29 November 2006 -1 A FIRE RESISTANT INSULATION MATERIAL Background of the Invention 5
Field of the Invention The present invention relates to an insulation material. 10 Description of Prior
Art 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 insulat®$h INOWRIFREBrREOCRuch as
mouldings, boards, etc. However, polymeric materiats that are 20 thermoplastic have a low melting
point (for example, polystyrene foam) and nearly all polymeric materials have a low decomposition

point compared to inorganic mdaEdiREs. RS iSaraNgxpEnged poiyor riv AFERTIgN. materials are
generally unable to resist a fire for long, 25 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 insulatiFPSEFhAtEREILTh B8RS REYRR the same low fire resistance of closed-cell

foamed materials described above, open-cell and flexible foam materials lack rigidity. The lack of

rigidity limitgthe pgg R thasermeateHdis At shHctural applications. 35 29 November 2006 2 A known
use of polymeric insulation materials

The present invention relates to an insulation
material.

10 Description of Prior Art

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

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 have

a low decomposition point compared to iInorganic

materials. Therefore, expanded polymeric insulation

materials are generally unable to resist a fire for long,

25 1.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 lack
rigidity. The lack of rigidity limits the use of these
materials iIn structural applications.
35



(for example, polyurethane and polyisocyanurate foams) is to cast and foam the materials between
thin facings to make stressed-skin or sandwich panels. A known use of 5 polymeric insulation
materials that are not adapted for in-situ foaming (for example, expanded polystyrene or extruded
polystyrene foams) is to laminate the materials to one or more thin facings to make similar
stressed-skin sandwich panels. Due to their thin or lightweight 10 comporZéhtdodeeitigeh gaRSIs are
also light but have very high strength due to the stresséd=skin configuration and can be used to
extend across large spans of 30m and more, with few or no intermediate supports. Sandwich panels

are popularly used as walls, clad@ingrpatig®ns flomellingsais reasu¥buildmomatanitabsgh their

surface flame sp rati lows f i terial, | ae| upable to
resist a fire for long, a:ét%%n{léi ebeﬁﬁ%&eﬁ]ﬁeﬁ% %ﬁ@?ﬁ?&%ﬁi@%ﬂ%&ﬁmﬁéﬁﬁerﬁ 20
Another applicat®? ofpelnaRe inkefRiot NG alAtRr dgd&idrs Brespatdtt hohREHBES fdkfn, in the
building industrymsikie metiidesisednskank elemestendalsciingranad ssulatingnomeretesséormwalls) that

are 25 left i place, §RyEPI§ IR NSGAISIHSIY 7Ea Yt RrOtherduldipg sadppeantRsan
insulation layer. Generally, form-work elements define a cavity wall inside a plock of foam or between
two blocks of foat S8 d B9 ARHRcrEhRIns SRR KFe o HATHE LavhRDF LR Qfth

concrete at interex€oudechefrakisdlyrene fhoagsdarhsndieridias imatenidhel waktaradlisg
material in sheetdgriqs byra b angmiastaaldipiys ToiS MakucidRsid AptietiHegsssianeadue to
the thicker facingarﬂ%tﬁﬁigs usp%gr'le Qrever, Bl?eﬁretooccu{%ei r thin or lightweight
10 components, sandwich panels are also light but have very
high strength due to the stressed-skin configuration and
can be used to extend across large spans of 30m and more,
with few or no iIntermediate supports. Sandwich panels
are popularly used as walls, claddings, partitions,
15 ceirlings and roofs of buildings. Even though their
surface flame spread rating follows that of the metal
facing material, sandwich panels are unable to resist a
fire for 1long, as this 1is dependent on the fTire
resistance of the core insulation material.
20
Another application of polymeric insulation
materials, especially of expanded polystyrene foam, 1in
the building i1ndustry 1is as moulded form-work elements
(also known as 1insulating concrete formwalls) that are
25 left in place after completing the construction of a wall
or other building component as an 1insulation layer.
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
30 filled with concrete at intervals or iIn their entirety.
The facing foam material i1s then 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, 1f a fire occurs
35 and enters the insulation core, there would be the same



35 and enters the insulation core, there would be the same 29 November 2006 3 consequences of
foam melting and burning as mentioned above. In situations in which the low fire resistance 5 of
polymeric foam insulation materials cannot be accepted, inorganic materials that are incombustible
are used instead of these materials. Materials such as calcium silicate, foamed glass and mineral
rock fibre slabs are able to resist a fire for a considerable length 10 of tin#9 NQVEE hodH)6
However, these incombustible materials usually arené& as good insulators as polymeric foams and
are heavy. For example, the density of foam glass is 15 136kg/m3 and of mineral rock fibre is 80 to

170kg/m3 whereampelymsticdeanisFcafidgmasmightand6 kaiin3bThesadncambusshieimataiials are
heavy and there%g)\}%jﬁicult to handle for construction and have to be supplied in short lengths (for

example, 2.4m) and, if 20 used in a panel, have to be in short spans or used with structural supports
at close intervals. There are lightweight incombustible materials with good insulation, like fibreglass,
also known as "glasswool", butthesetuataoals domovhaeh thenstrehgth dna-ehaasesitiamne 25 for

load bearingssuches ing pjiresaSkitaane!: RAglY MibRoNeysBPICaIes aredighieighsbut do
not insulate well and are not fire resistant, altho%{?’h thier%d not add to_a fire |oad if. hf are made of
E L ncb é

incombustible nf&FREES y. HARNRANGs TRt BmB'Bre! s BRI Garf! fsulating
materials are ditfiseldto hastkaduriefinsthiesion asteraiabsance Materials such as

calcium silicate, foamed glass and mineral rock Tfibre
slabs are able to resist a fire for a considerable length
10 of time, e.g- 1 to 4 hours.

However, these i1ncombustible materials usually
are not as good insulators as polymeric foams and are
heavy. For example, the density of foam glass 1is

15 136kg/m®* and of mineral rock Ffibre is 80 to 170kg/m®
whereas polymeric foams can be as light as 16 kg/m3.
These 1i1ncombustible materials are heavy and therefore
difficult to handle for construction and have to be
supplied iIn short lengths (for example, 2.4m) and, 1if

20 used 1In a panel, have to be iIn short spans or used with
structural supports at close intervals. There are
lightweight incombustible materials with good insulation,
like fibreglass, also known as *“glasswool”, but these
materials do not have the strength and shear resistance

25 for load bearing such as iIn a stressed-skin panel. Panels
with honeycomb cores are lightweight but do not insulate
well and are not fire resistant, although they do not add
to a fTire load 1f they are made of incombustible
materials, e.g. metal facings and metal honeycomb core.

30

Some inorganic insulating materials are
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

35 mineral wools, cause i1tchiness.



as they are brittle and break off in small pieces and cause dust contamination and, in the case of short
fibre 35 mineral wools, cause itchiness. 29 November 2006 4 Aerated concrete blocks have
densities from 600 to 850 kg/m3. These blocks are suitable for conventional walls but are too heavy
for use as the core of a light- weight stressed-skin panel. 5 In the 1970s BASF introduced Styropor
Beton, polystyrene foam pellets embedded in a matrix of cement. This ma%M¥P¥EhigalK AeQ6sistant
due to the presence of the cement matrix. The producfican be poured 10 in-situ as a flooring material.
However, it has a high density of the order 500 to 600 kg/m3 and therefore is unsuitable for

lightweight stressed skin panele ateel 1860s BAGH inlrodueethBWS FdEneahesLopolystgame foam

pellets embedd 3SI|IGﬁ%§ n i This
material has goo flre resstgﬁqie Howevéer%egrllglIg %qr%t%%iéég\gglggﬁg/r@v%%ﬁ} trﬁg%la heavy
stressed-skin paf@ilthat FdasAhBretQfuFaY Yo R bpYREINaSS bRRnf8 5 6BE280hialEr et. al.
disclose a fire ressiagiipobbt@ssedroskd maueni@l applying a fire resistant composition onto the
surface of 25 expanded or extruded polystyrene foam boards and impregnating the body of these

boards with a sodium silicate dra:ig um| Ixture viar, ces es in the boardg Although this
invention attempted to dispers thE 2?1%05&’%" M%‘a SrWERRG R0 BGERR: it is not

possible to unifopalley eess foam pellets embedded in a matrix of cement.
This material 1s highly fire resistant due to the
presence of the cement matrix. The product can be poured
10 i1n-situ as a flooring material. However, 1t has a high
density of the order 500 to 600 kg/m3 and therefore 1is

unsuitable for lightweight stressed-skin panels.

In the 1960s BASF 1introduced BASF HT foam,
15 polystyrene foam pellets embedded 1In a matrix of
siliceous 1norganic binder, that formed a very hard
material. This material has good Tfire resistance.
However the high density of 155 to 165kg/m® would make a
heavy stressed-skin panel that needs more structural

20 support.

In US patent 5,516,552 Bontrager et. al.
disclose a fTire resistant polystyrene board made by
applying a fire resistant composition onto the surface of

25 expanded or extruded polystyrene foam boards and
impregnating the body of these boards with a sodium
silicate and hydrated alumina mixture via recesses iIn the
boards. Although this invention attempted to disperse
the fTire resistant composition by means of wetting

30 agents, 1t 1s not possible to uniformly coat every
section of the body of the insulation material since the
coating only flows through the recesses and the
interstices. Therefore, the coating 1i1s 1irregular and
incomplete and has areas that are left uncoated and

35 unprotected.



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 35 unprotected. 29 November 2006 5 In 1998 the International Association of Cold Storage
Contractors (IACSC), European Division, published guidelines for the construction of cold stores using
insulating panels. Particular emphasis was given to the 5 vulnerability of ligBtvNayeieymeaepanels
in a fire. The guidelines include suggestions to compeRsate for the shortcomings of lightweight
polymeric panels, particularly in relation to endangering the lives of fire fighters entering a building to

fight a fire. 10 The use of non-pambgsifletpaneinwas nearkiae d, Axk dad gitiflehnasfhotzsldhat the
f lightwei i i fi t d
use ot g We'gt%‘t%gég‘?r'é&ﬁﬁk?c‘i%}ug“ﬁ?&%@(;)o, I@Lﬂ%%ﬁaﬁ VAL &%”%gﬁti‘ﬁeéﬁ&ﬁ‘

contractors due OW COst, proven performance and te advantages. Consequently, a

substantial portish/8E@kI §ERielheE detiewiRansIghcEaimis @hd SahsbrtSEP TigRwatgANSolymeric
panels to preveni eaty atiagsepainthiespanefainta el 20 Tdngseatessyngaserg iainlytio thddirection

of securinggpangh ARSIV Y Y 1B SHRgISERaTYINe 5w {alinG whpateq bsyiatign ypterials or
t_he glue hgad_ begﬁdestr%)é%ilbﬁ ire a.ré(\d%?rargél]n intumescent sealant 25 to retard tb‘%ﬁgenteﬁreatlon of
fire at the joints Détive8H "E&TAE GFodENer! o%fé%%é“@é@r&? madeRAE SIS
shortcomings of lightweight polymeric panels,
particularly in relation to endangering the lives of fire
fighters entering a building to fight a fire.
10
The use of non-combustible panels was
considered, but the guidelines noted that the use of
lightweight polymeric panels continued to be of
importance to users, manufacturers and contractors due to
15 its low cost, proven performance and technical
advantages. Consequently, a substantial portion of the
guidelines deals with designs of joints and supports of
lightweight polymeric panels to prevent early collapse of
the panels i1In a fire.
20
These designs were mainly in the direction of
securing panel skins to prevent the skins separating and
falling when the insulation materials or the glue had
been destroyed by fire and applying iIntumescent sealant
25 to retard the penetration of fire at the joints between
panels. However, although the measures made the panels
safer to use by preventing the delaminated panel skins
from falling and the joints from opening in a fire, none
of these measures increase the fTire resistance of the
30 panels.

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

35 practical state of the art at that time.



safer to use by preventing the delaminated panel skins from falling and the joints from opening in a
fire, none of these measures increase the fire resistance of the 30 panels. The guidelines were the
outcome of contributions of manufacturers, contractors, industry users and fire authorities and
therefore represent the 35 practical state of the art at that time. 29 November 2006 6 In subsequent
reviews by the IACSC in 2000 and 2001 and in additional publications by4Re Novenirtha086@itish
Home Office it can be seen that, while fire fighters apfPeciated and approved the added safety 5
measures, insurers were not satisfied with the poor fire resistance of panels made with polymeric
insulation materials, as buildings ¢%ing doprmaiasiaiewsreoyisithlly tatysdarmagedoofiraadin order
lo press the_poiglo sisure Igecrioad fpeb ullBaR Fe LIS '8y L fee” ARsobRuidipgs 'in &
fire". The insurers pressed for the use of panels with incombustible Cores. Industry users,_

manufacturers aRé EBARACtIOPRWEEE 6re blsinEfttd REadsBeharthedsure¥lid & e Fgher
cost of panels wifti gitbertsistiblearechesigdcorandnd Appedvechl ptbide madaedn tsdkedsgociated

with their usg. Teehaigaluyoblpmas iRelude Ry uay ge e Fidensivermaisiure,depags should the
vapour barrier of a panel with mingral fibre i sulatioa be breached agd the ease of d@[nagge from foot

traffic when it is iSet! 888Sind bo AN th&3P6hieMERhunPGRYEEEY the | Slfically
applied to the coltbd@rdgd mdusi@ag thédyrbdibngsarelsiuadly appksthile medibed silsitione Gghere

usually badly damaged in fires. In order to press the
point, Insurers described such buildings as buildings ‘“on
10 fire” and not buildings “in a Tfire”. The insurers

pressed for the use of panels with incombustible cores.
Industry users, manufacturers and contractors however
were disinclined to adopt that measure due to the higher
cost of panels with iIncombustible and heavy cores and
15 technical problems known to be associated with their use.
Technical problems include by way of example extensive
moisture damage should the vapour barrier of a panel with
mineral fTibre 1insulation be breached and the ease of
damage from foot traffic when It iIs used as a ceiling.
20
Although the problems enumerated by the IACSC
specifically applied to the cold storage industry, the
problems are equally applicable in other situations where
insulating panels are used to maintain a temperature and
25 humidity zone, for example, 1i1n clean rooms, wall
claddings, partitions, ceiling and roofs for factories.

The guidelines of the 1ACSC recognise the
problems associated with the use of polymeric insulation
30 materials iIn panels. However, the tone and context of
the follow-up reviews and other independent publications
by fire authorities highlight an urgent need to find
solutions to these problems 1f polymeric 1insulation
materials are to be continued to be used In panels.
35



insulating panels are used to maintain a temperature and 25 humidity zone, for example, in clean
rooms, wall claddings, partitions, ceiling and roofs for factories. The guidelines of the IACSC
recognise the problems associated with the use of polymeric insulation 30 materials in panels.
However, the tone and context of the follow-up reviews and other independent publications by fire
authorities highlight an urgent need to find solutions to these problems if gSlyNeYienRaai#siO6
materials are to be continued to be used in panels. 35 29 November 2006 7 Summary of the
Invention According to the present invention there is provided an insulation material that includes (a)
5 particles of a cemimgitledifswhtion materdlsoated with a fire resistant material and/or (b) an open
celled foam of the combustible insulation material having internal surfaces coated with the fire
resistant material. 10 The term "particles” is understood herein to include g@llets. The particles may

be a regular shape or an 15 iREGEH ERSpe lReghitf sARSSHicIeYINENYACRy WiEEE exhfhple,
spherical and rog+ike stiape panicled.nzuPedfeably aatgoridihendibatf thenotides is @) than

25mm. Morg prefeipplydiednar digensib sy PeIGeSFIISeS 1 RAE8FiZ1  coated
with a fire resistant material and/or (b) an open celled
foam of the combustible insulation material having
internal surfaces coated with the fire resistant
material.
10
The term “particles” 1s 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 1s less than 20mm.
25
It is preferred particularly that the major
dimension of the particles be 2-15mm.

Preferably the 1insulation material i1ncludes
30 coated particles bonded together by a binder material.

Preferably the Dbinder material at least
substantially Tills the interstices between coated
particles.

35



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 patrticles. 35 29 November
2006 8 The binder material may be the coating material. Preferably the particles are at least 5
substantially encapsulated by the fire resistant material. Preferably the patficIbe\estiaEudeQfire
retardant material. 10 The combustible insulation matefiarmay be any suitable material. For example,
the combustible insulation 15 material may be a suitable polymeric material. Preferably the particles of

combustible insulation materiaih@re preHRered peifetardfd polymagric bwterishsuchcamealkygtyrene of
a fire retardant g@ﬁ% he particles may also be obtained by way of example by grinding and
recycling forme ucts, such as foamed polymeric products, for example, expanded polystyrene
foam from building boards, recovered panels, 25 packaging, foam containers, extruded polystyrene
foam, polyurethane foam, ph&raitdoatnl ytc. Mdrey othpambiedas canais be ated afdbest

5 substantially encapsulated by the fTire resistant
material.

Preferably the particles also include a fire
retardant material.
10
The combustible insulation material may be any
suitable material.

For example, the combustible insulation
15 material may be a suitable polymeric material.

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 TfToamed polymeric products, Tfor example, expanded
polystyrene foam from building boards, recovered panels,

25 packaging, foam containers, extruded polystyrene foam,
polyurethane foam, phenolic foam, etc.

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

Preferably the coating of the fire resistant
material 1i1s applied to the particles at a thickness
corresponding to the degree of fire resistance that is

35 desired.



source of the particles, including natural materials e.g. 30 cork granules, wood chips, rice husks, etc.
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 35 desired. 29 November 2006 9 Preferably the
combustible insulation material for the open cell foam is polyimide foam or melamine foam. 5 The fire
resistant coating material is preferably an intumescent material, such as 22-190v2nbe ICOPRL,
NoFire A-18, or a mixture of fire resistant materials.-1®By way of example, the fire resistant coating
material may include aluminium trihydrate, a char promoter (such as Chlorez and Holdaresin), a

carbon donor (such as dipenﬂaeefétﬁﬁbap aqjﬁedooom(wg’n HSI aemimgidapidyphoapkaieh b

i h ly I I
propellant (suc eﬁ{ged ﬁéﬁu meta CFH&R asRo ﬁ( | pqtate af@a@vo YV hgSigh o1ﬁb||| ser

exfoliating graphlte hy silicates (such'as odlum silicate), a silicate Ins
(such as sodiunf fidBosilicate), 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

intumescenge, and the pressgiggengrpjed durliré%%%rﬂﬁon %Sﬁ%rﬂ% a lowes pugtion s

temperature, greater stiffness and lower 25 expansion pressure |s reférred. According e present

inventon thera 1645 BRANIACAR LB BP S ER el RGeS Hadeian e roA s

axmngpamcmsQﬂtemEaumkNoFlre A-18, or a mixture of Tfire resistant
materials.

10 By way of example, the fire resistant coating
material may 1include aluminium trihydrate, a char
promoter (such as Chlorez and Holdaresin), a carbon donor
(such as dipentaerytritol), an acid donor (such as
ammonium polyphosphate), a propellant (such as melamine),

15 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 1is
selected according to the properties desired, such as the
temperature of activation, stiffness of the iIntumescence,
and the pressure generated during expansion. Generally, a
lower initiation temperature, greater stiffness and lower

25 expansion pressure is preferred.

According to the present invention there 1is
also provided a method of manufacturing an insulation
material that iIncludes coating particles of combustible

30 insulation material with a fire resistant material.

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

35 material.



30 insulation material with a fire resistant material. Preferably the method includes coating the
particles so that the particles are at least substantially encapsulated with the fire resistant 35 material.
29 November 2006 - 10 Preferably the particles also include a fire retardant material. The method
may include forming free-flowing 5 loose-fill agglomerates of the coated particles. Preferably the
method includes forming free flowing loose fill agglomerates of the coated4shrii€leeMBEMiIEA§the
coated particles with a binder material 10 that setsto h8Id-the particles together. The method may
also include forming panels or other shaped products from the coated particles that may be used, for

instance, in building ConStruct'FQ)ﬁe(feﬂ%lﬂ.ﬁ)bUiﬂ'i@g gstriclies elameots.ifelerably shefigidod
includes forming ﬁ% ii products by mixing the coated particles with a binder
material. 20 Prefera e binder materlal at least substantially fills the interstices between coated
particles in the products. 25 The binder material may be the coating material. Preferably the method
includes coating particles of chmebustivtehodulatey materbldath ther8a hige rdarstanfiatane by

forming a ceating g the- fﬁfﬂrfsg@”;m@pggbgn e Wgc@éﬁpdthﬁgﬁa@pé Fugng the fire resistant

material.

Preferably the method includes forming free-
flowing loose Till agglomerates of the coated particles
by mixing the coated particles with a binder material

10 that sets to hold the particles together.

The method may also include forming panels or
other shaped products from the coated particles that may
be used, for 1instance, iIn building construction or as

15 buirlding construction elements.

Preferably the method includes forming panels
or other shaped products by mixing the coated particles
with a binder material.

20
Preferably the Dbinder material at least
substantially Tills the interstices between coated
particles In the products.
25 The binder material may be the coating

material.

Preferably the method includes coating
particles of combustible 1insulation material with the
30 fire resistant material by forming a coating of the fire
resistant material on the particles and thereafter curing
the fire resistant material.

Preferably the curing temperature is below the
35 service temperature of the combustible insulation



Preferably the curing temperature is below the 35 service temperature of the combustible insulation
29 November 2006 - 11 material, particularly in situations in which the combustible insulation
material is a polymeric material. In situations in which the fire resistant 5 material includes an
intumescent material, preferably the curing temperature is below the activation temperature of the
intumescent material. Typically, the curing temperature is 50-70C in 10 sidftibayeneicr2Heo
combustible insulation material is a polymeric material &nd the fire resistant material includes an
intumescent material. The service temperatures of preferred polymeric materials are 80- 300C. The
activation tempergtetasiellpyefepad dfcorardscenimates peuareiiis260ih Theteptivatioghe
temperatures of BfBFﬁ'ngﬂi'i’ﬂ squEqJ‘P&ﬁSﬁc‘?ﬁﬁﬁgﬁﬂ‘ﬁ'% @real%%iﬁ%rfgen%% ?fi ggating the
particles with the fire 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 combuktibles inzudetionvaterial suth ek a thbenofiastc meseyed tizat5 melts

in a fire, thesencapsdation ofihe Raildes FoAilREEE R TR s Rianse e e FapRyStRle melt
and thereby reduces the rate the fire develiogsggfﬁgvsypreads. Further the cocoon retards the rflease of
If e

sooty and toxic B0 BPPrIEE G AT ANALARLS BEBRSHESEFRAEY into the
particles, the enddpsukatibunstsgent material.

Typically, the curing temperature is 50-70°C in
10 situations iIn which the combustible insulation material
iIs a polymeric material and the fire resistant material

includes an intumescent material. The service
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 Tfire resistant
cocoon. Even if the particles are made of a combustible
insulation material such as a thermoplastic material that
25 melts iIn a fire, the encapsulation of the particles
contains and retards the release of the combustible melt
and thereby reduces the rate the Tfire develops and
spreads. Further the cocoon retards the release of sooty
and toxic combustion by-products.
30
IT a fire retardant material has been
incorporated into the particles, the encapsulation of the
particles retains the gases released when the fire
retardant material 1is activated by a fire and thereby
35 enhance the smothering effect of the fire retardant.



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. 29 November 2006 - 12 Preferably the
insulation material includes a uniform distribution of coated particles, whereby the insulation material
can resist a fire coming from any direction. 5 Further, a uniform distribution of coated particles allows
the insulation material to be freely cut and reshaped after manufacture wigU{¥&Ihey tHO@Rgree of
fire protection. 10 The insulation material when used di#ctly (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 pp¢paehtidMen tliee dargalbsciosemiatdra wbulaeludaterial are
combustible, the, g 3R p&i‘&’t’fi’ﬁﬁ{%ﬂ tfbeﬁ”sé‘éaégé‘d“ ALV [‘a"ﬁrﬁe%ﬁye e
resistance not found In the original, uncoated particles. Such a panel is a solution to thie concerns of
agencies 20 suchRUhatAescrrdesdls hafe F&h bolynerid 1K§uIa58R HigkeBIOBurdMpidly
and make a signdficeaetctooiribution to a fire. The method may include manufacturing the 25 insulation
material fro@ particles having a range of different particle sizes. The method may include

manufacturing the insulation materjal by coating the particles with a_.range 30 of different coatin
thicknessesg E'urthery a gunl orm dlStFIbU%IOﬂ OQ‘I coate?i 9

particles allows the insulation material to be freely cut
and reshaped after manufacture without vreducing the
degree of fire protection.

10

The insulation material when used directly (as

agglomerated particles) or indirectly (i.e. i1n a formed
shape) can also be bonded to one or more sides of thin
metal facings or non-metal facings to make an i1nsulating

15 panel. Even 1f the particles chosen for the insulation
material are combustible, the insulating panel made from
the 1insulation material would have a degree of fire
resistance not found in the original, uncoated particles.
Such a panel 1s a solution to the concerns of agencies

20 such as the I1ACSC that panels made from polymeric
insulation materials burn rapidly and make a significant
contribution to a fire.

The method may 1i1nclude manufacturing the
25 i1nsulation material from particles having a range of
different particle sizes.

The method may 1i1nclude manufacturing the
insulation material by coating the particles with a range
30 of different coating thicknesses.

The method may 1i1nclude manufacturing the
insulation material with Jlayers of different sized
particles and/or different coating thicknesses, for

35 example, so that the insulation and Tfire resistance



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 29
November 2006 - 13 properties of the insulation material varies through its cross section. For
example, the insulation material may have 5 smaller particles with a thicker fire resistant coating
located near the surface of the material, where a fire can be expected to B®iNgayenbe and08Ger
particles with a thinner coating located in the interior Wiere more insulation and less fire protection is
required. 10 The above-described means make it possible to engineer or to optimise the use of

materials to makertbpeingiledon materéal siigndertient thesuifdeds ard; iessathirbagandwish panel,
to giveita great%rrJ8§g @e@f%ﬁq capacity. Likewise, the degree of fire protection can be engineered
or optimised by having more 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 20 most
likely to be encountered. The Fethoexaap kecjudehreanuiscidiakg dre mstétinaImatayal fraveparticles

of several differegy: JpqWlpliqnpicIpS WopEePYAhq RQAGEFeSH)ECOsE S St ingyaiign gaterial
can be controlleq in ways that are not possible with an article made of a homogenous material. An
example of suchiﬂ?ﬁ\gé%ti&?%te'f& is S ﬂF\?/hiQﬁlc&hﬁuéﬁﬁﬁeiﬁgﬂl tioﬁfvﬁ%@riaﬁ’s ar&€ombined
with incombustibt@msbiatiexpeedieds. to impinge on it, and larger particles
with a thinner coating located in the interior where more
insulation and less fire protection is required.
10
The above-described means make i1t possible to
engineer or to optimise the use of materials to make the
insulation material stronger near the surfaces and, 1iIf
used In a sandwich panel, to give i1t a greater load
15 carrying capacity. Likewise, the degree of fTire
protection can be engineered or optimised by having more
of the fTire resistant material elements of the panels,
1.e. the type of particles, size, fire resistant coating
and binder, disposed near the surfaces where a fire is
20 most likely to be encountered.

The method may 1i1nclude manufacturing the
insulation material from particles of several different
insulation materials, whereby the properties and cost of

25 the 1i1nsulation material can be controlled in ways that
are not possible with an article made of a homogenous
material. An example of such an insulation material 1is
one 1In which combustible 1insulation materials are
combined with incombustible insulation materials.

30

By way of particular example, one such
insulation material includes an outermost layer of an
incombustible insulation material such as perlite or
vermiculite to enhance the fire resistance of the

35 i1nsulation material, the degree of which can be varied by
changing the thickness of the incombustible layer.



30 By way of particular example, one such insulation material includes an outermost layer of an
incombustible insulation material such as perlite or vermiculite to enhance the fire resistance of the 35
insulation material, the degree of which can be varied by changing the thickness of the incombustible
layer. 29 November 2006 - 14 In another example, the cost can be reduced by the use of lighter
particles towards the centre of an insulation material as at this point the t&SilN¥RIMbesmPdEsive
forces are less and do not require a strong materiat: Arfbther example of how cost can be lowered is
the use of particles of recycled insulation materials. In 10 the prior art, recycled materials cannot be
mixed into a fresh rigid polyurethane foam mixture and there is a limit to the amount of recycled

material that can be mixed W_iimfrﬁﬂ'bgﬂléffty@%ﬁf@ n%iaédgw%v%; itﬁethiseiavgté%orgjlgll of the

particles can be recycled 15 insulation materials. The ¢oating materials e particles and/or the
binder materials & biRRh@hard 88 tsfetRA A Hede MRS ofHiCanER WaB orYFrodting
properties so 20 instithatnaiatioateatead| has water abldis vagoantesittamceténs khewratict

particles of gombysiblecdaspasiopdreiesiisend saeraieome FReHaan b wareagayr and,

depending on the material, may also absorb water. In this invention, the coating materials 25 and the
binder material %ﬂﬁ%f@!ﬁ resisting vapor and water ingress. This is important as insulation
materials are frequently used in situations that are exposed to

Another example of how cost can be lowered is
the use of particles of recycled insulation materials. In
10 the prior art, recycled materials cannot be mixed iInto a
fresh rigid polyurethane foam mixture and there 1iIs a
limit to the amount of recycled material that can be
mixed with fresh polystyrene foam material. However, 1iIn
this invention, all of the particles can be recycled

15 i1nsulation materials.

The coating materials for the particles and/or
the binder materials that bind the particles together may
have water-proofing and/or vapor-proofing properties so

20 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
water vapour and, depending on the material, may also
absorb water. In this i1nvention, the coating materials

25 and the binder material contribute to resisting vapor and
water ingress. This iIs Important as insulation materials
are frequently used in situations that are exposed to
moisture condensation or water ingress. Even when such
insulation materials 1i1nclude metal Tfacings, the joint

30 seals may fail or may not be present, whereby moisture
and water 1ingress will quickly destroy the insulation
property of the panel. This 1iInvention is a means of
substantially nullifying such moisture and water ingress.

35 The insulation material may make it possible to
include mechanically weak materials 1In a structural



moisture condensation or water ingress. Even when such insulation materials include metal facings,
the joint 30 seals may fail or may not be present, whereby moisture and water ingress will quickly
destroy the insulation property of the panel. This invention is a means of substantially nullifying such
moisture and water ingress. 35 The insulation material may make it possible to include mechanically
weak materials in a structural 29 November 2006 - 15 panel, for examplé&DHeavteRsIm AWRRh have
good fire resistance but are unsuitable to be used as &tructural panel because the materials are
friable and easily delaminate when mechanically stressed. In this invention 5 such weak materials can

be used in a paneaiiélley dferreguaep Iepainlesahicentaasylaigdi By thiaveeagsodhefigakness of
material is isolatgd apdgsalse BURSIAMAMSOTIREISHEARY Be Samphamalk gl eqalipgp/binders
rial and/or the binde

that provide cohesion and mechanical 10 strength. The coating mate r material of

the insulation m&BA8ImaP AR fibrENFein dadPat ASovdE kPkRechandal S3pihes of 15
the insulation matedaim Foatramplen poigpiogpyEcel ligrestpresidedtirohgertheshanicad istreagth,

particularly dn sheaeRnddasion ABFEIISS QASraRIC (iBERP TCha apNREEXTiPrag RKey fibres,

or mineral fibres %r%lﬁancfifire resistance .and mechanical streri th. OACCﬁ)}Zﬁn to the present

invention there id SIS BOviiRd BHERGAGT nfARtraERrRRSImEERtion MateHAl hallfdliRies
coating an open thtted fite@koeascomifustiniti@sarlion hmatedsdaligtadatanal thatds also

substantially compensated by the extensive matrix of
coatings/binders that provide cohesion and mechanical
10 strength.

The coating material and/or the binder material
of the insulation material may include fibre
reinforcement that iImproves the mechanical properties of

15 the 1insulation material. For example, polypropylene
fibres provide stronger mechanical strength, particularly
in shear and tension, and glass or ceramic fibres, such
as Nomex Tibres or Kevlar fibres, or mineral Tfibres
enhance fire resistance and mechanical strength.

20

According to the present invention there 1is
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

25 fire resistant and contributes to the rigidity of the
insulation material.

Preferably the method includes coating the open

celled foam with the fire resistant material by forming a

30 coating of the fire resistant material on the open celled
foam and thereafter curing the fire resistant material.

Preferably the curing temperature is below the

service temperature of the combustible insulation

35 material, particularly 1iIn situations iIn which the
combustible insulation material i1s a polymeric material.



25 fire resistant and contributes to the rigidity of the insulation material. Preferably the method
includes coating the open celled foam with the fire resistant material by forming a 30 coating of the
fire resistant material on the open celled foam and thereafter curing the fire resistant material.
Preferably the curing temperature is below the service temperature of the combustible insulation 35
material, particularly in situations in which the combustible insulation mat@alNe¥eithaheAOBtaterial.
29 November 2006 - 16 In situations in which the firelf@sistant material includes an intumescent
material, preferably the curing temperature is below the activation temperature of 5 the intumescent
material. Typically, the curing temperature is 50-70C in situations in which the combustible insulation

material is a polymeric materlﬁlangi&%g] rgﬁ'gtarhtr{na Hﬂ: Olng%%des @turp SGRN At erial

The service temperatures of preferred polymeric materia S are e actlvatlon temperatures

of preferred mtdﬁ?éé%@h?‘r'na!éﬁéﬂé‘%@l@@ 2BOEURRRCR BT eE AR bratliTG R dLIAAE
preferred intumesoenind5 teatpd astarec ODs2 @ .dwretdrablychevadthod irtdnges adatirg) tiE open

celled foamdy ingpeedpatinedee- e witbdpg dije 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 using a solution, a gel, or a dispersion of the fire resistant
Typically, the curing temperature is 50-70°C in

situations in which the combustible i1nsulation material
iIs a polymeric material and the fire resistant material

10 includes an intumescent material. The service
temperatures of preferred polymeric materials are 80-
300°C. The activation temperatures of preferred

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

Preferably the method includes coating the open
celled foam by impregnating the Tfoam 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 1impregnated by using a
solution, a gel, or a dispersion of the fire resistant

25 material and m1mmersing, spraying, pouring, or otherwise
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

30 as required to build up the thickness of the coating.

The open cell foam structure may be
manufactured by any suitable means.

35 Preferably the insulation material i1s suitable
for structural applications.



25 material and immersing, spraying, pouring, or otherwise 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 30 as required to build up the
thickness of the coating. The open cell foam structure may be manufactured by any suitable means.
35 Preferably the insulation material is suitable for structural applications. 28 Neveriper 28066- 17
Preferably the fire resistant material is selected so thak fhe insulation material has sufficient rigidity for
structural applications. 5 Preferably the fire resistant material is sodium silicate or an intumescent
material. The combustible insulation material may be any 10 suitable material. Examples of suitable

combustible insulation materlgllsé?%pgs |yIrEW8 foqrpfa@d Tglé%%%comﬁé% qupllciagt has

found in experimental work that melamine foam is a_particularly suita e _Insulation
material. The m&&hRERASRsEEadY tHdspAraHIAkien 2o atebiahatesal Wi §36d €Bifs. The
foam structure aongartsetlya fietwsk ofatarcmhnapebirodtidegally, such a flexible material would
not be suitagle for structural applications 25 The applicant impregnated the melamine foam with

sodium silicate solution and/olt_)ipt era ept fire reS|st?ri1tr%oatip Srriast%gﬁltThe Itgreiga??ted melamine

sodium silicate or an intumescent material.

The combustible insulation material may be any
10 suitable material.

Examples of suitable combustible insulation
materials include polyimide foam and melamine foam.

15 The applicant has found In experimental work
that melamine foam is a particularly suitable combustible
insulation material.

The melamine foam tested by the applicant was a

20 flexible material with open cells. The foam structure

comprised a network of 1interconnected rods. Usually,

such a flexible material would not be suitable for
structural applications.

25 The applicant i1mpregnated the melamine Tfoam
with sodium silicate solution and/or iIntumescent Tfire
resistant coating material. The 1mpregnated melamine
foam had considerably improved rigidity and Tfire
resistance.

30
According to the present invention there 1is
provided a product that includes the above-described
insulation material.

35



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 29 November
2006 - 18 Description of the Drawings Figs. 1 to 13 are side elevations of preferred embodiments of
insulation materials in accordance with 5 the present invention. Description of the Preferred
Embodiments Each of the preferred embodiments of the 10 insulation ma#&iNoueedd #O@e figures
includes particles of a combustible insulation materialtBat-are coated with a 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 bkt rigieiah THE insidatiemwiiegdal 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.1 illustrates one embodiment of a

product 25 that includes coatéd ParticlesthdlbinddrenstHal RAERE IS0k RESERRISR IS an
agglomerate 3 otthieodeateatzartcies andbladaranatedetien itzd shape slameo iddhe&égura thhe

agglomerate Canthu%CHTrégéHQd’i AUled 88¢ generally handled like conventional building 30
materials.

Description of the Preferred Embodiments

Each of the preferred embodiments of the

10 insulation material i1llustrated In the figures includes

particles of a combustible i1nsulation material that are
coated with a fire resistant material.

The i1nsulation material may be in the form of
15 loose-fill, 1.e. free fTlowing, agglomerates of coated
particles and a binder material.

The i1nsulation material may also be shaped

products of the 1iInsulation 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.1 i1llustrates one embodiment of a product
25 that iIncludes coated particles and binder material that

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

coated particles and binder material iIn the shape shown

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

drilled and generally handled like conventional building
30 materials.

(b) Figs. 2, 4 and 6 1illustrate embodiments in
which the coated particles and binder material are formed
into products such as boards 5, cylinders 7, curved
35 elements 9, or any other profiled shapes 11. The



(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, curved 35 elements 9, or any other profiled
shapes 11. The 29 November 2006 - 19 products can be cut, shaped, drilled and fixed and generally
handled like conventional building material. (c) Figs. 3, 5 and 7 illustrate embodiments of 5 products
that include a core 13 of coated particles and binder material and a layer 28 Jfeasii§etate8e such
as sheet metal on one or more exposed surfaces ofth&9core. These products, namely stressed-skin
or sandwich panels for engineering or construction use, may be 10 manufactured by casting coated

particles and bingeb e t&scaggnbetweernceaparatsitkipetng sitheid el arakept fpasdin ajg The
facing sheets ca flataGurv fil eel ﬁ[ngF ! stainl e facing
sheets may be n%ﬁ?ﬁﬁ%ﬁiiﬁéﬁsal}c 8aslef§ib§gg ass,i’;ilt%-%in%gg cgﬁzhﬁ%géﬁm silicate,

etc. The binder material is chosen to react chemically, for example, one-component moisture-cured
polyurethane, ol a}-componémtgmlyueihabe faaich. Theseldrogdticatteay ealsodemaatsfaaddred by

adhering thig fagiig8liRats (ARG eiRfORYEaE SHOWBHR Figs: B4 auhedasneci g ddedaeing
sheets can be metal, such as unpainted or painjed galvanized_steel, aluminium ot stainless steel, etc,
or the facing sheR!ARY HBaﬁcﬁfa rialgl’ggngas rs]i@ﬁggs ﬁgre (Its AP IeilRtEdd Bdie alcium
25 silicate, etc. (dpFigh@@tistine&a hn embodiénedr of R eucexpiasddc| g fac@dsmodentios cores
formed from serigg gé layerhésel rcnacatpariaine Py dderRiseesskin or sandwich
panels for engineering or construction use, may be
10 manufactured by casting coated particles and binder iInto
a cavity between separated facing sheets that are kept
apart in a jig. The facing sheets can be flat, curved or
profiled steel, aluminium or stainless steel, etc, or the
facing sheets may be non-metal facings such as
15 fibreglass, fiber-reinforced cement or calcium silicate,
etc. The binder material is chosen to react chemically,
for example, one-component moisture-cured polyurethane,
or a 2-component polyurethane foam. These products may
also be manufactured by adhering thin facing sheets to
20 the products shown in Figs. 2, 4 and 6 respectively.
The facing sheets can be metal, such as unpainted or
painted galvanized steel, aluminium or stainless steel,
etc, or the facing sheets may be non-metal facings such
as Tibreglass, fTiber-reinforced cement or calcium
25 silicate, etc.

(d) Fig. 8 1illustrates an embodiment of products
that i1nclude non-homogenous cores formed from series of
layers 17, 19 of coated particles of different sizes
30 and/or density and/or type of combustible insulation
material and binder. For example, the layers 17 nearer
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
35 properties. In the centre of the embodiment the
particles may be larger and/or have thinner coatings.



30 and/or density and/or type of combustible insulation material and binder. For example, the layers
17 nearer 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 35 properties. In the centre
of the embodiment the particles may be larger and/or have thinner coatings. 29 November 2006 - 20
These centrally placed particles may be all of one size or alternatively maghe\pisjresdivel M ger
and/or with progressively thinner coatings towards th&8urfaces. In yet another possibility of this
non-homogenous 5 embodiment, incombustible particles, such as, perlite or vermiculite and/or with a

more fire-resistamhecaiingefairiastyce leatelde placed dkssathdlre berfackr, ioffusiher eribance the
esistance 10 & M \AYELINIPRLAATSIED. BO N AFIOSRIGIR, " paTRY SRS A e

incorporated in the binder material the Intersti es een particulates and

thereby improvePFRARESEAYS Id Eréb”tﬂ%'ﬁr(?%s'@ﬁ@e RWaidH, ofmﬁ poR&ibfBExparldhole
graphite particley,ewhichamuodrhexposedds$idii tentperatuods inturhdsce torioma iénabheatduesrier, can

be incorporaied iyhsdifere MaeliEl IDILH IBPIRPLTE e [eSriBRede) Iiawigdlusirates an
embodiment of products that mcludegzé)% hé)\érﬂg%enous cores formed from a series of 20 la érrs 17,19
r

of coated particl €5 difdEH Rz ity Snd8Ht5pe I SnTsRYBRARNS L&A rial and
binder material afeirond g tesredayeadl di¢acipbasederibeneabins theet sigtdlagesne ckanore

exposed surfacqg,pitiercosphditeePreHEctraa) Seitthe e ires ofiinefagurgrpiiasiact
described in SprOSSIblllty hollow microspheres of glass or ceramic can
10 be i1ncorporated in the binder material as a TfTiller to
reduce the Interstices between particulates and thereby
improve the insulation and also the fire resistance. 1In
yet another possibility, expandable graphite particles,
which when exposed to high temperatures intumesce to form
15 a heat barrier, can be 1incorporated iIn the binder

material to further improve the fire resistance.

(e) Figure 9 illustrates an embodiment of products
that include non-homogenous cores formed from a series of
20 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 of facing
materials such as sheet metal on one or more exposed
surfaces of the cores. The product may iInclude the
25 features of the Figure 8 product described iIn sub-
paragraph (d) above. In addition, hollow microspheres of
glass or ceramic can be iIncorporated into an adhesive
layer that secures the facings to the core to improve the
fire resistance at these boundaries. Furthermore,
30 expandable graphite particles can be iIncorporated into
the adhesive layer that secures the facings to the core
to improve the fire resistance at these boundaries. In
yet another possibility, this arrangement can also
include stronger, load bearing particles, for example, of
35 extruded polystyrene foam, beneath the facings to resist
compressive buckling of the panels.



paragraph (d) above. In addition, hollow microspheres of glass or ceramic can be incorporated into an
adhesive layer that secures the facings to the core to improve the fire resistance at these boundaries.
Furthermore, 30 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 yet another
possibility, this arrangement can also include stronger, load bearing partié8s Nevexaeple2@P85
extruded polystyrene foam, beneath the facings to res&t compressive buckling of the panels. 29
November 2006 - 21 (f) In another embodiment, there may be non- combustible insulation materials.
While these materials do not need additional fire resistance provided by a 5 coating of a fire resistant

material, the matggals can beﬂffit fé?\@éﬂ@?r prgmggﬁamgﬂttcan q_flz]gtipé/id %ﬁy a B:é)a}ti%ﬁych as,
r 0

water-proofness apour-proofness. Being able to resist coridensation an isture ingress,
preserves the inSARAMFE y Uishd pRARResmadegIals - 10 4hd 1€ iitksar SntsdiRRIRs of
products that aredim theoforrmekal bazdd Dt panalltha 1ineludess isfarSeor ([ayera dédnobshoan) of

material of Geaigs gt aR the qopied PSRRI SRRUPRUTIDIReU AR Fplgal ag Dinder
material that for oth1e_t ay%r\’s 17 ofﬁﬂhe roduct. The.glr?gdu%t shown in figure 11 also hn?ésyouter layers
25 of facing mat@ﬁﬁ%. The A4 b® BRI St dR T a2 R s RRE Y sfeet that

acts as a sound 20ahRenissivndiarras., Thepteferetcafatpsnearis i@phiehdaRgahiress-be
located in the cepgj théble to resist condensation and moisture ingress,

preserves the insulating property of the particles.

10
(9) Figs. 10 and 11 1illustrate embodiments of
products that are in the form of a board or panel that
include a layer 23 or layers 23 (not shown) of material
of heavier mass than the <coated ©particles of

15 1ncombustible 1i1nsulation material and binder material
that form other layers 17 of the product. The product
shown 1n figure 11 also has outer layers 25 of facing
materials. The material may be thin lead sheet or lead-
filled sound dampener sheet that acts as a sound

20 transmission barrier. The preferred arrangement is for
the heavy sheet to be located in the centre of the
article.

(h) Figs. 12 and 13 1illustrate embodiments of
25 products that are in the form of vacuum insulation panels
that include outer skins 31 of thin gas barrier material
and 1nner cores 33 of coated particles (Fig. 12) or an
open cell structure coated with fire resistant material
(Fig. 13). The products have rigid, porous and fTire
30 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 products may be i1n any suitable
shape. In particular, the use of the above-described
35 cores 33 makes 1t possible to manufacture shaped forms,



article. (h) Figs. 12 and 13 illustrate embodiments of 25 products that are in the form of vacuum
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 material (Fig. 13) The products
have rigid, porous and fire 30 resistant cores which allows the rapid evacuation of air. The light weight
rigid particles or rigid reinforced cell networks are capable of withstandiniZ@eNaxenhepreddlfe
without collapse. The products may be in any suitable28hape. In particular, the use of the
above-described 35 cores 33 makes it possible to manufacture shaped forms, 29 November 2006 -

22 such as contgineti assemblisst@hddhenaaphnsliiaizle oaiel skinetp thgsiigped cbted §8.
Examples of useoﬂgpfgmarqgw%woﬁé)fsﬁgg?éﬁﬁggf@ lication and Uses for the Present
[ t coated 10 wit

Invention In one method the particles are firs a liquid fire-resistant material. There are
many coating options, for example, stirring or tumbling a mixture of the two, spraying the coating onto
the particles, spraying the co&xanpiteshe péirticlesen a(tuidisBa &Eerpedtolatiethimtsersah, or by
any other 15 means fpakbgli-esgat the particles thoroughly. Following this, the coated particles are
poured into a single charge mould. More of the coating material is introduced to fill the interstices and
to bind the 20 coated particles to each other. The coating/binder is set and dried in a number of ways,
for example, by ARpaeitaoplicaneediseslidiodtritie radiesesfuehayention

In one method the particles are first coated
10 with a liquid fire-resistant material. There are many
coating options, TfTor example, stirring or tumbling a
mixture of the +two, spraying the coating onto the
particles, spraying the coating onto the particles In a
fluidised bed, percolation, immersion, or by any other

15 means that can coat the particles thoroughly.

Following this, the coated particles are poured
into a single charge mould. More of the coating material
iIs introduced to Tfill the iInterstices and to bind the

20 coated particles to each other. The coating/binder is
set and dried i1n 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 lid for charging the mix into i1t and

25 with sides that can be opened so 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 i1t i1s closed, to
induce a better contact between the particles and to

30 reduce the voids that are between 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-

35 resistant material may be selected as the binder, for
example, to provide a greater stiffness or a greater



heating or hot air passing through the mix. The mould is envisaged to have a lid for charging the mix
into it and 25 with sides that can be opened so 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 30 reduce the voids
that are between them. In another method, the coated particles are dried 38fdteveapare 2848ed into
a mould. In this instance the same intumescent coatirPor-different fire 35 resistant material may be
selected as the binder, for example, to provide a greater stiffness or a greater 29 November 2006 -

23 flexibility of thd eyeitvi h$ 15 desfFedhne ertchia castingnedeopi-bd an infiyeesp@niarmatgrial,
although this is re er] this,.the mix | S ribed j ceding
paragraph. 5 In %%%gﬁaetﬂégﬁhe@}:ttﬁdé paﬁ%le@%%ﬁ%ﬁo%@y@?g c’ha%igtmgaﬁ mould.

In this instance, B3y hethEAe of pelridsanmakettidable MPESE intBliGeedit APMJSd as a
filler and binder. AboHe=seadatesiatke s fobad|aied theegut,doathiagd Eohageapapidly, to fill the
interstices agd bind the particulates. However as these filler/binder materials are combustible, the
particles are pre-coated to a qtreater th%(ness in order to compensate for the extra iS combustible

material load in the interstices tHat A9910'Ye pﬂ?@@fé > In SRGth&IALH d,WH&J FtanHdve a
continuous feed @ndeshd bebatieuotibeiscirrge erftrFgesh into a mould. In this

instance, a polyurethane or polyisocyanurate foamable mix
iIs iIntroduced into the mould as a filler and binder.

10 These materials are formulated to react, foam and
polymerize rapidly, to fill the interstices and bind the
particulates. However as these fTiller/binder materials
are combustible, the particles are pre-coated to a
greater thickness iIn order to compensate for the extra

15 combustible material load iIn the interstices that has to
be protected.

In another method, the mould can have a

continuous feed end and a continuous discharge end. Fresh

20 material is iIntroduced at one end and cured material is

continuously extruded from the opposite end, pushed by

the pressure of the incoming fresh material. The coating/

binding material i1s set and dried in a number of ways,

for example, by externally applied heat or by dielectric

25 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

30 embodiments of the present invention described above

without departing from the spirit and scope of the
invention.



20 material is introduced at one end and cured material is continuously extruded from the opposite
end, pushed 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 or by dielectric 25 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 28 &iesiipehts260fe
present invention described above without departing #8mrthe spirit and scope of the invention. 29
November 2006 - 24 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 1. An

insulation materigHthaCinciwdesDREF Inarides 19 aonsastibie ingElatisnFoategak S that are coated
with a fire resistant material and bonded together with a binder material and/or (b) an open celled
foam of the combustible insulation material having internal surfaces coated_with the fire resistant 10

material. 2. The thsulation maftfial AIRE8T LRI 1MAkeFAR Ihe FBRLsistdRMGREASR is €A
intumescent material. 15 3. Timintalkelies nwferal defmrdibididien 1 osudaitn dnvhesadie i@ binder

material at lgast substantially fi|s {tefsticesRetueen Feated pattislesedq 4cdht nsudiopypaterial
defined in claim 3 . n i
and bonded together with a binder material
and/or (b) an open celled foam of the
combustible insulation material having internal
surfaces coated with the Tfire resistant
10 material.

2. The 1i1nsulation material defined 1n claim 1
wherein the fire resistant material 1iIs an
intumescent material.

15

3. The 1i1nsulation material defined in claim 1 or
claim 2 wherein the binder material at least
substantially fills interstices between coated
particles.

20

4. The 1i1nsulation material defined 1In claim 3
wherein the binder material 1is the coating
material.

25 5. The 1i1nsulation material defined In any one of
the preceding claims wherein the particles are
at least substantially encapsulated by the fire
resistant material.

30 6. The insulation material defined iIn any one of
the preceding claims wherein the particles
include a fire retardant material.

7. The 1i1nsulation material defined In any one of
35 the preceding claims wherein the coating
material for the particles and/or the binder



wherein the binder material is the coating material. 25 5. The insulation material defined in any one of
the preceding claims wherein the particles are at least substantially encapsulated by the fire resistant
material. 30 6. The insulation material defined in any one of the preceding claims wherein the particles
include a fire retardant material. 7. The insulation material defined in any one of 35 the preceding
claims wherein the coating material for the particles and/or the binder 29 R9vbmwen2ers 2096
material that binds the particles together have water-g9ofing and/or vapor-proofing properties. 5 8.
The insulation material defined in any one of the preceding claims wherein the coating material
andkwthebkﬂernuneHaHndmdeﬁiaremﬁatemendﬁmthgp@uetibﬂegedmyémﬁgronav@sofﬂm
insulation 10 material. 9. The defined i fpe of the herein
the combustible insulation matesléagl |n%2}§§ﬁ£%/cled 15 %su ation materi ‘?5?&,%% 8ﬁ§]§l
manufacturing an insulation rRAt8RSIthAERicludes coating particles of combustible insulation material
with a fire 20 resistant material. 11. The method defined in claim 10 includes coating particles of

combustibleginsygation materiafhe jnsulation material defined in any one of
the preceding claims wherein the coating
material and/or the binder material include

fibre reinforcement that improves the
mechanical properties of  the insulation
10 material.

9. The insulation material defined iIn any one of
the preceding claims wherein the combustible
insulation material includes recycled

15 insulation material.
10. A  method of manufacturing an insulation

material that includes coating particles of
combustible insulation material with a TFfire
20 resistant material.

11. The method defined in claim 10 includes coating
particles of combustible insulation material
with a [liquid form of the fire resistant

25 material.

12. The method defined in claim 11 further includes
transferring the particles with the wet coating
of the fTire resistant material i1Into a mould,

30 filling the 1interstices with Tfurther Iliquid
fire resistant material, and removing the
insulation material from the mould after the
liquid fire resistant material has dried or set
to a sufficient extent.

35



with a liquid form of the fire resistant 25 material. 12. The method defined in claim 11 further includes
transferring the particles with the wet coating of the fire resistant material into a mould, 30 filling the
interstices with further liquid fire resistant material, and removing the insulation material from the
mould after the liquid fire resistant material has dried or set to a sufficient extent. 35 29 November
2006 - 26 13. The method defined in claim 11 further includes transferridfcdig@eanefci@d4fo a
mould after the liquid form of the fire resistant materi@thas dried into a solid form, filling 5 the
interstices between the particles in the mould with a liquid binder material, and removing the

insulation materiaBfrom the moud atkahibe qugﬁbiédermatﬁréﬂ rhamr'rednetheet t@racduftioent

extent. 10 14. The method deq#edci‘%:;jm réfurgb%[f QUd% i%rgng artlfﬁlqé tr%fo a

mould after the liquid form of ire resista maten INto a soli orm I|ng

interstices between the particl8d k¢the thsuld WitH tpofR F@‘thé?\ﬁ ok PBlyidddiandisrl 1antole
mixture, and removing the insuiatiem ifadm tzess mduldeaften tHfoamablkirdixttoehas Teddtedgand

formed a fogm product. 20 ¢he jnterstices between the particles in the
mould with a [liquid binder material, and
removing the insulation material from the mould
after the liquid binder material has dried or
set to a sufficient extent.
10
14. The method defined in claim 11 further includes
transferring coated particles 1nto a mould
after the liquid form of the fire resistant
material has dried into a solid form, filling
15 the interstices between the particles in the
mould with a polyurethane or polyisocyanurate
foamable mixture, and removing the insulation
from the mould after the foamable mixture has
reacted and formed a foam product.
20
15. The method defined 1i1n claim 10 includes
forming free-flowing loose-fill agglomerates of
the coated particles.

25 16. The method defined in claim 10 includes forming
free fTlowing Hloose-fill agglomerates of the
coated particles and with a binder material
that sets to hold the particles together.

30 17. The method defined in claim 10 includes forming
panels or other shaped products from the coated
particles.

18. The method defined iIn claim 17 includes forming
35 panels or other shaped products by mixing the
coated particles with a binder material.



15. The method defined in claim 10 includes forming free-flowing loose-fill agglomerates of the

coated patrticles. 25 16. The method defined in claim 10 includes

forming free flowing loose-fill

agglomerates of the coated particles and with a binder material that sets to hold the particles

together. 30 17. The method defined in claim 10 includes forming

panels or other shaped products

from the coated particles. 18. The method defined in claim 17 includes foRRinYO88R@EISE08ther

shaped products by mixing the coated particles with &finder ma
The method defined in claim 18 wherein the binder material at le

terial. 29 November 2006 - 27 19.
ast substantially fills interstices

between coated patrticles in the 5 products. 20. The method defined in any one of claims 17 to 19

includes forming Q)’;\nels or ot éhaﬂS‘EhB@d%&f'ﬁﬂ\QHg 3 Hnlfg

whereby the insu atlon matehﬂ[]can resist a fire comln%arom an
any one of claims 17 to 15 203hERREs RS Hetdt

cih§a Sk notthEtanitin

}8 ﬁqat% articles,

e method geflned in

o thtldshels or

q%ﬂ§mggmw

irection. 21

other shaped products. 22. Themtetrwtidesediatargemme obelteds 1pa0tiC edudasimattudacturing
the insulatia 20 material from pagifigs;having a range of different particle sizes. 23. The method

defined in any one of claims 10 to

20. The method defined
19
products
coated

material

direction.

in any
having a

10 particles,

21. The method defined In any
20 includes applying metal

facings to the panels or o

15

22. The method defined
20 includes
material from particles

different particle sizes.

in any

20

23. The method defined
22 includes
material

of different coating thick

in any

25

24 . The method defined
23 includes

material with

in any

30 layers

includes forming panels
uniform
whereby
can resist a fire

manufacturing

manufacturing
by coating the particles with a range

manufacturing

one of claims 17 to
or other shaped
distribution of
the insulation
coming from any

one of claims 17 to
facings or non-metal
ther shaped products.

one of claims 10 to
the
having a

insulation
range of

one of claims 10 to
the insulation
nesses.

one of claims 10 to
the insulation
different

of sized

particles and/or different coating thicknesses

so that the insulation

properties of the insula

through 1ts cross section.
35

and Tfire resistance

tion material varies



22 includes manufacturing the insulation 25 material by coating the particles with a range of different
coating thicknesses. 24. The method defined in any one of claims 10 to 23 includes manufacturing the
insulation 30 material with layers of different sized particles and/or different coating thicknesses so
that the insulation and fire resistance properties of the insulation material varies through its cross
section. 35 29 November 2006 - 28 25. The method defined in claim 24 id8ludevembalifatdihg the
insulation material with smaller particles and a thickerd#eTesistant coating located near the surfaces
of the 5 material and larger particles and a thinner coating located in the interior. 26. The method
defined in claim 24 or claim 25 hecludestiaoning diesF liayess wiltha binliginil0 materidlie halidthe
particles together within a Iayﬁ%ﬁﬁqzé%rlaqlpi §Iayﬁt|§e'gogi§§ﬂ.l%‘7tﬂ mﬁgﬁgrdﬁi]ped \}vrﬁgﬁim 26

g r m the a

includes incorporating microspheres of glass 0r ceramic aterial (a) into_ esive layer

binding the facings to the insuriRhItidIed ! GherovenHe fretiaicksice Bl Kkat HeBhaLA  bnd/or (b)
in the binder material as a fillecaatedgce thedatezsticendmtwedrhpartisies Badez) thefebytimprove the

insulation agd the fire resistapce <85 e Bahoq g?@éqd irbglﬁ'ﬁ@ie\ghegﬁ,ia thg  thinner

coating located in the iInterior.

26. The method defined i1n claim 24 or claim 25
includes forming the layers with a binder
10 material to hold the particles together within

a layer and to hold the layers together.

27 . The method defined i1n claim 26 1includes
incorporating microspheres of glass or ceramic
15 material (a) iInto the adhesive layer binding

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

20 thereby 1mprove the 1insulation and the fire
resistance.
28. The method defined 1n claim 27 wherein the
microspheres are hollow.
25
29. The method defined in any one of claims 10 to
28 includes manufacturing the insulation
material from particles of different insulation
materials.
30
30. The method defined i1n claim 29 1includes
manufacturing the insulation material from
combustible insulation materials and

incombustible insulation materials.
35



microspheres are hollow. 25 29. The method defined in any one of claims 10 to 28 includes
manufacturing the insulation material from particles of different insulation materials. 30 30. The
method defined in claim 29 includes manufacturing the insulation material from combustible
insulation materials and incombustible insulation materials. 35 29 November 2006 - 29 31. A method
of manufacturing an insulation material that includes coating an open cellé8 fdawetPg EorBtible
insulation material with a material that is fire resistant?®d-5 contributes to the rigidity of the insulation
material. 32. The method defined in claim 31 includes coating the open celled foam by impregnating

the foam 10 witlgthe fire resistant metgiel. 33oThe maingflzdsfinedng claign31 arkinada oxherein
the insulation material is SUitaR|§1f8E~isérFCtEF%{f‘pﬁl}F@ii%Hésm?%AaE mg@o%sgﬁnegéri oy one of

claims 31 to 33 wherein the fire resistant material 1Is sodium silicate or-an intumescent material. 20
35. A product that includes thdf #281a88n fafRusEARIEN BRs etk mimdtepiql with

a material that is fire resistant and
5 contributes to the rigidity of the insulation
material.

32. The method defined iIn claim 31 includes coating
the open celled foam by impregnating the foam
10 with the fire resistant material.

33. The method defined in claim 31 or claim 32
wherein the insulation material is suitable for
structural applications.

15
34. The method defined in any one of claims 31 to
33 wherein the Ffire resistant material 1is
sodium silicate or an intumescent material.
20 35. A product that includes the insulation material

defined In any one of claims 1 to 9.





