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loose fill vermiculite or perlite, blown-in cellilose, polystyrene foam, polyisocyanurate foam,

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

Each of tﬁe 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.




fromthe tenperature differential created at the

interface between the insulation and the substrate;

and insufficient insulating properties, particularly
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ta! aex%gecls %erthe first extensively stndied 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 acrogels prepared from organic polymers, 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




Silica aerogels were the first extensively studied

aerogel s. However, aerogels and xerogels may be nade
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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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According to a second aspect, there is provided a method for forming a thermal
insulating layer on a substrate comprising the step of applying the composition as
defined above to the substrate. '

According to a third aspect, there is provided a method for preparing a coating composition

for forming a thermal insulating layer, said method comprising the steps of:




1,000 to about 4,000, said stabilizer being at |east
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" is provided a nethod for preparing a coating
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layer is, for example, not subjected to the infiltration of moisture, dust, mildew, and insects, which

may cause significant loss of insulating properties in traditional insulation when used in locations
where it is exposed to weather and environmental conditions. ‘The insulating layer can also sustain

 significant physical impact without being damaged or

compressed, which are other common causes of failure in bulk insulating materials.

Also disclosed is a thermal insulating layer that is fire retardant, in addition to having the

characteristics described above.

~ Further disclosed is a thermal insulating layer that protects the substrate against corrosion, in addition

to having the characteristics described above.
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rate,. wherein the anmount of the particles is in the
range from2 to 6% by wei ght, based on the weight of
the conposition, and the anount of the stabilizer is
in the range from about 50 %to about 90% by wei ght,
based on the weight of the particles. Disclosed is a
coati ng conposition which contains as an insulating
agent highly porous particles of a material obtained
BYsclosss ipg tharmend insgjeting lapdthwtiratbets the sutstrac gamtt mddswad intilgew, in
SR DBE UGLUL LA BRI gfmnce integrity even in
severe service environments, sSuch as found in
i ndustrial and manufacturing applications. The
insulating layer is, for exanple, not subjected to the
infiltration of noisture, dust, mldew, and insects,
whi ch may cause signifi CESCRIPTEONT | nsul ating

les..in traditiopal.insulatio n.used in
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ﬁll a/ﬁlnnﬁ)rftain_g aesinCsystelir ltwlmt Ilfﬂri:@ alfikp :fblﬂfm,g‘}ﬂ)tlﬂqﬁéf,te%ldq{ﬁ‘ the presence of
al sa..sust ai i,gni fj can ysi cal inpact w thou
R @?‘&z-o%ﬁ«@g%%,arwm%qfe mstepiet otwinedyy drying a
weskgel,Gind havd d fogositd obatlidast 5084kl d NiskidiBG & ih MleSanpeMGi5 ym to
gésclosed is a thermal insulating 1ayer that iIs Fi'r e
8f}dant, in addition to having the characteristics
descri bed above. Further disclosed is a thermnal
insulating |ayer that protects the substrate agai nst
corrosion, in addition to having the characteristics
descri bed above. 4a Disclosed is a thermal insulating
| ayer that protects the substrate agai nst nolds and
mldew,” in addition to having the characteristics
descri bed above. DESCRI PTION The curable coating
conposition of the invention is made of highly porous
particles dispersed in a filmformng resin system
whi ch contains a filmformng polymer, and in the
presence of a stabilizer as defined bel ow The
particles are particles of a materi al obtained by
drying a wet sol-gel, and have a porosity of at |east
80% and a particle size in the range from5 amto 4.0
nm
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4b WO 2005/ 047746 PCTI US2004/ 037740 (il The highly

porous particles The highly porous particles used in

the conposition are made of a material which is

old AvpAtc by drying a sol -gel, and have a pgi@ishdva@sr740

at least 80% and a particle size in the range fromb5

pmto 4.0 nm The chem stry and the production of such

Gk t1de highly negous paidicles om a sol - gel are well docunented

in the chemcal literature, which discloses various

nethods for drying the sol-gel and for nodifying its
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of anorphous silica aerogels or xerogels nmay be used,

as well as particles of carbon aerogels or xerogels.
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The hi ghly porous partlcles used in the |nvent|on have
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t he partrcles are characterized by .a pore size of

b m
"I% g ly porous particles used in the invention have a porosity of at least 80%, and
preferably at least 90%, the porosity bemg 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 2 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.




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

i nvention have a high surface area, for exanple in the
Rangesdsag 600 to 800 n2/g. 5 WO 2005/ 0477 4%-rrus2004/037740
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suitable filmform ng polyners are

wel | - known, and the polyners are avail able from

numer ous comrerci al manuf acturers. Exanpl es of

TEheiresimbsystens Sufgble Hr theﬁgatpvalcymm%hqnmé thedaventiont may be arotqueous

S0P o8 o O b O s P S L E B MEB0S polymer. The

opol yners, vinyl” acryl'i ¢ copol yiers;  epoxy
chopisity aed produstienyof smtabimijlm ﬁmainamelmmmm yetbkmwra b/ itis

sRisaLe BRSl BOR SRR SRR iR el Bl gitable fim
. fbﬂmeng)mlyﬁrers mhﬂe lha; mﬁet mmtddh?%ryﬁé payﬂem,adcwlﬁlﬁlt;&énel n
Vi eW 0 teseC||cap cations n one

chRT 6 S Y PR, SORGe5res PPl Psginy aceite
caﬂﬂ@ﬁet‘é Ailydh, styddhe Ofitadichd dopblyRiett] SlluloBOAARE pSShRA! &l polyester

omtic][%ggroup c nsisting o acryl i ¢ copol yners,
Pa s Slpckipp o %B%Wﬁwél bewady by ﬁl@?%ﬂosﬁwmﬁﬁmtheaﬂm
vRRPXAthSGeNEiL SpptieRRhy Mers, acrylic vinyl acetate

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




copol yners, styrene butadi ene copol yners, and

cel lul ose acetates polyners. In another aspect of the

i nvention, the resin systemis sol vent-based. Suitable
sob Y7461 ncl ude, but are not limted to, apdRpbhebédfosriao
hydr ocar bons, aronatic hydr ocar bons, al cohol s,

acet ates, gl et hers, and qﬁrcol et her esters.

@5@&*#‘%301% @13‘33’&?1@ ek Remade bydhese gBordinggy skikin the art in view of
ﬁﬁ%ﬂ&gﬁﬁﬁ@h%mS&ﬁy| acetate, and diethylene glyco

nonoet hyl" et her. The sel ection of 6 WO 2005/ 047746

PCT/ USZOO4/ 037740 the suitable sol vent-based system
ﬁﬁf"Iﬂ@stQiﬂ by those of ordinary skill in the art in

VI €W of espeC|f|c applications. (iii) The

stabilizer Gven the very high porosity and

i Io density of,. the artlc s dj.sper.sed ..
EfYeh RN Docr MY S8 BorielpcBiink Aofy BRishy GBS peahiB fiefoed in the
b(ﬂﬁpﬁsiﬁlg? bethe [nvbm:log 1?1?18 pakigiuanlohdinglévdl én 4 @Mpeﬁswn is quite low.
i ly,..it is.difficult ta jncorparate the
gﬁﬁ?ﬂﬁﬁ ipt ditfieyt § ing oL, %% pasiRleSiniR A lepersionin ameunt n excess of
01 1o 0.6%DySvéidly baved ah the RaisPsbnRAt diRe cﬁﬁizlei's@bnc ﬂﬂ'ﬁaﬁfhﬁla@ﬁecause such

t he d|s rsion,.in particul ar_because such particl es

RarclesEGsheT RN ve e thabmpting at gihighsgoas rate wanlg dhigpgsfheir siructure,
To3id@itik) thhy 2R Eatt R HeSd i Yok ihe dtyui f %qgl' Lddr qﬂparﬂ&ﬂé{r silicas,

of these particleées derived fromthé

ryl
g fbgpdiopicisp thahe dispastien loaderivdth. % byweighihbased mﬂéﬁe goligheontent of
bR akpdsioh, SRELALOR. VRadRfoMhS pﬂerS{&P% m@d&%oo 0 BARBO Which is
he solid content of e ersi on e

W@t&b@ foxcogting dpplieitioprer si on to about 25 OOO

centi poise, which is wunsuitable for coating

appl i cations. The above problens are mtigated in the
'Hmrabwsai protdemodre titgapadds drtcompositivn cf thelpyestiitdnveatioroby the use of a

biIi [ . Wi i, added.t he_conposi tion_befo
0B 5 e 5 SRR ket B R orian of B 6@y mpaons
I,&t*t&basl Thestabikzeats ak Raﬁﬁbn@ﬁ&c&ﬁﬂi&ﬁi 16 gfoup Botsheing b8y lene oxide-
propyl e oxi de bl ock

RO e R B o e AR D - Cogattnd r
MU et sl BRhAco BN R

al koxyl at ed hédro genated or parti gdro genat ed

casiardle, moly G2 — d plfoxpdated W%ek%mrmwlh mr@@p@ntad seybean oils,
p@graxﬂl@mﬁxﬂ&aégé ggﬁ&@&ﬁgxﬁaysbﬁmo édaﬁ est%.-pemm_ mm dor

si'l oxane C2 koxyl at és sorbi tan este
uggapuratedolfy seiduar at ed or

[~ el

~ 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 EQ to PO in the copolymers can be varied. An
example of such a copolymer has the EQ;3—PQ3~-EQ;3 structure. 7

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.




unsaturated fatty acids. The first group of
stabilizers in the above list, ethylene oxide
(EO - propyl ene oxide (PO bl ock copolyners, are

syorpmeswareal  copol ymers having two EO bl ocks g@érddfoamnarrae
same chai n Iength surroundi ng a PO bl ock. The ratio

g,L ﬁ&@z the copol ynmers can be varied. An

& e&fsu§ ﬁaéotelcfww fhefangedion foubSh308h dy weight,
PioFdiAU1H160% tol41%%, $hd Riokd 78feraBM 65 % &5 0basti® 6 th8 wlelbhBof the highly
I nvention has an average nol ecul ar weight in the range
PPIGYS REF#IES- 1, 000 to about 4,000, preferably from about
2,000 to 3,000. 7 WD 2005/047746 PCT/ U52004/ 037740

The stabilizer is used in a total anmount in the range
Theochemistrand progyation 06ths istabiliedrg$witable fresemahd pre@fintention are

Bl I@Eh%[%%?&@ cgltmg. ﬁsfyeaspdgg?grg %! agalfaglé’ﬁo?na So%grgergﬁm,{fwm&

 Bxatnplesad those comnmdreinhpoditetstaid hm thedbliladihgtabler use in
the present invention are known, and a variety of
suitable stabilizers are avail able from comerci al

rranquamietmﬂ:rs E_xarrpl edamifackii@se confrer Ci aI [rBgdst S

Ay A ot aod i | 'FnIJn\Mnnf

RN " o $BASF  PLURONI CS BASF E@Pm%bmegﬁrmrs
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polvethoxvl ated fatty al cohol s ANTARQ

REOPASHBEY | at ed { Zhediaal cohol s CRENCRMOR A giRied fatty alcohols

L-\ALCT]

' noxyl atetl For—otrts—SH-WET—Crompton
DOi met hyl sil ))1({&a1ﬁﬁgél al koxyl ates TVIFEN'Y 578jpd ftty alcohols

WQPH@RES sor bi BAISFesters of fatty asilyigethoftabedhstor oils

t-he—mechianism by _which

T hove ot abi || CEFEWLIp Lo otab || MOGRELEGHETHS

conposition, the|linventors note the doﬁﬁdxmakésty t hat

TWEEN I Amersham Biosciences sorbitan esters of fatty acids

Without being bound to any theory on the mechanism by which the above stabilizers help to
stabilize the coating composition, the inventors note the possibility that the action of the
stabilizers may relate to the presence of long aliphatic 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; theology
modifiers such as thickening agents; anfi-foaming agents or defoaming agents: coalescing
agents; curing agents (in the case the resin in the composition is not self-curing); and

extenders.




stabilizers may relate to the presence of |ong

aliphatic chains in their nolecules and to their

mol ecul ar wei ght range. (iv) Oher additives The

R BRshdr@N may contain other additives knowge4

art, as can be determ ned by those of ordi naryfﬁsszh(lﬂﬁwm

i n the art to inprove the coating and "lay flat"

Bhggenopiien eitionHéy ragestain 2 Whiteningpégecns dd ititaninss dioxide (Ti0,),

{ilfoh oo %vﬁﬁ{%nﬁ

agents; Fheol 0g dé#e?}égsgg %‘%}gﬁhezés‘"[”ﬁjﬁ %g%ﬁ}ﬁe Jn%/n%ojfl dPmust be

arthe mtlbémm;go ngeemt shadringlefitaaenmpgsitige nTnstn embammntl afithe
LNe.case the 4

ﬁggﬁtoﬁ @&&Hahﬂgm%%i%g’n% g:ont glj%mglnwo g dp Eﬁﬁngy\)ﬁght,

OSI 1on |1

@t@ﬁfﬂbaml)?té @2 Py W%%Wm@wefgh&fclmmﬁ@oﬁﬁ@ﬁl
optionally may contain a whitening pignment. |f
titaniumdioxide (TiQ2), which is a conmon whitening

Phegrorifrig, con@osiﬁ@ﬂmaylcdnhﬁl 62D Bokd ﬂe@ma 1@fardah€ aé EViDREIBNRd by
t:h st be IE H ert?tzle for to prevent chal ki ng of
AR o BTHIBEY T the SETPIS OF HHIPR TetSF i nclype pHtises ot lcnited to,
dnﬁnéi{gﬁtdb R@nEINREItS 197 b AbnoRSicdtel EdiSrikafed ogfimurétters and
from5to 15% by wei ght, preferably 10 to
gl ethegRBosPlHest he wei ght of the conpositi on. The
coating conposition may contain one or nore flane

retardant, as can be selected by those of ordinary
Heicoptingpompesitignmaytslsoraontain asp of mamiim&ftl% daildewcide or biocide, as

daft 'B!e E@&tedl% tthc%[e Gf all'fsmllt thelal: qug %ﬁ]ﬁ mﬁlg?vgcddes

nont nor 1 | ays "or Um nosi

3k bsidas mcleéet, éu@,re potdimited mmqmethﬂhmbhdlma Bhkd-es. The
13 R RERE B R0 R P o B el 3te . e

tbglﬂmmﬂmaoloén&ﬂeﬂydzmcymskdid.l in the art. Exanples of

fungi ci des, m | dewcides, and biocides include, but
are not limted to, 4,4-dinmethyloxazolidine, 3,4,4

me |caam@¢bmmmnl ::ﬁhy%o cﬁﬁtdinfdne fr Ih&relaﬁﬁncai%s@&pigeﬁteas can be

rt g tg %[ fphenol - trichlorophenol, and

?%9‘8 Yot o Skﬂtﬁ’eﬂie Fht FHRDIS 0 B-eqrEnsionagens igefude, but
a%l[& Binite XREmEfcaftBbRzatilabol S AR HAN R othidsol S Ak vRGves having
hydrophobic groups.

ri'

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, i 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




sel ected by those of ordinary skill in the art.

Exanpl es of anti-corrosion agents include, but are

not limted to, nercaptobenzothiazole and its salts,

ol 2dagozaishi azol e derivatives having hydr opp@Rb&e04/037740
groups. Additional exanples of these additives may be
found_and selected fromthe Raw Materials |ndex,
Bistabiizerfansda yane smglt anenvat offvedtertif @oGsaty itnfpsm a uniform paste) under

S " Bho I . _

o f%ltgvﬁﬁeaﬁ%%é hq%%o@%%ﬂ“@ Bt QYR Bl W Blowlyadded to the

hlsné piiheyenrafing empenénts witlsagitetivn thatis/ chafdcteyizdd tpeatrahélo tow
cafONpPoOsi tion According to the invention, it is

essential that the highly porous particles be added to

the resin systemand m xed gently under | ow shear
ondi tion af t all the.othet co nents Qf e ..
i enBP el £ vt e i R Aot By omitig the
Wmteté Iﬁsﬂfﬂmﬁhg gﬁ‘ﬂi@?ﬁﬁl? pbl@uﬂ)aﬁﬁblisl”&d fhelsedh@iver, axtldb)f 4¥@ing slowly the
; referr, met hod, e highly porous particles_are
WeR oo aafééﬁsatf’ &@ée'&@%‘g%l all kpet ‘ﬁfwrgownze@ SF the pomposition,
RELAHSARAGLABET 4is shbieous hdfhbl bk fbe LR dfoRetBlpYe, SABY 4 higher

amount of water if necessary to forma uniform paste
Yeret of thg staliliest ¢ wseldndbregmpesiien-t i ons. Once a uniform
paste is obtained, it is slowy added to the blend of
t he remaini ng conponents with agitation that is

Rogardiess ef vhiggmethodjsusedriieymiking of kighlamoroun patictes that are very fine
SBPAYE CERES oftlin & E}l%séd{wﬁtgfn%rggecaﬁée e p}?%él%rqé{nﬁﬁ?iggp%wder that

acconplished by omttin separ
teids th psghppeyinfodheaimospherte] mising adnaltht Hagard tathe bpa vy asawd! 49y

add] h hi_ghl orous particles to a
lg%gésg'%ecﬁgc}g% %ﬁtwgt%eeexg?%éf %taiue nents of the
conposition, including the stabilizer. This shortcut

t hod may .be.used,. for .exappl e, when a higher anount
Wi R P AP bigmet 5S8RSR, the pigrment i
gregdrielthe sissiefl pullicleRizRad@tkel $nid! 818 desid $)8tefl Ve highly porous
hi &Fly p ro&Js particles that are very fine shoul(fbe
PeHiesate 398¢9 i n a cl osed container, because the

particles forma fluffy powder that tends to escape

into the atnosphere, posing a health hazard to the
%Qfeg@g pnvaBtiqRgirevides a method for incorporating 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
_cgntipoise, 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 2 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




I ncreasing costs by wasting the expensive material .
When an optional whitening pignent is used in the
coating conposition, the pigment is ground to the
desboosoy7p@rticl e size and mixed into the resb@r@%%‘%gmo
before the highly porous particles are added
%WF%G i nvention provides a nethod for incorporating

1 shappiipdtodbiaybeials Sheonmentionpgeipossdayeumay optionally be
Bt 6h &b dfftheAlycR BPME borfpekiibs bAME L&\@?ﬁ(ﬂpar t good
i'nsul ation properties to a coatin ormed fromthe
conposition, also preventing excessive thickening of

e corRRR bﬂh]g fhviflics 264 nﬁefllﬁtg%%g&ﬂatéf Q%&Mﬁ&g Iréu%sha?es

the 1nvention has.a Bro VI SCOSI
tflﬁhlﬁﬂlsb@lj notilmiGaiGo, reafh ckifingss wallp cartainak Itgaﬁaqmpesmmeks boats,
10, 000 centi poi se. Therefore, the
%%osml W can be sprayed and ot herwi se handled in

the same manner as a conventional coating conposition.

KRS P Py ¥ S B Bt b o biisod
ﬂlhﬂhe txemples et indfuded 18 hiadif the fivagiohQandtihit 98&idHB Bhddges may be
BB TR o Vot i Pakbriins e i

SuREEPYd dTThe ihb@tios, OUHl@ﬁloTtﬁeﬂﬁséTﬁ}de@d e %ex@bﬂt@ééﬁ |r¥t10ts tc ,in
he substrate, or on top of a conventional

d Bieresi of W@@Q@@Eﬁ@@’ﬂﬂ@s ofiEight. Ios fi rst

appl ied to the substrate. A conventional overcoat

Iaxer rm% optionally be applied on top of the |ayer
nposi tion of the invention. The conposition

i .0 .
SLARey DS08R B g e

roof s, celllngs wal | s, containers, tanks, pipes,

'I'Inln <F r\| | OV Ny

" o AN C—a ohinag
Ul oat y garycs MU ST PS5~ e -
exgﬁoﬁdneﬂ rbher i11ustyaH% aspects of t &t %o based op gigight of
I't shoul d be understood that the exa“rpl es alempstition
-petuded—toj-mtthe invention- and [hat various
changeés may AE= by those skilled|in the adf.24
w t hopt chan%@gygbgm%mm al_characferistics @3@1 tte
basic_ concepts of the invention, Unlgss otherw se
i ndi cht ed, alFropdemeslycpler cent ages, ratios, etc.048n

4 BYK 025 ¥ 0.13

5 TAMOL 165 - 0.85

6 ARMOREZ IC2954 ¥ 46.95

7 - Dibutyl phthalate 0.73

8 Dipropylene glycol n-butyl ether 6.78

9 AMP-95% 0.29

10 ACRYSOL RM825W 0.48

11 PLURONIC L62® 2.90

12 BYK 0257 023

13 NANOGEL 07NY 4.55

- Mihickener (Rohm & Haas)

11




t he exanples and the rest of the specification are in
ternms of weight. EXAMPLE 1 A clear coating conposition
was prepared fromthe conponents shown in the

fved bowiarauct abl e, Conponent Name W % based @ w@hgithi740
of conposition 1 Water 35.24 2 ACRYSCL RMB25 0.39 3

7)) en yGol .0 4 BYK 025 0.13 5 TAMOL 165

0. @%*%ﬁiﬁ%@%%é& 46.95 7 Dibutyl phthalate 0.73

& Gisporopy(Rohm &Heeh! n-butyl ether 6.78 9 AMP-95 0. 29

73] Y. .RMB25 0.48 11 PLURONIC L62 2.90 12 BYK
02%"%?%31%‘% saRRIBeRic gonplymesr (YpadWesivaso)( Rohm & Haas)
1R RAR QT PEEISZORMOA TRA0  (2) defoamer (BYK
@]%51 e USA) ( di spersant (Rohm & Haas) (4) self

crigediq sppelyges Acrylic copol yner (MeadWest vaco)
Q&}ﬁ@g@fo%al(bgﬁgﬂ co-di spersant (The Dow Chem cal Co.)

(6) EO PO copol yner (BASF)

Components 1 and 2 were mixed for 5 minutes in a Cowles mixer. Then components 3, 4
and 5 were added and mixed for 5 minutes, after which components 6 - 12 were added while
mixing just until a uniform dispersion was obtained. In the last step, the silica acrogel
particles (component 13) were added slowly and mixed under cover at 2 low speed niot

exceeding 500 rpm/hr. A clear liquid coating composition 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 Btw/hr ft °F
R-Value=  .048/(12x.058) = 0.069 hr f °F/Btu
tmoan = 170 °F

EXAMPLE 2

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

12




(7) silica aerogel (Cabot) Conponents 1 and 2 were
m xed for 5 mnutes in a Cow es m xer. Then conponents
3, 4 and 5 were added and m xed for 5 mnutes, after
whoehosmermponents 6 - 12 were added while m )ét’i*ﬂlsio'dc%snm
until a uniformdispersion was obtained. In the |ast
step, the silica aerogel particles (conponent 13)

re added slowy and mi xed under cover at a | ow speed
hot Compaeedi ng 500 rpn MNam@ cl ear T1 Ui d WiO2bhded on weight of
conposi tion was obtained. The insulatipn .
characteristifcs of a coating having a | hi ckne§gmpgsition

0. 048 iinches pwapared from ThI's CONPOSItTOM WETE
asured—by ASTM pethod ASTM C-518 T esults Shown

LR 2 ="

bel ow i ndi cat’@orRiene eveel coat i i ng has out st andi ng0.42

I nsul agi on prO@faKrOQ 81— Therma—Conmductivi-ty:
tu/hr ft OF R - ue = .048/ (12 x.058) = 0. 06‘5ﬂhr

ft2 OFfBtu WOLWFA@AI\/PLE 2 A whilt e coat] ng.74
Bt om-the—corpenents—shownin
t he foFI owi n Eﬁ%g‘% Eﬁzi@ 2005/ 047746 13.4

PCT/ US2004/ O\.ZMORBZI’IQQM@ Name W Y% based onzgghght

of—eorBos--an Water 263 — 2 Propyllene gl yco] .42

3 BYK 025 0. JPlb‘&YIPﬁFME@sl A 0. 74 5|CR 800 Ti O3

(rutile) 13.4Difopyedit AT T T Drbutyd
phihalale 043 ipro ol frbutyFottie! | 7.7

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 TLD2017 3.94

O defoamer (BYK Chemie USA)

@ dispersant (Rohm & Haas)

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

®EO-PO copolymer (BASF)
@

wetling 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 TiOy)) was sifted slowly into the vorfex 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




8 Di propyl ene glycol n-butyl ether 7.7 9 AWP-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

W 2abebaawer (BYK Chemie USA) (2) di spersant pdyRodidadesr740
Haas) (3) self crosslinking epoxyacrylic copol yner

MeadWest vaco neutralizer, co-dispersant

e Bt Aot opibing B5mes i SR LRGeS [Mimamy { 5§00 4400 s
Wepihdeg @gefsmypnd def oamer (Air Products and ;
Chemicals) (7) silica aerogel (Cabot) Conponents | -

4 were mxed for 10 mnutes at | ow speed with a vortex

"% B I
TS RS B o

ik eQrpRosiHgR wervagaaedpiaASTMpesthad ASTEMG-§18. She eculinshawn below
HRARI A (ARSI IR0 G¥stark was reduced,

and corrponent{“ﬁ% %r@a@bﬁﬁgﬁd@?ﬁggml nued m Xxi ng

just until a uni form di spersion was obtained. In the

I Il el particles (conponent 14)

\J@?Iténagg%ﬁgcﬁ\n%w 18'7 xgg for 20 m nutes under cover

& - Gehhow spded/ (ﬂlbtc kSi?):eedDZ@hxﬁﬁGquv\D 2005/ 047746

gﬁ I UW/OB?MO rpmhr. A white liquid coating

ftposition was obtained. [Viscosity = 3,600 - 4,400
cps (Spindle 3 @20 rpm] The insulation

DUGE B hemats Grlndire Eat TP Y BRvBELP o8t Slladgn the art from
oRBRlgfadeh SithAPEMERIN et ATilvk 6f Bl Guvedtith diRRHEd r&R M intended

bel
that t%e specification and examples be considered as illustrative only, with the true scope and

spirit of the invention being indicated by the following claims.
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indicate that the coating has outstanding insulation
properties.: Thermal Conductivity: 0.187 Btu/hr ft OF

R - VaI ue = .058/ (12 x.187) = 0.026 hr ft F/ Btu

tmean = 180 OF Other embodiments of the present

i H\’Fé%?@f"ﬁi‘ﬂ“w |1 be apparent to those skilled inpCTiUseo0ans7740
from consideration of the specification and practice
of.hbgsi nventi on disclosed herein. It is intended

that the specification and exanpl es be considered as
illustrative only, with the true scope and spirit of

t heai t . .OW ng cl ai.ns,
AR A AT T D AR U, T
ceAEvsEor eemprisgs: conposi ti on for forming a thernal

i nsul ating |layer, wherein the conposition conprises:
(a) highly porous particles of a nmaterial obtained by

day ihighlyepormts pauiclegef 3 mﬂtb‘@il pbitined bysr yﬁ@\éltvf]w solgel ﬂ{e?‘)%l'ﬂcl’es having
i.cl.e ,size in eran rom
55%‘% %S‘tyi’?%t 1“%‘-’%98/ a{a Sf‘dd(adaap%iefﬁ"fed{lﬁﬁrf?ﬁaﬁrome%ﬂlﬁ t%ﬁ» {gp; and
conprising a fllmform ng pol yner, wherein the
ti.cl es (. are ersed i t e resin system (b),
gﬁ% Iﬁﬁ%%‘?@g‘fgfeﬁg@fs th “Sle%ﬁ & nobyaagr. y, one (b)
sttebvil ih2 partibley{ah gre ARpENATARR ro5 ﬁ@iéhﬁg) Wed 199 }esinrby&tl%ﬁ D)

ran%s fr.om abou 1,000 to about
SPLRINF phleast ghigs H’élhé?f hewngan @W@gﬁmﬁla@@m@mﬂwﬁmﬁoﬁmabom

1000 ab@emsw édﬂgstﬁﬁllz%f temgea CgaQBqng %eﬂ{be&igagg g%' tﬂﬁgrsoup

ock c %tge nmers, poly
§%&Sl§iﬂa$ eng Mf:mmw@m ¢xade lylock ®ph1mnsx;s iy §, O23 alkGRylated Cy,

al a@,FrQC r ogenat ed
cgg r ol ls, it %C%%g@%ﬁ QQQ gg&ﬁ%?%edigﬂ’ Rgd or
pﬁhaﬂﬂwdgngew@ﬂr@gmlsgubhsﬁwea alkox)lrlaad dkopghast &)ﬂart%ally
tan esters Q
Bl AURRR St o Dol SRire o™ P e huaend sopgton ester of
. @l samﬁraiehermnttuamﬁe’my(aaﬁdsl s in the range from2 to
% Qn_the wei ght of the conposition,
06‘"%4 Eh‘i“" (e"gﬁé“ tezper |ﬁ'£€3'r 2 {06% hy Wrights basgéon therweight of
tﬂb&htﬁpcﬁﬁlo%) dn@ tiRedblunt 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 xero gel 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, wherem said particles have a patticle size in the range frorn 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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90% by wei ght, based on the weight of the highly

porous particles. 2. A conposition as in claiml,
wherein said particles are at | east one menber

Sed ews/ed7der om the group consisting of aer o9gttTs2004/037740
particles prepared by a process wherein the wet

| dr e al pressure, . and
)?gf‘bggbe par Kb 8@“’659‘%@? Eapépaé‘h F%@@"sgpﬁm@F gizhinthgrange from 5
wattodH00g@el. is dried at a pressure below the
supercritical pressure. 3. A conposition as in claim
1, wherein said particles have a particle size in the
r6a Ag@nipositivibas iflclafin 1.5Merdin safdl SRHNAHaYL £ e 5ide fol 1R %hge from
m@%reln sald articles have a particle size In e
F‘é SPLm 15 WO 2005/ 047746
PCTIUSZOO4/03774O 5. A conposition as in claim1,
wherein said particles have a particle size in the
afdemppHtienss ipcleim 1, wigwinsaidparticlesdayrospdrosity ofist least 90%.
claim1l1l, wherein said particles have a particle size
in the range from about 0.5 mmto about 4.0 nm 7. A
Eofsempeditinn agdén ¢lpinc], aiherely saidyertisles asaintbrptais sitibasrd@Msarticles,
a porosity of at least 90% 8. A conposition as in
claim1, wherein said particles are anmorphous silica
% oA cgwpositiontss i dsim 1, Sherimcaidpasiclds ef aBforpHous ’slﬁéfme;ogel particles.
wherei n said partlcles are anor phous silica xerogel
particles. 10. A conposition as in claiml, wherein
Hhi Al oquapdsitioh esinalamdawhesin 368 PaBblePAE bhrbb® Forogkl parfities.
conposition as in claim1, wherein said partlcles are
carbon xerogel particles. 12. A conp05|t|on as in
Il aA rothposiiirag idclgiai 1 whes
conposr?lon as in clalmllZnPS wher el n sé9§553§? d¥§§m§?e
hydr ophobic. 14. A conposition as in claim1, wherein
BaiAle corrp05| tion
o A h e Y, PRk Nt Fgd
hydrophilic. 16. A conposition as in claim1, wherein

13aiadcoht 0 fng ema@ﬁ]r?% %Fﬁ]ﬂ g’aldzl?mtéc %,s)eﬂdeilydg‘%rp fie group

consi st'i ng acry
copol yners, vinyl acrylrc pol yners,

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
gopolymers, vinyl acrylic copolymers, epoxy acrylic copolymers, acrylic vinyl acetate

copolymers, styrene butadiene copolymers, and cellulose acetate polymers,
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epoxy acrylic copolymers, acrylic vinyl acetate

copol yners, al kyds, styrene butadi ene copol yners,

cellul ose acetate polyners, and pol yester pol ymners.

WO 20b5/00mposi tion as in claim 12, wherein saperh©seanizr4o
systemis an aqueous emulsion of a filmformng

pol yner selected fromthe group consisting of acrylic

pol ynmers, acrylic styrene copolyners, vinyl acrylic

d8pél spmppsiioregean ylame tyhiich fachalcymprises naits wl ah@meinityom 5 to 15%

Lyner. rene hut adi ene copol yners, and
%gﬁe%thgé’ééég%gtt%ﬁ‘%‘“é‘éf)?ﬁr‘eF%IPWE %MD 2005/ 047746
PCT/ US2004/ 037740 18. A conposition as in claiml,

igh further conprises.rutilJe in an amount from5 to
1 B iR 55 e b B PG enf Deeretadant
conposition. 19. A conposition as in claim1, which
rther, co i ses flame retardant. 20. A nethod for
el ol ohforRing = st dpubine lyerongubstetspomprsias the step of
k BlolBmbhietics FR1aah 1 topLutishilet he composi tion of
claim1l to the substrate. 21. A nethod for preparing a
coating conposition for formng a thernmal insulating
YA , . A, _ ¢ .
I e & s PR b ioh A5 5P s Bl i taver,
ygeed eoreprising thegepsofie stabilizer having an average
nol ecul ar weight in the range fromabout 1,000 to
about 4,000, said stabilizer being at |east one
(@ piywidingal resin exbtein comytrising g fitm foratmspairhargnd bt [edshydcanBitizer
a

BB S e oy B oS H0: 00 e oy i
s s ot o i

* CAPRYIS oxds b1agls PoRbanEs. aaly 2 o lkoxplajedityair Syeshiaraiad or
wRyhesd iy dcohoROpdl ICTRIdRAIkoR kX ﬁ?(ﬁ'g%nat:ed é?gartiaﬂy hydrogenated

al koxyl ates, and sorbitan esters of (
@PU01L: BRIY B — (i pUGerYIAlad Biroseneigd ercneetsly dmdrogemptcd dotibeg oils,

difl@hyieablme YL ' ' | gl
e SO ek fnd Bl e gRbe T a Y et
wgptuigier fattyrpeidseandi cl es having a porosity of at |east
80% and a particle size in the range from5 mto 4.0
mm _ and m xing the resulting conposition at a | ow
(Bhasiding 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 ym 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 wziter, 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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rate, wherein the anmount of the particles is in the
range from2 to 6% by wei ght, based on the weight of
the conposition, and the anount of the stabilizer is
w0 tdopodq7assge from about 50 % to about 90% bycieéd8¥ozT740
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

33, ablelliblas B1WaiMi@l] SWvherih 2 RAREIRRL adeht 18 iAMDY the resin system
sufficient to obtain a uniform paste, and the
bderssisRpaste is added to the resin system 17 WO
2005/ 047746 PCT/ US2004/ 037740 23. A nethod as in
claim 21, wherein a whitening agent is mxed wth the
He sranaodh as i clpiat Y whereiashy particl@havea pabsityodf asleish90%.
claim2l, wherein the particles have a porosity of at

| east 90% 25. A nethod as in claim?2l1l, wherein the
Fark methed asinelaiin|2il cwhepein thgebriiokes trecllies acrdgl particles.
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