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Li ght wei ght, rigid, honogenous, closed-cell expanded polyneric insulation
material s such as expanded or extruded potystyrene foans, rigid

pol yur et hane foam 15 polyi socyanurate foam and pol yet hyl ene foam are

i nexpensi ve and have bkeRiusecReaidbhyptasinsniatbonoataeriabny forns, such as
noul di ngs, boards, etc. However, polyneric materials that are 20

t hernopl astic have a | ow nelting point (for exanple, polystyrene foam and
nearly all FRGkEEIEG@Tetihg InvpRtear | ow deconposition point conpared to

inorganic nmaterials. Therefore, expanded polyneric insulation materials
are general |y, unabl o resist afire for 25 long, i.e. half an hour or

nor e, aséthg}%ﬁc‘eﬁéﬁ IF*H T h and so fail early in a fire. Open-cell
and fl exi bl e expanded polyneric insulation materials have al so been used

as insulation 30 nmatehj.al ddi £ L.on. | t far
resi stance of cl qsed-?reﬂiel é%%én%déngé%%ﬁqgi'égdggjéé?%sedEga%%\qg,ﬂsgl\ggrﬁlge | and
flexible fodatemiadi-als lack rigidity. The lack of rigidity limts the use

of these nmeterials in structural applications. 35 A known use of polyneric

insulation materials (for e>§(amrr’ril e, pol yuret hane and pol yi socyanurate
foans) WO oNCEARSIsET/SFH TFIFFE 2

Lightweight, rigid, homogenous, closed-cell
expanded polymeric insulation materials such as expanded
or extruded polystyrene foams, rigid polyurethane £foam,

15 polyisocyanurate foam and polyethylene foam are
inexpensive and have been used widely as insulation in

many forms, such as mouldings, boards, etc.

However, polymeric materials that are

20 thermoplastic have a low melting point (for example,
polystyrene foam) and nearly all polymeric materials
héve a low decomposition point compared to inorganic
materials. Therefore, expanded polymeric insulation
materials are generally unable to resgist a £fire for

25 long, i.e. half an hour or more, as they would melt and

burn and so fail early in a fire.

Open-cell and flexible expanded polymeric
insulation materials have also been used as insulation
30 materials. In addition to having the same low fire
resistance of closed-cell foamed materials described
above, open-cell and flexible foam materials 1lack
rigidity. The lack of rigidity limits the use of these
materials in structural applications.
35
A known use of polymeric insulation materials

(for example, polyurethane and polyisocyanurate £foams)



Is to cast and foamthe materials between thin facings to make
stressed-skin or sandwi ch panels. A known use of polyneric insulation

mat er i al swphatiozsne not adapted for in-situ foam ng (for exargsozpoiexpanded
pol ystyrene or 5 extruded pol ystyrene fo?ms) is to lamnate the materials
to one or nore thin facings to make sififar stressed- skin sandw ch panels.
Due to their thin or |ightweight conponents, sandw ch panels are al so
light but have vergaski gindt feamt Fheuanateninl ssthetween s khinc dfd¢ipgat i on

and 10 can he U@k t HrLXt £84- JC{HSS! é&ﬁ@w§eﬁn§aﬁfa1§0”ha’k‘iilova‘ﬂ)r@se Vidh Tew
or no internedj ate sup nel s are popul arly used as wal | s,

ort Sandw ch
cl addi ngs, Weﬁ:'tfhsfn%‘éf?Fﬁ‘@’é Eﬁ&ef"&&&§ B3R nBet BAeRtachoiR t hei r
surface fl ang-spriaad foaming f 0EbpWsekd@il éﬁphhﬂeﬂetpblirﬁﬁyjagnaatcﬁfl al ,

sandwi ch-pa e fire f l.on s, de endent
on the f?re@%%l?dsetedam%# en%:o?cégﬂ%ﬁ ul-at ?8 Ramtlél %gl %%Enﬁ%%er i
application tsf poeymar imofeasibdn ofac@gsmter imdlss edpithazl Isg,tuﬁssaaq)-anded
pol ystyrene 108N saidwide BehbdkNy sty ytlllélflstHF’['il ded 0 qliﬂ'ft -

el ements (also known as insu]ating concrete fornmwa that are
pl ace after TRy tHRPSHHER (RREPLR B3F<a2lsal F-lehtoi’h‘ér hayid dreny

conponent ashiagh i stdmfilOndhayes. tBe seresaklyskhiar I@o‘ﬂf&@n@a‘t&%ﬁ Sarffefine a
cavity %II msbde a b k of foam or between two bl ocks gaﬁnm secur ed

by tie TechanisnE actoss the SRvFEy. 3HESTavPtPes ShaPdi I°I t Pbncret e
at i1 nterval snagre, nw1the|frevenbrretoy :Lftherinadm’gef (mmpmaitarl al damdvhierh 30

finished W a1 %I I g nB%gEELQEl n spgel form or, i, to ﬁ]ﬂ‘f#%gfé aster

finish. This pro tter |re resi stance

faci ng mat erﬂadqtslw I‘I'(ﬁf%é\ﬂé?gs i fang f igeofscc@fs dvd lelimgss t he Bwsgul ati on

core, thereammgigh héhdite S@FEadONSEAUENEESeRE 08 hg3ToTRblkNG AR JHr ni ng
as mantigneq:hae ?r\lletal facing material, sandwich panels are unable to
resist a fire for long, as this is dependent on the fire

resistance of the core insulation material.

Another application of polymeric insulation

20 materials, especially of expanded polystyrene foam, in
the building industry is as moulded form-work elements
(also known as insulating concrete formwalls) that are
left in place after completing the construction of a
wall or other building component as an insulation layer.

25 Generally, form-work elements define a cavity wall
inside a block of foam or between two blocks of foam
secured by tie mechanisms across the cavity. The
cavities are filled with concrete at intervals or in
their entirety. The facing foam material is then

30 finished with a building material in sheet form or by a
lath and plaster finish. This product has a better fire
resistance due to the thicker facing materials used.
However, if a £fire occurs and enters the insulation
core, there would be the same consequences of foam

35 melting and burning as mentioned above.



WO 03/ 102319 PCT/ S&2/00109 3 In situations in which the lowfire

resi stance of polyneric foaminsulation materials cannot be accepted,

I nor gani cwoaBaei3ad s that are i nconbustible are used inst@au/seo2/bd1e%e
materials. Materials such as 5 calciumsijlicate, foaned gl ass and m neral
rock fibre slabs are able to resist a“ffré for a considerable | engt h of
tinme, e.g. 1 to 4 hours. However, these inconbustible materials usually 10
are not as good insul %Tbr%lta-haﬁ)’m%e*mcwhbahsthﬁdla?ve fieanesifdrammeanyl e,

the density of fgammbass | SEoakd6kghaBiandon’ Mdtdla Mckcéhi%e | $80 to
170kg/ n8  wher eas ‘_é%vl yperic foans can,be as_|light as 16 . _ These
i nconbust i bIFFGRREGT al BFLHA2ERRieher EhEeats &PF’PF'@’IH‘ISttJ-P&enaﬁﬁﬁ e for

constructi oruﬁd:l Hanstelad bef stippsé edndtesiad. | em&hériémé x| &as 2. 4M)
and, if gus ve 1o be.in.shaort_spans_or used

struct ur 2l suppor S a?ﬂfzggg i n {%arlﬁl/% s S1FRE: % mlﬁeﬁﬁ'ﬂ\/\e %ff Fivre

i nconbustl blsd gk eing sabileh ok Wisths@ atfiior, foke 4 mcevgslnam;abillso

known as "gliasgaplos timd, tdigpe materd alsydo, not have the strength and
shear resistance for load bearing such as in a stressed-skin panel.

Panel s with honeyconmb cores are |ightweight but do not insulate well and

are not fi re resi stanuiou%e&{thmugé*etbﬁ&oﬁ@ugaibﬁédmaeeelauéedsﬁﬂilyf t hey
are nad

| cQ usti bl e t.eri facin and ne aI
honeycorf;% cSYE Jécgpma 350793 a%ﬂ Hgﬁligfﬁngaﬁra?@?”é}%lﬁr &Soaé?f d*Pfi &% to
handl e duri gpavyst al | é‘pnroneaampﬂral, nt Ehancéenai?ty heyt arfodmi i thJaessanc[sbr eak
off in smal I13Q;| woﬁrfsa&qd %@Sﬁlﬂg§glc% [AMely f@%o‘ n ghe_l_.}:@ggﬁgs‘ short

fibre mneral cause itchiness Aera ed concretée bl ave
densiti es f“YAERF polymeric foams can be as light as 16 kg/m’.

These incombustible materials are heavy and therefore
15 difficult to handle for construction and have to be
supplied in short lengths (for example, 2.4m) and, if
used im a panel, have to be in short spans or used with
structural supports at close intervals. There are
lightweight incombustible materials with good
20 insulation, like fibreglass, also known as “glasswool”,
but these materials do not have the strength and shear
resistance for load bearing such as in a stressed-skin
panel. Panels with honeycomb cores are lightweight but
do mnot insulate well and are not fire resistant,
25 although they do not add to a fire load if they are made
of incombustible materials, e.g. metal facings and metal

honeycomb core.

Some inorganic insulating materials are

30 difficult to handle during installation and maintenance
as they are brittle and break off in small pieces and
cause dust contamination and, in the case of short fibre

mineral wools, cause itchiness.

35 Aerated concrete blocks have densities from 600

to 850 kg/m3. These blocks are suitable for conventional



to 850 kg/ nB8. These bl ocks are suitable for conventional W 03/102319

PCT/ S&2/ 00109 4 walls but are too heavy for use as the core of a light-
wei ght stwelgaa3ski n panel. In the 1970s BASF introduced 8CyrseoonoiBet on, 5
pol ystyrene foam pellets enbedded in a matrix of cenent. This material is
highly fire resistant due to the presente of the cement matrix. The
product can be poured in-situ as a flooring material. However, it has a
hi gh densi t ywadflst lmitorabee 860 hea®®O flog/ nEearme: lithe heord or€ ks Limgdli-t abl e

for 1ightweighty st rﬁ%%%'e%('iékirp?@ee}ael n the 1960s BASF introduced BASF HT

foam polystyrene foam pellets dinamtrix of 15 siliceous
I norgani ¢ binder, that formed a very hard material. This material has good

L ire resistance. _Hovmlertmﬁe 1bi7@@dd§n§ft>in@froa%eu? SOPKEH B mlﬂzo cﬁilngée a
eavy stressed-skin panel that eds re.structural  support. n

pat ent 5":{’ 51@’,%9’?%6’%;@%@&&%“ d‘?%?%i%‘i ati ?emF‘EEFLgt 2t 5B tyr ene
board nmade IThisapplatergad fiire teigldiyantf icenpasistiistvandnt duehe tour ftdee of
expanded or _ext d |y re m ds and [ ti t body
of these bof%sgew%%h gg_sogﬁﬁmg%%ggat?%%l 'hyc!rlgﬁgd %%%@%g m X ulri|) ge Vi a
recesses i nPaured ooty apoagFlopringnmaterdmlat t cipvevero il fwerse the

fire resistant LaYMPOYehkeRYDY cEaRROf ordBtt idWh 20Nt 00 t Kgynf¥Ot RRSSi bl e
to uniformy coat_ 30 every section_of the body of the insulation nateri al
since the cdRsHRfGR vifl oWRSEAFBRYA tfl%rréde?é’sté%e% Fir& ssFesstiides.

Therefore, tamedeating is irregular and inconplete and has areas that are
| eft uncoated and
In the 1960s BASF introduced BASF HT foam,
polystyrene foam pellets embedded 1in a matrix of
15 siliceous inorganic binder, that formed a wvery hard
material. This material has good £fire resistance.
However the high density of 155 to 165kg/m’ would make a
heavy stressed-skin panel that needs more structural
support.
20
In US patent 5,516,552 Bontrager et. al.
disclose a fire resistant polystyrene board made by
applying a fire resistant composition onto the surface
of expanded or extruded polystyrene foam boards and
25 impregnating the body of these boards with a sodium
silicate and hydrated alumina mixture via recesses in
the Dboards. Although this invention attempted to
disperse the fire resistant composition by means of
wetting agents, it is not possible to uniformly coat
30 every section of the body of the insulation material
since the coating only flows through the recesses and
the interstices. Therefore, the coating is irregular and
incomplete and has areas that are left uncoated and
unprotected.
35
In 1998 the International Association of Cold

Storage Contractors (TACSC) , European Division,



unprotected. 35 In 1998 the International Association of Cold Storage
Contractors (I ACSC), European Division, WO 03/102319 PCT/S@2/00109 - 5
publ i shedwguidedsines for the construction of cold stores PagiSey2/moisul ating
panel s. Particul ar enphasis was given pﬁ the vulnerability of Iightweight
polyneric panels in a fire. The guidelines include suggestions to
conpensate 5 fqr, the shortcom ngs of |ightweight polyneric panels,

parti cul ar | PUHisdiest iBH-4 Brrmnter i Heet penstyestéen pifr @oflidghttenss
entering a lusingi nghdwldtphy pahils. Tf}%ﬂéﬁ%%ax“%&ﬁﬁﬂ%@i‘lé}%%w%% S was
ol yrer | ¢ pel L HEIRABAPEELEE GF ThBUMEE 12 UERPSLe nABPAET dRer s and
contractors adfdret.o0 Thes ¢widebihes piovtadpeshgganatonandot S¥ate

advant ages. ggns e antd al . tion pof t 15 guidelines deals
wi th deg}ggns of _?%?n{gsﬂ%%ﬁ%#p%értgtflofﬁ'lglﬂéﬁ?l tht_l’%cew?ﬁ@’f_? C.Pﬁé‘r? % to
prevent ear PRIEECMEFFAY ofnt heebakmidnm ite achirageThnge desi dnkvewr e@fnainly

n the directicen fabhcdd < eiticiaPd Huidiiny L0 RIGHANG (G SKins
separating and falling when the insulation"materials or the glue had been

destroyed by fire and applying intunescent sealant to retard the
penetration of fire arhthe usient soliet waen-cpaBakEibbewevganedlst hoygla t he

] el fer to.use by preventi t he, del am nat ed
ggﬁzrr ski gg@g rrsg%e? %?I'i ﬁ%&gn}q}%gg}léfﬁiémF%orﬁ%ﬁ%ﬂi ﬁg‘%itn Ehej 4se nofe  of
t hese neasuféghtwediehse tmlfmeewemmi@ otonhhénupdnel 8o 3belheof
gui del i nes WeperthRC-RUIEO MR <Rk s, C ALl A4, O0S Of aHﬁmﬁo%Céé‘a{ceéosrs due

contractors I nqustr .
to gts {ow cost, proven performance and technical

advantages. Consequently, a substantial portion of the
15 guidelines deals with designs of joints and supports of
lightweight polymeric panels to prevent early collapse

of the panels in a fire.

These designs were mainly in the direction of

20 securing panel skins to prevent the skins separating and
falling when the insulation materials or the glue had
been destroyed by fire and applying intumescent sealant

to retard the penetration of fire at the joints between
panels. However, although the measures made the panels

25 safer to use by preventing the delaminated ranel skins
from falling and the joints from opening in a fire, none

of these measures increase the fire resistance of the

panels.

30 The guidelines were the outcome of
contributions of manufacturers, contractors, industry
users and fire authorities and therefore represent the

practical state of the art at that time.

35 In subsequent reviews by the IACSC in 2000 and
2001 and in additional publications by the IFPO and the

British Home& Office it can be seen that, while fire



users and fire authorities and therefore represent the practical state of
the art at that tinme. 35 I n subsequent reviews by the I ACSC in 2000 and
2001 and wp oadai3t¢ onal publications by the | FPO and the BCirtsSGstvoHome
Ofice it can be seen that, while fire V%) 03/102319 PCT/ S@2/00109 6
fighters appreciated and approved the added safety neasures, insurers were

not satisfied th the poor fire_ resistance of panels nade with polyneric
i nsul ati on ﬁﬁ\lil‘né‘ﬁrﬁl s, 2BRr et 3Rt gs2di ngPpresed mthei alkddsss e smfigdual | y

badl y danagméalsrmrfesr e&.néﬂréﬁéiecﬁef@ 6 €SSat Deri Qi W thi el %%rdemgé bed
such bU|Id|Q% | di fire", and .not bui.l di ngs fire The

iJ
i nsurers pre%se aflr t % u?@rbefrlspaﬁad?w nESITSE Jtf’lcﬁ"r“:'é'sat1‘?‘\1dustry
user s, manufracermiads anhasortuidbdings howeimy 1Bhweée dllaS:leﬂ:G.LallQedwteQ-e’:ldOpt

that neasurg.gug 1o BRELP aBabgeaosh, S AANC! i L JieoRbUSLLELE gad heavy

cores and techni Cal nown to be assomate Shi t ROt REF
Techni cal pPERP&ENS %ﬁEPEBESbydWr%#e%xéwﬂﬁe bukldisgse a®i @tuurldldl@rmge

shoul d the \»aaomumrraﬁa abta ﬂ:ﬁm&@s whih gl ognale fibigel fiﬁ%h%%'r%“ be
breached and the e %Bdarra omfqot traffic when it is used as a

ceiling. A PREGFR% F el By theingempusiablpe goriegal | y
applied to Théusthg s'ueeage mdnafagztui-dstes e | Q{Bhta:rﬁtf&lbﬂ hywaRekd cabl e

[ th [ ul Is are us Intai,n_a
Lenper atreang Auntatishd B! M0 BRRE Ao 20887 F0e | BoTHHS, Bifinds
cl addi ngs, g&Fti tCP%n?an@élSI |‘ﬁgthndmcoub5tstgble2&ridichelawgs cdies gandel i nes

of the | ACSEe£86988/1SeptEB1eREODkENF, 2%30CHat eds Wb LN, L0 YsgiPf tpg'lwer'c
i nsul ati on rrat eri aI s im panel s. However, the tone and contex
us ical problems include by way of example

extensive moisture damage should the vapour barrier of a
15 panel with mineral fibre insulation be breached and the
ease of damage from foot traffic when it is used as a

ceiling.

Although the problems enumerated by the IACSC

20 specifically applied to the cold storage industry, the
problems are equally applicable in other situations
where insulating panels are wused to maintain a
temperature and humidity 2zone, for example, in clean
rooms, wall claddings, partitions, ceiling and roofs for

25 factories.

The guidelines of the IACSC recognise the
problems associated with the use of polymeric insulation
materials in panels. However, the tone and context of

30 the follow-up reviews and other independent publications
by fire authorities highlight an urgent need to find
solutions to these problems if polymeric insulation

materials are to be continued to be used in panels.

35



30 the followup reviews and ot her independent publications by fire

aut horities highlight an urgent need to find solutions to these problens
i f pol ynewD®3itoswd ati on materials are to be continued t oPO#/SGS20010N
panels. 35 WO 03/102319 PCT/ S@2/ 00109 ; Summary of the Invention
According to the present invention there’ is provided an insulation
material that includes (a) 5 particles of a conmbustible insulation
materi al codtEHRHE IPh ¥HY I et material and/or (b) an open cel | ed
foam of the conmbustible insulation material having internal surfaces

coated with the fire resjstant terial. 10 The term"particles"” is
Acﬁ(ﬂrlﬁ‘élgpegsetrsh.‘e TRESFEAE cFBESHE}OBe B9%RQulid shape

understood herein to 7i
or an 15 i preydlded shape. iReglhaloshapetgaritailc| eshanc| ideludysway a9f
exanpl e, 5 sphgriGal; andEod; | i arg ; Preferably a _nmj.or
di nensi on o?_t he parti 8Fesa. iésf,3 }L%H?%%_n %ﬁ%nfg%ég pretera ycf’ﬁgfa j or
di nensi on ofithe 2 JEk%e Fesiskanregsatemironmd/ o5 (b)i snpppear cedled

particul arl ¥oehat dhe ¢ Or codbiBESHDY OintheaPdbhi ChigSehea?- 130Win
Preferably t.h.% insulation_material includes 30 coated particles borded
t oget her by™% l?irﬁ‘&g'r nREEFRGPS  FPateabl Yithe BBSderfike er FePigtandast

subst anti al mptlerlilad .t he i nterstices between coated particles.
10
The term “particles” is understood herein to

include pellets.

The particles may be a regular shape or an

15 irregular shape.

Regular shape particles include, by way of

example, spherical and rod-like shape particles.

20 Preferably a major dimension of the particles

is less than 25mm.

More preferably the major dimension of the
particles is less than 20mm.
25
It is preferred particularly that the major

dimension of the particles be 2-15mm.

Preferably the insulation material includes

30 coated particles bonded together by a binder material.

Preferably the ©binder material at least
substantially fills the interstices between coated
particles.

35

The ©binder material may be the coating
material.



35 The binder material nay be the coating material. WO 03/102319

PCT/ S&2/ 00109 8 Preferably the particles are at |east substantially
encapsul awedshg23the fire resistant material. 5 Preferabl yCrlseoparing cl es
also include a fire retardant material._The conbustible insulation
material may be any 10 suitable mat er T af. = For exanpl e, the conbustible
insulation nmaterial nay be a suitable polyneric material. 15 Preferably
the particles of conbustible insulation naterial are pre-foaned pell ets of

a polymeric material prafdr=a3yP0! ¥y e A dd reaxr et ardant ,qrade.

The particl es rrgzy a\a&o@)e obt ai ned by way of exanple by gri ndi ng &nd
recycling fSrsd Bt %, SheRPsyd Gémadbﬁol vERe i ¢ Hrkrluctresifsdrandxanpl e,
expanded polatstryiradne f oam from bui | di ng boards, recovered panel s,

packagi ng, foam containers, extruded polystyrene foam 25 pol yurethane

foam phenolic foam etc. Many other materials can al so be used as the
source of the particl @& eferabldi ngheapardliclerserabts iacqudeork dgiaml es,

wood chi ps, rdelte@duKmatedG.a130 Preferably the coating of the fire
resistant material is applied to the particles at a thickness
corresponding to the degree of fire resistance that is desired. 35

The combustible insulation material may be any

10 suitable material.

For example, the combustible insulation

material may be a suitable polymeric material.

15 Preferably the particles of combustible
insulation material are pre-foamed pellets of a
polymeric material, such as polystyrene of a fire

retardant grade.

20 The particles may also be obtained by way of
example by grinding and recycling formed products, such
as foamed polymeric products, for example, expanded
polystyrene foam from building boards, recovered panels,
packaging, foam containers, extruded polystyrene £foam,

25 polyurethane foam, phenolic foam, etc.

Many other materials can also be used as the
source of the particles, including natural materials
e.g. cork granules, wood chips, rice husks, etc.

30

Preferably the coating of the fire resistant
material is applied to the particles at a thickness
corresponding to the degree of fire resistance that is
desired.

35



WO 03/102319 PCT/ S&2/00109 9 Preferably the conbustible insulation
material for the open cell foamis polyimde foamor nelamne foam 5 The
fire resiwoantiosonti ng material is preferably an intuneseemsGoub@n? al ,
such as FX-100, Albi Cote FRL, NoFire A-1s, or a mxture of fire resistant
materials. 10 By way of exanple, the fTr2 Tesistant coati ng material may

i nclude alumniumtrihydrate, a char pronoter (such as Chlorez and

Hol daresin), a car bonPr@dssablyudheasceliipesit Helgt insolitian aaiteérderior

(such as amwen the pApE0spat Boanf @go&%jﬁqﬁiééuggaﬁs d7 ! gﬁgin%), a
bi nder (sucI% as polyvinyl acetate and polyvinyl ester), an exflo AL ng
graphite, hyg'l’aﬁ't'ed al kali nmetal silicates (such as sodiumsilicate), a
silicate insolubiliser (such as sodiumfluorosilicate), and a surfactant.

20 Prefeyably the int sce oating. material _is . selected according to
the properties desire ,ﬁ%sucﬁiﬁé t:ﬂeegjfse?‘r%%? at [P BR%ct FRHETFRL st idFf ness

of the intBFesesaddy & ittamessenir anafenairat edswel i ag 2E-2BPANALBA.
General |y, @okawerri i iiophian AQIDEr BEULE mi SEEAL oS4 {8 qnd | guer
expansion pressure_is preferred. Accoroiﬁ ng to the presen I AVERtTOM there
is 30 al somB?‘SWL&&&'a met hod of manufacturing an insulation material that
I ncl udes coating particles of conbustible insulation naterial with a fire

resi st material . Pgreferably the meihod ncludes coating the 35
part i claigs so t hat theﬁgarwtaiyclalefs P EBT S e&bﬁ Fst 5t 12FFTE eARRFIBPat ed

with the fimategdpdt amay include aluminium trihydrate, a char
promoter (such as Chlorez and Holdaresin), a carbon
donor (such as dipentaerytritol), an acid donor (such as
ammon.ium polyphosphate) , a propellant (such as
15 melamine), a binder (such as polyvinyl acetate and
polyvinyl ester), an exfoliating graphite, hydrated
alkali metal silicates (such as sodium silicate), a
silicate insolubiliser (such as sodium fluorosilicate),

and a surfactant.

20

Preferably the intumescent coating material is
selected according to the properties desired, such as
the temperature of activation, stiffness of the
intumescence, and the pPressure generated during
25 expansion. Generally, a lower initiation temperature,
greater stiffness and lower expansion pressure is

preferred.

According to the present invention there is
30 also provided a method of manufacturing an insulation
material that includes coating particles of combustible

insulation material with a fire resistant material.

Preferably the method includes coating the
35 particles S0 that the particles are at least
substantially encapsulated with the fire resistant

material.



material . WO 03/102319 PCT/ SG02/00109 - 10 Preferably the particles also
include a fire retardant material. 5 The nethod may i nclude form ng
free-fl owog3/1bsese-fill aggl onerates of the coated parti eCesGo2/pred er abl y
the met hod includes formng free flow ng | oose fill agglonerates of the
coated particles 10 by m xing the coat particles with a binder materi al
that sets to hold the particles together. The nethod nmay al so incl ude

form ng panels or other shaped products fromthe coated particles that nmay

15 be used, for instanGRed At | €h89 fRNSIdINE | 9997 @1 Jud | di ng;
construction elenents. Pr ef,erayy t he "net hod inc?uﬁes l?%r rhmnag pa%rse or
ot her shapedSFARR s MRESHIE g the coated particles 20 with a binder
material. Preferably the binder material at |east substantially fills the

interstiges between cqated rticles in the products. 25 The hi nder

nat er i algmay be the coati nﬁ‘egﬁﬁfierﬁnﬁy. W%?‘é‘?gbl&wgnetfﬁcﬁfﬂ Widhss
coating 30 Ywestecfidsl cfgiommustitidd eofi nshd atdatredtartiaddledth the fire
resistant material by formng a coating of the fire resistant material on
the particles and thereafter curing the fire resistant material. 35
Preferably the curing Rr&fsarkdir eths matdwd hdncdudesceforniry atfinee-of the

conbust i bl e fesilnd | DEoNO 831102343 RELSAR/IP10Re todted W tid1es
partlcui@rl)éyl n_situatigns in which the

mixing the coated particles with a binder material
that sets to hold the particles together.

The method may also include forming panels or
other shaped products from the coated particles that may
15 be wused, for instance, in building construction or as

building construction elements.

Preferably the method includes forming panels
or other shaped products by mixing the coated particles

20 with a binder material.

Preferably the binder material at least
substantially f£ills the interstices between coated
pérticles in the products.

25
The binder material may be the coating

material.

Preferably the method includes coating

30 particles of combustible insulation material with the
fire resistant material by forming a coating of the fire
resistant material on the particles and thereafter

curing the fire resistant material.

35 Preferably the curing temperature is below the

service temperature of the combustible insulation



combusti bl e insulation material is a polymeric material. |In situations in
which the fire resistant 5 material includes an intunescent material,

pref er ablwo oshe3curing tenperature is bel ow the activati oRCTISeoperas ure of
the intumescent material. Typically, the _curing tenperature is 50-70C in
10 situations in which the conbustibl & idsul ation material is a pol ymeric
material and the fire resistant material includes an intunescent nmaterial.
The servi ce™t&Hierlat urkarpicwlarky r ednpolsibaraitd omst erdml swhieh80-+H00C.

The acti vat icombueaagal Wem 1ot e ifdad 245 ity %&%i%‘ri@%gée@&%ﬁr e

100- 260C. The activation tenperatures of particularly preferre

i ntumescent materials are 100-200C. The step of coating the particles with
the fire 20 resistanCnmakdtuatisast hah t R@igart takes fake atek@a%hnt

subst antd al sul, it fire resistant material in_effect
encases Ekéachbé|ci)::;t%rq'ﬁtq‘%f:% eklﬁ%igdﬁgr eQEr e SPRC T o SR EBFRT i 1 PERESHA ¥cl es
are made of the coRBEiRPbl etemperative materi delsoch ahea t hetdwplitdshi ¢ 25

material thaemPelrbture 3 ithe ibRenRRcaRTULALQ) qf the particles contains
and retards the release of the conbustible nelt and thereby reduces the

rate the fire develops and spreads. Further the cocoon retards the
rel ease of sooty and tremiealdphusheoBuling’ edupksatdPel fisa sloi_FQopetgr dant

mat eri al, hag . ncarpor.at into th rticles, the encapsulation of

t he pa?ltq cl %%Q(ﬁgt@éioh% tJhrfe) “é%%%lg Fgﬁeé:?é‘g’%#lﬁe”ﬁ‘i‘ Bt aPBERE ARt eri al

i s activat edsby ®@9lymremicl nabecbyl atderdhanchidderssbsbent ngaebiegh of the
fire ret ardgﬂglu&gSOSI ;{lgzglgng,gégg@géoom&efiaglz. Pref g abl ysFaQ%ice

i nsul ati on material includes

temperatures of preferred polymeric materials are 80-
300°c. The activation temperatures of preferred

15 intumescent materials are 100-260°C. The activation
temperatures of particularly preferred intumescent
materials are 100-200°C.

The step of coating the particles with the fire
20 resistant material so that the particles are at least
substantially encapsulated in the fire resistant
material in effect encases each particle in a fire
resistant cocoon. Even if the particles are made of a
combustible insulation material such as a thermoplastic
25 material that melts in a fire, the encapsulation of the
particles contains and retards the release of the
combustible melt and thereby reduces the rate the fire
develops and spreads. Further the cocoon retards the
release of sooty and toxic combustion by-products.
30
If a fire retardant material has been
incorporated into the particles, the encapsulation of
the particles retains the gases released when the fire
retardant material is activated by a fire and thereby

35 enhance the smothering effect of the fire retardant.



uniformdistribution of coated particles, whereby the insulation materi al
can resist a fire comng fromany direction. 5 Further, a uniform

di st ri butwor3aé2icoat ed particles allows the insul ati on neCe&rSGak/0a109 be
freely cut and reshaped after manufact ﬁre wi t hout reducing the degree of
fire protection. 10 The insulation mate ?al when used di rectly (as

aggl onerated particles) or indirectly (i.e. in a forned shape) can al so be
bonded to one or noreP&pdexabiyt Hike hpeulatienngeteriadn- im¢hhdéaciangs to

meke an insuhdtfioith 18ipepebutE¥aN df batRar thelescthosendilet e the

I nsul ati on ;paLeri al _are t(__:orrbu tible, the insulating panel nmade from the

i nsul ati on AACeriar“RoMAEFEVRL a C@Byrers it f Ar f1¥esFOMARGe framf eowd i n

t he origi nadireetdansed particles. Such a panel is a solution to the
concernss 20 of agencies such as the | ACSC that panels made from polyneric

i nsulation materials burn rapidly and make a significant contribution to a
fire. The nethod nmay FREEBEE, masuf astifidony tdiest2Boutnisad atoHn eekeedal from

particles hpuirkgcackandelGs @nkf eiﬁ@ﬁl&’@iéﬂckn%é:%ir&%ﬁ'.gge ot @QQFI‘I%%’ os

i ncl ude manuf ctur'n%fthe | nsyl ation materi a coating the par

with a 30 Fifgé hanet 2EbSF i Ag ifrckHESs a6 .thpvd eedectimay thacl ude

manuf act uri dggrhe oifnfilkat pebteatebhal with |ayers of different sized
particl,gs and/or different coating thicknesses, for 35 exanple, so that the
insulation and fire resistance properties of the insulation materi al
varies through its cFeesinguvilrbhon\WDaderie23 WheRCHHD2400HO0Ly (as

agglomerated particles) or indirectly (i.e. in a formed
shape) can also be bonded to one or more sides of thin
metal facings or non-metal facings to make an insulating
15 panel. Even if the particles chosen for the insulation
material are combustible, the insulating ranel made £from
the insulation material would have a degree of fire
resistance not found in the original, uncoated
particles. Such a panel is a solution to the concerns
20 of agencies such as the IACSC that panels made from
polymeric insulation materials burn rapidly and make a

significant contribution to a fire.

The method may include manufacturing the
25 insulation material from particles having a range of

different particle sizes.

The method may include manufacturing the
insulation material by coating the particles with a

30 range of different coating thicknesses.

The method may include manufacturing the
insulation material with layers of different sized
particles and/or different coating thicknesses, for

35 example, so that the insulation and fire resistance
properties of the insulation material varies through its

cross section.



- 13 For exanple, the insulation material may have smaller particles with
a thicker fire resistant coating |ocated near the surface of the material,
where a fwo@3b0an be expected to inpinge on it, and | argecTsaoeh@bes wth
a thinner coating located in the interigr. where nore insulation and | ess
fire protection is required. The abové- ddscri bed means nake it possible to
10 engineer or to optimse the use of materials to nake the insulation
material stronger near the surfaces and, if wused in a sandw ch panel, to

give it a greater |Oa@'oxC3é:Eéiﬁ;§‘.ﬂe capggi tlxasuh'ale%\eﬁhseinaé&el%gglﬁﬁ Uarld re
protection can lle engl neered or timsed by havi ng nore t e T r

resi st ant Jse%fWiLFl Bardtickey gire hEeﬁyﬁéaE’F [ﬂmtlle‘lgas
size, fire rlwaxte@ntnmt thg saittddendef , tHeSpRREiIREI whersUal aGes Where

afirei t Kk e.encounf ered. 2Q The od may i nclude

nmanuf act%rl %%t r#eé :é% e%g?gon et aR TS £ PBmiFar tarrgcf gaBQeEe\Pé‘rré“l"cd-lefo er ent
i nsul ati on Wditdy | al Shiginawbgorlidngr opecated dmd thet Ditediwri mduahxat i on
material camobe GeRLMAAIHiIeH ahaNawsd rﬁtren%r%t%%ttlg%hilsblr%ﬂlﬁr gn article

made of a honpbgenous 25 nmaterial. An exa suc 3ti'on materi al
is one in which conbustible insulation materials are conbined with

i nconbusti bl e i nsul at rhe rm;tcﬁfd-&ieescza)bé/éﬁ%n@éné)afnhk%mﬂf B388PhEe @pe such
30 ins t|%n rmterlal i,ncl udes anoterm)st a of I nconbusti bl e

i nsul atull on FAPAPTEF STcFaLRertiss Whe WRe ?F%rf%lﬁnﬁanﬁ‘ékﬁhé"hlel re
resi stance éfisufetippnsuhstewimnlmberbabert headegtke @furdicels camdpeiyari ed

oxanpl o {heeast ta bepaicnd B he s Bre | foni 8 B H1 edoPbhuar ds
the centre SRra¥ing capacity. L:Lkew:l.se, the degree of fire
protection can be engineered or optimised by having more
15 of the fire resistant material elements of the panels,
i.e. the type of particles, size, fire resistant coating
and binder, disposed near the surfaces where a fire is

most likely to be encountered.

20 The method may include manufacturing the
insulation material from particles of several different
insulation materials, whereby the properties and cost of
the insulation material can be controlled in ways that
are not possible with an article made of a homogenous

25 material. An example of such an insulation material is
one in which combustible insulation materials are

combined with incombustible insulation materials.

By way of particular example, one such
30 insulation material includes an outermost layer of an
incombustible insulation material such as perlite or
vermiculite to enhance the fire resistance of the
insulation material, the degree of which can be varied
by changing the thickness of the incombustible layer.
35
In another example, the cost can be reduced by

the use of lighter particles towards the centre of an



WO 03/ 102319 PCT/ S&2/00109 - 14 insulation material as at this point the
tensile and conpressive forces are less and do not require a strong

mat eri al .wb odnat3iner exanpl e of how cost can be | owered i sPCOls&os@onf
particles of recycled insulation materials. |In the prior art, recycled
materials cannhot be mxed into a fresh¥ gid pol yurethane foam m xture and
there is alimt to the anount of recycled material that can 10 be m xed
with fresh pgolgshatiaor mesemiatler fal atHowbier ,poimtt ltihe | hesatien,amd| of
the particl egpongne 16 y&C¥6LEEs hsUhalion Bt &l i abs. »IRG¢Qat) rials
for the particles and/or 15 ?he bindef nateﬁ%%ls thgtagﬁn% %hggﬁgﬁ#fcles

t oget her |ﬂﬂ?qﬁﬁk?%mter-proofing and/ or vapor-proofing properties so that
the insulation material has water and/or vapor resistance. It is known
that particles of comjustible insulation materials tend t ermt sone
transni s3ion of 20 want}l‘é’ro%ﬁ:ou?x - 4RbeRAFNFSIF 1 TP nReerlPdrrefayi il so
absorb wat erthd nusdi ©ffi rpantichest bE costyalpdmiasuibhsioandddea-ikinder
material conty i byke 49 LL£SiStd NYLY a | ngr +« s i.s

i mportant as 1 nsul at]f; oJﬁ mat ey'i arsgg%e?r E%J%%%léus%(?%?%tsi ?Jatnlllé{nesdthat
are 25 exposétFa o? ndrssly &ibilieRsavisntbanaatioan myixtere Easd tlwsre such

i nsul ati on Rt efi ahﬁ&/ﬁn@cﬁdﬁz@%ﬁbuﬁacbfig%eq}dleed %Qée:?féilLlstH&E E,falzl or
may not._ pe present ere i sture and water ingress w qui ckly
1$hegﬁlﬂﬁﬁ%ﬂiYﬁF$r%ﬁﬁgg E

dest r oy yPBIYEHEL R eFoamnmaterdadti offo™eveT30 neans
of substantiial |yhiml infgnhfosuchlivicst Whe apartieles taAfr 8eS.rebiRled

i nsul ation natenrial MY, 'it possible to include nmechanically weak
materials in a structura panel, for exanple, phenolic foam which have
good fire

. The coating materials for the particles and/or

15 the binder materials that bind the particles together
may have water-proofing and/or vapor-proofing properties

so that the insulation material has water and/or vapor
resistance. It is known that particles of combustible
insulation materials tend to permit some transmission of

20 water wvapour and, depending on the material, may also
absorb water. In this invention, the coating materials

and the binder material contribute to resisting vapor

and water ingress. This is important as insulation
materials are frequently used in situations that are

25 exposed to moisture condensation or water ingress. Even
when such insulation materials include metal facings,

the joint seals may fail or may not be present, whereby
moisture and water ingress will quickly destroy the
iqsulation pProperty of the panel. This invention is a

30 means of substantially nullifying such moisture and

water ingress.

The insulation material may make it possible to

include mechanically weak materials in a structural

35 panel, for example, phenolic foam, which have good fire
resistance but are unsuitable to be used as a structural

panel because the materials are friable and easily



resi stance but are unsuitable to be used as a structural panel because the
materials are friable and easily WO 03/102319 PCT/ SG2/00109 - 15

del am natwowbaee3mechani cal ly stressed. In this invention PSHSGOeER9
materials can be used in a panel if theé are reduced to particles and
encapsul ated. By this neans, the weakn Ss “of material is isolated and is

al so 5 substantially conpensated by the extensive matrix of
coat i ngs/ bi f§ePRiEhe Jrhan deeekriahlnngtnessedi cih thisedgventibsn
coating nat efichl wesult ohat8eibiBdeanWeeisda 1R @f Jdird nppl F‘Ma?”a terial
may i ncl udel):aid%rcec1 rei nforgerrgnt that inproves the mechanical propérties of
the insul at i on rater @l PAESHCELEmame ?ﬁ%‘bﬁ?%e fBYbr EBipr oeRss ,
stronger netheni cwlakstessngtdf meirddicall arly i Dsshgeedandngengiongiagd gl ass
or ceramgc 1 fl , h fjibres ar Kevlar fjbres, or, mneral
fibres ?nha%gggkgﬁlggﬁég‘&gt g%%g@%%%éﬁgcha%i cigkl1e SRS aAfRFd™hg oo t he
present i nvEREtdRIS Siaders 20hakspyrvideedchemtdod anfd mnruhaatgaing an

i nsul ati on sg@kagial. t hat includes coating an open celled foamof a
conbustible insulation material with a material that is fire resistant and
contributes to the rigidity of the insulation material. 25 Preferably the
met hod i ncl udes coat i Mpet beaopay maebtedlf aagyvit Bnehsihigee ﬁ&EE%&%@t

mat eri alg by gor mi a scoafding of the fire resistant material on_ the open
cel | ed foamogndnlt%%r eafjtqler 1catr}‘g'i°r?g t AR 4§RRRL osiT3¥Ynt 1RGIWRR er Aibre

Preferably Fﬁénéerp_ﬁgepéména& umpriosrelze| the triechaeted T eptepPetaésr e£0f t he
conbusti bl eth8sub&lshQRtion material. For example, polypropylene

fibres provide stronger mechanical strength,
particularly in shear and tension, and glass or ceramic

15 fibres, such as Nomex fibres or Kevlar fibres, or
mineral fibres enhance fire resistance and mechanical
strength.

According to the present invention there is
20 also provided a method of manufacturing an insulation
material that includes coating an open celled foam of a
combustible insulation material with a material that is
fire resistant and contributes to the rigidity of the
insulation material.
25
Preferably the method includes coating the open
celled foam with the fire resistant material by forming
a coating of the fire resistant material on the open
celled foam and thereafter curing the fire resistant
30 material.

Preferably the curing temperature is below the
service temperature of the combustible insulation
material, particularly in situations in which the

35 combustible insulation material is a polymeric material.



material, particularly in situations in which the 35 conbustible insulation
material is a polymeric material. WO 03/102319 PCT/S&2/00109 - 16 In

si tuati orwoioaiodsich the fire resistant material includespan/siGez/omescent
material, preferably the curing terrperiture i s below the activation
terrperature of the intumescent material % “Typically, the curing
tenperature is 50-70C_in situations in which the combustible insulation
material is a pol ymerdifc MdttdAtdrngnd ibhe whitcd r &diest fatrenatresii@tanitne| udes
an i ntunescenterdr i dhclTdesseani o hind SOR0E at:&br@e%l@‘l Pr b8 2@1;&?) yneric

material s arg 80- 300C  The activation tenperatures of erre
i nt unescent t%t erfars™dre ﬁﬁﬁpﬁﬁﬁé“r?he &t i RRIh tté‘t?per&t:ﬁﬁ-é@t@fon

articul ar | fFeppefrartugw iaft thhes datmesetetiti alateatiall00- 200C. 15 Preferably
Fhe met hpd ?;ncl udes coating the open celled foamby inpregnating the foam
with the fire resistant material. 20 The open celled foam may be readily

i npregnated by any sBYPibePdliet kbe. cByinay tefpexarplire, ishélep@ic del | ed
foam may besteadiciynis"PieoRAi el BheUddbiik i3l 1 90u1 & H6) nge§1al

di spersion of the fjre resistant, material and imersing, spra
poulrol ng, or ‘8t r?er%g@“%l%oﬂ?‘é‘éﬁ'ﬂb fRe leerfige V\F?‘P\l?ﬁ@n@p@ﬁtéglaéd f oam

thereafter derbudeg exasss imte@nésdedy Sﬁﬁ%ﬂg}. d_rl_ﬁl ﬁ'!h'égt hggr%l%gn' ng
actions,y an yi.na/.cur i t coatin i s od na
r epeat Zldo age%@%%lsr%eg%fso %E pg%fc trﬁe%gtﬁf’gmﬁécmgm? XThe open
cell foam sBPAFure mayhee actlvatlon temperatures of preferred

intumescent materials are 100-260°C. The activation
temperatures of particularly preferred intumescent
materials are 100-200°C.

15
Preferably the method includes coating the
open celled foam by impregnating the foam with the fire
resistant material.
20 The open celled foam may be readily impregnated

by any suitable method. By way of example, the open
celled foam may be readily impregnated by wusing a
solution, a gel, or a dispersion of the fire resistant
material and immersing, spraying, pouring, or otherwise
25 contacting the material with the open celled foam,
thereafter removing excess material by squeezing,
draining, or spinning actions, and thereafter
drying/curing the coating. This method may be repeated
as required to build up the thickness of the coating.
30
The open cell foam structure may be

manufactured by any suitable means.

Preferably the insulation material is suitable

35 for structural applications.



manuf actured by any suitable neans. Preferably the insulation material is
suitable 35 for structural applications. WO 03/102319 PCT/ S&2/00109 - 17
Pr ef er ablwotobaof3iy e resi stant material is selected so thaCTSlee2/mHnsul ati on
material has sufficient rigidity for structural applications. 5 Preferably
the fire resistant material is sodiurm silicate or an intumescent material .
The conbustible insulation material my be any suitable material. 10
Exanpl es of suitabl e Goffissabdive ithail afiom rnesbstaht | melteddaol ign de

foam and nelsyldwtdpags Therarple C.iﬁﬁuﬂﬁﬂérp%gtéPiQi(pﬁ%}s%ﬁ'é’ferﬂ% 15
t hat nel am ne f.0 is.a particularly suitable conbustible nsulatTon
mat eri al . Tﬁé‘%\ﬂa% FE% SRR RPriEainncant was a flexible

material with open cells. The foam structure 20 conprised a network of

i nt erconnected rods. I uch.a flexible material would not be

sui t abl gglf or struct u#%llé%laeﬁp ilg"at iq:c%lnes. e apﬁ?ﬂﬁﬁ‘fm\: rrpF‘@{;ﬁﬁt"@g‘ t He

mel am ne fo&9dizm \gitlicrdd wmn SNl iigdtueneswiantt ormtand/adr. | ntumescent fire
resi stant coating material. The inpregnated nelam ne foam had consi derably
inproved rigidity and _fire resistance. 30 According to the present
invention there is pre® FerPyshitdectingiakatinn vorterirl abayebdesanyi bed

i nsul ati on satieabdle nm¥trddDa0Q3/ 102319 PCT/ SG2/ 00109 - 18
10
Examples of suitable combustible insulation

materials include polyimide foam and melamine foam.

The applicant has found in experimental work
15 that melamine foam is a particularly suitable

combustible insulation material.

The melamine foam tested by the applicant was a

flexible material with open cells. The foam structure

20 comprised a network of intercomnected rods. Usually,
such a flexible material would not be suitable for

structural applications.

ﬂ The applicant impregnated the melamine foam
25 with sodium silicate solution and/or intumescent fire
resistant coating material. The impregnated melamine
foam had considerably improved rigidity and fire

resistance.

30 ) According to the present invention there is
provided a product that includes the above-described

insulation material.

35



Description of the Drawings Figs. 1 to 13 are side elevations of preferred
enbodi nents of insulation materials in accordance with 5 the present

i nvent i orwobaaaesipti on of the Preferred Enbodi nents Each @CTiSee2/pries erred
enbodi ments of the 10 insulation rrateris_@ illustrated in the figures
includes particles of a conbustible in ation material that are coated
wth a fire resistant material. The insulation nmaterial nmay be in the form
of 15 | oos@8999irtiqn qf e@‘?l%"ﬁ@}‘g%ggl onerates of coated particles and
a binder material. The insulation nmat erl al may aI so be shaped products of

the insul ation materl%j he_losha gﬂp gﬁg of regular or_irregular

shape, may be formed By SRy bftRxhipPESt FdAFt / eXBG\}@n&e?ér i&fgrnad cl es

and/ or aggl (ﬁqud:iemni(sa)ot:l g.:ﬂsu]ldujsm amesepnal entiadi sesbraindeprpitct 25
that inciudeg,£qat d binder material that are formon a

free-form baSIS an ag orrerate ‘of the coated particles and binder
material in the shape showmn in the figure. The aggl onerate can be cut,

shaped, driDdseaiand Gersy alHy franvdladd g someitd onal building 30

materials. (b) Figs. 2, 4 and 6 illustrate enbodinments in which the coated
particles and binder material are forned into products such as boards 5,
cylinders 7, 35 curved:ae[herrmﬂs the Ol pPaFe bt &@T m&&iﬁénﬁbapai 13!:heThe

productg, ca . nd, fi.xed eneral ly ed i ke
conventlonalrlnb NG rra% eria %[ WB#T@E ke ﬁc%r}ﬁaog%%{% "n‘%él

Figs. 3, 5 mtﬁquqmﬂf at e combugitibies iofsulprtdductmatdmatal nehade a'rex:ore 13
of coated pablbitd®%idtla fire resistant material.

The insulation material may be in the form of
15 loose-£fill, i.e. free flowing, agglomerates of coated

particles and a binder material.

The insulation material may also be shaped

products of the insulation material. The shaped

20 products, of regular or irregular shape, may be formed
by¢ way of example from the above-described particles

and/or agglomerates.

(a) Fig.l illustrates one embodiment of a product
25 that includes coated particles and binder material that

are form on a free-form basis an agglomerate 3 of the

coated particles and binder material in the shape shown

in the figure. The agglomerate can be cut, shaped,

drilled and generally handled like conventional building
30 materials.

(b) Figs. 2, 4 and 6 illustrate embodiments in
which the coated particles and binder material are
formed into products such as boards 5, cylinders 7,
35 curved elements 9, or any other profiled shapes 11. The
pfoducts can be cut, shaped, drilled and fixed and

generally handled like conventional building material.



bi nder material and a layer 15 of facing materials such 5 as sheet netal on
one or nore exposed surfaces of the core. These products, nanely
stressed-whiop/i31sandwi ch panel s for engi neering or consPCESGIRMINSe, nay
be manufactured by casting coated parti,cles and binder into a cavity

bet ween separated facing sheets that ar & ept 10 apart in a jig. The facing
sheets can be flat, curved or profiled steel, alumniumor stainless
steel, etc, or the facing sheets nay be non- metal faci ngs such as

fibreglass, (d)ber-rei figrsced3cenentad @al €1 vAxsihteatEnbodikendhe JH Nder
material is ofeact ¢ call 15 for-exanpl one- conponent

moi st ur e- curke Q’% yEIUre ‘gne t'E’t‘h[’ﬂaaaz %’5 drrerf pﬁ?gg?gt REK&irdem amsbse
products rrayblnﬂes:o heet eppiait agndr ed llayreadkﬂfsrlcng fhcinganhmgribaet sdch the
product ssshQ LRe&t Itetdl oR2NEIn8 O%prﬁg dvek o &he fJ:ai:C N9, S%?e:%%cﬁ?an be

metal, such as unpainted or 20 painte al vani stee um
stai nl ess stiHe .  efkesgr Pt‘]?éupéévngiaé‘rﬁ%ét sswwwnlmepal ﬂaardwigﬁl such
as fibregl agmndidersdrei 1§ 1q~géﬁ9{fgsntoror RO 1S | GRLEL, 5 (d)

t hat 1 ncl ude non- onD enous

Fig. 8 illustrat S an ment, o roduct s
cores formed¥Y £ iﬁf c?%ﬁ/’e"f% 9ated prrevated paft PéFé§rof1nG|°fferent
sizes and/ er m:;tybanwéen teepmraftaDnbasing| eheaskl allan apat @Jeb%' and
bi nder ., for 4 he;Layer Tenearer he surface n be filled
with particl ?g%;ﬁafh a%e9 émal I%%elan For9t ﬁé %F’t |°calnesb%aﬁlﬁg\’/ecé‘rvﬁdcker
coating of 9hRAREidad shaski alwriniwoaxey n@twawlﬂgs otheel, desicr, edr
properties. the t kgcgel trghggtghem ogls Mg, tnﬁet par e |Larger

c s %{Z na allaéca!cg'r%ssrt & o

and/ or have _t J_?; nn coat i ngs. se centr icles may be

all of one &iPFe9 lasé"l't eﬁwﬁ#'\raw e&eciﬂmﬁﬁfes%wvéﬁycwmgénlaﬂa/t@n Wi th
progr essi velepct.hi Mer InonddghatambaTisié hensseh a66S rehB VOB LR33L9

PCWEKIE%OO%%% example, one-component moisture-cured polyurethane,
or a 2-compomnent polyurethane foam. These products may
also be manufactured by adhering thin facing sheets to
the products shown in Figs. 2, 4 and 6 respectively.
The facing sheets can be metal, such as unpainted or

20 painted galvanized steel, aluminium or stainless steel,
etc, or the facing sheets may be non-metal facings such
as fibreglass, fiber-~reinforced cement or calcium

silicate, etc.

25 (4) Fig. 8 illustrates an embodiment of products
that include non-homogenous cores formed from series of
layers 17, 19 of coated particles of different sizes
and/or density and/or type of combustible insulation
material and binder. For example, the layers 17 nearer

30 the surfaces can be filled with particles that are
smaller and/or the particles can have a thicker coating
of intumescent material or a coating having other
desired properties. In the centre of the embodiment the
particles may be larger and/or have thinner coatings.

35 These centrally placed particles may be all of one size
or altermnatively may be progressively larger and/or with

progressively thinner coatings towards the surfaces. 1In



- 20 yet another possibility of this non-honpgenous enbodinment,

I nconbusti ble particles, such as, perlite or vermculite and/or with a
nore firewpesie3sant coating, for instance, can be pl acedPogrseat/hoivhe
surfaces, to 5 further enhance the regiétance to a fire. In yet another
possibility, hollow m crospheres of gla d or ceranic can be I ncor por at ed
in the binder material as a filler to reduce the interstices between
particulateggﬁujt?RHEHSr i PPBFELEhEEY nsuPhti ofbdFd amsm -themddenous

resi stance. emboHimerit anideibpossh iy Ipa:yt%@w@nda?&ﬁ agap@e&ﬁé&@r E’;f'r Iez r
whi ch mhen gse enperatures intu ce to ,forma

can be |ncorpora qlc;'ln t%ndz?ﬁd ?eFPﬁe 1?%r¥ﬁﬁ+sFﬁBFof€3Hﬁ§94re

resi stance. P (dhsFhgaee an| kst rplasedn ]mﬂmmenheofs@fmés tddhat

i ncl ude HoN-AQBASN QU L &Stﬁé)rggglééé)rga@ égrée?;%.rg E%y e} %170 2201
coated particles_of different sizes dens typ

conbust i bl e PoFsdPAtliidy rhﬁk%QQUm%ﬁﬁpﬁﬂhﬂkﬁsrmiegla$8aﬂa @nqamncn@mm.layers

21 20 of f?wengmw&ﬁpwﬁeéuq& a§rt1§h3%d€§|t %gaﬂm:tﬁlef ggt lfjé!r)regl%?ét o F| qure
surfaces of _the uc i ncl ude

8 product dé?@??ﬁedﬁﬁﬁ Eeg§§F83?a§%¥ﬁﬁfna&ﬁﬁquqi%ﬁﬁﬁtPBﬁ themedy
n1crospheresmp¢bwyzhhe(mnsumanmmn(xnut&ﬂsmCﬂMQOEﬁiedreaietaﬁcadhe&mwf 25
| ayer that ur 1.8 49,1 P; re resistance
at yt hesgéiboun arﬁ%ﬁﬁ%rg%ggn%rlggt&éx a% aqte gt aP ﬁa{ﬁ% {:)3r Pafltéfl@&n be

i ncor por at efbifto whRe mFResed I‘-‘aalehlghatt@m@r@’surﬂe fiatiumgssdeo tthe core
to inprove iBenf id ehegEi Badnae Al éél?Sﬁeb%eQ%b%%tehn 130 VEL g%@?g

possibility, thig arrangenent can also include stronger, earing
particles, [PBFe&EX&mpIte, uﬁFh€¥tFﬁ@@HVEOF9§tfﬂéﬁerﬁ§&ﬁya@@WEath t he faC|ngs
to resist conpressive buckling of the panels. 35 (f) In another

enbodi @t’ (gslere ma‘yF?.Suggn9 illustrates an embodiment of products

that include non-homogenous cores formed from a series
of layers 17, 19 of coated particles of different sizes
and or density and or type of combustible insulation
material and binder material and one or more layers 21
20 of facing materials such as sheet metal on one or more
exposed surfaces of the cores. The product may include
the features of the Figure 8 product described in sub-
paragraph (d) above. In addition, hollow microspheres
of glass or ceramic can be incorporated into an adhesive
25 layer that secures the facings to the core to improve
the fire resistance at these boundaries. Furthermore,
expandable graphite particles can be incorporated into
the adhesive layer that secures the facings to the core
to improve the fire resistance at these boundaries. In
30 yet another possibility, this arrangement can also
include stronger, .1oad bearing particles, for example,
of extruded polystyrene foam, beneath the facings to

resist compressive buckling of the panels.

35 (£) In another embodiment, there may be non-
combustible insulation materials. While these materials

do not need additional fire resistance provided by a



conbustible insulation materials. Wiile these materials do not need
additional fire resistance provided by a WO 03/102319 PCT/ SG02/ 00109 - 21
coating ovoas3fidxe resi stant material, the materials can pensGoz/odoom ot her
properties that can be provided by a cQ ting, such as, water-proofness or
vapour - proof ness. Being able to resist “condensati on and noi sture ingress,
5 preserves the insulati n% property of the particles. (g) Figs. 10 and 11

i |l ustrate &PFSdMEME 8f Tigeodirtistamdt materinl hether maskraabsarchror

panel that bemifide Brdmy6thdsd Pkopayeiss2InERote8hNE) pobviBEET byl 210 Of
heavi er mass, t an t he cos ted particles of _ inconbustible insulation
i

materi al an§“B r:hﬁ‘gr nBPER 415 t WEESFoPRPOEREFS| B r TPPYRH- RIS THSSHrct . The
product sh®sdnign dblrir eolremist hamdurtsertiay eand 2hoakthael Aggreisri al s.

The mat egi a? L soundqt hiyy |84, shast %ropeealq:ylS gl || egjrarq:un darrpener sheet

that acts a fransm Ssi on barrrer. fThe pre rsangerrent IS
for the heavy sheet to be located in the centre of the artlcle 20 (h)

Figs. 12 anqg}3 ill USWJ.@tSe enfpodigpint §10f ; 1RLQAUELS ”é?rﬁ:o@l?neh@st hed orm of

vacuum i nsul ati_on s that .i nclude_ outer skins 31 of thin gas barrier
mat eri al an?roﬁlhlé’lt 3378 1Bodthed FRIR i eFed @9RFd ‘3’2) Paredn thiFdn cel |
structure cdakcdtds tah Iayerrem sﬁ:arl‘ray&‘isrrmmr(xedt (Eh@wni3pf H&Qeﬂﬁ.@ﬁiuc'[ S

have rigid, poro fi reS| nt cgres whi ch all ows t.he rapid
evacuat J?é())n o? ai #gaizﬁgq‘l i g Sfei g %‘grl gi & par t5 carcteséor PRI 5% nfPdr ced
cel | networ kacgmbusidddiee dhsulpthonamahgriak vamllurh:p'rcwsumt\mrmmut

col ' apse. Thes30 #4:.QUSERePBY R rish 137nyo§u'ti'1§blp‘§:o%;."%%e.' ' @hga%%' ur - the

use of the above descrlbed cores 33 nmakes it possible to nman
shaped forn§,°§ﬁcﬁuhs figHEs fey also has outer layers 25 of fac1ng

materials. The material may be thin lead sheet or lead-
15 filled sound dampener sheet that acts as a sound
transmission barrier. The preferred arrangement is for
the heavy sheet to be located in the centre of the

article.

20 (h) Figs. 12 and 13 illustrate embodiments of
products that are in the form of wvacuum insulation
panels that include outer skins 31 of thin gas barrier
material and inner cores 33 of coated particles (Fig.
12) or an open cell structure coated with fire resistant

25 material (Fig. 13). The products have rigid, porous
and fire resistant cores which allows the rapid
evacuation of air. The light weight rigid particles or
rigid reinforced cell networks are capable of
withstanding the vacuum pressure without collapse. The

30 products may be in any suitable shape. In particular,
the use of the above-described cores 33 makes it
possible to manufacture shaped forms, such as container
assemblies, and then apply suitable outer skins to the
shaped cores 33.

35

Examples of use (or Preferred Methods of

Manufacture)



assenblies, and then apply suitable outer skins to the shaped cores 33. 35
Exanpl es of use (or Preferred Methods of Manufacture) WO 03/102319

PCT/ SQ02/W013A02319 22 Application and Uses for the PresentCrmsGonbiion | n one
met hod the particles are first coated ith a liquid fire-resistant
material. There are many 5 coating opti‘dhs, for exanple, stirring or
tunbling a mxture of the two, spraying the coating onto the particles,
sprayi ng t héRRIgGHgi Mt P4 iEsgrariq| tdie iBresent (fnvertiared, percol ati on,

i mersion, or by any other means that can coat the particles tlhoroEgth.
10 Follow ng this, the coated ticles are poured into_a single charge
noul d. I\/bregof t he co%r’r nﬁnenﬁ{)eg"ﬁ"log %ei F?tarrgc}ﬁ &8 1% i FErfhe 9%t i ces
and to bindvitthe eoadligupdr tiickeesedstaalt ahdesridhbe ﬁe&@a]ﬁ?ﬁgl bcldliﬂﬁ& ihs
set and dri ' n [, -Qf , ). anmpl.e, externa a i e eat
or diel egt ri%g)doerlr?gr a&' oq'fo r %ciu\ggéé?/ h‘ie}%f?%gg'orgﬁglrrg%ﬁtg pggsi%"bml%lﬁ‘g%gr? t he

m x. The nmofHEiwrenrEadere t FWve sPravitsr tdivar giantinche ombo i rithe it and
with sides thatticaede opeapihgorRl thakiRgOWls Call bEatpkele Ui, i 1S

al so envi saged , j.hat the_contents of the pould be partially conpressed by
one of the %ﬁgd’ééﬁﬁﬁﬂn ey BETCOdGEd e HHREEVSunBT 4T eyt gthey osed,
to induce ameeidsertlzontent dwedtadie dadieipfAlds dirsranfhiye reduce the voids
that arg,between 25 them |In another nethod, the coated particles are
dried be?ore they are charged into a nould. in this instance the sane

i ntumescent coating oFcdilfofvEmantthfiis,e the coated particles are poured

into a single charge mould. More of the coating

material is introduced to £ill the interstices and to
bind the coated particles to each other. The
15 coating/binder is set and dried in a number of ways, for
example, by externally applied heat or dielectric or
radio-frequency heating or hot air passing through the
mix. The mould is envisaged to have a 1lid for charging
the mix into it and with sides that can be opened s=so
20 that product can be taken out. It is also envisaged
that the contents of the mould be partially compressed
by one of the sides moving in to reduce the mould volume
after it is closed, to induce a better contact between
the particles and to reduce the voids that are between
25 them.

In another method, the coated particles are
dried before they are charged into a mould. In this
instance the same intumescent coating or different fire-

30 resistant material may be selected as the binder, for
example, to provide a greater stiffness or a greater
flexibility of the matrix as is desired. The binding
coating need not be an intumescent material, although
this is the preferred material. After this, the mix is

35 processed as described in the preceding paragraph.



30 resistant material may be selected as the binder, for exanple, to
provide a greater stiffness or a greater flexibility of the nmatrix as is
desired. Wbhe3hi2idé ng coating need not be an intunescent marsSGoabgioal t hough
this is the preferred material. After this, the mx is 35 processed as
described in the precedi ng paragraph. "WB303/ 102319 PCT/ S2/ 00109 - 23 In
anot her nethod, the coated particles are dried before they are charged
into a moul d. In thisInn3pahber angighgdy etthenecortpd| Waotiches ataere

foamabl e niarien | Beroddcedhépt addecrBrbdaasidi ld ehoad, bifderyy 5 These
materials are fornulated to react, foam and ol ymerize rapidly, to till
the interst i CEE3RAREHI fd PREYUBSFRRES a‘?’és.PC}zﬁWﬁRﬁYa&‘éﬂi%e foamedryei nder

materi al s ardec cionblstirddwced hentpar thel fSubdeapr a- €oatled bAda bigicat er

t hi ckness | er S forp the extra 10 conbustible material |oad
in the i?\t erI&glt%lr%es ‘{'%%%P%J?t géze%e Epcr’ng'%%:?é%‘.a | RPanbEREF mefh8E AR noul d
can have a Regnmewios tawidllond tmdfdlEobheéndobsrdischar gedebdnd IheFresh
material isgatdiQduchdal ABReFaY W %H%%Qt h@iﬂé@}biéd%fnt&rﬁ@é%ﬁlys

extruded fromthe opposite end, —pushed e pressure e 1 ncom ng
fresh materidde cAPUERLRy Ghfi RPGHECSsal are sereas@ateded ton &

nunbe(rj off\/\@y&aﬁem ExBEPhess byneXxdwidial ty %Bﬁbieﬁﬁalﬂéatfcﬁ.o ﬁl&eb)éxdjx%! eﬁtri c
or radipsfrequency .heating or. hy hot. air_passl t hrou e mx as the
materiaftr g@’ér[r% éles}se J'ri:fe'lhee I?%neg’i"r?q‘off?%q st E]IE3 i ﬁﬁggfﬁg?‘?ﬁg F/hﬁ)tz i fi%at i ons
may be nadebeo priekgutefdrred 25 enbodi ments of the present invention

descri bed above w thout departing fromthe spirit and scope of the

i nvention. WO 03/102319 PCT/ SG02/ 00109
In another method, the mould can have a

continuous feed end and a continuous discharge end.
15 Fresh material is introduced at one end and cured
material is continuously extruded from the opposite end,
pﬁshed by the pressure of the incoming fresh material.
The coating/ binding material is set and dried in a
number of ways, for example, by externally applied heat
20 or by dielectric or radio-frequency heating or by hot
air passing through the mix as the material traverses

the length of this moulding station.

Many modifications may be made to the preferred
25 embodiments of the present invention described above
without departing from the spirit and scope of the

invention.



- 24 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1. An insul ation
material that includes (a) particles of a conbustible insulation nmateri al

5 coat ed wDtob/1ee3i9 re resi stant material and/or (b) an opemrCESGozdiboam of
the conbustible insulation material having internal surfaces coated with
the fire resistant material. 10 2. The i4f%sdl ation material defined in claim
1 includes coated particles that are bonded together with a binder
material . 3.THFh&ED RBEIAING SFHE | INGENTEQN iARE |28 HOLLOWE wher ei n t he

bi nder material at |least substantially fills interstices between coated
particles. 4. The insylatipn npterial defined in claim3 20 wherein the

bi nder materi‘al is thléi‘ncoa’t"i"'?] ahkeRri Iptegiatne thak atrehudaseri @)
defined in any one of partdgleecest ng ebabustibrecinsthatpant s 25
at | eastgsubstantiall p ed by.the_fi.re resistant,material. 6. The
i nsul ation material d)é: %%gé isﬁigitrl\y%on%llé? rteﬁésg:la@%edf‘?\ e’é:f'gfrrf‘ &%in the
particles 30 include ®)fipe repen dasllest efaim Jf Tie i rowbatsitdb It eri al

defined in any one of inthe apfiegedinngeghah MpREIST 1 r&?ﬁti terial
for the particles and/or the hinder 35_rrat eri al fhat ‘{)é%n S tﬁglgfé?r il es
together have wat er - FPESEPNYi&Rd ke Fagsr rerdstans mateFdedi-es. WO

03/102319 PCT/ S@X2/00109 - 25 8. The insulation material defined in any

one of 10 2. The insulation material defined in eclaim 1
includes coated particles that are bonded

together with a binder material.

3. The insulation material defined in claim 2
15 wherein the binder material at least
substantially fills interstices between coated

particles.

4, The insulation material defined in claim 3

20 wherein the binder material is the coating
material.

5. The insulation material defined in any one of

the preceding claims wherein the particles are
25 at least substantially encapsulated by the

fire resistant material.

6. The insulation material defined in any one of
the preceding claims wherein the particles

30 include a fire retardant material.

7. The insulation material defined in any one of
the preceding claims wherein the coating
material for the particles and/or the binder

35 material that binds the particles together
have water-proofing and/or vapor-proofing

properties.



t he preceding clains wherein the coating material and/or the binder
material include 5 fibre reinforcenent that inproves the nechanica
properti e§0B/1023¢9 i nsul ation nmaterial. 9. The insul ati onPeats&o/adtogef i ned
in any one of 10 the preceding clains rein the conbustible insulation
mat eri al includes recycled insulation erial. 10. A nethod of

manuf acturing an insulation 15 material that includes coating particles of
conmbustible insulation material with a fire resistant material. 11. The

met hod defireed in claimhdOihselugesn md@ecoali Medibedardi ghes 3@ td@t the
particles are at Ieaﬁ: substant&ally eq;& sulated with the fire resistant
material . 12. The net hotf dePTRga%tR9cl &Y F6 orvRezsiR 11thes i9Rating

formng free-flow ng hedserifdl | andggronehat esindet henpost £l parddtles. 13.
The net hgd defined inghgign 10 | i ncl.udes formng free-flow ng
| oose-fill 30 agglonerates_ofrgﬁggégggé%%ﬁartﬁéfgé anﬁmﬁf?ﬁeﬁ bi ¥t

materi al that sets toPfShendsal pamuadextitesget lody . the Theinmtlwdiatef i ned

in claim10 or claim khtedfdincl udes form ng panels or other shaped
products fromthe coated particles. WO 03/102319 PCT/ S&2/00109 - 26 15.
The nethod defined in claim14 includes formng panels or other shaped
products by 9.m xi ng t Mhecoxismdlpaidn Chasevisd dcEindar idBiRyi 8he of

10 the preceding claims wherein the combustible
insulation material includes recycled

insulation material.

10. A method of manufacturing an insulation
15 material that includes coating particles of
combustible insulation material with a fire

resistant material.

11. The method defined in claim 10 includes
20 coating the particles so that the particles
are at least substantially encapsulated with

the fire resistant material.

12. The method defined in claim 10 or claim 11
25 includes

forming free-flowing loose-£fill

agglomerates of the coated particles.

13. The method defined in claim 10 or claim 11
includes forming free~flowing loose-£fill
30 agglomerates of the coated particles and with
a binder material that sets to hold the

prarticles together.

14. The method defined in claim 10 or claim 11
35 includes forming panels or other shaped

products from the coated particles.



5 16. The nethod defined in claim15 wherein the binder material at
I nterstices between coated particles in the products.
10 17. Thwormetbmsd defi ned in any one of clains 14 to 16 iPAEISGHIZ801DDr
panel s or other shaped products having uniformdistribution of co
whereby the insulation 15 mat®erial can resist a fire conin
ion. 18. The nethod defined in any one of clains 14 to 17

subst anti al

particles,
any direct

i ncl udes apﬁ#

ly fills

ot her shaped product stod®ing h@aiRiikododel bRy NsRBY@NE A a:ed Bl M,

17 i ncl udes manufactu

a range of
clainms 10 t

di fferent
o 19 incl

ring the insulation 25 material fromparticle
ﬂ%ﬁ%34ﬂe§%ﬁzxﬁﬁa§§§ B htifsu aettithed | pimden
mobgse miggluf acturing the insulation 30 material b

coating the particles with a range of different coating thicknesses.
The nmethod defined in any one of clainms 10 to 20 includes manufactur
the insul atild®r 35 nmat®ig amekbed | dgtiredf idi f cdmdm 35zewheeein cltdse and/ or

different coating thi Jerpesesmatarihat 4heriasyl aé'lh
WO 03/102319 PCT/ S&X2/,00109 . - 27 _properties of the rnsul at

varies through its c

i ncl udes
10

15

20

25

30

35

17.

18.

19.

20.

21.

108 A€ Lii%nrf?%lg
r&5Gh. belvethe ferhed dearwbeles dimi rhbml

products.

The method defined in any one of claims 14 to
16 includes forming panels or other shaped
products having a wuniform distribution of
coated particles, whereby the insulation
material can resist a fire coming from any

direction.

The method defined in any one of claims 14 to
17 includes applying metal facings or non-
metal facings to the panels or other shaped

products.

The method defined in any one of claims 10 to
17 includes manufacturing the insulation
material £from particles having a range of

different particle sizes.

The method defined in any omne of claims 10 to
19 includes manufacturing the insulation
material by coating the particles with a range

of different coating thicknesses.

The method defined in any one of claims 10 to
20 includes manufacturing the insulation
material with layers of different sized
particles and/or different coating thicknesses

so that the insulation and fire resistance

| east

m ng
at ed
g from

i ng net 8T achabBodr dedingd netmal ¢haimgsldo tivelpmdest s or

Oto
havi ng
ne of

y
21.

I ng
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S manufacturing the insulation material with smaller particles and a
thicker fire resistant coating |located near the surfaces of the material
and | argewopaneised es and a thinner coating located in thecirrsGeepans 10 23.
The nethod defined in claim?21 or claim 272 i ncludes formng the | ayers
with a binder material to hold the par12| cl'es together within a layer and
to hold the layers together. 15 24. The nmethod defined in claim23 includes
i ncor porating nicrospRARSHIRF asf drheedawud atdomerpatetyli maridwe
adhesi ve | ayer bindi nchAdigyH aid@erds® tdisgtll ation particles to 20
inprove the fire resistance at that boundary and/or (b) in the binder
material as a filler to reduce the interstices between particles and

t hereby i mpr2®we the i s atmehhcacﬂld ﬂbelnéi:lre imesislange. 225 2Ancidmdret hod

defined £n claim 24 her es hol | ow., 26. . The t hod
defi ned Fn any one ow}% al s Jlg::tn? 1%%‘[%;%%% HanlfEErdptng ¥

insulation materi al f%lﬁ?m%ﬂé@‘-ﬂ(ﬁs darid eaebhickasulfdtrieoressitstrars] s. 27.
The nethod defined in JaliAL0 1L UES nSor nagwéacgu;_,kgg heOEEnquhaet i on

material from conbustible insulation materials and 1 nconbustible
i nsul ation material s. "AOFIA02328 PepIsn2pertdgles 2gndog Ahﬁ@ﬂﬁm of

manuf act uri ng an i nsulcatatdmg located in the interior.
10

23, The method defined in c¢laim 21 or claim 22
includes forming the layers with a binder
material to hold the particles together within
a layer and to hold the layers together.

15

24. The method defined in claim 23 includes
incorporating microspheres of glass or ceramic
material (a) into the adhesive layer binding
the facings to the insulation particles to

20 improve the fire resistance at that boundary
and/or (b) in the binder material as a filler
to reduce the interstices between particles
and thereby improve the insulation and the
fire resistance.

25

25, The method defined in c¢laim 24 wherein the

microspheres are hollow.

26. The method defined in any omne of claims 10 to
30 25 includes manufacturing the insulation
material from particles of different

insulation materials.

27. The method defined in claim 26 includes
35 manufacturing the insulation material from
combustible insulation materials and

incombustible insulation materials.



material that includes coating an open celled foamof a conbustible
insulation material with 5 a material that is fire resistant and

contri butwe osoox3ie rigidity of the insulation naterial. 22T/SGozoeme? hod
defined in claim28 includes 10 coati n% the open celled foam by

i mpregnating the foamwith the fire re %t'an_t material . 30. The method
defined in claim?28 or claim29 wherein the insulation material is
suitable 15 for structural applications. 31. The nethod defined in any one

of i ntumsscent nat et al B0 ap Ok presMERGI PEes HRAtlaeh | 00
or an intunescent materia roduc at inclu
material defined in aﬁ?fa%?‘?él%'f Eﬁ%?rrﬁ'gf e§ coating an °Pen celled

foam of a combustible insulation material with
5 a material that is fire resistant and

contributes to the rigidity of the insulation

material.
29. The method defined in claim 28 includes
10 coating the open celled foam by impregnating

the foam with the fire resistant material.

30. The method defined in claim 28 or claim 29
wherein the insulation material is suitable

15 for structural applications.
31. - The method defined in any one of claims 28 to

30 wherein the fire resistant material is
sodium silicate or an intumescent material.
20
32. A product that includes the insulation

material defined in any one of claims 1 to 9.



