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*166166* HEAT RESI STANT PRCDUCT AND METHOD The invention relates to a heat
resistant pvodesgsasind a method for producing the product. They€psdifisbPNY
applications where heat insulation and in particular fire resi stance I'S
required.. Inportant exanples include fire walls and doors for buil.dj

VoilaY 2

and smmmm(mm“m'mWs) wal I's and internal panels of trains and other
and h hi gh performance 10 aircraft) for exanple |eading
edges of Wshgs, noses angpagnes P - tME'Mﬁ and the |ike
have been proposed in the past to pronote heat insulatton in these

+ applications but these have been found to be inefficient 15 and/or non-cost
effective and therlﬁelmaenefdntbemauesdta*oaamﬁt aresEt afitit predihakl anheat

i nsul at i ng R C e g to WO A 973095I ) descri bes
' the pr oductl on 0 é%r %ﬁgéégiﬁ‘% %#[? ;i%%gﬂ grt whi ch conprises bl ow ng

ver mi cubite gr anLﬂ'lesrata:ee ovany dappl icapions m@mch&&iemmulagimt and

bi nder. In tjhat S%%%.cxfl@%: bﬂ‘l‘éf %&séﬁn%osﬂ'%@&uﬁ%' ni %%Egn}:ﬁ

undesi rabl e for applicatiLons wt inventi‘on I's con

accor dance VR%am ¢$r§i‘c&§9§ctfjo?etwé pEcad dopys, fo¥i Swildings and
between 350 0 S50 o thg ot 0ot ie b Ot |y or Ty Ty cefld

et ween b b e dr 0 roduct .is vermculite having
a particle s?%%uc %%Féte%%@m&% oSt ?ﬂg OFi tghe OFBRNESsS

t hr oughOa lremscxaft, 3fokn eaamplnt eading adgesoruf aspagh, omddes paadent

i nventi on, &Fé%]od of manufacturing a heat resistant product conprises
(m Xi ng vernmcu e granules with a ceranc¢ binder; and_drying the m xture,

wherei n bet ween FA%ieNS 9TRaking e MAtELidlsht and tthe plddkect haveydbeenul i te

35 having a fidddddd® HhZeheUpRsithaio NPEEmbERNhERY 2hshila it thésdoes
not pass throu h a Im"nS| 59935, P 59/01467

WO, 991
2We have fo °%r§ugo§‘the@ﬁ gﬁv?/ ep?rbdﬁ%‘tm%aEBe Sot:h
utilizibg a anddar mm‘i-mtmeﬁfece:tgeamude@aemb da e aeed aderovidesa

shoul d be Cﬁﬁfgﬁ;ﬁ%ﬁ%@% ﬂaﬁléhﬁesggmﬁsﬂiaegﬁggg%gﬁwg paper

maki ng or o are ver nse new

productwi | | be n@r#&@%é%ﬁ?%ﬂﬂ@%%? Ar9730951h derexribes t hat
heat I i nsul atﬁ}fjgl pgoaﬁgggbgd df,)ﬂ Wl rﬁm-@ém‘h@umeg\omlrded:uer Wgﬁﬁcht td1e
resul tant product,is ve tWE‘I it.nmuch.easier,to handle an
can belout i ISTRFI5E8, v gﬁmng'diggﬁdl IF 2SS hedbpl éﬁ Y3he %e
have r2@li sdengmtatae théntmmhmﬂ-xenﬁn\!mhpaobmndﬁs t hdn ithats casle, usi ng
T8 reduct oo Ry e ThESh () (hotphonts | Sohta R TRy y e Fon

i nthe heat rdesixable Q¥ \aRP l&Ptﬂﬁé“ "&iﬁ’ct‘ﬁ"{ﬁp FRst H@F’%nl*sthe
particle si sznchrhmlij arge then aproduct can result in which there is an

~open, air path fr g?ﬂgn@c t‘bftgl %duﬂv\%“ ch@%ﬁ%l%hegf“ ﬁ)%lg%rvgn t\:heat

¢an20be _conduct e rsi'ng par VentT ve
r anges25bot ﬁ-mqmobaeh@a&r creRtstane REPAVCKt ﬂmal Ae ceyasig i vel y

b1 aduct has g e hit Pt oy drlf o Of Ake
\?\n t hdensi ti E&V Q:Egé;?‘?‘s 5’6@%&/ o Pjtll%& haydngs aon%?rf?‘blqm MPs

are achi evem.ﬂmm}mitmat hageeshhan (60K tdfe tlensvéymicupieéedaelsy mux | ess

t han 140Kg/ eqr | exural strength in a self-supporting
product . 30Far er rmré" ﬁaeclgﬁegéqer %he proportion of the vermculite,the

more 13@ht wel ghtIn h@cg«psdewe ith ac SesPad AsRRTRt of prhelupresent

i ncor por at i RgveAWidy, Wai HELhEd Mot hhfheaeEut9ng deNHdat Ofredi¥tlant
730Kg/ i whil e 35% dry wei ghtver mculite | eads.to a density of abaout

350Kg/ mi . 35PFEACE| §O % BRLANG (MPIRECYHt s EPFé"ﬁHJ(ﬁﬂJct“ﬂsth a
verm cul i t ecbami¢ bipdet; Ckﬁdsdzﬁlﬁgctlfhé In&bcuﬁzres whetelh Petieen 35%

\Ié(é-rl-reggg} Bi g e;ﬂmotoaéﬁe grou e1g f'g he’ pro%uSCtN %Vv%%c\/\?i%%/ 59935
35 hav:.ng a particle size such that more than 60% of the
vermiculite does not pass through a lmm sieve.
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[n one form the product is substantially rigid and can be handl ed rat her

| i ke wood or the like so that it canbe cut to required shapes. e\g)rmj%uz
is relativelybrittle and so typically will be sandw ched between

1 oad5supp j ets which are adhered to the product. The

supporti ngwghie%tggssgan conprise fibre reinforcednaterial sheet’s ﬁgﬁgﬁ?“ﬂ

any other material enabling thepanel to function as a structural or

sem -structural conponent. 10l n ot her appli,cations) the product is adhered to
t hesurface of an article. Thus, a substaﬁtl ally rigid product’coul d be

d d which ig,t d h ticl t
broduct i s fornmed' 1Ay BIBSLAR LRENS e b ol T Ee SONVE IRy Kan
Eﬁ(r)%i ggdongg b?ﬁ;a;é&w_fmnln?mg aﬁng'ltznmé.;;sz g?écu;?tmhés WI th
sanaw qs d < pibkRs [ YRhe8! b¥o ES€o |s ' 5}?93
"u

as foaned neta stics, wood, endgral nbal'sa or a ce oneyc
metal, pl asMi€aore es#pcﬁﬂdepmeéﬂ AMade ;MERNEhRPRRY wEakisicaner mikisar s

sucgas ﬁhe{l h:b@:eds@sﬁ wiR{RaaPE o&b nheﬁb@?r&i&d&{ﬁhe n?l?érhéh ct
sandwi ch stry s have OI’ISI era elrrpo ancewi thin struc

engi neeri ng% &Sré éﬁee ?%ngFQEFthﬁﬁeF efh ‘B?'ﬁ%?"?‘idﬁ%ﬁ’i &dhesince
t hey provi dte@ﬂ%@@tlheanvemmmmn absl pmamet:edl oy rminduegofertyze

| ownei ght , a r c i However,
such sandw g%%gp%dic es d %gen al’l %%e?gﬁigggge%@é{l B’red'-d’uct
accor di ng t&nwtmmsht omakd ngd Hiet emuc:b ERB8iar f foe hémdel%t amst ucancie3Obe
used ajg hi 95\%& 15SRET AT 6. 4¢£ri€€¥prB§Utho'rﬁmd ned $nghey ehen:tglae

(ﬁherna con uct|V|t and fire resistancei s i nproved. The produc
Jroduced i n2RP &ﬁ?@é?l% di fferentthi cknesses and consi stency and can adhere

L 0 rfD|SéI ZurfaceS% m{m&lmlrmeﬁh tharoe pﬁdbmenpwatheshe_Tkaomﬁmh U
enou e alk oun 0] | cat ape a . C t hi ers
whi ch are fflgx glﬁg'— aJs% 'P’?%ée g\}\ggeggo{i%aSg% g’%%%ﬁ%ﬁ%&&ﬁ A'C%Y
PCT/ GB99/ 01#egudladn ftide diigh & ensity ouShis aresnlteainpa yeduction

torei njHr Celhh%ﬁa%dwzdﬁ ﬁﬁqqideectrawéd Iaaldwdm&soat Bédh@tﬁl‘ﬂ???t% of

t he product and I nder use rinci ceram i nder _coul d be
used, such5&hBi mttyﬁéﬁqﬂp%oﬂﬁg g Qflia\\é}‘esﬁ’r‘%é‘t‘ﬁtor bPRn&R® h a
filler suchogheg! upand, nefnekea, particheorsmélemser toioc. 1d3hgepritien r ad

bi nder conpris h dh r at Ln su I

based on soBFBﬁEFIE %5?‘ m?r:e?'g‘i{é' gga{" Q 'r"% ghcﬁgénbl %’35? Ez?r%é'p £2h

Al / CS10manubnet aide bf rbetarpduet:nwe'ahe ah%hweﬁbeoesb wii el hesthicader
conprizges abé'ééﬁdﬁéEEdOf B S@@'il’:[%ihé'ﬁ@f@xélébeﬁﬂi&hdfalie%%%iﬁﬁﬁ:lheo‘c an
alumna fil]| havefound %) h ry o? oduct _i s_aobt ai ng’gI Si ng
t headhesi ve ‘BHFP Ney TAReeRsu °§ ea‘ Fe?? ﬁ GB‘SSEFSI FVET ESMEH W lr%
filler wt htlpewdeamé vedmecubi t relhtivedy oflighti noveiwhti xproductul d.sbe

carried out ﬁegghng or any other drying method includi ng vacuum
a assisted by the _use of m crowave radiation. The anmount of

ryi ng, opt in
Cﬁe?/m gul Pt e used @i havecptae fewnd tmﬁdél%? ERPYLRANE, PEREUSE Bag 588 t he

produgls antnéfikanBeaar | Beddndtht p iebf hha prﬂasiuctemngyenow&eﬁ
bet weenshee s the P, to %of th of t :gdUCt na P‘F
verm cul it efr & oF oﬁ?n\%&u “stjl ’ﬂ‘f"ﬁa efe ﬁg% <8Fi ons,

a preferred) r351ge hsl M?aS&%é)O&ﬁ:hSé’hedpro@cpemtebEanhdere rslaownar thay of
d d 1

Compr L1 ng s JEAESEEL° T BRERRTARIY, NI 1864 cHACEeORGIA® 67 aBM £ TR0

t he bi nder aqszmtablmyf expradesbaengsh A8 pr ee&érealamﬂ%msspnpdncg

cerangg bi é@éﬂaéfébl t’hé'éfé’ét?é‘f Eﬁéfﬁﬁdﬁﬁrﬂﬁéﬂ of :ﬂa@nrela}micunte,

andcuring/d bi nder or . wth ressuyr.e. The dr %

conveni entI F@d 1d&htby"' nﬁpﬁeﬂﬁ' ‘Eﬁ? %?‘t%‘l | Y& ﬁ"ac‘?% QE}B@

40- I3§0C Hmwraotﬁwmi@tr nm;]gbrﬂbxangnigucﬁsas dqcb uueighyi _nga:ldlﬁichlﬁlee

not 35r equi eneration,.Q at,. ¢ e . i C

m xt ureqvm ] %J;a stPr P& (ﬁ)ﬂ %e ?‘ﬁéjecﬂ%@‘ﬁg‘“pr‘éi&@gg % ﬁ’?é?ét no

stirring cmsmmmm leads kio0aVdEpsd tyD )/ H90Rs eem@’gd/omes? 5 .

whi chagt || mean dgted26190" 0§l 8p428¢ Qﬂad%rw wed SRR & e PPsghegal ed
e I'nd

mass i ch can then ken up to generat VI coated particles.

. As with dseyermigelitei hgvpnst aopPagtdsle &ire aece Ehat dworeitthen
heating thgo¥ ¥furthe vé¥mEeiitiokhabesthidtd pdi st Hpetghota iR yfevéat
such as vacuum drying. The resultant product will be heat resistant and so
can be used for firewalls and the Iike that is preferably al so heat
insulating. 10 Exanpl es of applications of the invention are set out
below. "1.Fire walls and doors for buildings and ships.2.Protecting surfaces
t hat are near to a heatsource i .e. exhaust nanlfolds on care and15trucks

~ o~ 1 o, o o o o I e o o o o ~—~ i




1 5 NOV 2002 WO 99159935 PCT/ GB99/01467 7 V alumina filler mhich i's
normal ly used with the ceram c adhesive and is used in the sane [Jr g i2000
as the fi I\k,er 900/8 !;}sthl s exanple, the granules conprised exfoliated
“vermiculite wth particle sizes such that 93%of the 5 partiRFESBIINIS

t hrough an 8mm si eve, 32% t hrough a 4nm si eve and 4%t hrough a 2mm si eve.
The exposed surface of the phenolic skin 2 was degreased, this skin having
di mensi ons of 150mm x 150nm x | 2mm 70 g?ram; of an adhesive ( Fortaf ix Al
/CS ) [/ powdered %0 verm culite was aBalled .onto the clean surface of the
phenol i ¢ akin or oFr ¢ KR pBY AHRpLaptt i RaSidg ardh t he

. adhesi v?a suciacbef ﬁaadupd fhegm:xtluke wacavlebm c?bl uﬁkgr aliwl‘:mca&ct asHyesi ve
was applied_onto t recoat ed.surface o e phengl i akin_2.15 to
t hi ckness g‘? 5ot gﬁﬁ] TeAPAFRY,| a%cﬁ pobﬁ‘r @P CLHtEe\;végit“Weﬁ’

. evenly sprebdibtie tEnd esqnoemlsallncwléﬂ tolei ssqatdsmc:haxlybebweed Moddir e
and the res 0 t S eeI
caul plat o SrPROFLIEE WHeckt o PP el £8 FhR BBt 02
preheat ed oveadf opupperkdng afheetst oCBNNICPHRL#8€ i &y ree geimflageedito

the |ayer %ﬁﬂérﬁﬁhe%ﬁééﬁ |l oy tdigy pﬁtﬁi@&l:ﬁa@&—ﬂai ehabi‘i'i'i% GAReS,

further |rrproveg prop | es, can be obt akned bx. 'it % g gr t enpér at ur es.

It should R2BfdersPo Wé{'m?heaﬁ)r&\/l BrEHCERFR L hPR 28EP yEFrb‘Ftb{ﬁﬂj]ered

verm cul i t ecomponehe .surface of the layer 4 is optional as is the use of

powderygf verm cukit r r Xi nd ¢ t he

repl ac:djrrent of tkh gt\/\&ert Q&:ﬁ%ﬁgratg.roﬂlgts %%ﬁ%ﬁ o:lr'r% %@ﬁg{r% e(ré pp:(%l ded a
(signifi cantswefahe Qﬁvangaw-%%lﬁut Fhua.sal gubgtantiadilyyrigd hpriostusthce as

*é/ell as_pr 0¥bH18918 %tdu&w %ictWthOQ'HéH [mm@“f& wetﬁ?r ae:;%qes[atﬂﬂ in
igure 1 was assesse C|n er oupl.es on structure a e
posi tions sHOHA ﬁ?rf-‘fed'tg rlp(fso ‘E"he?’ﬁncfg‘lmeeél PRadd® on

t he surfaceanéibth&,pﬁenolelxanwmh? wend L regr iaas Rytéprapmngpbntblm

pl ace et phenolic skin 2 and the layer 4; and series 3
therrrg'csgupv%?%ﬁégg 75 N OV ~pp~ WD 99159935 PGI/ GB99/ 0146~ 8 , placed on

the uncoated, exAprhmporbankcerbiicatien/Eer £he predncts déan withmkngym e 2,

the fire tesinallewhd dehaicthaes? fl-ﬁﬁ@s@ttﬂzﬁ%&l S coniprbed ot ha @drased
surface ofthe | aye e .i.ndi cated.t hat

|
the5terrpera‘f‘%F€rgﬁlt rﬁé“i}'bp%ée#‘léae‘zﬁ%f ngagg tl? a8t a8 PR an§PASFAIRY 130C

for 15 m nuba¥saTherseai ese2ltubarnoboneyeombi cafesmetal ,t hplaetyier atarr e
pet weap ! NCoRYSE gug{ﬂgcéﬁgi‘ neAh&w%haaZbﬁtdFaﬁtp%ﬁs%dma&%@:lsn s of

t he si gn|f| ron 1n eat acrossl ayer 4, convention
adhesi ves ca? phengliictalagmdaninateas HTCFHVe°FBth%u§EﬂBQPt magerddd -Fi gur e
3 i1l ustratrresdot BQAAWOER @‘tﬁdﬁtuﬁaducaramhl cbhssderabiet apimpalituardeyi d

d f h | oad
stnseture SRSl RNl S 6D 8 WS e AR DELET |
L}Ascan be sexeroapacgurand, O&ﬂv@rprwd%ﬂhagssmtémt tdeyi Mdmehymnul es

are clear| yuhsEpLE, A n&oﬁvéﬁt‘iaﬁﬂﬂ' FRAESRI 1Acl BEngThfePyodeR can
be handl ed 1 n asimlar V\DOda?@P viously neptioned.” This

pr oduct 20hd¥eiR%. f dHighy 5§1§fﬁ‘58?d| ‘éyar‘?d“{] UGhdon o SO8%at
nore conpl exavimgss CcouHdweles,besach ewandudiclgapumprtwtes modbds nothi s

I ndi cates the ver t|||t v lo ref. produce a
core mater |9a?‘}%fﬁ Y88 aQLg%gégg % | rs? gstg ag’é:%;de"gél}? Eéggg???ﬁgul ot e
granul es artd'xao‘anmtldannmra@WQfﬂn@é@m;ﬁ@%@@erﬂlmstmcnnrsl ciapat e) t o

be mixed i & daé%wmfgné} Qfemia&a'id%eéfve' ght tRéVﬁfaaﬁEE' is iﬁc?h&Q

, This 1s then cured at a naxi rrumofi m ni num of our IS
produces a 3 elat eever ntha| Fhermg 85’9 Pﬁtéf’&éé( 2R iR Qe?%ﬁEPF@§

pr ecoat ed \&egrarﬁlyfb{'@dfrom stage 1 tobe coated with a ceramic binder in a
then3scur od ( usubhe ybaductdrn Bs, BESARRRR. A anperan o4& Jbbtersnts © '
m ni mum of tHixkwessesdrd donsdmilercyt iamd oan adhere to most surfaces
35 including metal, wood and composites. The product can be
moulded around complicated shapes and can be produced in
very thin layers which are flexible. Glass fibre, woven
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pressure. ~5 NOV 2t102 WO 99/59935 9 PCT/ GB99/ 01467 This product is
appropriate for use with or w thout adhered skins. W have nade s¢rjeNQy 2

i nvestigations into the variation of nmechanical performance with density oqz
sanpl es ofWOI&/59935 product and the results are illustrated i pPdT/gBYsOI467 AS
can be seen, acceptable flexural strength is achieved at relatively |ow
densities. W have also perforned a set of flexural tests on sanples of the
product, both with and wi thout alum niung10 skins. These tests were-
performed on sanpl es of 250Kg/ nB density, I5mmthick, in accordance with

t he standarglﬁIMfﬁﬁaS,oxal bBhegh mlsmmsl tiagidyr 0d1 4 2QEn WBe usssh 8apl es
were tested_w.th no s an i th smm.t hi ck ansm'ni.um | | oy ,skins. The
resul ts ar eFprBSBAFE 2 .ggvéfaﬁgqﬁlgfer al F‘?ng‘tshc? deREh o
skins 0. 31 Mﬁéhthhummaﬂ(im (prioduain aMckheSblrﬁIez?maUdhave al so

i nvestigated the u : u on ing a
thermal i magi ng ﬁ%l que q%i Cé;%?’u%é(%%%%{: 2@;&8@8@ %}g@ ﬁe V@§3§S| gycg‘anel
was 0. GBW nqtkbmder sypically-ompui Sing Men 1al Kaddt iﬂ?dl--'mahangrabﬂ.endng a
heat resi St@ﬂﬁhpho@icfle%hé’uc?ﬁt 889 AHaS) %énéaiaw@tﬂrsg:a%@ &theke

granules with a ceram ¢ bi nder, and curlng/d Ing t binder to form
precoat ed VEPERBLF; teTBFaHEPg§rr&ﬁ’d bipger: & ﬁ% t'p‘?%c% @Eive RAZt ite

granul es V\noéfu Y ceg;amlsa;bu; nandeandsachi g dayibPenlic base@r on\habaiam
verm oul i T SROFAEea paReAd D Simel e Pt TEREN b, Binaf rappoaL/co
vermdlﬂitemdnuﬁaumJ.rp&bsbthowghﬁx bimitede. and Aremco 571. The
M Al/CS binder comprises a first part of a sodium silicate
blend and a second part of an alumina filler. We have
m that a very good product is obtained by using the
adhesive part only (without the filler) or possibly by
15 replacing the filler with powdered vermiculite.

The step of drying the mixture could be carried out by
heating or any other drying method including vacuum drying,
optionally assisted by the use of microwave radiation.

The amount of vermiculite used will depend upon the

20 desired density and strength of the product and the manner
in which it is used. If the product is supported between
sheets then up to 95% of the dry weight of the product may
be vermiculite. Lower proportions would be more suitable

} in other applications, a preferred range being 50%-90%.

25 The product can be made in a variety of ways and in
the preferred approach, a two step method is carried out,
step 1 comprising coating the particles with a ceramic
binder, and curing/drying the binder. Step 2 may comprise
coating the precoated particles with a ceramic binder

30 (possibly different from that wused in step 1) and
curing/glrying the binder with or without pressure.

The drying step is conveniently carried out by heating
the mixture, typically in the range 40-120°C. However,
other forms of drying such as vacuum drying which do not

35 require the generation of heat could also be used.
Typically, the mixture will be stirred to optimise the
coating process. Alternatively, no stirring could be used
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2 A nmethod 'according to claim1, \/\herel n the curing/drying steps corrprl se
heating or vacuumdrying. 3. A rret hod according to claim1l or clai o2 NOV FUdD
wher ei n tgg I% é%ée of precoated 15 vermculite granules and binder is he
in a moul 'Y }é s during curing/drying in step (ii). 4. A RET/GRIN01467
according to claim1 or claim2, wherein the m xture of precoated
vermculite granules and binder is coated onto a surface of an article
prior to the curingldrying step. 20 5 ASmet hod according to any preceding
claim wherejn 50%9§%of t he dré/ ght ,of the product is vermculite
having a pa¥Riehevwiilemeannthabt %r@¥%ﬁ165%6¢ bipdexr willigenexake not
pass througs @oﬂ:ﬁﬁlid&\t%d fasd Whikddcaacehdnnbet BraR¥n S Gasligith st 2t &
wherei n t he, %g aullte has_ a partlcﬁﬁ?‘glze such that nmore than 80% of the
verm cul i t et BFEYIATR 12 SOGRD RAFEE 25 sieve. 7. A nethod accordingly
to any precedi ngAsl aligh weeepi 0,t thebidweingopprised tdtemddesowd dasé of a

(wo parg DI ogersef. ofic! gﬁ%%amg; URImaR e BAUIP bl dinal' Haiibd "

bi nder "conpri'ses m Xe
powder ed vewhich| dpes 3@, 1wqﬂs¢md¢¢kcwqhn98t Uaanympdwengng claim

wherein the ver i S a | n 0 g 15
NOvV 2002 11 10. nEﬁ%emzté‘srLglfsl staﬁrgﬂgﬁcﬁggm%nﬁgai §égﬂﬁgtan%d accor%l ng
o]

to any prec"e'iﬁ‘nﬁec}"&ielﬁ for Lirgwihis and Emifo PrRtETabLY he
product is aybetnahtalﬂnsumagiﬁqQJZ A product according to claim 10 or

claim2 I, furth ty J r|aI

rei nf 031' cerrent ﬁ%?od&¢%é8§?§ ol}{so o%)ﬁ}) r}ﬁ}elr{r%s'1 L%%J?f Wirh
conpri ses vbellewwhl ch include trapped air. 14. A product according to any
of claims 10 to 43, wWigh& mames mrgﬂt&sofé f@fdm&maﬂn gt %ansh%%

supporting sheets adhered to the product. roduct accordlng
to any of clains210 t@rﬂF%ﬁﬂPéF%dsb‘ﬁth% §h‘P’Itac%rBf ’%ﬁ#) rtPcid. hep

product according to aturde cliaigrs dkhaudt nmahd€dldst o onhe cats a(ahdaf an
articl 17. A productt acq{ordl ng to any of clainms 10 to 13 sprayed onto the
surface of the 15 artile —u8. A product according to claim116 or claim17,
wherein the arti8ke c@aml-lasesndlmbm‘efycmrgt remear cashestos pmadenials
according to claim 18,dJdd Wixdg.conprising a phenolic glass |amnate

sandwi ched bet ween the honelyconb structure and t@ g roduct
4. Electronic motors, commutators, :Lnsulators

5. Cabin and cargo holds for aircraft.

20 6. Ceilings, walls and internal panels of trains.

7. Heat shields on high performance aircraft i.e.
leading edges of wings, noses, and cones.

8. Protection from solar or other radiant heating.

) Teats have shown that the heat insulating product

25 according to the invention has a number of important
properties: .

1. Thermal properties, the product can withstand

heat up to temperature of 1000°C.
2. Resists fire without burning.

30 3. Low heat conductivity which is density
dependent.
4. I'nsulating electrical properties better than
24kV/mm.
5. Permeability to microwaves.
35 6. Good resistance to arcing and arc erosion.

7. Vermiculite is inert to most chemicals. . --— "~ \.
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example of a product incorporated onto a honeycomb

is5 structure;
Figure 2 illustrates the results of a fire test on the

structure shown in Figure 1;
Figure 3 is a photograph of another example of the

product; and,
20 Figure 4 illustrates graphically the relationship
between flexural strength and density for a sample having
a thickness of 25mm, a span length of 120mm and a loading
rate of 2mm/min.
O Figure 1 illustrates a honeycomb core 1 made, for
25 example, of aluminium in a conventional manner. This core
is sandwiched between a pair of phenolic skins 2,3 which
are adhered to the core 1. As explained previously, this
sandwich structure does not have significant fire
regsistance and so to improve its fire resistance, a
30 vermiculite heat insulating layer 4 is provided on the
phenolic skin 2. This was achieved in the following
manner.
A conventional two part ceramic adhesive Al/CS was
selected and 120 grams of the adhesive part (that is a
35 blend of sodium silicate) was mixed with 2 grams of
powdered vermiculite and 26 grams of vérmiculite granules.
The powdered vermiculite tock the place of the conventional
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)10%, & ()-1 )10%& (éx;ibsed surface of the phenolic skin 2 was

degreased, this skin having dimensions of 150mm x 150mm x

12mm. 70 grams of an adhesive (Fortafix Al/CS) /powdered
10 vermiculite was applied onto the clean surface of the

(~_ phenolic skin or board 2 and the board was placed in a
».} bonding jig with the adhesive surface face up.
The mixture of vermiculite granules and adhesive was
applied onto the precoated surface of the phenolic skin 2
15 to a thickness of about 8mm. A thin layer of powdered
vermiculite was then evenly spread over the exposed surface
of this previously coated mixture and the resultant product
was clamped over its entire area using a steel caul plate
with release paper. The structure was then placed in a
20 preheated oven for one hour at 60°C to bind the vermiculite
granules into the layer 4 and adhere that layer to the
phenolic skin 2. In some cases, further improved
properties can be obtained by using higher temperatures.
O It should be understood that the provision of a thin
25 layer of powdered vermiculite over the surface of the layer
4 is optional as is the use of powdered vermiculite in the
earlier mixing process. It was found that the replacement
of the powder filler or its omission from the binder
provided a significant weight saving without adversely
30 effecting the performance as well as providing a cost
saving.

The performance of the structure shown in Figure 1 was
assessed by placing thermocouples onto the structure at the
positions shown in Figure 1. A series 1 thermocouple 10

35 was placed on the surface of the phenolic skin 3, and a
series 2 thermocouple 11 was placed between the phenolic
skin 2 and the layer 4; and series 3 thermocouple was
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Placed on the uncoated, external surface of the layer 4.
As can be sgseen from Figure 2, the fire test showed that
when a flame at 1000°C was placed on the exposed surface of
the layer 4, the series 1 thermocouple indicated that the

5 temperature on the opposite surface of the structure did
not exceed 130°C for 15 minutes. The series 2 thermocouple
indicates that the temperature between the layer 4 and the
phenolic skin 2 did not exceed 220°C.

In view of the significant reduction in heat across

10 the layer 4, conventional adhesives can be used to adhere

(w} that structure to the support surface.

Figure 3 illustrates another form of the product which

has a substantially rigid structure and is self-supporting.
This can be used as the core between load bearing boards or

15 plates, for example made of vermiculite (not shown). As
can be seen in Figure 3, the product has substantial size
and the granules are clearly visible, having a maximum
dimension up to 15mm. The product can be handled in a
similar way to wood as previously mentioned. This product

20 has been formed by a moulding process and it will be clear
that more complex shapes could also be achieved using
appropriate moulds. This indicates the versatility of the
invention.

(;) The preferred method to produce a core material

25 involves two stages.

The first stage requires vermiculite granules and a
ceramic binder (in this example a blend of sodium silicate)
to be mixed in a minimum ratio of 1:0.5 by weight of
vermiculite to binder. This is then cured at a maximum of

30 120°C for a minimum of ¥ hour. This produces a precocated
vermiculite for use in stage two.

Stage 2 requires precoated vermiculite from stage 1 to
be coated with a ceramic binder in a minimum ratio of 1:0.5
by weight of precoated vermiculite to binder. This is then

35 cured (usually in a mould) at a maximum temperature of
100°C for a minimum of ¥ hour, with the application of

pressure.
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This product is appropriate for use with or without
adhered skins.
We have made some investigations into the variation of
mechanical performance with density of samples of the
S product and the results are illustrated in Figure 4. BAs
can be seen, acceptable flexural strength is achieved at
relatively low densities.
We have also performed a set of flexural tests on
samples of the product, both with and without aluminium
10 skins. These tests were performed on samples of 250Kg/m’
density, 15mm thick, in accordance with the standard ASTM
<! C-393, although a span length of 120mm was used.
Samples were tested with no skins, and with 1.5mm
thick aluminium alloy skins. The results are presented

15 below:
Average Flexural Strength (Mpa)
Without skins 0.31
With aluminium skins
(1L.5mm thick) 5.93
20 We have also investigated the thermal conductivity of
the product. This was done using a thermal imaging

technique. The value obtained for a 250Kg/m’ density panel
was 0.06W/m/K.
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