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and are commonly identified by the composition that constitutes the solid portions of the

insulation material. Examples include: polyurethane foam, fiberglass batting, rock wool,
loose fill vermiculite or perlite, blown-in cellulose, polystyrene foam, polyisocyanurate foam,

acrylic coatings, coatings containing ceramic particles or microspheres, etc.

Each of the insulation methods described above suffers from one or more of the following
problems: loss of insulation properties after installation due to the infiltration of dust,
moisture, mold, and mildew; corrosion when these materials are used on metal surfaces, due
to the accumulation of moisture under the insulation, in particular condensation resulting
from the temperature differential created at the interface between the insulation and the

substrate; and insufficient insulating properties, particularly in the case of surface coatings.
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Silica aerogels were the first extensively studied aerogels. However, aerogels and xerogels

may be made with a wide range of chemical compositions. Other inorganic aerogels may be

used in the present invention, as well as aerogels prepared from organic polymetrs, sometimes

called “carbon aerogels.” Inorganic xerogels and organic xerogels are suitable for the

composition of the invention, provided that they have properties similar to aerogels.

Aerogels and xerogels can also be surface treated to alter their properties. For example silica

aerogel can be made less hydrophilic by converting the surface ~OH groups into —OR groups
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Prior to the work performed by the present inventors, which forms the subject of this patent
application, aerogel and xerogel particles have not been successfully used as the primary
insulating agent embedded in a thin layer or coating that is firmly adhered to a substrate, the
thin layer or coating being formed by applying a film-forming liquid composition which has
good storage stability and is not subject to excessive thickening upon storage. Furthermore,
in the present invention, the thermal insulating properties of the aerogel and xerogel particles
are not degraded by the other components of the coating composition, for example as a result

of damage caused to the delicate pore structure of the particles and/or invasion and saturation
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An additional object of the invention is to provide a thermal insulating layer that protects the
substrate against molds and mildew, in addition to having the characteristics described in any

of the above objects of the invention.

DESCRIPTION
The curable coating composition of the invention is made of highly porous particles dispersed
in a film forming resin system which contains a film forming polymer, and in the presence of
a stabilizer as defined below. The particles are particles of a material obtained by drying a
wet sol-gel, and have a porosity of at least 80% and a particle size in the range from 5 ym to

4.0 mm.



conpressed, which are other common causes of failure
in bulk insulating materials. Another object of the

WO poosfsizac is to provide a thermal insul ating PERES2004/037740
that is fire retardant, in addition to having the

characteristics d scrlbed in the first object of the
u@%ﬂ%&ﬂ—w or a her object of the inventionis to
provide a thermal insulating |ayer that protects the

substrate agai nst corrosion, in addition to having the
The haghde p@oiispartislesiessdrin igdconmposartipn afe mhde afrmetenib] which is obtained

by AR sORES e BOPRE L oF drishFOToretidring pigg b the range from 5
pnd 1634.0 BE@! ?ﬁé ShdnfiSiry HRBthE FrIueSai &rsstucﬁaia@éla@meﬂveh $@W a sol-gel are

in addition to having the characteristics described in
wedlrdpcumenthe instho vheroisplelitesatuse, wiieh disolesesi vaniouDESHRUPTIrGKying the
The curabl e.coatin osition of the invention is
So%egén% orﬁ?(bqﬁfyyl%%sr%\ﬁé ngﬂpf’%lleés di spersed in a film
form ng resin system \Nhl ch contains a filmformng
polymer, and in the presence of a stabilizer as
Th@ @fghﬂﬁemorg@s pAxticles é‘llblg}et foe t@@oamembam of tiedrveption include, but are not

iSSR0 S8 L T e

su;ﬁaildilgibaf pﬁﬁ@uﬁe ahd Qelégél pmdles)praiiwembﬁﬁ]bbbc@w Whigein the wet sol-gel is
partl cl es The hi ghly porous particles used in the

drigg, ﬁbao@r@fﬁu&w APE thﬁaﬂ@e@rltlaalr?a%%weafm%w AEL0EHIONE Fidiga aerogels or
I Ieast
<eg 8 Beal s BARLRYEaoRALOT bty Sl
nm The chen1stry and t he production of such naterlals
deriv are cunmented, i.n _the

a sol - Q
The ﬁ]éﬁ'log& g}{gé PIOYP & W’W éwta\é\’f%%’lr g?%@"@’étﬂ‘?rb]ﬁén thetrAgggsof from 5 pm
to htut A10%h9 th BRe %bo@ﬁien?@ﬁhé RfveiBdl, b fa@ﬁ’leg) icfdrb ?g%l which have

properties. The highly porous particles suitable
a patielenpioghe fange ﬁbnt Hpmi toue0i pom, rirefetabbiefrotft prarte 500 m, and

o B o aEE) LGB PLTaE o BAERenL eGPy eaparicles

haWhEe 8§46 €n 1R &ﬁ%omﬂmﬁmsabeﬁ@@ﬁﬁﬁgm%e@ process
wherein the wet sol-gel is dried at a pressure bel ow

the supercriti cal pressure. Particles of anorphous

The &ugh?y poroﬁs%%&ﬁes used in the mventlon have a porosity of at least 80%, and
preferably at least 90%, the porosity being a measure of the proportion of the volume of the

particles that is taken up by air.

The shape of the particles is not particularly limited and includes irregular shapes as well as

smooth and symmetrical shapes.

The highly porous particles typically have small pores with a pore size not exceeding 50 pm.

In an embodiment of the invention, the particles are characterized by a pore size of about 20

pm.

By virtue of having a high porosity as well as a small particle size, the particles suitable for

use in the invention have a high surface area, for example in the range from 600 to 800 m?%/g.
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In one aspect of the invention, the resin system is an aqueous emulsion of a film forming
polymer selected from the group consisting of acrylic copolymers, acrylic styrene
copolymers, vinyl acrylic polymers, epoxy acrylic copolymers, acrylic vinyl acetate

copolymers, styrene butadiene copolymers, and cellulose acetates polymers.

In another aspect of the invention, the resin system is solvent-based. Suitable solvents
include, but are not limited to, aliphatic hydrocarbons, aromatic hydrocarbons, alcohols,
acetates, glycol ethers, and glycol ether esters. Specific examples are hexane, toluene,

xylene, isopropanol, ethyl acetate, and diethylene glycol monoethyl ether. The selection of
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The first group of stabilizers in the above list, ethylene oxide (EO)-propylene oxide (PO)
block copolymers, are symmetrical copolymers having two EO blocks of the same chain
length surrounding a PO block. The ratio of EO to PO in the copolymers can be varied. An
example of such a copolymer has the EO13—PO3p—EO;3 structure.

The stabilizer suitable for use in this invention has an average molecular weight in the range
from about 1,000 to about 4,000, preferably from about 2,000 to 3,000.
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wOoreovy/0gf746¢ hese particles derived fromthe dryiPQI/v82084/037740

sol-gel, in particular silicas, are thixotropic so
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The chem str y
wigiie BigE Bnd Budieheshy & BRineshRb oy S FrelyvRibiifers hetp o

staBitiizb 8 Rafh@Bdrhy c?sﬁ[& BHeQnvondirk Ablehd ﬁ&s@ibﬂﬁ?’@lﬁd‘t SeAdction of the
manuf act urers. [es of those conmmerci a roduct s

stabiligets mmyerglatmtotth@plfegemcg@f loggtatiphagic chains in their molecules and to their

molecular weight range.

(iv) Other additives

The composition may contain other additives known in the art, as can be determined by those
of ordinary skill in the art to improve the coating and “lay flat” properties of the composition.
These additives include, but are not limited to: surfactants; leveling agents; rheology
modifiers such as thickening agents; anti-foaming agents or defoaming agents; coalescing
agents; curing agents (in the case the resin in the composition is not self-curing); and

extenders.



Trademar k Manuf acturer Category PLURONI CS BASF EO PO

copol yners TERGA TOL Dow EO PO copol ynmer s RHODASURF
worbmdiogr7pol yet hoxyl ated fatty al cohol s ANTAROXPEITUS1084/037740

pol yet hoxyl ated fatty al cohol s CREMOPHOR BASF

pol yal et hoxyl ated castor, oils

S| LVET Cr . .. .
wrymsmnmmlogalﬂmaﬁ gonipiRAGiEINg pFeEENO Eﬁﬁ?@ﬁ%ﬁwmde (TiOy),
f
wh%gq% g Eﬁgﬁqﬁg vfi‘ﬁfe %ZH] g%?;ffs ers]&{ in AL E&ﬁgﬁ% %fy tflaﬁ%%tlon it must be

in thh eutdd form, &4 peiérit 2Ralkingelf phd congtoabiohi Ziean lambcdlatenngf the

nposition, the inventors note .the SSI ility
invepiio T Hiei ORI CQRROSHIORFOR {28 B! lﬁa L iQmOHB § 150%y weignt,

pre?errgﬁf%‘% O/J, %‘llj] L BRgdd ¢ Qwe{g‘ht bf"th%*&%h% ﬁ%ﬁcul es

elr ar \NEI g range
addi tives The corrp05| tion rmy cont ain other additives
r,m ne

kno in the.art, be t hose of
Thi P FGrRRTien fipy BRI Brneios T PGS ASHEIb At PGP aripeted by
thosé éﬁ/orﬁirﬁ%y skill RPAE bite Bx@ipldd @ EQHE &thiidamty mcm@es But are not limited to,
ditives include, but are not Ilimted t

polsnmer gl@damogtmmdmiiet%ayage nhlmlnqSHec@te@gqblm‘cefd rhosphate ¢sters, and

as t kenj n ents; anti-foam ng agents or defoam ng
brogoary 5& E/gg?sgggtgﬁg agents; curing agents (in the case

the resin in the conposition is not self-curing); and
ext enders. The conposition optionally may contain
Theweatiaaicagppsigemmey alsp wn&amnfmrdwﬁ TERLIGife, ewldegvoade or biocide, as

cancl?o nﬁe@te‘ﬁ%\# er& opéh 5@3‘3{{11 %Zh&?n . t X réjl??e?féﬁgg?%eg,'trgpdewmdes,

andbievides inchdé, Pbulﬂ greafot lifrgted odyEios tineatiylotaxoHdine e di ment
of the invention, the coating conpgsition ¢

tnmﬁhﬂp&mh ing, mAdifisd bgpmeiaoraie ogsiropaeryhph erwﬁ e’f‘ggabl y
mc?:lgonr%@??lﬂ’ (g{i’ri]@aeh\%i&%tm hased on the weight of the

The coating composition may also contain one or more anti-corrosion agent, as can be
selected by those of ordinary skill in the art. Examples of anti-corrosion agents include, but
are not limited to, mercaptobenzothiazole and its salts, and benzothiazole derivatives having

hydrophobic groups.

Additional examples of these additives may be found and selected from the Raw Materials
Index, published by the National Paint & Coatings Association, 1500 Rhode Island Avenue,
N.W., Washington, D.C. 20005, which is herein incorporated herein by reference in its

entirety.

(iv) Preparation of composition

According to the invention, it is essential that the highly porous particles be added to the resin
system and mixed gently under low shear conditions, after all the other components of the
composition have already been blended at a higher speed and at moderate to high shear rates.

In the most preferred method, the highly porous particles are mixed in a separate vessel with



The coating conposition may contain one or nore flane
retardant, as can be selected by those of ordinary
W@ Riosl477m6 t he art. Exanpl es of flanme retardant BCT/US2004/037740
i nclude, but are not limted to, polyner grade
montnorillonite clays or alumnosilicates, chlorinated
theshebilizien {amdastesy smalh pmowntaaratsy|if Beckesarspiedemh ataifornt paste) under
' i 40 | ' o .
oY 1n SRR SRANAR, Oke AshorigBhde b Mg, nlBhButygided to the
blehy of thesemaining dinfhynts kiifhl agitatidrihabis icharktaripddesy exftremely low
fungi ci des, m | dewci des, and biocides include, but are
shedbt | imited to, 4,4-dinethyloxazolidine, 3,4,4-
tri met hyl oxazol i di ne, nodified barium netaborat e,
ort hophenyl phenol, 2,4,5- trichlorophenol, and
In shaiyyeinoatiments ofithednvehtienctira¢ savingsangyolss ddcomplighed dlysomnitting the
contain pne o re anti-corrqsio enf.. as C be..
se t%Erteétalx%g Qtﬁggglgg}y }gﬂralilsr%r?c €541} tﬁg sta ll‘lféera p]gcflgy ac‘fdlng slowly the
. 3 i , . .
hlg]-ﬁls%i : G%t létgssgdgfmléﬂto a bl o%llﬁ‘&e&lhér % A orEifts oPiHe c%ﬁg)r?g‘l%n,

, hercapt obenzot hi azol e its salts,
inchemegthhistabidizer. dBhis statricuemethad inray teyded ghiodxiampde, ovhes .2 higher

Addi ti.onal. .exanpl eg.of. these .additives nmay be found
s} e LR A RSB EPal s | ndex. pabl | Shed
by the National Paint & Coatings Association, 1500

Rhode | sl and Avenue, N W, Mashington, D. . 20005,

Regilleps olswlhieh aiethadrie Byodoibgraigingatdighlypotons pardinlse thap are very fine
i ent j.r e I rafi f 0si td on

sn P b bl o fstdsn BTG, bR o PIBRRb 2 gciypeaer tha

tentls @esyaRGnUEe pRidspldreposimgadaanh hezadied thespéraky st /&1l as
and, m xed gently under |ow shear conditions, after all

incgqqsingcRgp by Siapldigethe sxpansiveanateifdosi ti on have al r eady

. been bl ended at a higher speed and at noderate to high
shear rates. In the nost preferred nmethod,- the highly

Whpnraawptipadl twitlegihgaigment Xeaset fin theseprigé@npsitial the pigment is
withthe stabilizer (and a, ver amount. of wat er

_Ver. I, .
groupd fp.thedesiFsd Ragiiqle,ige and my ?feérlﬁﬁog g ¥esin sysigey bedee tlaglaighly porous

arkiBW, hegondi tions. Once a uniformpaste is
partiplls atteddied 2N ) owly added to the blend of the

remai ni ng conponents with agitation that is
Thg Braersean t1r?vrein 1&9 pr%Xfi e)s(tarrr?er’g}?cl(y folr ?r}/gorporating into a coating composition the
highly porous particles in an amount sufficient to impart good insulation properties to a
coating formed from the composition, also preventing excessive thickening of the

composition in shelf storage.

The composition of the invention has a Brookfield viscosity of no more than about 12,000
centipoise, preferably not more than about 10,000 centipoise. Therefore, the composition can

be sprayed and otherwise handled in the same manner as a conventional coating composition.

The composition of the invention has excellent storage stability, exhibiting a viscosity
increase of less than ten percent upon shelf aging for three months. The composition can be
applied to a substrate by conventional methods, such as by brush, roller, or spraying. The

composition may be applied directly to the substrate, or on top of a conventional primer coat

10



shear. In sone enbodi nents of the invention, tine

savi ngs may be acconplished by omtting the separate
wee@smawieg of the highly porous particl es andP@TiES2004/037740

stabilizer, and by addi ng sIomAy t he highly por ous

particles to a ﬁre bl end §30t er co onent

whigh i st RIS SHDS RG] éoqoe?&el}twga veiq0a) Lager ey pptionally be
apRIdnCh o Ak BRIncRBmisdEHlon bPMeSHAFRLE, when a

I gher anount the stabilizer is used in the
conposi ti on. Regardless of which nethod |s used t he

m xi ng .of hj por ous art Ies t ary
Thekimpebiin AL gt AR PRt BB itk St s spiBaes.
incdliREn® ®ut h&l18SitddabModfsf béiﬁﬁgé pans Q:bnttaﬁﬁs tRRE DipeR, trucks, boats,

escape into the atnDsp ere, posing a heal th hazard to

m@h@mubﬁmator as well as increasing costs by wasting

t he expensive material. Wen an optional whitening

pigment is used in the coating conposition, the
The feliR¥ihg efa lﬂ[?}@yﬁﬁithbﬂllhﬁt&até 85pet8 ®f fY ihv&ition S Tz oddthe understood

m xed into e resin system before the 1%ﬂ%hly por ous
thap gherexamples arenc derdered 1 dimpit ths énention: éne thah Vpi@isicherges may be

i Yok Rl B PR it 6 Bebiiy ERHRAB B g the basic
cond@piIdf tigoiadertioau I[mmse otherwise indiesed, all @aﬂs; pricegtafey r@ids, etc., in

fromthe conposition, also preventlng sive
they ppRkssizRg thrrestid theswsedicatian e i (eHef ofy laﬁfage The

conposition of the invention has a Brookfield

viscosity of no nore than about 12,000 centi poi se,
EXAMPEREdADI y not nore than about 10,000 centi poi se.

herefore, the,conposition can pbe sprayed and . .
A QPP HPEC I8 T8 PR L B b Ans GOy bt llwing table

coating conposition. The conposition of the invention

has excellent storage stability, exhibiting a
Wagmsietly | ncrease of IMamet han ten percerVt Upoased bielwfeight of
aging for three nonths. The conpositioh can be applied
to a substrate by conventional nethods| such é?%%%ﬂuml
Drush, rolT €Ry,&f Spraying. IThe conposjiion nay Beoa
applied directly to the substrate, or pn top of a
conv2nt i onal ASFRY8OL R4825 0.39

3 Propylene glycol 0.48

4 BYK 025 ® 0.13

5 TAMOL 165% 0.85

6 ARMOREZ 1C2954 © 46.95

7 - Dibutyl phthalate 0.73

8 Dipropylene glycol n-butyl ether 6.78

9 AMP-95® 0.29

10 ACRYSOL RM825% 0.48

11 PLURONIC L62® 2.90

12 BYK 0257 ' 023

13 NANOGEL 07N"” 4.55

M thickener (Rohm & Haas)

11




10which is first applied to the substrate. A

conventional overcoat |ayer nay optionally be applied
woeeosog7ad the | ayer of the conposition of thePCT/US2004/037740

i nvention. The conposition of the invention can be

) tod ate ide variety of substrates,
ﬁ%@?‘ﬂaﬁ @gfﬁﬁhen%%ﬁs\rﬁq)m ted to, roofs, ceilings, walls,
®) aigpéradrd €RShm & Misss) Pi pes, trucks, boats, barges and
ships. The follow ng exanples further i|lustrate

“ sl parepsdinkmetepexyasudistqopplymer (MpastiVestracolinder st ood t hat
© b B S B ihe DY BRI L Those. oki 116

at v ous nay e by those skilled
© E0-RO eopslyme# (BUSE) changi ng the essenti al
mCharacteristics and the basic concepts of the
siHGRHrogsh (Catatess ot herwi se indicated, all parts,
percentages, ratios, etc., in the exanples and the
rest of the specification are in ternms of weight.
CompalEiiE 1 And Rewere adatd fog 5Saninpies it a Gowlesnigee pEiteadofponients 3, 4

€ Co ent.s .sh in the follow ng table. Conponent .
an(kg ey gldngn eaxsﬁﬁ«?éirawte&faf%ﬁ%&& Rnentyfc dy veme pdded while
migo Y OSSR MR 08l 08 e B e
paybietes 4¢ caneon@nt733) Svede pdded\slosviy agd yindd undsutgiter et hiow ped@not

exgeedmg_S%g rgm/%l% }Aocl@a('r\'Fl{l\c(llsu co@{ggz gonql')és%ion was obtained.

The insulation characteristics of a coating having a thickness of 0.048 inches prepared from
this composition were measured by ASTM method ASTM C-518. The results shown below

indicate that the coating has outstanding insulation properties.

Thermal Conductivity: 0.058 Btu/hr ft °F
R - Value= 048/ (12 x .058) = 0.069 hr ft* °F/Btu
tmean = 170 OF

EXAMPLE 2

A white coating composition was prepared from the components shown in the following

table.

12



11 PLURONI C L62 2.90 12 BYK 025 0.23 13 NANOGEL 07N

4.55 thickener (Rohm & Haas) 1l11ldefoaner (BYK Chem e
wQBAp/0di7sper sant (Rohm & Haas) sel f crossli nki PQr/us2004/037740

epoxyacrylic copol yner (MeadWestvaco) neutrali zer,

co-di spersant (The Dow Chem cal Co.) EO PO copol yner

(BASF) silica aerogel (Cabot) Conponents 1 and 2 were

NCoAfode@f S |M nutes in MafeW es m xer. | Thewt ¢ppRRASAWeight of
3, 4 and 5 yere added and m xed for 5 mnutes, after

whi ch con‘ponents 6 - 12 were added whil € m Xi ngOl}lB@‘litlon

ot —a o IUIDIJCIDI on—was—obtarnet—tn—the 'f%
re

step,1 t he sill %5 aerogel particles (copponent 13)

added sl ow y m@léﬁ@gqybdynder cover at a | ow speedyawpt
exceeding 500 rpmhr A clear liquid cpating

corrpéS| ti on \B%K@Bﬁéf ned. The i nsul ati N 0.11

noacc

|
blld.l bl. C1 Tbll QIT Ilg IId.VI g a III CRITTCTSS U
0. 048 i nches pr@ggka[‘rfg’& romthis conposition were 074

%

measgred by | &RIBbareidoguifefM C-518. The results sfppn
bel ow i ndicate that the cogting has outstanding

i nsubati on prPde\éQRersICZEﬁér@r)ml Conduct { vi ty O 05847

L e £+ Nl 19 fa¥ =i oAY

L)l UI | T l Lol U“"UI L /\ . UPJOU U, U0OJ 11
F/Btu an 170T¥b‘é¥/ﬁmﬁﬁﬂéﬂ§ A whi t\e coat | 1g/con'p03| t(?@%

was ‘Brepar ed ip@pylhe gROPRDEST amaown 1N The 77

followi ng table
9

AMP-95% 0.25
10 PLURONIC L62% 2.51
11 BYK 025 0.20
12 SURFYNOL 104-BC® 0.84
13 Water 2.16
14 | NANOGEL TLD201" 3.94

M defoamer (BYK Chemie USA)

@ dispersant (Rohm & Haas)

®) self crosslinking epoxyacrylic copolymer (MeadWestvaco)
® neutralizer, co-dispersant (The Dow Chemical Co.)
®YEO-PO copolymer (BASF)

© wetting agent and defoamer (Air Products and Chemicals)

(Msilica aerogel (Cabot)

Components 1 - 4 were mixed for 10 minutes at low speed with a vortex mixer. Then
component 5 (powder of rutile form of TiO,)) was sifted slowly into the vortex mixer. The
mixture was covered and dispersed at high speed to a Hegman 6 consistency. The mixing
speed was reduced, and components 6-13 were added under continued mixing just until a
uniform dispersion was obtained. In the last step, the silica aerogel particles (component 14)

were added slowly and mixed for 20 minutes under cover at a low speed not exceeding 500

13



12Conmponent Nanme W % based on wei ght of conposition 1
Water 2.63 2 Propyl ene glycol 0.42 3 BYK 025 0.11 4

WA 2047746l- A 0. 74 5 CR 800 Ti O (rutile) 13.4 GPERNERBEH037740
| C2954 39.47 7 Dibutyl phthalate 0.63 8 Di propyl ene

gl ycal n-butyl ether 7.7 9 AWMP-95 0.25 10 PLURONI

P/l Ay higsrhae 506!%0@0§%@<&W£W£e@tﬁ?@%i%ﬁ§? afH400 cps
- L TLD201 3.94 defoanmer (BYK Chem e USA

(S%m&ﬁ 3g@ant EE go ( )

I spe hm & Haas) self crosslinking
epoxyacrylic copol yner (MeadWestvaco) neutrali zer,

TH GO R PG IS AT SRR Mt KPS O S GeER Brepsred from
thi@h@ﬂb@ﬁdi&id W]/ce\l%i thédsared &y USTMhhed ASEMPON@N tThekesultd shown below

~were mxed for mnutes at |ow speed with a vortex
indipatethat thgenating has outstanding insulation properties.:

Thermal Conductivity: 0.187 Btu/hr ft °F
R-Value=  .058/(12x.187) = 0.026 hr ft* °F/Btu
tmean = 180 °F

Other embodiments of the present invention will be apparent to those skilled in the art from
consideration of the specification and practice of the invention disclosed herein. It is intended
that the specification and examples be considered as illustrative only, with the true scope and

spirit of the invention being indicated by the following claims.

14



conmponent 5 (powder of rutile formOTiO)) was sifted

slowy into the vortex m xer. The m xture was covered
waeasdizper sed at high speed to a Hegman 6 conBCHUSI0Y037740

The m xi ng speed was reduced, and conponents 6-13 were

tlnued m xing just until a uniform
Wﬁ%&p&r@gﬁw@é obtained. In the last step, the silica
aerogel particles (conponent 14) were added slowy and
m xed for 20 m nutes under cover at a | ow speed not
L. eémarebile rgati@Ocongrogitiohrfor frmingtaghetnpl infubatiag laygr, wherein the
onp sition.was obtained. [Viscosity = 3,600 - 4,400
CO]E’B% ﬁ%b?‘?m]?%s% @20 rpn)] The insul ation

characteristics of a coating having a thickness of
0. 058 inches prepared fromthis conposition were

(2)nkigblyredous mfmmﬂalm%w Chmng%‘@etmbgﬁlt the particles having

« RS of Pt O T S0 B FOBAT O3 b B3 e

Btu/hr ft FR - VaI ue = .058/ (12 x .187) 0. 026 hr
ft2 F/Btu tnean= 180 F O:her enbaodi ments of t he
(b)pp didmAerming sosn %»ﬁtem PmpFiin b HEP MRS POIBISE ski | | ed

whefbi Pfé J)%Hcflésr (%e o 'efé&‘i a1 Q?es?{ g&%ﬁhgo?e&iﬁi‘ft% ?és%ngsrgfsf%ﬂfj(b)

prac nt I on | e
comtaine atiedst tohastabtieesipiig dnceaveiaga nmiebtmfamglﬁsin the&ange from about
caonsi dered. as |Ilulﬁ%at|ve only, with rég Sco

109Rdo gt 4009 saidh ghabifigerheimsrat beastope e %&ss frome < group

I T a
coheittn@Hr Ry ford e pkEIEH didbBbR ol imers, fOIF ¥ 88 Salkoxylated Crz
— Cayzusatedioe nesaturtated fa’rd:miodldis pnlyc prr@%adkoxyqagd hydgbgenated or

palfBhy e Pgatatcd G aith rBPeEs nEo flgrSlaid ol gnied i aritly

hy®88lat&0S6yBBkh @ils ?615/&1%6@11351 sAdkanB ¢, hecy ﬁﬁéb@ylité@ Bhe séMBltan esters of
to 4.0 M7 and ( a

I'mformng resin system
Cu:ﬂ@mrmura@d@rfmsamrat@drﬁat‘rygacm;lymsr wherein the

theD ah turrﬁ 8F ﬁ]@&ﬁahlczvzg)gfﬁ]sug %e%gggel f?or}l t23.eto r6§/5f)y we}/gﬁ %ase(d c?n ' the weight of
the composition, and the amount of the stabilizer is in the range from about 50 % to about

90% by weight, based on the weight of the highly porous particles.

2. A composition as in claim 1, wherein said particles are at least one member selected from
the group consisting of aerogel particles prepared by a process wherein the wet sol-gel is
dried under supercritical pressure, and xerogel particles prepared by a process wherein the

wet sol-gel is dried at a pressure below the supercritical pressure.

3. A composition as in claim 1, wherein said particles have a particle size in the range from 5

pmto 15 pm.

4. A composition as in claim 1, wherein said particles have a particle size in the range from 5

pm 500 pm.
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contains at |east one stabilizer having an average
nol ecul ar weight in the range from about 1,000 to
W@bwan474000, said stabilizer being at | east OPET/DE200€037740
sel ected fromthe group consisting of ethylene
oxi de- | ene OXIde bl ock
5. & Ry S b et it SRR R 2 BRidle st om e gange from s
Imp@l 4200 fB. al koxyl at ed hydrogenated or partially
hydrogenat ed castor oils, poly - C3 al koxyl at ed
hydrogenated or partlally hydr ogenat ed soybean oil s,
P di net h al koxyl at e sor bi.t an
6. DO pepeTB R % el BT et M R E R SR P B S 1t 88 rene from
abd it ®. RARUTY adhit 4. 0enmarticles (a) is in the range from2
to 6%y wei ght, based on the weight of the
conposition and the anmount of the stabilizer is in
t t o
7. A[‘agoeléﬁlgt qH‘cﬁ?ﬁLi W?lglieﬁg stagd ylte% %%o/ uab ogé\lﬁylggt:}fag%eastfo Y.
A conposition as in claim1l1, wherein said particles
are at | east one nenber selected fromthe group
8. copRMRASItRY Arin siBdeVhpgin s2¢d eetlﬁlﬁwgra@tp@}oua Stltcé agtggel particles.
wherein the wet sol-gel is dried under supercritica
pressure, and xerogel particles prepared by a process
9. vhesrepositidieasiin tlafoll; ghbreirssailt paticlat a aproepisons giliee kemvgel particles.
the supercritical pressure. 3. A conposition as in
claim1l1l, wherein said particles have a particle size
| .
100 P SR 1 SRR L e ] har SR O oh Ao s
|n the range from5 nm 500 mm 155 A conposition as
in, claim. mher n said art s have ar
11 % gofhoRifon PR GEAR © e Seid GeyiRies B cobBirmeasl Bprinte.
as in claiml1, wherein said particles have a particle
size in the range fromabout 0.5 nmmto about 4.0 mm
127 A gpnepspiiosias i platng 1) wherkini saidiresinisgstetnnis sqieduparti cl es
have a porosity of at least 90% 8. A conposition as
in claiml, wherein said particles are anorphous

13SIAl don@poRRIoAGE lin Plainh 2] erein said particles are hydrophobic.
14. A composition as in claim 1, wherein said resin system is solvent-based.
15. A composition as in claim 14, wherein said particles are hydrophilic.

16. A composition as in claim 1, wherein said film forming polymer is selected from the
group consisting of acrylic polymers, acrylic styrene copolymers, vinyl acrylic polymers,
epoxy acrylic copolymers, acrylic vinyl acetate copolymers, alkyds, styrene butadiene

copolymers, cellulose acetate polymers, and polyester polymers.

17. A composition as in claim 12, wherein said resin system is an aqueous emulsion of a
film forming polymer selected from the group consisting of acrylic polymers, acrylic styrene
copolymers, vinyl acrylic copolymers, epoxy acrylic copolymers, acrylic vinyl acetate

copolymers, styrene butadiene copolymers, and cellulose acetate polymers.
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9. A conposition as in claim1l1, wherein said particles
are anor phous silica xerogel particles. 10. A
W@ up0si7eé on as in claiml, wherein said parti PCBEESH0€037740
carbon aerogel particles. 11. A conposition as in
claim, wherein said particles are carbon xeroge
particles. 12. A conposition as in claim1, wherein
18s &l ebryssitionSdésh €lirh §, @HicATuisher E3mpAsGAIARSH lrh @oast frém 5 to 15%
claim12, wherein said particles are hydrophobic. 14.
by Aveigliiplased p theakeighf oflthg ¢AMPOSio8r ei n sai d resin system
is solvent-based. 15. A conposition as in claim 14,
wherein said particles are hydrophilic. 16. A
19¢ dnganpdsitiom @<€n claim [1avhich, furthee coinprises aflérhé retdrasanti ng
polymer is selected fromthe group consisting of
acrylic polyners, acrylic styrene copol yners, vinyl
aqr : :
2002 M 0020, IR AR LRGLYNL Sy EPBPS YRKSe BRI tho step of
applypigl thereorspositadd ofl dam latwahaswbspreteymer s, and pol yest er
pol ynmers. 17. A conposition as in claim112, wherein
said resin systemis an aqueous emrulsion of a film
217 O Reihdd o PrEpinge RetiSd el derod FRin £ DR IRAI iR Rfng layer,
acrylic polyners,” acrylic styrene copol yners, vinyl
said angthodcanpoiingiibe stepepbxy acrylic copol ymers, acrylic
vi nyl acetate copolynmers, styrene butadi ene
copol ynmers, and cellul ose acetate polyners. 1618. A
(a)GR6HaRIgtd 10§in 3§stém c6h1?i~i§ih§ a R ohningfoliRherGRARF Ie8fne stabilizer
rutile in an anount from5 to 15% by wei ght, based o
hayihg apeverage mplechlar weighbmi the smge fiom ghaud kzd8ite dlemit 4900 said

i i [.C rises..a flame ret.ardant. .
sfBef st W o Bl PR AT o TPl P fmeponice-
prapyletie dixidettRockastpbliydiehg pblyeCSt €P aldoxsiapldyd ng @ heaturated or

osition of claim1 to the substrate. 2 A net hod

ungeaieA ety Flegols. pelt Cag Costatebhy dregconisdigr partially hydrogenated
ol DS a3 UGS TS AR SOTALSRE! D oan it
polydimethylrsiioranep@] -y 68 nlkardatet, dndastbitaneststsaliiC;j 2 €lg saturated or
havi ng an avsr g]g(g nol ecul ar weight in the range from
0

unsatyated falgpest ut 4,000, said

(b) adding to the resin system obtained in step (a) highly porous particles of a material
obtained by drying a wet sol-gel, the particles having a porosity of at least 80% and a particle
size in the range from 5 um to 4.0 mm, and mixing the resulting composition at a low shear

rate,

wherein the amount of the particles is in the range from 2 to 6% by weight, based on the
weight of the composition, and the amount of the stabilizer is in the range from about 50 % to

about 90% by weight, based on the weight of the particles.
22. A method as in claim 21, wherein the highly porous particles are pre-mixed slowly and

under low shear with the stabilizer and Wéter, if needed, in an amount sufficient to obtain a

uniform paste, and the obtained paste is added to the resin system.
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stabilizer being at |east one nenber selected fromthe
group consisting of ethyl ene oxi depropyl ene oxi de

whb@skiapol yners, poly - C3 al koxyl ated - sat PCHUSZ04/037740

unsaturated fatty al cohols, poly - C3 al koxyl at ed
hydrogenated or partially hydrogenated castor oils,
poly - C3 alkoxylated hydr ogenated or partially
h I <

23, K AGHROR B AR Rl Fwn ARHE bl ISl AR i Sstem

beﬂﬂ@%&mubated fatty acids, and (b) adding to the resin
system obtained in step (a) highly porous particles of
a material obtained by drying a wet sol-gel, the

24.PA o8 %s RAMbRg2 A v%é&éiﬁ he/phiclad hiv%%sﬁor&@t\ﬁ’o@@gleﬁst 90%.
particle size in t'the range Tfrom5 mto 4.
m xi ng the resultlng conp03|t|on at a IOM/shear rate
mher n t he particles .i.s in the range

251 Roeibod & Byl yher GBI cres i et PR
conposition, and the annunt of the stabilizer is in
the range from about 50 %to about 90% by wei ght,
based on the weight of the particles. 22. A nethod as
in claim?2l, wherein the highly porous particles are
pre-m xed slowy and under |ow shear with the
stabilizer and water, if needed, in an anount
sufficient to obtain a uniform paste, and the obtained
paste is added to the resin system 1723. A nethod as
in claim?2l, wherein a whitening agent is mxed wth
the resin system before step (b). 24. A nethod as in
claim 21, wherein the particles have a porosity of at
| east 90% 25. A nmethod as in claim?2l, wherein the
particles are silica aerogel particles. 18
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