80 weight parts antimony trioxide, 60-~80
weight parts lead II oxide, 10-30 weight parts zinc borate
and 20-40 weight parts lithium carbonate.

4. 3-5 weight parts organosilane.
5. 5-13 weight parts dicumyl peroxide (40% active on

25 a chalk or EPDM carrier system).

6. 7-9 weight parts triallyl cyanurate.

7. 3-8 weight parts zinc oxide.

-



1. 100 wei ght parts ethyl ene-propyl ene di ene- 5 nonomner .

2. 80 wei ght parts muscovite m ca. 3. 70 weight parts :
ant i nony -%‘VP RiFS 70 wei ght parts lead I oxide, 20"9@%@?1?’0%55t5_
zinc borate and 30 wei ght parts |ithiumcarbonate. 10 4. 4
wei ght parts organosil ane. 5. 10 wei ght parts dicunyl peroxide
(40% active on a chal k or EPDM carrier system. 6. 8

wei ght parts triallyl cyanurate. - 27 -7, 5 weight parts zinc

oxi de. . 15 8. 40 _wei ght parts processing oil, and wei ght,

parts anti-oxidants. 8- 35-45 welghfparfis,peoes Orons ez';fag'ﬁl&'m:arl y
useful as p&ped 39S -betasbctrical cables but it will be understood
20 that they can be used to nake any article, conponent or

fitting-for which.continued performance is advantageous in t he event

of firei. ' A still more specific example is: - 28_' . CLAI
M S: 1. A conposition for use as thermal insulation or

barrier in articles that are required to function under transi ent

el evated tenperature gondf onprising at 5 t ,fwo conponents,
a first.of the two cofclrboneénd[ g{liggg Igg.)l[ts t%%g%?%tpuﬁoggllgmg%h?ln@ae first |ower

t enper at ur e sr angeendresng ductile or flexible, but which fuses and/or
deconpaoses at t enpe atur,e?lFabove_t.he | ower r.ange but bel ow an upper

tenperature limt reqlired rGrIPF BT SSiMSEREE PV Brmance, 10 a second

of the two conponent s3being wdigher ek Malntii RohPerrioxidef | 1StwaigyRgoONeNnt , and
-tdhe first conponent being cohesjve in . . the lower tenperature range so
as to retain thePEedHnPad II oxiffyorR@nteigll stanrssabit Rbasel §24i 30 pl ace,

t he second wEDEPORR s UDASIEPIAGhohalsd ON  and/or  deconposition in
10 4. 4 weight parts organosilane.
5. 10 weight parts dicumyl peroxide (40% active on a
chalk or EPDM carrier system).
6. 8 weight parts triallyl cyanurate.
_ 7. 5 weight parts zinc oxide.
15 8. 40 weight parts processing oil, and 3 weight

parts anti-oxidants.

The above compositions are particularly useful as
coatings for electrical cables but it will be understood
20 that they can be used to make any article, component or
fitting for which continued performance is advantageous in

the event of fire.

-



15 transition to a second upper tenperature range, the second

conponent being ductile or flexible in the upper tenperature T ange,
and bei nWOCBH8%Slve so as to stay substantially in pPEIyeBAL/00875
tenperatures in the upper tenperature range, the lower I'imt of the

upper tenperature ranm bei ng bel ow the 20 upper tenperature linit for

fire res Szﬁgcsmmr? WAL , oo cubich Fhe SEreACAO AR | ??ga:zf

t he fusion ‘and/ of d%co?rpom tion tenper aDJDescﬂbndsmepeeged: @d 18@?@?&1

to lie within the upper tenperature ra @canﬂksbel opaged upp@nﬂg@S ---------
limt at whicheiygonposition is required t DDJQE-‘fVQﬁg'(];) t paped ........ topaged -oXi-de
bei ng an oxide of aluminum silicon or nmagnesHRksiract  Opagl@r.on. wipaged ..........
conmbi nati on of such oxi des. 2. A} conposition according.toclaidm
1 in which thelfi rstcompositioid faecass LHRRRRAAL SirahA alti ¥8 0o S Gdrtakrt he
reaction 30 f first co nent. are di spersed thr.oughout the
second conponertE %%Cﬁgguﬁ%%f rgnﬁ%?%ﬁr% tr"ar’L'@’EE‘:t’icﬂ’t e2“Crantsent

- 29 - elspanedofenpérataire conditiond, compysiogpesi téast aooording to
claiml op 2 ipshgilien@sa a first bli £k ca;aoeeﬂ{%nmnha&ee@ms@rﬁmgge in a

sol i d phase , throu%ﬁout he E per tenperature range so as to iIncrease
the 5 vi scOETRAP G TEREE fARYEd SERRRR(WSRpoRRIR,. beihg ductile or A
conposi tion actbexdibig,t obet aintetgoPn@ra phiyaivhi cdr chemichhecHdngat aeonponent
s a materi al oSGyl has r |d the resi due
being di sperse%é}%t %%9 e segogag f&bérd ranﬁe Fiow ? E %o as to
"-increase its Wmtwe limiy reguired ﬁ&vrcéprpasree::cﬂtaaeeorm ng to any of

~the .precegi ng performahabnTa ddtonhi 6h e dhiior éamﬁs}(mﬁ@eeelﬁ rrprl ses a
poI ymer or rea%ents that nmay. be reacted to forma % 6.

A conposi ti on IEFEEAGVEET &P BLFTE AATPRNERE: and t is a silicone
rubber:. -. 15 comhonent Petmypodesive iacabedloget cxempyarﬁteﬁechai@eclsal min

“. whi.ch the secopd GPHQOERt ¢ GOMRL eﬁgsﬁ&gm%'ew Q%'Aeaﬁégﬁbstam MALch is

.. treated with naterial to reduce it erature to tie within
- the upper tenpt? RUHCE ahle RAGRHS componend ypgeroting ¢ BPY#kFah orhe
p;conp05|tn9n | ScHeaffldaiedhéNge?Qn tpPeREDIIBN to a second upper

temperature range, the second component being ductile or

flexible in the upper temperature range, and being
cohesive so as to stay substantially in place at
temperatures in the upper temperature range, the lower

20 limit of the upper temperature range being below the upper

temperature limit for fire resistance performance.

2. A composition according to claim 1 in which the first

and second components are mixed so that the reaction

products of the first component are dispersed throughog;
25 the second component at the upper temperature range, in-

the event of a fire.

3. A composition according to claim 1 or 2 in which the
change of state of the first component is fusion or

decomposition.

30 4. A composition according to claim 1, 2 or 3 in which
the change of state of the second component is fusion
and/or decomposition.
heet Has Been Replacec
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8. A conposition according to any preceding claimin . whi ch the

mat ekial that reduces the fusion and/or deconposition tenperature of

t he seconmeﬁient conpri ses nmetal oxides or precuPET/GBIBOIITEL al .
oxi des. 25 : A conposition according to claim8 in which the

met al oxXi des are al kali nmetal oxides or precursors to alkali netal

oxi des. - 30 - 10. A
conposi tlﬂﬂm g’ , H”H" | ai m 8 or 9 inm ahi-ch the precursor is a

car bonat A conmposition according to claim7 in
whi ch the al um n05| Ilcate is mcain the formof muscovite which has
5 been treated with an al kali netal carbonate to reduce its

tenperature of fusion to around 850L A conposi tion
according to an é gt ECBBPRY- I hIARPR Ing & Wiedn fh%é‘cr?'é’tdéPFa'P #Hetd r educes

t he fusion and/ ermpbRhentdebiciposnhios $edier dhubesofid phaseconebERenent

i ncl udes npoesi tion _acc dlngto claim12
| n V\Ihl Ch the %&Q%g%g temperzait#gébgar‘%%e %O % 90 1ric4rease g\;‘COI’TpOSI tl on
according to cl&isReEAtyroisthem fisPehsaePnd (chmpemteti al that reduces t he
fusi on and/ or decorrp05| tion terrper ature of the second conponent
includes at le ~A.COIposi tion
according to cl ‘i @i f&mPﬂSWﬁ%h #ﬁ@réhrﬂ% to claimp.¢ aﬂr "X RBeWRLCH 1 t he group
| ead, strontiunfimsal couppn&t is broaterTidr ithar dy&dnrpdsms wailaébmm '
potassium = ChlidiMees;due, (WRISEENadHARICOLM. LI YT rRgREST um

sodi um zi rconi‘um tanium A"C orrp05| 9 on
.according to ar§penc ﬁ@mb?%éfdlwﬁ@n fused HogpfAste ningreglset hes second
conponent conpryisessigierials 25  which, upon fusion, forma water gl ass,

phosphat e gl ass, el ectroni c gl ass, sul phate gl ass or borate gl ass.
17. A conposition according to any of the preceding
10 7. A composition according to any of the preceding claims,

*n which the first component comprises a polymer or

. reagents that may be reacted to form a polymer.

8. A composition according to claim 7 in which the

polymer is a silicone rubber.

15 9. A composition according to any of the preceding claims
in which the second component includes an oxide of
aluminium, silicon or magnesium or boron or a combination

of such oxides.

10. A composition according to claim 9 in which the

20 second component includes an aluminosilicate.

11. A composition according to claim 10 in which the
aluminosilicate is treated with materials to reduce its
fusion temperature to lie within the upper temperature
range and below the upper limit at which the composition

25 is required to perform.

12. A composition according to claim 11 in which the
materials comprise metal oxides or precursors to metal

oxides.
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- 31 - aims in which the second conponent is non-del i quescent .
18. A corrp05| tlon Hmﬂtmum leljm? 17 in which the second . .
conponent wiossgaiststad g terials for a pPCt/eBds/gisas S .

5 19. A conposi tion accor d| ng to any of the preceding cl ai s
in which the second conponent conprises a mxture of di screte
particles of different oxides which fuse on heating to formin situ..
a gl ass. 20. A thermally insuBating fire resistant conpositi oﬂ
10 including a fusible oxide material mxed or treated with a et al

oxi de or netal &Ride? praapasibiomracgordhdg et icdainf 12 in whisbhathexi des or
metal oxide preguf$OrSkilRs! OWETailde: metal tﬂmggaéyr&e%rém%to a

predeterm ned fire performance t enper at ur e.

conposition accBtBty MF3l PO in which the fu3| bI e mat er| al is an
oxi de which, before treatnent, has a fusion tenperature above

1000[ err] C. corrp05| t| on accordi.ng.to claim?2l in which the
fusi bl e oxi de materlza%ll @6 UfioST Jrn a‘io Clauﬁolg mzﬁglm’ é‘cﬁm)os-i tion
according o cl HFW@OS,OIZ}SOF @homate or awsiteltet he netal oxide is an alkali
metal oxide. 24. A conposition according to claim20, 21 or 22
or 23 °* \s{\,gl ch the netal oxide . is | ead _oxide, antinony OXI de or

mi xtures of the X FEROSF T H ATFLEF1 RS thed@ Bt Yed whish the og A

conposi ti on accelanhgpidigaye of s ettaamdn 268 do2h bh muscovivhi whidhthas _ .
composi tion conprlges. & aXhite Bf aihieiDlS19ka onate o0kegEAM:S fOr M NO
oxi des and a oxl de

;sQecspib/38487n§?mP%%Pture of fusion to around 850°C.
i e

. 16. A composition according to claim 9 in which the

second component includes a borate.

17. A composition according to claim 16 in which the

borate is zinc borate.

15 18. A composition according to claim 16 or 17 in which

the second component includes a metal oxide.

13. A composition according to claim 18 in which the

metal oxide is from the group lead, strontium, calcium,

iron, barium, yttrium, vanadium, potassium, chromium,
20 tungsten and molybdenum, lithium, magnesium, sodium,

zirconium, titanium.

20. A composition according to any of the preceding
claims in which the second component comprises materials
which, upon fusion form a water glass, phosphate glass,

25 electronic glass, sulphate glass or borate glass.

21. A composition according to any of the preceding

claims in which the second component is non-deliquescent.
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- 32 - precur sor A conposi tion according to any of ;
clains*20"to 25 in “"/l" mm “IIEWHH'HS' tion conprises fusible oxide
material JY@9843251 {reatedt by hetat sng*with the nmetal oxi deP$HCBYSthe
conposition of |owered fusion tenperature. 27. A conposition
according to any of clainms 20 to 26 further conprising a refractory
mat eri al . 28. A conposition-eeeerding to claim27 in which the
refractory oxide conpri ses si i con_nﬁxi-de & umi ni um oxi de or 10 an

al um nosilicate. 1y in ulatlngflre resj stant
conposi tion 22, or&r‘fcg‘}pr?jltlon accorg?ng Lo cladgy ¢het? (Y5 }"

integrity and duﬁadnot yomponent jsapblend glempecatumes:md\athrm@]m a
first elevated ra gl 9f tenperatures - a glass or fusible
oxi de conponent to pro ge integrity and ductility at a second
tenperature range, the | ower end of the second tenperature range

bei ng above the 23, A|&Wosﬁﬂﬂo@fadd&&dﬁh§3£o taemo@fawéepf@d&ﬁnend t he
upper end 20 of the secon eratu e ran ei ng above the upper end
of t h Iom%’raWNﬁBr uhyr n@@con Co"ﬁﬁgent comprises a MiXGUi€ actory
mat erial whi ch isf stislslretanpareirdiensof diffexehtdogided Iwhtiehpfusd wore

condi tions experﬂggﬁ%g ¥g ggr 1%5 SI Qr;d&faegrm ned fire perfornmance
tenperature for rodu0|ng a glass or non .
crystalline : thermal ly i nsul at| ng fire resistant conposition with a

fusi on terfperat ue. be Q:‘Mn%o@:[@ﬂﬂi e:bmkﬁlea Fify| rtaepﬁaﬁ@far@dm of thermally
tenper ature, I n a an.alkall  net OXI
specspi b/ 38487m&1 @é. tg.n g reSlSkant mate risx B&n&ng a fusible

10 oxide materlal mixed or treated w1th a metal oxide or

metal oxide precursor or a combination of metal oxides or
metal oxide precursors to lower the temperature of fusion
~ to below-the temperature likely to be experienced in the

event of fire.

15 25. A composition according to claim 24 in which the
fusible material is an oxide which, before treatment, has

a fusion temperature above 1000°C.

26. A composition according to claim 25 in which the

T . fusible oxide material is an aluminosilicate.

20 27. A composition according to claim 24, 25 or 26 in

which the metal oxide is an alkali metal oxide.

28B. A composition according to claim 24, 25 or 26 or 27
in which the metal oxide is lead oxide, antimony oxide or

mixtures of these oxides or precursor to these oxides.

25 29. A composition according to any of claims 24 to 28 in
which the composition comprises a mixture of the fusible
glass or ceramic forming oxides and the metal oxide or

metal oxide precursor.
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- 33 - ' m xture of alkali metal oxides and precursors to such oxides
x ot noowossasast g WIMAGHUTI LGt S5 The™*" "' “peetnsssars oxi de-

conpri ses al um ni um oxi de,® si‘li on® oxide, 5 magnesi um oxi de and
conmpounds of these oxi des. 32. A conposition for use in the
-manufacture of thermally insulating fire resistant materials

i ncl uding a pol yner; and a gaxture of discrete particles of
di fferent oxides whi ch fuse on heating to a tenperature bel ow a

predeterm ned 180. A icorpopiyifcor aencedinEripeaay UL clla@msf p4nto i28 igitu a

| ow t enpegad fu I e el e ACANPOS on accordi ng
to claim32 in CL%%thﬁ é&ﬁ%ﬁtgo%?‘yﬁ%’?pﬂ:’?%} %%ﬁéio%ec’xﬁgﬁyﬁ%# "r?g't
deconposes to fprenigeiaged by heatdghgsviticdimeupehaheatiidegto form the34. A -
conposi ti on acCaidad th8n CoLi YRR 28" £ d t‘éfﬂb&f'ature the mxture fuses at

a tenperature in the range 450[err]C to Oferr]C. 35. A
conposition according to claim32, 33 or 34 in whi ch the m xture

i ncl udes asbora¥e. A 2Bmposidfon acéoﬂﬂfmps:iot BAN &F=dinBg24 ocarpy one of
clains 32 to - the,. | u a nmetal oxide.

37. A conposi tItCIJI%%a(%gIP) |Sgiglgt§ C al m 36 i HSL gl% 't he nmet al oxi de
is lead oxide or antinony oxide or a mxture of | ead and anti nony
oxi des. 25 388. a corﬁlﬂosﬁltdncla@coidﬂﬁlg tioSc14BHW1 84 whOch RGl orm under
transitory.....el evat ed. enper at ures, I.n¢l udi ng, . thernal

734 - . f’ﬁﬁn FPEPRSSS Sontp6eTt CacBOMBI ™ $*4AG of
claims 1 t0 29 @r a3lafomPiosilicate. 39. An el ectric cable conprising
‘one_or nore electric conductors and thermal insulation conprising a
corrp05|t|on 5. according-to any of clains 1 to 29 or 31 to 37

constltutF%g 33. A composition comprising:
- a polymer to provide integrity and ductility at ambient
“temperatures and throughéout a lower elevated range of
temperatures
- a glass or fusible oxide component to provide integrity
15  and ductility at a higher temperature range
: and
- a refractory material which is stable and remains solid

at all temperature conditions experienced during a fire.

34. A method for producing a glass or non crystalline
20 material with a fusion temperature below the maximum
temperature that is likely to be experienced in a fire,
eomprising adding an alkali metal oxide, or a mixture of
aXkali metal oxides and precursors to such oxides to a

refractory oxide, and fusing the resultant composition.

25 35. A method according to claim 34 in which the
refractory oxide comprises aluminium oxide, silicon oxide,

magnesium oxide and compounds of these oxides.

36. A composition for use in the manufacture of thermally
insulating fire resistant materials including a polymer;

30 and
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the electric insulatin i or nore of the - | ayers of w~-"
el ectyicc i'psul ating: naﬁmngm”mlHﬂgﬁgﬂiat e layer. 40 oA :

el ectric cHM*843or di ng to ¢l amm whi ch a | ayer PGT/GRP O Re

i nsul ation surrounds the conductor and a 10 | ayer of the conposition
surrounds the silicone insulation. 41. A conposition for use as
thermal insulation or barrier inarticles that are required to
function under transient el evated temgeTature conditions, conprising
at |east two conponent s first of the.t co nts, at_.
tenperatures 15  witHfi R-ECFTT s‘% Féﬁ%‘?eﬁeerﬁ%%éf\gg% ?gpr?gg?eﬁ‘@?hg‘”ﬁﬁﬁsi le or
flexible, but whwbhchufese amdheaterarpdses ot dienper ddbwresnperaturabove the

| ower range but Qgleow any unper tenperature limt required for fire
resi stance perfor%rra%c%, say 1000[err]C, a second of “the two
conponents bei ng dispersed within the 20 first conponent, and the first

conponent bei ng gohesi ¥smpdition addtddiawetot &IdIRH BlULR wiANGEthe as to

tain th d rent and st bstaptially in place, th
second > conBBRERET {derdot e RISYBRE St GPoolRESHHAY AOGR in

transition to a sséded eppelicenparat heetiagge; the second =25  conponent
being ductile or flexible in the upper tenperature range, and being
cohesive so as to stay substantially in pl ace at tenperatures in the

upper “t enper at ur #8r afigeOmRGFd tion ageppdingi kptckAin 36 appef irerpérht the
range_being bel owikb@re fusedipperatesmperatute iiniHe frahgéi 430Cesbst ance
perfor mance. ' 50°

specspi b/ 38487ma)§ 099

) 10 39. A composition according to claim 36, 37 or 38 in which

the mixture includes a borate.

40. A composition according to any one of claims 36 to 39

in which the mixture includes a metal oxide.

41. A composition according to claim 40 in which the
15 metal oxide is lead oxide or antimony oxide or a mixture

of lead and antimony oxides.

42. An article that is reguired to perform under

transitory elevated temperatures, including thermal

insulation comprising a compositions according to any of
20 claims 1 to 41.

43. An electric cable comprising one or more electric
conductors and thermal insulation comprising a composition
according to any of claims 1 to 41 constituting the
electric insulating material or one or more of the layers

25 of electric insulating material or a separate layer.

44. An electric cable according to claim 43 in which a
layer of silicone insulation surrounds the conductor and a
layer of the composition surrounds the silicone

insulation.
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