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FI ELD OF THE | NVENTI ON This application relates to the use of
m Cr opor ous, OpPRH9eRdsked polymeric foam material s as i nsBCEHUS6/10169
materials. The application particularly relates to the use of foam
material s nmade from high internal phase emnul sions.

BACKGROUND OF THE IN\/ENTI ON 15 The devel opnent® of efficient and
effective insulating materials has been 1 the subject of substantial
commercial interest. This is particularly true far mat eri al s which
are thermal insulators, e.g. which reduce the rate of heat |oss (or

gai n) of any device, construct, or container. Foans are broadly used as

I nsul ators. References descr f foans include
20 értel , G "Pol yuret hane ?—%Qg:bo @@%&%u@%s ni ¢ 1985, and
Gbson, L J.: Ashby, M HIGH BEERNAL PHASEEMULSIQNS FOR INSULATION, ¢ j e
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BACKGROUND OF THE INVENTION

s The development of efficient and effective insulating materials has been
the subject of substantial commercial interest. This is particularly true for
materials which are thermal insulators, e.g. which reduce the rate of heat ioss
(or gain) of any device, construct, or container. Foams are broadly used as
insulators. References describing such uses and properties of foams include

20  Oertel, G. "Polyurethane Handbook" Hanser Publishers, Munich, 1985, and
Gibson, L. J.; Ashby, M. F. "Cellular Solids. Structure and Properties”
Pergamon Press, Oxford, 1988. The term "insulator” refers to any material
which reduces the transfer of energy from one location to another. Such
energy may be include heat, acoustic, and/or mechanical types. Heat

25 insulation is of particular importance and relates to the thermal conductivity of
the insulating medium.

The ®perfect” insulator is a vacuum. Developing and maintaining an
evacuated space around the area to be insulated can, however, be impractical,
particularly for larger volumes. The structural integrity required to withstand

30 atmospheric pressure acting upon a vacuum vessel can be an issue.

A common insulating medium is a foam or cellular materiai having
_porous regions surrounded by a solid that provides integrity. The function of
the foam as an insulator is to trap air and reduce thermal conductivity of the
types described above. Foams are generally characterized by the size of the

35 pores or cells within the structure as well as their density, which approximates
‘the ratio of open-to-solid structure within the foam
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t her mal conduct|V|ty of any foam depends on four characteristics:

1. convection through the pores: 2 2. conduction through

t he gas; 3. conduction through the polyner. and 5

4. thermal radiation-t hrmgherﬁlbﬁ:oﬁ&idnvifﬂ:ﬂaﬁym depEraS Sn Fdif chadcteristics:
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radi ati on can accoU§comes negligb qu&qnmmﬂmshtwmsmw in cells smalierm|
conductivity ime fraano ﬁﬁed\dﬁtfdah%ﬂmcehsmﬂh shall@Qhan rith scaiédifiénsions. A J

?l : bi (I;’I ngLCSSé%gOZZ? gl at| Sm%ﬁegﬁt%gﬁg% p‘%mﬂﬁ?ﬁ ﬁeﬁh‘gcng‘gg@'on t he

cell 20 size of tWAEds theanal gandyrtion. c@fltmlf?éO%\fPMﬁlb Br abl y
woul d be [err] 100 low cox{dmrv}ty)gaséﬁ)mhe @referred, (although th99§as \Qlll tyﬁiéé.llyreport
on inprovenents in Jxﬁf‘a{n ith the Eﬁo a(eao&é?me W{’ il 0N
ability) of a serie pc‘)’fl r_ﬁF R foams as average cel |
sizes decreased® r fi9f W foams; a density of 0.052

g/ cc. Doerge reports t hz!theﬁnﬁmdmmhca:hemdmdbr onevquiartet a1 one-third of the
thermal conductivity in a foam. (See Glicksman, L. R.; Torpey, M.; Marge,
A. J. Cell. Plastics 1992, 28, 571 and DeVos, R.; Rosbotham, D.; Deschaght,
J. ibid. 1994, 30, 302.) Radiative heat transfer is highly dependent on the cell
20  size of the foam and decreases with cell size (which preferably would be <100
pm). Kodama et al. (ibid., 1995, 31, 24) report on improvements in the &
factor (a measure of thermal insulation ability) of a series of polyurethane
foams ("PUFs") as average cell sizes decreased from 350 um to 200 ym at a
~ density of 0.052 g/cc. Doerge reports that foams with densities lower than
25 about 0.037 g/cc showed increases in thermal conductivity attributable to the
increase in cell sizes that typically occurs at these lower densities (Doerge, H
P. ibid,, 1992, 28, 115), in part due to the increasing transparency of the cell
“walls and cell wall rupture (allowing rapid diffusion of the low conductivity
gas filler). The best insulating rigid foams are low density foams (ca. 0.03 -
30  0.07 g/cc for closed cell PUFs) having the smallest cells possible filled with a
gas having a low coefficient of thermal conductivity (or no gas at all). Thus,
it would be desirable to produce foams having both low density and very small
cells, e.g. <100 um. Such foams apparently cannot be produced by state-of-
the-art blown foam processes. '
38 The historical approach to making insulating foams for the appliance
industry (e.g. refrigerators, water heaters. etc) has been to use
chlorofluorocarbons (CFCs) as physical inflating agents, especially for foams
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descri bi ng of f or t SGUnng urnm ie to the presence o genatoms thhmthe composition
(see Hartzell, G. E. J. Cell. Plastics. 1992, 28, 330). This can be particularly

20 problematic in accidents involving public conveyances such as boats,
automobiles, trains or airplanes which may catch fire. Injuries and fatalities
may result solely from inhalation of these noxious gases. See Gibson and
Ashby Chapter 8, p 212. This can also be an issue when the foam is discarded
into a waste stream that is to be incinerated.

25 The building insulation industry has widely used foamed polystyrene
rigid panels (in addition to glass batting and blown cellulose insulation).
Styrene foam panels are useful in that they are rigid and may be nailed during
construction, are hydrophobic to provide moisture resistance (which otherwise
diminishes insulation value), and are relatively inexpensive. See Oertel p 277.

3  This material is also widely used in beverage cups and food containers. The
cell sizes of these materials are typically in the 300-500 um range. Smaller
celled polystyrene foams have been prepared using the Thermally Induced
Phase Separation Process (TIPS) described in Chemtech 1991, 290 and U.S.
5,128,382 (Elliott, et al.) issued July 7, 1992 incorporated herein by reference.

33 An important issue in making polymeric insulating foams commercially
attractive for use as insulators is economics. The economics of foams depend
on the amount and cost of the monomers used, as well as the cost of
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phase, commonly known in the art as "HIPEs." As used herein, polymeric

20 foam materials which result from the polymerization of such emulsions are

referred to hereafter as "HIPE foams.” The HIPE foam materials used in the

present invention comprise a generally hydrophobic, flexible, semi-flexible, or

rigid nonionic polymeric foam structure of interconnected open-cells. These

foam structures have:
25 A)  a specific surface area per foam volume of ai least about 0.01
mzlcc;

B) a density of less than about 0.05 g/cc; and
C)  a glass transition temperature (Tg) of between about -20° and
90°C.

30 The present invention provides the use of low density insulating foams
ptépared via polymerization of a HIPE comprising a discontinuous water
phase and a continuous oil phase wherein the ratio of water to oil is at least
about 12:1. The water phase generally contains an electrolyte and a water
soluble initiator. The oil phase generally consists of substantially water-

3  insoluble monomers polymerizeable by free radicals. an emulsifier, and other
optional ingredients defined below The monomers are selected so as to
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15 . SC F DRAWINGS

Figure 1 of the drawings is a photomicrograph (250 X magnification)
of a cut section of a representative polymeric foam useful in the present
invention made from HIPE having a 48:1 water-to-oil weight ratio and poured
at 57°C, and where the monomer component consisted of a 12:14:62:12

20  weight ratio of styrene:technical grade divinyl benzene (about 55% DVB and
about 45% ethyl styrene):2-ethylhexyl acrylate:1,4-butanediol dimethacrylate,
and where 5% (by weight of the oil phase) of diglycerol monooleate (DGMO)
and 1% commercial Span 85 emulsifiers were used. _ _

Figure 2 of the drawings is a photomicrograph (1000 X magnification)

2s  of the foam of Figure 1.

Figure 3 of the drawings is a photonucrograph (250 X magnification)
of a cut section of a representative polymeric foam useful in the present
invention made from HIPE having a 140:1 water-to-oil weight ratio and
poured at 37°C, and where the monomer component consisted of a 20:20:60

30 weight ratio of styrene:technical grade divinyl benzene (about 55% DVB and
about 45% ethyl styrene):2-ethylhexyl acrylate, and where 6% (by weight of
the oil phase) of diglycerol monooleate (DGMO)

Figure 4 of the drawings is a photomicrograph (1000 X magnification)
of the foam of Figure 3.



confer the properties desired in the resulting polyneric foam eg. the

gl ass transition (Tg) between about -20 and-90[err] C, nechanical
integrity sufficient for the end use, and econony. In a
preferred enbodi nent ofthe present invention, the foans used can be
prepared, packgfsksossid shipped in a conpressed, high density si@isgheAddo
wll "spring back™ upon activation (e.g. heat) to the original density and
di rensions of the foam These foans are referred to herein as "conpressible
foans". Such foans are described and clainmed in copendi ng application

US SN filed June 7, 1995, by T. DesMarg s and J. Dyer. These 10
conpressible foans are particularly useful in building insulation wherein
rol | ed batts of insulation are shipped to wdélry di spersed | ocations

and the full vol une [ filled well
before the weight limt ofwmﬁw
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These polymeric foams may also be provided in virtually any shape

desired. Preferably, such shapes will allow c'ompressive dewatering of the
20  polymerized emulsion so as to limit the expense and effort associated with
water removal. .

B. Insulating Articles |

Polymeric foams derived from HIPEs are particularly useful in a variety _
of thermal applications including appliances (refrigerators, ovens, ranges,

3s  toasters, freezers), transportation equipment (cars, trains, planes, boats),
buildings (wall insulation, attic insulation), and for many other uses. One
preferred embodiment comprises the use of a continuous slice of said foam
compressed to at least about one-third of its thinnest dimension, stored,
shipped, and applied as a roll stock item, and expanded after application by

3 either time and/or heat to restore the original dimensions and insulating
properties.

Foams for the uses of the present invention may also be used inside
vacuum insulation panels to provide strength and stiffness to the panel without
adding much mass which would provide a pathway for convection of heat

3 through the polymer structure. For such uses, it would generally be desirable
' to use high Tg versions of foams of the present invention, for example,



6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON l.

Uses of Pol yneric Foans A I n General 5

Pol yneric foans for the uses of the present invention are broadly

useful as thermal insulating materials. In thermal insulation applications,
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o restore the origina nS| |,nsu r

Foams for the #5es3Opste %"ﬁﬁ?r}%'%so“ﬁé’“&@%% Hﬁ%@e

vacuum i nsul ati on thanbbth the Tgoﬁlthkenmtemhgnm thzen shidsh i of fthe $ransition igan hanel
mtﬂce);: tﬁ?ghﬁ FPE f li{iQ “such us K86 Tprvect ! on
general |y be desir ge c &FF[’T@ \/'@V‘B?rﬁ?fge B’F‘F%ﬂ'ﬂﬁ‘%fo ﬂ'g

present invention. nﬁdpbmenmhplaenusuc or vx‘branon energy to be damped. The foams ot‘the
20 present invention are easily "tuned” to this end, as described below. For
example, if a continuous noise of 1000 Hz at 25°C is to be damped, the Tg of
the foam measured at 1000 Hz should be 25°C. If the noise or vibration is of 2
combination of ﬁ'equencles (as is usually the case), or if the damping is desired

over a wider temperamre range, then the glass-to-rubber transition region of -
2s  the foam should be as broad as possible. Alternately, the foam can be post-
treated with a second polymeric material to make a macroscopic
interpenetrating network wherein both polymers will contribute to
sound/vibration damping at different regions of temperature and frequency.
Further descriptions of generic uses of foams as acoustic or mechnical shock
3 insulators are given in Brandup, J.; Immergut, E.H. "Polymer Handbook",

- 2nd Ed., Wiley-Interscience, New York, NY, 1975, pp 240-242 and pp
210-216 and pp 286-325.
. O Insulating Polymeric Foam
A G IF i . .
3 The polymeric foams used in accordance with the present invention are

relatively open-celled. This means the individual cells of the foam are in
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bet ween about 50[err] and 80[err]C. Such foans may still be effectively
dewat er ed by squeezing if the water is heated to near the Tg during
t he squeeze- Outwo 9640824 Pr 0Cess. The ability to renove the wat epcriusosndiée
foans of the present I nvention by squeezing is highly preferred so
as to limt cost and process 5 conplexity. Since the foans of the
present invention can be manufactured with very |ow densities (eg..
< 0.020 g/cc), they ‘are particularly usefulgas vacuum i nsul ati on
structural filler. The small cell sizes feasi bI e wth these f oans

reduce radi ative he

density provides re?al?éétglqgl |tt{éEj Q_P, h#' %oﬁﬂ%uéeﬂsmﬂﬁ%ﬁ% such
energy. 10 may beSWgARHALY cepenrilads foam, SSP?tPﬁeﬁLha&% @F@W”p&??%l@r

si gni fi cance her ei n"windows" mmgmmdelbtumm&rmhéﬁﬁnmcmfe a foamis

negl i gi bl e. RAE, can
al so be enpl oyed as i nsuT e?ecrs agal ﬁsolp acoust Iam sur'ucmres will #@&Eﬂjm cal
forces. Wen i nt &ndeeticylaed &B’éaﬁg with; theindjvidual gells bsing rdefined hysa plyrlist of 15
acoustic and/ or rTECh&mhm&bonﬂebﬂ’eﬁ,tthuﬂehﬁﬁﬁﬂ)f QﬁdﬁBheﬁrﬁeﬂsar {The Wstrafidsy ofus ef ul

icgm be that ogglt Efag'gc%gr {eﬁ%k@?ﬁgpc %FQ. Htal OR. Hﬂ ?efsrédﬂéﬁegﬁgl prtton

desirabl e that the T &&Yﬂ‘ Y SEVLLyRe StRITRES 4P
tenperature and fremMﬁleMephotonucrdMﬁbﬂﬁg@és I dad 22 CAmUsed herein, a

vi bration energ to Qﬂg:m: t ﬁg on are
easily "tuned" %{o t en éi-&écg!%%dm(i&ﬁm ceﬂgﬁﬁﬁgh’d{%ﬁ If a
conti nuous noi se ofﬁ‘ﬂ) M&WS‘“PB‘%@WBWWB# deag one

. the foam neasured aid;éb@ﬂ&el—.lz shoul d be 25[err]C |If the noise or VI brat i on

is of a conbi nat 'B%&Boﬁ E&‘Géiﬁg' V\j,ﬁﬁceﬁfdz tHeSe gk?grﬂ“&'fom?aﬁ lyh

~the danping is desired range,

gl ass-t o-r ubber tramﬂheﬂct‘%gﬂhém %‘F passpgs °ft4‘llé°%§H\d§H'8'ﬂl' gh the %ﬁnbmad as
possi bl e. Al ternsat eintemal befabesof the foahestiuotites are renderedlmleﬂphcbwvby kensovalecond

ol ymeric materi al | Rgor K
\R/he?/el n both pol yneéphg?FWrgl &%g@t %nd leﬁs(%q%p%ﬁ ati on Ml ng at
di fferent regions of iﬂ?ﬂ?@?% gr by “rfﬁ’&“’fllpe TP@W’”‘
as described hereafter.
The foams used according to the present invention are readily
20  optimized so as to confer the properties desired in each specific application.
The ease of control over a wide range of properties of these foams is
unprecedented. As examples, these foams may be hydrophilic or hydrophobic
(preferably hydrophobic); microceliular (< 10 um) up through moderate cell
diameters (ca. 100 pum); low density (0.05 g/cc) to very low density (0.005
35 gfec); rigid to flexible (corresponding, high Tg to low (subambient) Tg); and
strong to weak. The foams may be provided as continuous sheets, rigid thick
boards, particulates of various sizes, specific shapes, etc., as required by their
end use. However optimized, these foams avoid some of the deficiencies
associated with the foam methods described hereinabove. That is, they
3. preferably contain no nitrogen so that burning produces no unusually noxious
gases, require no CFC or volatile organic compound ("VOC") materials during
manufacture, are producible readily in large quantities with reasonable
economics as either slabstock, roll stock. particulate foam, and the like.
Further, the foams used in the present invention are inherently photostable
3s In a preferred embodiment. the polymeric foams can be prepared in the
form of compressed. polymeric foams that, upon heating or the passage of
time, expand and reach their full insulating capability (heren referred to as



Further descriptions of generic uses of foans as acoustic or mechni cal

shock 30 insulators are given in Brandup, J.; Imrergut, E. H "Polyner
Handbook", 2nd Ed., WIley-Interscience, New York, NY, 1975, pp
240- 242 and pp 210- 216 and pp 286-325. 1. I nsul ati ng
Pol ymeri ¢ FoamRyg og/40824 A CGeneral Foam Char act eri st i perUsse/20169

The polyneric foans used in accordance with the present invention are
relatively open-celled. This neans the individual cells of the foamare in
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conpl ete, unobstructed comrunl cation with adJ oi ni ng cel I s. The cells in

such subst apti al | uct:uces have rcel.l ul ar
openi ngs or WW&%‘?AE ne’tllefﬁ‘é&@ﬁs@dc?g{ywef"é qems a5t Fre t he.
foam structure. by expressing the mephasbﬁmﬂ'awlymmd HHE foant Yueugh
Structures will_gepgighldive Bibsh, fnd/oBthendidldnfilf @idfst vabiind Gbitert A

i ndi vidual cells bein d.efl ne r al connect ed,
t hree_di mensi onal | P ‘gﬂbé‘mﬂegwgﬁ%’é‘ f‘ewa‘ms”g%# ﬁy ﬁgt erial
maki ng up theses brdxﬂbdged!awb@euarfomwmﬁsommsm ogunexpanded'state: ut s.

Open-cel | ed foams havi rlﬂkéyb!rﬁhﬁf& of kliddé thi s&léﬂﬁ?ﬂdﬁ?tlﬁfr%ﬂ%ﬁfbﬁ

way of exanpl.e in the phot hs _of erein,
a 10 foam materi%® F'g glzg) eprgsent h% §P°'§'O§)[]€‘5 m{lﬁéo equaser':ll n the
- foam'structure the glassyt andr!@bm IS@wtOfEh? polymen | FpmsZ@afawemTﬁ

conmuni cati on W t henad tHeQéfipertdfe of use caﬂﬂé fﬂtwﬂlﬂsa bevetyngxd ankin

addition to being open- hese p ric

hydr ophobic to nhP‘BM*Bmﬂgégm gﬂ%’en% %ﬂl‘c@ﬂ%g‘ﬂ?ﬁﬁ Bm The
15 internal surfimesvento thhexpanded steteafiethavinghean stared & thd compressot gtalec by
removal of N gReNBhdes” pltibe U Tl gﬁ @RCusB2bf 3 pefficular Yokt s faam
structure after Gg'g atlon eIet%1 g}esftmlao e'_mézatlo
foam treat ment prolPQ ctor 3 pf The
f oans used accord|fcgrnsha\nmifgefﬁnmahwe&toubmuaﬁ@& el prefezed aro floamsi zed so
- as to confer the PhrRRgRITESE FEHTAbcRE 10 fo Sspbacepeci fic application.

B. Foam Density
Another important property of the insulating foams used in the
present invention is their density. "Foam density" (i.e., in grams of foam per
cubic centimeter of foam volume in air) is specified herein on a dry basis,
20 unless otherwise indicated. Any suitable gravimetric procedure that will
provide a determination of mass of solid foam material per unit volume of
foam structure can be used to measure foam density. For example, an ASTM
gravimetric procedure described more fully in the TEST METHODS section
of U.S. 5,387,207 (Dyer et al), issued February 7, 1995 (incorporated by
25 reference herein) is one method that can be employed for density
determination. While foams can be made with virtually any density ranging
from below that of air to just less than the bulk density of the polymer from
which it is made, the foams of the present invention are most useful when
they have a dry density in the expanded state of less than about 0.05 gfec,
30 preferably between about 0.08 and about 0.004 g/cc, more preferably

- between about 0.038 and 0.013 g/cc, and most preferably about 0.03 g/cc.

C.  Other Properies of Polymeric Foam
: Foam cells, and especially cells that are formed by polymerizing a
monomer-containing oil phase that surrounds relatively monomer-free water-
3s  phase droplets, will frequently be substantially spherical in shape The size or
"diameter” of such spherical cells is a commonly used parameter for



The ease of control over a wi de range of properties of these foans is
unprecedented. As exanples, these foans may be hydrophilic or hydrophobic
(preferably hydrophobic); mcrocellular (< 10 [err]n) up through noderate

cell dianeters (ca. 100 [err]m; low density (0.05 g/cc) to very |ow
density (0.005waSs/4@é%C); rigid to flexible (corresponding, hipgirnisgeionesl ow
(subanbi ent) Tg); and ' strong to weak: The foans may be provided as
continuous sheets, rigid thick boards, parricul ates of various sizes,
specific shapes, etc., as required by their end use. However

optim zed, these foans avoid sonme of the dgficiencies associated with
t he foam net hods descri bed hereinabove That is, they 30 preferably
contain no nitrogenchafcteran i) esrfld Bifte cems WHJ UéH SamplSf Polim

gases, require no Qlly VO atlle or ic C oC' rraterlal during
manuf acture, are p%ﬁﬂﬂ"bl"@ pessIRTLy bgr’f’? ﬁ'%'ﬁérfg? %s'ﬁtaﬂ%'a%% bl e
economi cs as eit hersizel mavmxecdlaﬁammﬂoﬁpmb&speuﬁd;e f oam and the like.

Further. the foam used wﬂ,};&,gyg&m bues RVERGilBIR 1BF fetbraBhE tHe! AvefaBObdiSt abl e
35 In a preferr I ment neric fo can be ared in
t he f or m of %ﬁgg eﬂﬁ?ﬁﬁéﬁ%ﬁr}%ﬂ% tha‘fefa*gES ﬁﬂF t he
passage of tmrfaamsmah'ds ansimpleambasufement based onnﬂ:almmmg elepreami | ity

(herein referred t g@fmicrograph of S il Fi 1, for example, showsatyplcal
PCT/ US96/ 10169 “péfomicrograp e P

"conpressi bl e f oang P E f?ﬂ’éé‘é“%%ﬂﬁi@@&%%ﬂvm?’%%mw%%ﬁﬂ $P%bt ai ned
by expressing the viupetimpdseden thecphotdmicrogiaphnisra scaid régir@Entingaa dimensionyof
conpressive for Qﬁs,zﬂﬁg/ ShicH 4)6daldan e Yisd¥0ho Hefdhriihe Yardgd Tefl ¥ {iE ah ilage t €T

conpr essi on, and/ or r rral dreys/l ng/ vacuum dewat ering Toll owed by rapid 5
chilling, t he pol eréFIP'i!s in a conpressed, or unexpanded st ate.
A key paraneter of thesé‘hecmibrsasghusmeMmgNes hetein aregbased onrthe umbern

the Ol assy and T bl e e A o g e b g
gl assy u S . Y. ig

~than the tenperatur f°aﬁ‘§ Efﬁﬁ é“%'@%?ﬁm %‘a@%'ﬂ R’%F{'}rlgld
and potential |y prinvestierowilk preferably MMMWMMW@FMMI@%? | ong

- time to r eCOVRYD ik thdté pPofRasly BAmSAbRLE1 ol 5 ik AatidNiflosh priferablp o | n t he
conpressed state %ﬂmlsor porglgmged perl ods. Though the end use of a

particular foamis

' D.  Specific Surface Area

Another key parameter of the foams is their specific surface area,

20 which is determined by both the dimensions of the cellular units in the foam
and by the density of the polymer, and is thus a way of quantifying the total
amount of solid surface provided by the foam.

Specific surface area is determined by measuring the amount of
capillary uptake of a low surface tension liquid (e.g., ethanol) which occurs

25 within a foam sample of known mass and dimensions. A detailed description
of such a procedure for determining foam specific surface area via the capillary
suction method is set forth in the TEST METHODS section of U.S. Patent
5,387,207 (Dyer et al.), issued Feb. 7, 1995, which is incorporated herein by
reference. Other similar tests for determining specific surface area can be used

30 with the present insulation foams.

The foams of the present invention have a specific surface area of at
least about 0.01 m2/cc, preferably at least about 0.025 m2/cc.

E.  Compressible Foams
With regard to foams that can be maintained in a compressed state, this
35 state is maintained by keeping the polymeric foam substantially below the Tg
of the polymer. In this state, the fiow of the individual polymer chains is
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important stability in the compressed state and still preyide for
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This is attributable to the thermoset nature of the polymer used to make the

foam. Generally, the foams are compressed in one dimension, called the "z-
direction", which is the thinnest dimension of a sliced sheet of foam. Upon
recovery of the original expanded dimensions of the foam, an "expansion
factor" can be defined which relates the ratio of the thinnest dimension in the
expanded versus the compressed state. For these compressible foams, the
expansion factor is at least about 3X, i.e. the thickness of the foam in its
expanded state is at least about 3 times the thickness of the foam in its

age
ed.

compressed state. The compressible foams typically have an expansion factor -

in the range of from about 3X to about 10X. By comparison, compressed
fiberglass batting foams typically have a recoverable expansion factor of only
about 2X.

As an example, a foam made by polymerizing a HIPE comprising 35%

styrene, 20% divinyl benzene, and 45% 2-ethythexyl acrylate with a density of

0.020 and Tg of 40°C can be compressed when filled with water at 40°C and
chiled immediately after release from compression. The degree of
compression is governed by the geometry of the nip rolls though which it is
passed, the density of the foam, and, to a lesser extent, the rate and
temperature at which it is compressed. In this instant, the foam can be
compressed about 5x to about 20% of its original thickness. The compressed
foam will retain that set almost indefinitely when stored at a temperature of
about 8°C or more below the Tg of the foam (in this case, less than about



5 size of foans. The nost useful technique, however, for determning cel

si ze I n foans i nvol ves a sinpl e neasurenent based on the scanning

el ectron phot om crograph of a foam sanple. Figure 1, for exanple,
shows a typi cal H PE foam structure according to the present

i nvention in iWwoogsesapded state. Superi nposed on the phrcrasseroaey aph
Is a scale representing a dinension of 10 20 [err]m Such a scale can be
used to determ ne average cell size via an inage anal ysi s procedure.
The cell size measurenents given herein are based on the nunber

average cell size of the foamin its expanged state, e.g., as shown in
Figure 1. The foans useful as insulation materials in accordance
with the present 32C). imuﬁatmeaomﬁfeése@fatmwumegaihaummhmutaow:sfge cel

size of less than e f f 4t 10 to
50 [err]m and rmsﬁpg épae]rmgpes%gper 'SHOWOH% l&tspﬁb%’ err¥m c err] m
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area can be used eamplejingniagic | summer time aftex The

f oans of the presemeakmkmkhaﬁppmgmrﬁgdqsawﬁace ar ea of at

| east about 0.01 rr[err]/cc preferably_ at east about 0 025 er/cc

E. Conpr essi bl elll.FoaPneparation of Polymeric ¥ijanis | IIPE: Having-Relativis ghn be
mai ntai ned in ggconpre ér-&é ib§li s 35 state I S maintai ned by keepi ng
the polyneric foam substantially bel ow the Tg of the polymer. In
this state, the flow of At he Infineabual pol ymer chains is WO

gg_fggsg /10169 Polymeric foams useful in the present invention are prepared by
' polymerization of HIPEs. The relative amounts of the water and oil phases
used to form the HIPEs are, among many other parameters, impoitant in
20 determining the structural, mechanical and performance properties of the
resulting polymeric foams. In particular, the ratio of water to oil in the
emulsion can influence the density, cell size, and specific surface area of the
foam and dimensions of the struts that form the foam. The emulsions used to
prepare the HIPE foams will generally have a volume to weight ratio of water
2s  phase to oil phase in the range of from about 12:1 to about 250:1, more
preferably from about 25:1 to about 125:1, most preferably about 30:1.
The process for obtaining these foams comprises the steps of:
(A) forming a water-in-oil emulsion at a temperature of about 30°C or
higher and under low shear mixing from:
30 (1) an oil phase comprising:

(a) from about 80% to about 98% by weight of a monomer
component capable of forming a copolymer having a Tg
value of from about -20°C to about 90°C, said monomer
component comprising:

3 (i) from about 10% to about 70% by weight of a
substantially  water-insoluble. monot'unctional




11 relatively slow. However, the thernoset characteristic of these
f oans (deriving froma relatively high | evel of crosslinker

i ncor porated therein) provi des nenory of the prexisting expanded
state. Thus. when warnmed or all owed to stand unrestrained, the foans
will recover tweis/sog2zsgi nal dinmensions. 5 These di nensi ons [RCIVUSY6/161G9
the I ow density inherent in providing a useful insulating material.
This attribute is particularly useful wherein the foamis to be

shi pped, stored, and applied in roll formto cover a conparatively |arge
area such as ‘an attic of a dwel I'i ng.13During these steps it occupies
considerably | ess bulk than is characteristic of fiberglass batting,

for exanple. During or after 10 appionamen ©dpablei b dornligita domopolyinkre
passage of tinme will restore its ori gi L0, and insul ating
ability. The Tg of the polyneric ,foam %ofabo %H&érrpor ant to

mai ntai ning stability in the comsﬁ‘)esg’eﬂ %PP&E °°én'i9 ahout 70%r BY/leF(ﬂf
reepansi on within a reasonabl e peri osubstantidlly acivatermbilablé, enmaﬁmeﬁrsul

Upon exposure to heat or the passage, &{: &h{@c?p%ﬂgo??ﬂgéhﬁ% Q&%
n gl nsi

used in a preferred enbodi nent regai Nit-vits RS ana shape
This is attributable to the thernmosefauivalent to that proyided byshygsnesed t o nake
t he f oam General | y, the f@ii}nsframe aboutp 28% swd abeutorﬂa%ir o nsi firse,

called the "z- di rection”, {alkke! me §l! QB lggma
sliced sheet of foam Upon recovery OP t he o?&.ﬁéi.i‘nﬂr E
di mensi ons of the foam an "expansi offossinking agept selestedo froam |!’|‘Ed SFPHPc h

relates the ratwo of the thinnest dimhﬁnmoﬁdhﬁjlbmnemd&ﬂﬁh@ddﬂ:moﬁrsus
the conpressed state. For these conpggssible foans, the expansi on
factor is at |east about 3X i.e., the thickness of the fgamin its

expanded state is at |east about () ¢ rams ahans Q%i tocabaug d5% I?é 3 o%r9ndn it
conpressed state. The conpressibl e fsabsandaipi calatey-ifsalublean pﬂpﬁﬂ&ioﬁﬂ factor

25 in the range of fromabout 3X togg Qﬁﬂ&m%o %@:Eﬁ ressed
fiberglass batting foans typicall y have a r %/era e eﬁﬁansr on ctor

only about 2X pﬁﬁ%ﬁerr zing
a H PE conprising 35% - styrene thﬁ&%"rﬂndlr nyI benzene, and 45%

2-ethyl hexyl acrylate wth W%'%Xu@ﬁ “39“'03‘9"'%2%%“3& #Obmuikikée can be

conpressed when filled with Water at ely
after release from conpressi o‘r’?‘“”"ﬂ’ﬁe“’lﬂfa‘blse’t?lubkmm oil phass, a‘
~governed by the geonetry of tkmnabiquorfddnmgtalmbﬁwmtn-m-loﬂremulsmn passed,

the density of jhe T oAy 3V Al | &ABAlNE Hoalabork 1Ko B 20% b

tenperature at which it bpﬁ hi's |ns nt, the oamcan be 35
conpressed about 5x to ab W"?s“ ckness. The conpressed

foamwi |l retain that s@baamesthfmmbﬁweﬂmmwtoﬂrpiﬂsﬁnmmr ature
of about 8[err] C or ggRrBoltal20MotaB8ut 230Qf addre foam (in this case. |ess

than about (B) polymerizing the monomer component in the oil phase of the water-in-oil
25  emulsion to form the polymeric foam material.

The polymeric foam material can be subsequently iteratively washed
and dewatered to provide a dry, hydrophobic foam that may be shaped as
desired. Typically, this shaping will comprise slicing into relatively thin sheets.
These sheets may optionally be compressed., e.g. continuously through

30 pressure nips, into a thin state and wound into rolls. Preferred compressible
sheets will retain their relatively thin compressed state until unwound, applied
as desired, and either heated above their activation temperature (usually about
the Tg of the polymer) or allowed to stand for a relatively long period of time,
¢.g. several weeks or months. depending on the ambient temperature.

3 L. Qil Phase Components

The continuous oil phase of the HIPE comprises monomers that are
polymerized to form the solid foam structure This monomer component is
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foans conprises the stepphedhonomer componefit’YomipfsesioRe oPmoRs Mbndnierethat temdul si on
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(a) from about 80% Swhammqs%yrqﬂemhlsh dnolegulap Nisight (greater than 10,000)
atactic amorphous polymers having Tgs of about 25°C or lower. Monomers

20 of this type include, for example, the C4-C)4 alkyl acrylates such as butyl
acrylate, hexyl acrylate, octyl acrylate, 2-ethylhexyl acrylate, nonyl acrylate,
decyl acrylate, dodecyl (lauryl) acrylate, isodecyl acrylate, tetradecyl acrylate;
aryl and alkaryl acrylates such as benzyl acrylate and nonyiphenyl acrylate; the
Cg-Ci6 alkyl methacrylates such as hexyl methacrylate, octyl methacryiate,

25 nonyl methacrylate, decyl methacrylate, isodecyl methacrylate, dodecyl (lauryl)
methacrylate, and tetradecyl methacrylate; acrylamides such as N-octadecyl
acrylamide; C4-C12 alkyl styrenes such as p-n-octylstyrene; and combinations
of such monomers. Of these monomers, isodecyl acrylate, dodecyl acrylate
and 2-ethylhexyl acrylate are the most preferred. The monofunctional -

30 - monomer(s) will generally comprise 10 to about 70%, more preferably from
about 20 to about 50%, by weight of the monomer component.

The monomer component utilized in the oil phase of the HIPEs also
comprises one or more monofunctional comonomers capable of imparting
toughness about equivalent to that provided by styrene to the resulting

3 polymeric foam structure. Tougher foams exhibit the ability to deform
substantially without failure These monofunctional comonomer types can
include styrene-based comonomers (e.g., styrene and ethyl styrene) or other
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o1 Cohase of the. wateond) polgfcudtal ym‘"ﬁﬂnsgaten? "RICUE £ RAMbrddd e
s monomers and comonomers, selection of the particular type and amount of
crosslinking agent(s) is important to the eventual realization of preferred
polymeric foams having the desired combination of structural and mechanical
properties.
The first polyfunctional crosslinking agent can be selected from a wide
20 variety of monomers comaining two or more activated vinyl groups, such as
divinylbenzenes and analogs thereof. Analogs of divinylbenzenes useful herein
include, but are not limited to, trivinyl benzenes, divinyitoluenes,
divinylxylenes..divlhylnaphthale'nes divinylalkylbenzenes, divinylphenanthrenes,
divinylbiphenyls, divinyldiphenylmethanes, divinylbenzyls, divinylphenylethers,
2s  divinyldiphenylsulfides, divinylfurans, divinyisulfide, divinylsulfone, and
mixtures thereof. Divinylbenzene is typically available as a mixture with ethyl
styrene in proportions of about 55:45. These proportions can be modified so
as to enrich the oil phase with one or the other component. Generally, it is
advantageous to enrich the mixture with the ethyl styrene component while '
3% simultaneously reducing the amount of styrene in the monomer blend. The
preferred ratio of divinylbenzene to ethyl styrene is from about 30:70 to 55:45,
most preferably from about 35:65 to about 45:55. The inclusion of higher -
levels of ethyl styrene imparts the required toughness without increasing the
Tg of the resulting copolymer 1o the degree that styrene does. This first cross-
3s  linking agent can generally be included in the oil phase of the HIPE in an
amount of from about 2 to about 50%. more preferably from about 10 to
about 35%. most preferably from about 15% to about 25%, by weight of the
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amount of from 0 to about 15% by weight of the monomer component.

The major portion of the oil phase of the HIPEs will comprise the
20 aforementioned monomers, comonomers and crosslinking agents. It is
essential that these monomers, comonomers and crosslinking agents be
substantially water-insoluble so that they are primarily soluble in the oil phase
and not the water phase. Use of such substantially water-insoluble monomers
ensures that HIPEs of appropriate characteristics and stability will be realized.
2s It is, of course, highly preferred that the monomers, comonomers and
crosslinking agents used herein be of the type such that the resulting polymeric
foam is suitably non-toxic and appropriately chemically stable. These
monomers, comonomers and cross-linking agents should preferably have little
or no toxicity if present at very low residual concentrations during post-

3  polymerization foam processing and/or use.

Another essential component of the oil phase of the HIPE is an
emulsifier component that comprises at least a primary emulsifier. Suitable
primary emulsifiers are well known to those skilled in the art. Particularly
preferred emulsifiers include Span 20™, Span 40™, Span 60™, and Span

3s  80™. These are nominally esters of sorbitan derived from lauric, myristic,
stearic, and oleic acids, respectively. Other preferred emulsifiers include
the diglycerol esters derived from monooleate, monomyrisiate,
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emulsifier(s) can be used in the processes for making the foams of the present
invention. For example, See U.S. Patent 5,387,207 and copending U.S.

20  Application Serial Number 08/370,695, filed January 10, 1995 by Stone et al.

The oil phase used to form the HIPEs comprises from about 85 to
about 98% by weight monomer component and from about 2 to about 15% by
weight emulsifier component. Preferably, the oil phase will comprise from
about 90 to about 97% by weight monomer component and from about 3 to

25 about 10% by weight emulsifier component. The oil phase also can contain
other optional components. One such optional component is an oil soluble
polymerization initiator of the general type well known to those skilled in the
art, such as described in U.S. Patent 5,290,820 (Bass et al), issued March 1,
1994, which is incorporated by reference.

30 A preferred optional component is an antioxidant such as a Hindered
Amine Light Stabilizer (HALS) such as bis<(1,2,2,5,5-pentamethylpiperidinyl)
sebacate (Tinuvin-765®) or a Hindered Phenolic Stabilizer (HPS) such as
lrganox-1076® and t-butylhydroxy-quinone.  Another preferred optional
component is a plasticizer such as dioctyl azelate, dioctyl sebacate or dioctyl

3  adipate. Yet another optional ingredient is filler particles which may toughen
the polymer and/or increase its thermal insulating properties. Example filler
particules include aluminum. titanium dioxide, carbon black, graphite, calcium
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first (and optionally a second) pol yfunctional crosslinking agent.
As with the nonofunctional 15 nonomers and conononers, selection of the
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desired conbi nation of structural and nechani properties.
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can be used. Preferred electrolytes are mono-, di-, or trivalent inorganic salts
such as the water-soluble halides, e.g., chlorides, nitrates and sulfates of alkali
20  metals and alkaline earth metals. Examples include sodium chloride, calcium
chloride, sodium sulfate and magnesium sulfate. Calcium chloride is the most
preferred for use in preparing the HIPEs. Generally the electrolyte will be
utilized in the water phase of the HIPEs in a concentration in the range of from
about 0.2 to about 20% by weight of the water phase. More preferably, the
25 electrolyte will comprise from about 1 to about 10% by weight of the water
phase.
The HIPEs will also typically contain an effective amount of a
* polymerization initiator. Such an initiator component is generally added to the
water phase of the HIPEs and can be any conventional water-soluble free -
‘30 radical initiator. These include peroxygen compounds such as sodium,
potassium and ammonium persulfates, hydrogen peroxide, sodium peracetate,
sodium percarbonate and the like. Conventional redox initiator systems can
also be used. Such systems are formed by combining the foregoing peroxygen
compounds with reducing agents such as sodium bisulfite. L-ascorbic acid or
35 ferrous salts.
The initiator can be present at up to about 20 mole percent based on
the total moles of polymerizable monomers present in the oil phase More
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emul sifier conponent that conprises at least a primary enulsifier. Suitable
primary enulsifiers are wel b knoliermation of HIRE i | |ed in the art.

YN
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esters derived fdptihal compamhsaueh as plastivisers antivpcizants, flame retardants and
chain transfer agents. The water phase will typically contain electrolytes and
polymerization initiators.

25 The HIPE can be formed from the combined oil and water phases by
subjecting these combined phases to shear agitation. Shear agitation is
generally applied to the extent and for a time period necessary to form a stable
emulsion. Such a process can be conducted in either batchwise or continuous
fashion and is generally carried out under conditions suitable for forming an

30 emulsion where the water phase droplets are dispersed to such an extent that
the resulting polymeric foam will have the requisite structural characteristics.
Emulsification of the oil and water phase combination will frequently involve
the use of a mixing or agitation device such as a pin impeller.

One preferred method of forming HIPE involves a continuous process

3+ that combines and emulsifies the requisite oil and water phases In such a
process. a liquid stream comprising the oil phase is formed. Concurrently, a
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monopal m tate, .and nonoi sostearate acids. A preferred coenulsifier is
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are al so parti ¢ sgidesaguseful , as are purified versions of eaclPCTUS6/10169

specifically sorbitan esters containing mninmal |evels of isosorbide
and pol yol 5 inpurities. In addition to these prinmary

enul sifiers, secondary enmulsifiers can be optionally included in the
erul si fier conponent. Again, those skille@in the art wel | recogni ze

that any of a variety of known enulsifiers may be used. These
secondary emul sifi saparawlquultstteemstompusmgmhﬁ wates phiase Iscaisor formed, Ehetwd fier in

the 10OI oi | phase b d Qméh%bﬁlbtt?ﬁ&m%n&% dfaﬁﬂb&gmwugﬂy or
prepar e usi 0ds. known In.the ar referred s ndary
enulsifiers are that ¢ ?%‘?‘WEFFWEQ Pq‘é?ﬁwﬂﬁ’ﬂ}nﬁaﬂ%{)ﬂwmgw F@ﬁcg"g

dital | ow di net hyl sadiieeed.um met hyI chloride. Wen these opt i onal
secondary emulsifiers ageni QfhniBRr (o Sone, the ¢ el Jt} , 1t is

typically at a weight rati Lmar econ S r. of from
about .50:1 to aboutu® Mdt$§§F gﬂéﬁ“a%ﬁi‘“@% %YPB“‘““W 3{)%‘!}&]

As is indicated, ttmfiguration dnddinhcnstohe Shear will typically bg applied tdthe cambmsd,u tabl e
emul sifier(s) can Bgohsrphasd s&aﬁxaraa%gﬁ»g:m%@ﬁnwm@mema he

_present i nvention. Pat
copendi ng U. S. Zo%fﬂnl @‘5’? mﬂfeégmmry 10,

1995 by Stone ab amethod for forming HIPEk eiaoa Icorphaens plseds isadesaribed irh greatePEs

conprises from abo lﬁi‘ 5, qbqgé cggrrpggzent and
fromabout 2 to abgét}? égg Fatent 3,1 cW"a; er Pr.ef erabl y,

I e e
the oil phase wil| wai§ ?P‘:?@'}l/’f’m by ‘E?ou ‘96‘3? 60%9319?‘3% pHERLON ¢
nononer conponent MNDOOB/W% filed Jam@ty 103925 byl D. DesMam.e(igﬂm sifier

conponent. The Ollh&mggraéra&ey%&%s&m&mm provéd SRAfimRS proBak herRPPNeNt s.
One such optional co 8%96'(9‘?‘ sol ubl e pol yneri zati on

initiator of tH& g&‘f'é tothose skilled in the art,
such as described in U S P A i ssued March 1,
1994, which is incorporated opt i onal

s ° referre
conmponent is an anti oxi &‘i“‘%“ﬁp BH?E?QY@& collected 9!Zrﬂ°H ‘Pd‘l‘ﬁ“"gf'%bi li zer
- (HALS) such as bi Sre(abtwih Qesﬁl.SequarmThgiopltpdm polymyérized or curedebic sne

(Tinuvin-765[err]) @ g{ggggggll E'tﬁb’-é’dnsﬁ%@oﬁb@ét@

| rganox-1076[ err] gi‘ X ui none Anqt her pr ef er [ t [ onal
conponent is a ag'ﬂ“d’!"'ﬂ ‘i‘éﬁ‘t‘%“"éﬁy %‘?‘%E?VF"’&‘E&‘F sglt f°’d’?5‘8 ﬁ
dioctyl 35 adi patemoviidforafashércprocessing) aldér polymnedzitionfouring IiaSIheen cgaﬂll cI es
whi ch may toughen gy o the extent desired. The temperature at which the HIPE is poured into

the vessel is preferably approximately the same as the polymerization/curing

temperature.
25 Suitable polymerization/curing conditions will vary depending upon the

monomer and other makeup of the oil and water phases of the emulsion
(especially the emulsifier systems used), and the type and amounts of
polymerization  initiators  used. Frequently, however, suitable
polymerization/curing conditions will involve maintaining the HIPE at elevated

30  temperatures above about 30°C, more preferably above about 35°C, for a time
period ranging from about 2 to about 64 hours, more preferably from about 4
to about 48 hours. The HIPE can also be cured in stages such as described in
U.S. patent 5,189,070 (Brownscombe et al), issued February 23, 1993, which
is herein incorporated by reference

33 One particular advantage of the more robust emulsifier systems used in
these HIPEs is that the polymerizationcuring conditions can be carried out at
more elevated temperatures of about 50°C or higher, more preferably about



the pol yner and/or increase its thermal insulating properties. Exanple

filler particul es include alum num titani um di oxi de. carbon bl ack,
graphite. cal cium WO 96/ 40824
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carbonate. talwoposmes24the |ike. CGenerally, particles which h@Cpusgea91ehe
pol ymer opaque in the infrared region are preferred, such as carbon

bl ack and graphite. O her optional conponents include colorants (dyes
or pignments), fluorescent agents, opacifying agents, chain transfer
agents, and the I|iKke. 5 221 Wat er Phase Conponents

The di sconti nuous water internal phase of the HHPE is generally an
agueous sol ution c@otGi ox- lughane Typicully.e tii $HPE venti Borml;menzd/cuﬁdeaessent ial

di ssol ved conponentegfertd P36 lo%abut' el mdfll iyfbay HoiPhiokt g3 The
di sso] ved el ectrol yte m n|° zes t e ten ency of. hono cormnorrers and
10 crosslinkers tHAaabow &% nari | y oil soluble to also d| ssolve in the
wat er phase. Thi sApunoﬂsmam—ﬁhdtmpéﬂ-eaﬂedi}m ﬁ?’amimiyp:eallyrnbtainedaﬁer to

whi ch. pol yneri c .ma hm ' réa@ﬁo
i nlterfgce)s/ folrrred B)%fybﬁ OMOC;;J@%; Ph;c:jé
a

ngta} trﬂﬁ rrerJ z t|on
Thus, the presence efoagy 1 eé‘ﬁ?‘{i*ﬁg‘gmg egts  @hgt h of
the water phase |Spb@hneamld HIPEd efoamiti are \diswhetb pﬂﬁ:essarmlmng \smequémgree

the resulting prefegy gﬁ

Any el ectrol yte caa ﬁartl Joni g strengt re%re ter CI#S'

can be used. Pr eferfﬁ’feHseeP\e @?9 R Polyme F‘R?ﬂ! Q_aniypf r gani c
salts suci asut/shicedvad Melmdutehhﬂwmsmeea@e,ofﬂﬁmahoﬁes 08rint wat es
and sul fates of al ﬂgar%rﬁ:? 'ﬁﬁ'ﬁ#’ﬂﬁ am in—fapl es

i ncl ude sodi um chl lc%rgl Je gg’éaiim’miﬁmagﬂﬁ ‘??29 SO su?‘#a&e and

"~ magnesi um sul f at e. ﬂ?aﬂa@ ﬁé‘omlpvmg aﬂ““ﬂﬂ‘@?é‘? ofise in
preparing the H PEdronfiboat K} fojaboutel 786 ofits cuk fHickness | be utilized in

t he water phase of the HHPEsS_ in a concentratlon in the range of from
about 0.2 to about 20% by wedght DreatingiWashingHIPEFoam \vre preferably, the
25 electrol ytesw || cormheipolynieriaed éHIBEtfoimt forméd wiill lefierklly beifijed with t he

vat er Phase. residual water phase material used to prepare the HIPE. This residual water

: phase material (generally an agueous solution of electrolyte, residual

emulsifier, and polymerization initiator) should be removed prior to further

processing and use of the foam. Removal of this original water phase material

20  will usually be carried out by compre'ssing the foam structure to squeeze out

residual liquid and/or by washing the foam structure with water or other

aqueous washing solutions. Frequently several compressing and washing

steps, e.g., from 2 to 4 cycles, can be used. It is preferable that the water used

in these washing be heated to at least about the Tg of the polymer so as to

35 maintain its flexibility and compliance during compressive dewatering and
reduce and prevent damage to the foam structure.

4.  Foam Dewatering
After the HIPE foam has been treated/washed, it will be dewatered. .

Dewatering can be achieved by compressing the foam to squeeze out residual

30  water, by subjecting the foam, or the water therein to temperatures of from

- about 60° to about 200°C or to microwave treatment, by vacuum dewatering
or by a combination of compression and thermal drying/microwave/vacuum

dewatering techniques. These HIPE foams are typically compressively

dewatered to a thickness of about 1/3 (33%) or less of their fully expanded

3s  thickness. The dewatering step will generally be carried out until the HIPE

foam is ready for use and is as dry as practicable Frequently such




The HPEs will also typically contain an effective anount of a

polyneri zation initiator. Such an initiator conponent is generally added to
t he wat er phase of. the H PEs and can be any conventi onal

wat er-soluble free 30 radical initiator. These include peroxygen
conmpounds suchwaps96s40884u M pot assi um and anmoni um per sul f BEFEESI6/10169
hydr ogen peroxi de, sodi um peracetate. sodi um per carbonate and the

| i ke. Conventional redox initiator systens can al so be used. Such
systens are formed by conbining the foregoing peroxygen conpounds

wi th reducing agents such as sodi um bi sul 22nme. L-ascorbic acid or 35
ferrous salts. The initiator can be present at up to about 20
mol e percent basedcompression dewatered Soans wil)| have aiwapes|(pwisture)ontentgsloNas

present in the oil qlgRefbidout 1% to ablkl 36 4MBrApreferably from about 5% to
PCT/ US96/ 10169 preferably, the

. . . 19
initiator is presetPut %Py veightenadry veghtbBds 0. 001 to about 10 ol e
percent based on tﬂp tofgh.@hgé of polynerizabl e nmononers in the oil

phase. ; Hydrophi li zing Surfactants and Hydratabl e
Sal t's s The palyoynbeicMedaiibe A (OMA) st ructure will
preferably be sub tiall . I | ' hi s
means the pol ynmeric fozlél\eﬂ‘ s usﬁyﬁ dg!gmrmé? g}%i% {f‘lﬁ& r%g%l&%gllb% C e§trgact er.
When these foans afoams.o Spuplesefithe foamszare sliced jinte | Fﬂjﬁ‘ﬁéﬂiﬂd{‘ﬁ}‘c‘ﬁ”@i@@ance to
wat er i s generall ywashe®Siq4 fifkes BndistilRd water, exjasasing| the fluidhthrough irellen nips

enul sifier and/or salt folJlow.n s | | r.aldy: ired in
a manner descri be&%ﬁ@ﬁﬁwggﬁg&l@oﬁ%ﬁaﬁ%ﬁ gﬂﬁﬂeﬁt rd?c/lenggﬁng
Condi ti ons for bt Hiedried feanpglicesanmsored to yield a cylindesn2 mmdp siametesn Thesgi cal | y
i(m/glE;/eSZ; he FteF)Sq:;ﬁﬁdé% é@rmy?gauﬁgthl Rheometridsi RBALIDN dyiniviiic mwcg[rpl si on
; ol ymeri'zi ng/ cutin SIS . 0 . i ons
sui tabl e foE fgr m S i"}j"%&?’ﬁ#@% Wéogﬁﬁg"agﬁkgésu#e%@%‘g'gllaohal |y
washi ng the solid Instryment parameters used areagfollows r enpve the ori gi nal
residual water phase, eulTempériire Bepkrentd. 85¢C a40tCinseepy 0£2.6%C f oam

structure, and ) ther caf ek HzNAlsYetokin tdHpirddile LhiHpbs of 193111 becfds" ©-
' o Dynamic strain set at 0.1% to 1.0% (usually 0.7%)
o Frequency set at 1.0 radians/second
e Autotension set in static force tracking dynamic force mode with
initial static force setat S g. ' o
20  The glass transition temperature is taken as the maximum point of the loss
tangent versus temperature curve. '

B.  Expansion Factor
Expansion factor can be quantified by measuring the thickness of a

foam sample in the collapsed (compressed) state and in the expanded state.
25 The ratio of the expanded thickness to the initial collapsed thickness is the
~ expansion factor.

The foam sample in its compressed state is placed on a flat granite base
under a gauge suitable for measuring the sample thickness. The gauge is set
up to exert a pressure of 0.08 psi on the sample. Any gauge fitted with a foot

3 having a circular surface area of at least | in2 (6.5 cm2) and capable of
measuring thickness to 0.0010 in (0.025 mm) can be employed. Exampies of
such gauges are an Ames model 482 (Ames Co.; Waltham, MA) or an Ono-
Sokki model EG-225 (Ono-Sokki Co.. Ltd.; Japan). The initial thickness is
recorded (Xg).

35 The assembly including the foam is then placed in an oven set at
T =Tg+20°C. After 60 minutes, the expanded thickness (X)) is recorded.



The HIPE is forned by conbining the oil and water phase conmponents 20 in
the previously specified ratios. The oil phase will typically contain the
requi site nmonomers. conononers, crosslinkers, and emulsifiers, as well as
optional components such as plasticizers, antioxidants, flanme retardants,

and chai wolos@éag er agents. The water phase will typical IPCTAISHE/E0169

el ectrol ytes and pol yneri zation initiators. 25 The HI PE can be
formed fromthe conbined oil and water phases by subj ecting these
conbi ned phases to shear agitation. Shear agitation is general ly

applied to the extént and for a tine peri oz necessary to forma stable
emul sion. Such a process can be conducted in either batchw se or conti nuous
fashion and is genﬁmaldcmanfac&ﬂmﬂlnsmﬂddmmﬁx[mosﬁhedﬂammﬁctbnrm ng
an 30 emul sion WNgL bl %epgpa G PRIT 5 284001 3G oF fihplrdo Shie N

t resu e re

extent that I'ng po r|c am W ISite
structural charact dhatsqomplete recovery F“Sl ‘F‘F‘E‘ﬂqﬂén"fo? et grexpanded, MBI A% phase

combi nation will frop@ieal | Gederallp) te sample istiefe avke higher temperaure untiiond at i on
devi ce such as a pi n i- elllﬂglrf' One preferred nethod of formng

H PE i nvol ves a co '%éssrgcor " that conbines and emul sifies the

requisite oil and wat er (phasgﬁsﬂﬂ%‘gﬂgg& process a liquid st ream
conprising the oil phase-i Concuryentdy, a. .
PCT/ US96/ 10169 As ﬁlscusserﬁe d@taﬁe& descax\lptxon of a gﬂcgﬁ(re separ at e

liquid stream commwm@mp@ﬁmwaﬂw Wﬂhﬁds“%mﬂ%d is set
separate streans arggh indhe TRSDMETHODS 3ectich bAlJ| S Paiens 3387%203ber or zone

such that the requisite water to oil phase weight ratios previously
specified are 1w VAchi M@gﬂpjﬂ In the m xi ng chanber or zone,

t he combi ned streans arq- 1 né%%’gﬂ%‘}‘%f@f’?ég{"%&hmmwl

provi ded, for exanple, configuration and
di nensi ons.  Shear WIF’%‘%@FW}" be applied to the conbined oi | / wat er
phase stream at an appropriate rate. Onceg,] , the stable liquid

H PE can then be withdrawn fromthe mX| ber _or _zone. This preferred
10 met hod for formng H PEs vi Creparation; MldBE | s described in

greater degai | in K)S. w 720 (Deslvar ais et al), issued
e 2 Moozl i car AAGHs daide SRR 3632 KB ah B persiifie 185
g) are dissolved in 378 liters of water. This provides the water phase stream
to be used in a continuous process for forming the HIPE. _

To a monomer combination comprising styrene (2400 g),
2  divinylbenzene 55% technical grade (1200 g), 2-ethylhexylacrylate (2400 g), is
added Span 40™ (480 g).  After mixing, the solution is allowed to settle
overnight. The supernatant is withdrawn and used in the oil phase as the

emulsifier in forming the HIPE. (Any resulting sticky residue is discarded.)
Separate streams of the oil phase (25°C) and water phase (42°-44°C)
25 are fed to a dynamic mixing apparatus. Thorough mixing of the combined
streams in the dynamic mixing apparatus is achieved by means of a pin
.impeller. At this scale of operation, an appropriate pin impeller comprises a

cylindrical shaft of about 21.6 cm in length with a diameter of about 1.9 cm. -
The shaft holds 4 rows of pins, 2 rows having 17 pins and 2 rows having 16
30  pins, each having a diameter of 0.5 cm extending outwardly from the central
axis of the shaft to a length of 1.6 cm. The pin impeller is mounted in a
cylindrical sleeve which forms the dynamic mixing apparatus, and the pins
have a clearance of 0.8 mm from the walls of the cylindrical sleeve.

A spiral static mixer is mounted downstream from the dynamic mixing
s+ apparatus to provide back pressure in the dynamic mixer and to provide
improved incorporation of components into the emulsion that is eventually




Serial No. 08/370,694, filed January 10, 1995 by T. DesMarai s (i ncorporated
herein by reference), which describes an inproved conti nuous process having

a 15 recircul ation loop for the H PE. 2.

Pol ynmeri zation/ Curing of the H PE The HI PE formed wi i |

general ly be cglddmp@d or poured in a suitable reaction yeramb6/10169
container or region to be polynerized or cured. In one enbodi nent, the

reaction vessel conprises a tub constructed of polyethylene 20 from which
the eventually pol ynerized/ cured solid foam material can be easily

renoved for further processing after polyn¥rization/curing has been carried
out to the extent desired. The tenperature at which the HIPE is poured into
the vessel is-pref dormiedy Saghpa sticveixer is Mnigches (35.Giem) long with 2 0.5 inch (1.3

: po: yner i Zat ! 0”; CUT icR outside dtla‘i-r?efEPe"l?:E‘éfaﬁc n@:'é_ér isa TAH Ind@ﬂiek%dél 070-821,
pol ymeri zation/curin ndi ti,0ns endi ng upon the monomner
and ot her makeup of“q%fég(yﬂm%°ﬂ4é?dﬁ9ﬁ@’e§“,gf t he emul si on
(especially the enul SI f The cembihedhmixise dpparaing] sétivp it \flled swith tahphnse@nd)f
pol ymerization iniyf Jﬂﬁ% at'%Sflo of 3P ﬁ'&”@fi&l o 1 Qf‘?‘ﬁ’ﬁve!‘he
on

pol yrrerlzatlon/curl ng ve main t e H P at

i on I Ny
el evated 30 tenpePRRAHES ‘%16’59‘@36?806*°“§(ﬂ“ef?]?§°’1’ﬁ0 | 8P e about
35[err]C, for a ticempletely. Tl fiawl rates) duning ﬁllugmaticﬁﬁg/mtml phasman&sﬂ-ﬁﬁours

nore preferably frq ﬁ’sé&tﬁg spﬂase to about 48 hours. The H PE can al so be
cured in stages such as bed in éiy;%al entbS 189,07
(Brownsconbe et al), |59&8ﬂ 2BPATEILS SO it HoR 1s eg“““?ﬁ'eﬁgpﬂ?’
i ncor por at ed bymrefmxenweh titSimpeller mnﬁwatpksﬂmmlar'l’haﬂvumngﬁtmm nor e
robust emul sifier %X&re 5&'&@5&1& ﬂlcreased totaf}’iéeofwg BEegisicSanti e oif piase ﬂow

pol ymer i zatlon/curlmg tlorbw be carrl emgp;aé‘%&tm LTRSS evat ed

tenperatures of ab
96/ 40824 pressure created by the dynarmc and static mixers at this point is 13.4 PSI (92

gg[T/ US]9?:/ 10169h ] peiler speed js then steadily dgcreasedltoaspeed 611200 deMt
err or higher TR cah be.po a
temperature of ¥r orﬂ’n"ﬂ'b‘bé&l %oéﬁ:oe-{h% PFg® &u'eﬂﬁp% zé ﬁﬁfa?oﬁ?about
65 t o about tliispemt,]tl@mpellerspwdlsmstmlgwmm System
open-celled HPE f 03gaK Prebatft ifctedskis 163152 {44kPHand remains constant thereafter.

' The resultant HIPE has a water-to-oil ratio of about 55:1.

B)  Polymerization/Curing of HIPE
20 The HIPE from the static mixer is collected in a round polypropylene
tub, 17 in. (43 cm) in diameter and 7.5 in. (10 cm) high, with a concentric
insert made of Celcon plastic. The insert is 5 in. (12.7 cm) in diameter at its
base and 4.75 in (12 cm) in diameter at its top and is 6.75 in. (17.14 cm) high.
~ The HIPE-containing tubs are kept in 2 room maintzined at 65°C for 18 hours .
25 to cure and provide a polymeric HIPE foam.
C) Foam Washing and Dewatering
The cured HIPE foam is removed from the tubs. The foam at this
point has residual water phase (containing dissolved emulsifiers, electrolyte,
initiator residues, and initiator) about 50-60 times (50-60X) the weight of
3 polymerized monomers. The foam is sliced with a sharp reciprocating saw
blade into sheets which are 0.2 inches (0.5 cm) in thickness. These sheets are
then subjected to compression in a series of 2 porous nip rolls equipped with
vacuum which gradually reduces the residual water phase content of the foam
to about 6 times (6X) the weight of the polymerized monomers. At this point,
35 the sheets are then resaturated with a water at 60°C, are squeezed in a series
of 3 porous nip rolis equipped with vacuum to a water phase content of about



pol yneri zation/curing in a reaction vessel, such as a tub. This

pol yneri zed H PE foamis typically cut or sliced into a sheet-Ilike -
form Sheets of pol ymeri zed H PE foam are easier to process during
subsequent treati ng/ washing and dewatering steps, as well as to
prepare the for use in insulation materi als.

pol yneri zed H@g’@gﬁ Is typically 10 cut/sliced to provi dg&gws%[/lm@

t hi ckness in the range of fromabout 0.08 in. to about 3.5 in.
Subsequent dewatering by conpressing the foamin the z- di rection
typrcally |l eads to+H PE foans having a thhgkness in the range of

from about 10 to about 17%of its cut thickness. 3.
Treating/ Washi ng HbPEonaamn 1fe water usedht8 e&mw%&iﬁb&ﬁmﬁpm&omed wi l
generally be filled,w th esi dual, wat er hase rlal u to
prepare the H PE. Sfip@ bicathagats gpves to react yithan U@‘F‘F Ply an
aqueous sol ution ohatdmxtd tentt yo eenderctheduashed foams hyém;hlk«: am@fonnamluble,

pol ymeri zati on i nig yg:oz CarbGiER CTROLROL COntbt!dERRY foam is less
processi ng and use o oam Rermval of this &riginal water phase
material 20 il [th /°be carried out by conpressing the foam structure
to squeeze out ﬂ&em&mmsmpmsed)yﬁmﬁmympmaMmfucture

with water or othgg utoowma@lmuﬁombmﬁ%eﬁtdrﬁa%aﬂ&%sati%&@yeral
conpressing and WE

e used.
It is preferable d?mgm“éfs H‘Se’é?msmrg m“ﬁeﬂt f%@é%’t\/\}ag @g °?ed to
at | east about thqxolﬂglented ivatefiall ynethescompresses sta@5thendnnnnap thetfgam is
flexibility ang cogplig ?9 W%ﬁﬁ%m@ﬁ%tﬁua&tﬁaﬂabomomsreduce
str,Jcture 4

and prevent damage to t e m Foam
Dewat er i ng glgs emprats AE0°Ceen treat ed/ washed, it
w il be devvatered. Dewat ering.ca ) hi eved by conpressing the
foamto squeeze out residual 30 vvatewe}—gubj ecting the foam or the

water therein to tenper atur es ofEIepasy camippaliBierr] to about
200[err]Cor tom crowgsr Eﬁﬁmi .ba/ vacuum dewater| ng or by a
conbi nation of conpres { I ng/ m crowave/vacuum

dewat eri ng tectsni ques. mmuﬂal@mgunudaxigm@m potassinap persulfate(1$9
dewatered to a thi 'ﬁ&ﬁtﬁ&oﬂéd&bwléﬁv&téﬂ&%spiéwﬂ@&ﬁeﬂiteiﬁﬁsds&eaiﬂtybexpanded

P Ck”es?aaﬁhﬁlgef"é’a‘ it SEee o o RS i ik asbSr 2ol cabl e F‘EQ/;L'enE 'y
such - WD 96/ 408Z'4> a monomer combination compnsmg ed divinylbenzene (40%
PCT/ US96/ 10169  divinylbenzene and 60% ethyl styrene) (2100 g), 2-ethylhexylacrylate (3300
20  g), and hexanediol diacrylate (600 g) is added a very high purity diglycerol
monooleate (360 g), and Tinuvin 765 (30 g). The diglycerol monooleate
emulsifier (Grindsted Products; Brabrand, Denmark) comprises approximately
81% diglycerol monooleate, 1% other diglycerol monoesters, 3%
. polyglycerols, and 15% other polyglycerol esters, imparts a minimum oil
25 phase/water phase interfacial tension value of approximately 2.5 dyne/cm and
has a critical aggregation concentration of approximately 2.9 wt%. After
mixing, this emulsifier mixture is allowed to settle overnight. . No visible
residue is formed and all of the mix is withdrawn and used in the oil phase as

the emulsifier in forming the HIPE.
30 Separate streams of the oil phase (25°C) and water phase (53°-55°C)
. ' are fed to a dynamic mixing apparatus as in Example 1. A portion of the

material exiting the dynamic mixing apparatus is withdrawn and recirculated
by a recirculation loop as shown and described in the Figure of copending U.S.
Application Serial No. 08/370,694, filed January 10, 1995 by DesMarais et al.,

3+ to the entry point of the oil and water phase flow streams to the dynamic
mixing zone.



22 - conpression dewatered foans will have a water (noisture) content

as |l ow as possi ble. fromabout 1%to about 15% nore preferably from
about 5%to about 10% , by weight on a dry wei ght basis. | V.
Test Met hods 5 A Dynam ¢ Mechani cal -Anal ysis (DVA)

DMVA i s used to\;\@fyts@ﬁ&ne the Tgs of polyners including pol ynepcgnisss10169
foans. Sanpl es e foans are sliced into blocks 3-5 nmin thickness and

washed 3-4 tines in distilled water, expressing the fluid through roller
ni ps bet ween each washing. The resulting foam bl ocks are allowed to
dry-<inair. 10 The dried foamslices are gored to yield a cylinders 25 mm
I n dianeter. These cylinders are anal yzed using a Rheonetrics RSA-I

dlyn?m' 02gechani Cg! t mél%bmsﬁelsd %tﬁﬁngmnfqmeﬁﬁémapmdusﬂm whha:lil: el
pl at es nmin di ageter. nst r UNent..paraneters .used .ar ows:
* Tenperature step %rﬁ“é&ateégmﬁﬁq %Of%ﬂ’%]“@&?ﬁ°§.tpgﬁs?‘€f%5.

* Soak interval s hmiking apparasusoie vanted ¢o aliew @iz $o ¢scape while Blling thpapparatus

a Dynamic strain %%anﬁebp-'ﬁ%’ﬂd% fatElfring Uinig)arO 3 780g/sec oil phase and 11.35

Frequency set at 1. adi"ans/ secqn . * Aut gtepsion set in static
force tracking dynd{see VI~ aﬁdﬂ@‘%?hlscf’m'“memwm}agq'%ﬁ al statjc force
set at 5 g. 20 The gl as©Once thaspparaus satvpds fillads theiventar phese flow raerels Pk Mum
point of the |0ss paife0 bABSARE Eafesruw_suﬂde.gm»tmtw Gent i8/cldded. Agitation is then B.
ac
Pk

Expansi on Fact or . ansi ol oL _can. be |
nmeasuring the thi cl&?&‘é’bmﬁlfedgnmcg“’feﬁa% eﬁ?’&"ﬁ*’g%gmﬁgﬁ ggxrrgr essed)

state and in the expamofts witephase hghatsteadily increased towrato@f-ASALer/ AP ess to
tT Ee }ni tial CFI hoap%ﬁggk ﬁéiioﬂ‘ﬁ?ﬁﬁo‘btgsmftnh%d_the oil Wﬂ&&@&eﬁ?ﬁﬁw to 0.757

e foamsanple in Its conpresse i S. pl.a n_a, f. r. ase
under a gauge suit 26 qvﬁrrng#E'&s‘?ff'?ﬁ&%’ﬁg_msﬁmgﬁ?%%&%&g&%ég?aug i s set
up to exert a pressoereased ta0abogt 45s¢c/sen during therdaster timappriofh Jhe back PEHUR t h o
footbI 30 fhavi ng a&é&ﬁﬂy&ﬁﬁ&jﬂﬁﬁ@h_ ; Qﬁd%@@mﬁéng&itﬂmﬁiislabbmammﬁmg. and
capabl e o SuLi i ckness - Q25 .
enpl oyed. Exanpl es aﬂ&h&?ﬂ%‘ﬁ sﬁ%ﬁd%@i?g’dahgd%n%aégééix% r¥es nCo. ;

Val t ham MA) or tsan mfaboutllc@kki model EG 225 (Ono-Sokki Co.. Ltd.;

Japan). The initial thi %nes L (X[err]). 33 The
assenbly including the am aft oven set at =~ T =Tg +
20C. After 60 minutes tThe foroyed rmhuisi ng Mijeostatic) mixer b thiy peigt 1s

collected in a round polypropylene tub, 17 in. (43 cm) in diameter and 7.5 in
(10 cm) high, with a concentric insert made of Celcon plastic. The insert is 5
20 in(12.7 cm) in diameter at its base and 4.75 in (12 cm) in diameter at its top
and is 6.75 in (17.14 cm) high. The emuision-containing tubs are kept ina
room maintained at 65°C for 18 hours to bring about polymerization of the
emulsion in the containers to thereby form polymeric foam.
C)  Foam Washing and Dewatering
25 The cured HIPE foam is removed from the tubs. The foam at this
point has residual water phase (containing dissolved emulsifiers, electrolyte,
initiator residues, and initiator) about 50-60 times (50-60X) the weight of
polymerized monomers. The foam is sliced with a sharp reciprocating saw
blade into sheets which are 0.160 inches (0.406 cm) in thickness. These sheets
s are then subjected to compression in a series of 2 porous nip rolls equipped
with vacuum which gradually reduce the residual water phase content of the
foam to about 6 times (6X) the weight of the polymerized material. At this '
point, the sheets are then resaturated with 60°C., are squeezed in a series of 3
porous nip rolls equipped with vacuum to a water phase content of about 4X.
as  TheCaCly content of the foam is less than 1%.
The foam remains compressed after the final nip at a thickness of about
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expansion factor (EF) is calculated as EF = Xerr]/ X/ err]. The expansion
factor may be recorded after storage at T = Tg + 20[err]C for 1 day

or longer to ég&& t hat conpl ete recovery to the di mrengéftssabishhe
unexpanded sasg r%" obt ai ned. Generally, the sanple is left at the

hi gher tenperature until no 5 further reexpansion is recorded.

C. Specific Surface Area As di scussed supra, a detailed
description of a procedure for det epfri ni ng foam specific surface area
via the capillary suction nethod is set forth in the TEST METHODS

?ﬁcf—;—olnl of US. Paé@iltm oﬁﬁifﬁ{??mfﬁoaaplstﬁéndnted ﬁ%q%oihsoﬁﬂamms Such |
,net hg p;’;“sggt ef‘ﬁ:@mes oS Lhat SolshiSe PloaRal 36! @8’ 55 I’}panggﬁéEgéu
Preparation of Foapnlymmchmaibﬁﬂ. At1this point, the fagm shedrsnire Perysisangeble nThe
Anhydrous cal ci um ﬁ&h%od@on(a%ﬁ a?oukg% wdudagr& %?%W%@U&Bﬁhﬁn&&&?e

di | ved |
N ream © VTS et 1 e collansr sates v sl of fis o i Aol DR it
To a nonomer conbi When atpm:iphlssfoatghasyrdanéewlmmbgyt oomog/caam hasivenzene

55% t echni cal gradél?sﬁi%‘gﬂ5 &ﬂiﬁ&}fb@@@ ylate (2400 g), is

added Span 40[err] A ter mxing, the solution is allowed to
settle ~overnight. The super nat aBkamples#-1lndrawn and used in the oil
phase as the emul sifier |nformngthe HIPE (Any resulting sticky
residue is discarded.) Prepars L SerQams e EEAREMIOMORMELS o | phase

(25[err] C) and et er pfm&béﬁ%ahﬁhzgﬁ)deh mehm@mdmmm i xi ng
appar at us. orougn _m Xxi nam C

m Xi ng apparatus | &"5¢ ?“é ﬁ%dg'ﬁe "Pﬁldto hose desc%&?ﬂ:’ﬁmﬁle& Iﬁﬂtﬂ&

scal e of operati onaboys abpmommeﬁ @"p‘i'#’qﬂﬁp‘é#wfép'@cﬁ?f)ﬂ) ggg»saand resulting
cylindrical shaft aral3Retn id Tableam i N Iength with a dianeter of about 1.9

cm The shaft holds 4 rows of p| ns, 2 rows. haV| ng 17 pi ns and 2 rows
havi ng 16 30 pins, each havi ngXable parp L ombosition andni & g ,out wardl y

fromthe central Example # STY % ) D 9% EHA % TES°°2* |
3 40% 2% |  38% 52°
4 34% 2% 44% 44°
5 32% 24% 44% 50°
6 31% 22% 47% 38°
7 29% 24% 47% 41°
8 25% | . 22% 53% 32°
9 38% | 22% 40% 54°
10 36% 22% 42% 49°
11 28% 22% . 50% 30°

15
STY = styrene; available from Aldrich Chemical Corp.
DVB = divinyl benzene, based on 55% purity with 45% ethyl styrene impurity:
available from Dow Chemical Corp.
EHA = 2-ethythexy} acrvlate:available from Aldrich Chemical Corp.

20 *Determined via Dynamic Mechanical Analysis at 1.0 radians/second.
les 12-1
ti om Di .
Additionat foams of the present invention were prepared essentially as
described in Example . The insulating properties of these foams were



- to a rate of 45.4

axis of the shaft to a length of 1.6 cm The pin inpeller is nmounted in a
cylindrical sleeve which forns the dynam ¢ m xi ng apparatus, and the pins
have a clearance of 0.8 mmfromthe walls of the cylindrical sleeve.

A spiral static mxer is nmounted downstream fromthe dynam c m xi ng 35
apparatus to pipRydsisdaack pressure in the dynam c m xer and t opgosssAelco

| mproved i ncorporation of conponents into the emulsion that is eventually
WD 96/ 40824 _

PCT/ US96/ 10169 24 f or ned.
Such” a static mixer*is 14 inches (35.6 cm 28ong with a 0.5 inch (1.3

cm outside dianeter. The static mxer is a TAH |Industries Mdel 070-821,
nodi fied by cutti ngna&ﬁre&%ASWﬁ?‘Q-@SlMsultsareshown in Tablelhie conbi ned

m Xxi ng apparatus set-up is filled with oil phase and 5 wat er phase at a
ratio of 3 parts water to 1 part able 2rplasulating W Lroams apparatus is
vented to allow air to escape while filli ng t he apparatus conpl etely.

The flow rates dur TT LI arel 1 c%ﬁse a 53
cc/ sec water phas.E“g"‘p'e# Bg“s SR th® da sa@éﬁjp i | 1 4d,
' i o i fer V\Mththeiwning at
400 m%ptasg%l R tsgen steaéy y ijncreased

agitation is begu
are s ICUuLed to

1800 RPM The flo
0.82 g/sec over a TN M essilre
created by the dyn mgser b 4gkb t{hige P Qi Digei § 13. 4 PSI |(92

kPa). The inpel | erfSpeet—s—THem preaut Ty oeqreasey 1o speed-of— 31200 RPM
15 over a period 1 .0 |0 9%, h38%c | S5%: 40=23° s 4 Mg (47 KkPa).
At this point, mhe i megiker | spwed] i33% rstsmt ]y~d3ac| easess to 3800 RPM

The system baCK pressare rn rﬁ;“ﬁf Io D. (44 KPa) and renmi ns
constant thereafter. The re ) )a water-to-oil ratio of
about 55: 1. 5 Po('?HutslamWﬁm/ K)ir Calgplated ubihg2ASTM §177-85)
The HI PE fromthe statia. gs%?ﬁw ted in a round pol ypropyl ene .
tub, 17 in. (43 cn) in 3&% %d in. (10 cm high, with a concentric
i nsert made of Cel con pla Is 5in. (12.7 cm in dianeter at
its base and 4. 75°1 M%lwmmm its top and is 6.75 in.
(17.14 cm high. Tine diitk Bhov exdellént tidemal i3BladhEpropétties fOr the FaMEOf
mai nt ai ned at 65C for 1§hhou invention

E 17

A continuous sheet of foam 12" wide and 3" thick is prepared from a
HIPE comprising40% styrene, 20% DVB, and 40% EHA at a water-to-oil
ratio of 50:1 by the process described in Example 1. This foam is dewatered
ts  while warm (ca. 40°C) by passing through compressive dewatering nip rolls
with successive gaps of 2", 1", 0.5", and 0.3". The foam slice retains a
thickness at that stage of about 0.5". The continuous foam slice is then
laminated to a 0.01" thick aluminum foil and rolled into a bail about 2.5' in
diameter. This is then packaged in shrink wrap plastic. The foam remains
20 stable in this configuration through warehousing, shipping, retail display, and
application. Application takes the form of unroiling the product and inserting '
it between ceiling joists in a residential attic to the desired cut lengths. The
product at that point is still about 0.5" in thickness. The elevated temperature
in the attic causes a fairly rapid reexpansion to the original thickness and
»s  density, 3" and 0.020 g/cc respectively, of the foam This serves as an
excellent insulating material, conveniently managed from manufacturer to final
use.



25 to cure and provide a polyneric H PE foam @) Foam

Washi ng and Dewat eri ng + ———The curedH-PE foamis renpoved from

the tubs. The foamat this poi nt has r wat er phase (containing
di ssol ved enul sifiers el ectrol y&jl!ﬂ“lmmllw(ui mz residues, and initiator)
about 50-60 tiwedekesds 60X) the meri zed rmnmmsgs/ihcg

foamis sliced with a sharp reciprocating saw . blade into sheets which
are 0.2 inches (0.5 cm in thickness. These sheets are t hen subj ect ed
to conpression in a series of 2 porous nip rolls equipped with vacuum

whi ch gradual |y reduces the residual water ppase content of the foam

to about 6 tines 26X) the wei ght of the polynerized nonomers. At this
point, 33 the sh i A resaturated with a water at 60[err]C. are
squeezed in a seriges The use @f adpddafiéries foamPmahiAlSasCail indklRter, Wiidieill aidlUM t O a

wat er _phase content %QH{ WO 96/ 40824
25 4X. Opt |p8Hg}er maten%lg.?.s used to resaturate the foam contains
about 1% sodi uf) ispesifissneface areaimer fosmy wolume of at least 0.0lim¥ccany r esi dual

(r:]aljci um fhl ori (cjief B) atdbﬁ&enwﬂfqhs_&ﬂﬁﬁotog(% Qe the waslhe_d foamsb t
ydrophilic an or ) non SCOopi c ar bonat e.
The CaCl[err] conte%j Ig?a(s%%mﬁigg?ntengpefa&rg % f%f'%ﬁ“ E)%ﬁfm&lélo g

The HI PE foam remai ns conpressed after the final nip at a thickness_ of

about 0.0 19 in. (). 0%Re @8d of BNPolfAEH® dani Meeridl 28 Gni Msulbitsr, Wherdh Qs 16
hours. - Such d eaﬁ'%?"? }.%}3 noi sture content to about 1-8 % by
wei ght of {)’é@ et er | In the conpressed state, the density:
of the foamis 10 abomA) 0. 345pgeific surfgrerares pem fasen volnme fofzah least QOLr y
density of about 0.018 n$lec and has.a glass transition tenperature of

50C. . lg 2
Preparati on of Foam f rorﬁ)a Hﬁgﬁ'densnyoflessm%)ﬁc,am PE Pre ar at | on

Anhydr ous cal ci um chl or i®e ( 3@lasstrangition tempseature {Teirof between 297 and
and wherein the polymeric foam material is prepared by the process

comprising the steps of
(A) forming a water-in-oil emulsion at a tmpefa:ure of 30°C or higher and
under low shear mixing from:

{1) an oil phase comprising:

(a) from 80% to 98% by weight of a monomer component
capable of forming a copolymer having a Tg value of from -
20°C to 90°C, said monomer component comprising:

(@ from 10% to 70% by weight of a substantially
water-insoluble,  monofunctional  monomer
capable of forming a homopolymer having a Tg of
35°C or less;

(i) from 10% to 70% by weight of a substantially
water-insoluble, monofunctional comonomer
capable of imparting toughness  equivalent to
that provided by styrene;

(iii) from 2% to 50% of a first substantially water-
insoluble, . polyfunctional crosslinking agent
selected from the group consisting of divinyl
benzene and analogs thereof: and

(iv) from 0% to 15% of a second substantially water-
insoluble, polyfunctional crosslinking agent
selected from the group consisting of diacrylates
of diols and analogs thereof. and

This Sheet Has Been Re; laced




g) are dissolved in 378 L of water. This provides the water phase streamto

be used in a continuous proce_ss__f_Qr_j_Qr_m_ng_t_he_Hl PE. : To
a nononer conbination conprising distilled divinyl benzene (40 %

di vi nyl benzene and 60 % et hyl styre :ﬂﬂ “ HIL hyI hexyl acryl ate
(3300 g), and ywesasuesy ol di acryl ate a very poghuspsionésy

di gl ycer ol nonool eate (360 g), and Ti nuw n 765 (30 g). The diglycerol
nonool eat e enul sifier (Gindsted Products; Brabrand, Dennark)

conpri ses approxi mtely 81% di gl ycerol nonool eate, 1% ot her

di gl ycerol nonoestels, 3% pol ygl ycer ol S and 15% ot her pol ygl ycerol
esters, inparts a mnimumoil 23 phase/water  phase interacial tension

val ue of approx:c mately 2.5 dlymeﬁ‘mnzamb 20% by Waightoof in Emtilﬁﬁeraﬁﬁipbﬁai: 0n]c
concentration of approxinmtely t hi.suerul sifier
vihich | gﬁéfubﬁoﬁ e il phase Thd¢ \Nﬂﬂg is 3 tfenleI ¥

m xture is allowed to settle overni u f or med
and all of the mix is wthdrawaMHMeW%W@ﬂmm“‘mse as t he

emul sifier in form ng t ke divier phadécomprising fromTLPB KE26% By WRighBofH witke oi |
phase (25[err]C) and wat ersom?es%?(rg, E@] 55[err] O are fed to a
dynam ¢ m xi ng apparatus_as 1n e 1, Aportion of the mat eri al
exiting the dynam c mi xi{Fp ¥aiee i waight satigiof iaten phase rrioll Bhase in therenge of by
a recirculation | oop as skmﬁmr)dodmvranbed in the Figure of copending U S

lication Serial ais et
QFI.O. 35 to the ent g’ yﬁmmﬁéﬁlﬁéﬂé&k Bn?{ngpjtﬂ?]gigﬂ%gymgﬁ%gm to the
dynani c m xi n@ g@ﬁblonto form the pajym
PCT/ US96/ 10169

The conbi ned m xi ng, and ecid o 1i tus |l ed. Wi th ail
phase and wat er ph%Se afri'3"$ a’é‘?%@gﬁ) qu IYT dﬁpf'“BPFe"“fH%

dynami ¢ m xiar@asammagnmam ffiom:° It@§9°§| r to escape while
filling the apparatus conpletely. The flow rates durlngfllllng are
3.78 g/ sec oil pha an 3 QE?H cc/ sec
in the recircul ati on I Oq‘h%&se émﬁgﬁe{‘ﬁ‘?&mﬁ‘“ggg‘g&?’v‘% set- uph;?s ‘
filled, the water mmeﬂvsmfa%me@fm hal f to reduce the
pressure build up while the vent is closed. Agl tat ion is then begun

'n the dynamc mxqf, Wb uldiechdig1d Claich 4 WHeAsh AE pdififeid Toith mbikfiaiHad"

a number average cell size of from 10 um to 50 pm, preferably of from 15 um
to 35 pum.

6. The use according to Claim 5, wherein the polymeric foam material has
a glass transition temperature of from 10° to 40 °C.

7 The use of a hydrophobic polymeric foam material as an insulator,
wherein the polymeric foam material has:
A)  aspecific surface area per foam volume of at least 0.025 m2/cc;
B) a dry density of from 0.08 g/ccto 0.004 g/cc;
C) a glass transition temperature (Tg) of between 0° and 50°C;
and _
D) a number average cell size of from 10 pum to 50 um.

8. The use according to Claim 2, wherein the monomer component used
in step (A) comprises from 10% to 70% monofunctional comonomer (ii),
preferably from 20% to 50% monofunctional comonomer (ii).

9 The use according to Claim 8, wherein the monomer component used
in step (A) comprises from 20% to 50% monofunctional monomer (i)

This Sheet Has Been Reilaced
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rate of the water phase is then steadily increased to a rate of 45.4 cc/sec
over a 10 tinme period of about 1’nj'rﬂ__a@_m§_4oid__phase flowrate is
reduced to 0. 757 g/ sec over atinme period of about 2 min. The

recirculation rate is steadily m“ m“ mtﬂl{ut 45 cc/ sec during
the latter tinwodsupsd. The back pr esl;““m ed by t recTiseroies and

static mxers at this point is about 10 PS| ’(69"I Kk a) The Waukesha
punp speed is then steadily decreased toa yield a recirculation 15 rate
of about 11 cc/sec. B) Pol yreri zation/ Curing of HIPE

The formed emul sion flowing fromthe static ?lxer at this point is
collected in a round pol ypropyl ene tub, 17 i (43 cm in dianeter and 7.5
in (10 ¢cm high with a-eencentric insert nmade of Cel con plastic.

The insert is 5 ( m in (12
cm in dianeter ‘at 1ts ‘?hev}sgaZcoF {dqcmgegﬁ& el'%‘s %‘iﬁ&eﬁ’&?ﬁ

enul si on- cont ai ni n@#ﬂ?t(é)a?@ﬂ%@&ﬁ'omnl%m 30%31’? &ithed at 65C for 18
hours to bring about polynerization of the enul SI on in the

contai ners to theregpy f Wasng
and Dewat eri ng gp ﬂm}sg%‘[ﬁgﬁ’ ‘é‘gﬁ%é"'?%%'m“. soﬂrméa ‘b%gkf‘ hrgg t ubs.
The foam at this the mongmgenicompenentsisgspigctedafiom Higagwoup chﬁléHfBl pf 2-
di ssol ved enul si f | @hylhexgl Refiare)iscdecyl acrylate lmyltac@ﬂw ahé taufli @iethaciylite;

mnomet e, The fe o 'g&'s"Pl ce dcgé@}?wa?t ar p reC| pr oca?m?fmnt i QQ&YM eOIde

nononers. The foam|
into sheets which ¥e&reppieansisingRfstyrene;sthyt siyrene, and |R3R'ﬁ@§!’§‘yf°¥‘ﬁe§\§' Bfecet s

30 are then subj em&edommwﬁimm nﬁmambmmpbneat Baelected fiom shel | s

U PPEd e " brbul Al of Bl [RANRERS ESRMHidhe " PhasC

pol yneri zed mat erl‘élY'!'Y‘Nle‘iehl S p0| nt the sheets are then resaturated
with 60[err]C., are squeezed in a series of 3 porous nip rolls

equi pped with vacu e 4

CaCl[err] content © the foam I s‘ﬁ{@&’ c@ﬁﬁa’ W{n tﬁp%iﬁme% wexgﬁt?ﬁugib?am
remai ns conpr essedwates Rhase 19oiliphaseis inithe sngeof from R¥2 85125 1. about VO
96/ 40824

PCT/ US96/ 10169 27 0. 021

in. (0.053 cm. The foamis then dried in air for about 16 hours. Such

heet Has Been Rzﬂlaced
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drying reduces the noisture content to about 9-17 % by wei ght of
polyneri zed material. At this point, the foam sheets are very drapeabl e.

The foam al so contains about 5% by wei ght of residual diglycerol
nonooleate 5 enulsifier. In the collapsed state, the density of the foam

I s about 0.14 g/cc. When expanded this foamhas a dry density of

about 0.018 g/¥@%f#2has a gl ass transition tenperat urePETUSBEIR169
23[err] C Exanpl es 3-11

Preparati on of H PE Foans From Di fferent oners 10 Absor bent

foans are prepared from H PEs havi ng var nononer conponent s usi ng
procedures simlar to those described in Exanples | and 2 above. The
nononer fornul ations, water-to-oil (WO ratios, and resulting Tg are——-
shown in Table 1. T A S s L A S i i S| T | ON and

Tg Exanpl e # e s - \
(ferr]o)* N A AT e S S
52[err] — I S i

44[ er¥ ]

50[err]

38[err] .

41 err]

32[err]

54[ err]

49[ err]

30[err] ST
DVB = di vi nyl benzen S

rp. .

b inpurity:
ate

avail able from Al dri i a Dynam c
Mechani cal Anal ysi s
Exanpl es 12-16
Monormer s )
prepared essentially

properties of these

D fferent

L= SE1 £47= 5.00 K WD T
2. 0pm b———
HEDIEG 1 3107

Figure 2
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nmeasured via AS M C 177-85. The results are shown in Table 2.

Table 2. Insulating Values for Foans. Example # Density STY
DvB EHA Tg([err] O Ther mal g/ cc % %
% WOReH8E28 vi t y* 12 0.011 20% PCT/8M10169409%
60 38 13 .0.012 20% 40% 40% 60[ err]

34 14 0. 008 0% 40% b  60% -18 .37

15[ err] 0.015 * 0% 33% 55%. -23 34 16[ err]
0.0 12 0% 33% 55% -23[err] 272 35

(**Cal cul ated usi ng DVA) ' (**Units are mMW (m K).
Cal cul at ed using ASTM C177-85) a: 55% pure DVB was used

b: 50% pure DVB was used : 0 ‘ yl ate was

used The erties for
the foans of 10 IR B o )
Exanpke 17 S g T LT S CIURREI '  t hi ck i S
prepared from a 35 i e S T G AR DU /0% EHA at
a water-to-oil

0.5". and 0.3". The f (RTINS S el Bst age of
about 0.5". The conti S VR = '
thick alum numfoil arfs
This is then packaged JEa _
in this configurati on S SRy, and
application. Applicat g B ULt R o nd

i nserting it et S : v gt 0 the
desired cut |engths. TS PR B ! SO ut 0.5" in
t hi ckness. The el evat ¢ - EIRARY
rapi d reexpansion to

Banet er.
0 stable

Flgure 4



density, 3" -and 0.020 g/ cc respectively, of the foam  This serves

Q0584

7é§ IPJ\T

excel l ent, i nsul ati ng material, conveni ently managegd

el ati ng an-obj AU BLEAI AN o  no 2ol yr

mat eri al proxi mate*to®the dbj éct* wherein pol y
A a specific surface area per foam vol une of at

«
- *33‘55:5“

a:St'

100
ﬁ%&‘ﬁﬁ%ﬁ%ﬁ ‘é}fi’z”‘s >

ot 0r o1~ > Paged

SG

merr]/cc; B) a dry density jof I“é’éé*‘t‘han Faboirt- @"@“?yg"d
g/ cc; and What is claimed is:C) a gl ass transitjon tenperature (Tg,)w

bet ween about -20[err] and 90[err]

DATE OF RECEIPT

exrssnascmrernaxrre

-----

-----

and wherein the polymeric foammaterial is prepared Dy the process
conprising 1. thg 8B& oPinsulating an object compnsmg(l&éatmﬁ%rﬁﬂlﬁﬂeﬁc

water-in-oil emulsion at a tenperature of about 30

or higher and urfeam magrislpraximats torthe obiset, wherein the polymenc foam material hag:1)

an oil phase conpris
80% t o about 98% by

val ue of from about -20[err] C. to_ about 90 C., sai

?/cc and

:,é? ght? specific surface grea per foam volume of at leagt%oxfltr&m aQP cC;
conponent capabl e of Bpr m N@rydeneiglof 15 thmvibogt 0.05

conponent conpri si ng: 0) a glass transition temperature (T g) of between about (~29 and, RO’

about 10%to about 70% by éﬁl ght of a
substantially water-insolUBle, nonofunctional

nmonomer capabl e zmﬁ Whergin"tie polyaeritofosfiematesidl isoprepared by the process comprising

a Tg of about 35 C. or |ess;
from about 10% tthe s6B%:Pf 70% by wei ght of a

conononer capabl e of arting°toughness a

(ir)

substantial ly water (:A SOl il b a Wﬁ%?flﬂ%ﬂt%nﬂﬂ@m at a temperature of about 30° C.

equi val ent to that provi dest Highettandameder low shear mixing from:

(tii) fromabout 2%to about 50% of a first
substantial |y water-insol 8} an ofphase,cRmprising:

crosslinking agent selected frqg} kot oAt Bo%0Sbohd $5% by weight of a monomer

component capable of forming a copolymer having a Tg

value of from about -20° C. to about 90° C., said monomer

component comprising:

(i) from about 10% to about 70% by weight of a

substantially water-insoluble,

monofunctional

monomer capable of forming a homopolymer having
a Tg of about 35°C. or less;
(ii) from about 10% to about 70% by weight of a

substantially water-insoluble,

monofunctional

comonomer capable of imparting toughness about

equivalent to that provided by styrene;

(iii) from about 2% to about 50% of a first

substantially water-insoluble,

polyfunctional

crosslinking agent selected from the group consisting
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(iv) from about 0% to about 15% of a second



of divinyl benzene and anal ogs thereof; and
(iv) fromabout 0% to about 15% of a second sub

E(r)logfslulnﬁ(: (rjlgalalgent selected fromthe group_consisting ”mlll "II" III" ||I|I " |"|30

of diacrylates of diols and anal ogs t hereof9 and

(b) fromabout 2% to about 20% by wei ght of an emul sifier

conmponent which is soluble in the oil phase and which is

suitable for formng a stable water etosslhﬂcinmhtssehmedfromthegroupconslstmg

(2) a water phase conprising fromab ut 1%t Pout 20% b¥h

wei ght of a water-sol uble el ectrol yPkS laaw teso s and analogs thereof; and (3) 5
volune to weight ratio of wate ?{J&ﬁ Hllitﬁﬁ

of from about 12:1 to about 258‘3) %H&&Z%Im 90%%3‘ %lgh?aegn glr%lsfﬁrzi ng
the mononer conponent in the otéompérent which iscsoluble in the oil phase and which is

water-in-oil emulsion to formthe.po ric fo mat er i
2. The nethod according to E‘WUQP%I%@{?&MP&I ﬁ%wﬁ%d’éé’g eysiBRepar i ng

t he polyneric foam materi r\i Wa e@g;éwgeﬁ t%%ﬁ%)h%ﬁl sb&iR 1 7o Bk 1209, wg.

f oam materi a tarn
The met hod according to ciwaight of anrasohhiheleqmmeeraniorrponent

: . o
oo (11§ SO <<ty AL eHRIAS of S e PR b8 e
3, wherein the nononer cogpgBdANabout 12:1 to aboutzstﬁfdaﬂm step (A) conprises
from about 20% to about 50% nonof uncti onal conononer (i |)

5. The met hod acc@Xipolymesizingaithe 3nongmgere comperentpiio the oilo phaseeof th
water-in-oil emulsion to form the polymeric foam material.

2. The method according to claim 1, wherein the process for preparing
the polymeric foam material further comprises the step of dewatering the foam

material obtained in step (B).

3. The method according to claim 1, wherein the monomer component
used in step (A) comprises from about 10% to about 70% monofunctional

comonomer (ii).

4. The method according to claim 3, wherein the monomer component
used in step (A) comprises from about 20% to about 50% monofunctional
comonomer (ii).

5. The method accordiné to claim 3, wherein the monomer component
used in step (A) comprises from about 20% to about 50% monofunctional

monomer (i).

6. -The method according to claim 3, wherein the monomer component

used in step (A) comprises from about 10% to about 30% crosslinking agent (iii).
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used in step (A) conprises fromabout 20% to about 50% nonofuncti

monomner (i). 6. The nethod according to claim3,
wher ei'n t he nononer conponent used in ste “‘“H“I“r“l\”ﬂﬂ”“\om
about 10%to about 30% crosslinking agent é i) . ﬂ‘

7. The met hod according to claim3, whe LI n rmnofunctf'on‘al mofonér

(i) of the nmonomer conponent is selected fromthe group consisting of
2-ethyl hexyl acrylate, isodecyl acrylate, lauryl acrylate, and |auryl
met hacryl at e. 7. The method according to clammhnfemmbmﬁumldnalgnanmmdral m

3, wherein nonofunctional ( of the nnnorrer
conponent is se{Qec‘? oS TBOROGE  GPRYRONEDE NS §§&E@£%om tne/ group conysting \0f o
ethyl styrene, g Tafl ¥S0AB&Y1 acrylate, laury] acrylate, and lauryl methacrylaBe
met hod accor di n% ﬁgﬁ]ce?gfl)%r% wher g‘?yn tﬂ’e fi r‘sniy crrgssl i nki ngry actyia

agent (iii) of the nononer conponent is selected fromthe group consi sting

of Ui VEREZERSy hidorbing' BPTESC s Skt SlieRGedRd, L

-~ di vi nyl xyl ene.

1, wherein the yphiifndrq u¥‘6f Eﬂétmonomer component is séléété@f:@fn R RouP baksting Oi |
phase Is in the range of Trom about 25:1to about :

11. The net hodofxstywenel ¢thylk styrehe,i m—nvqwlﬁmnche poI erEI’I ¢ foam

9.  The method according to claim 3, wherein the first crosslinking
agent (iii) of the monomer component is selected from the group consisting of

divinylbenzene, trivinylbenzene, divinyltoluene, and divinylxylene.

10.  The method according to claim 1, wherein the volume to weight

ratio of water phase to oil phase is in the range of from about 25:1 to about 125:1.

11. The method according to claim 1, wherein the polymeric foam
material is prepared by the process comprising the steps of
(A) forming a water-in-oil emulsion at a temperature of about 35°C. or
higher and under low shear mixing from:
(1) an oil phase comprising:
(a) from about 80% to about 98% by weight of a monomer
component capable of forming a copolymer having a Tg
value of from about -20°C. to about 90°C., said monomer
component comprising:
(i) from about 10% to about 70% by weight of a
substantially ~ water-insoluble, monofunctional
monomer capable of forming a homopolymer having
a Tg of about 35°C. or less;
(ii) from about 10% to about 70% by weight of a
REPLACEWNF SHEET | substantially water-insoluble, monofunctional

comonomer capable of imparting toughness about
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material is prepared by the process conprising the steps—of

(A) forming a water-in-oil enulsion at a tenperatur or

hi gher' and under | ow shear mixing from ) ﬂm"”ﬁﬁm'"(@mlj“i (1)
an oil phase conpri sing: * ¢ L M m about
80% to about 98% by wei ght of a nononer 32
conponent capable of form ng a copol ynmer having a Tg

val ue of from about -20 C. to about 90 C., said npnoner

conponent conpri sing: equivalent to that provided by styrene; (i) from
about 10%to about 70% by wei ght of

subst antlLakly-- water= “THgEubl e, ﬂﬁ)f Jrem; abpgt 2% to about 50% of a first
mononer a homopodub¥BintiAfly! NWater-insoluble, polyfunctional

t 70% bycrassligkingagent seloctod feom thelgrgup consisting
| : ﬁgalt ougtf-di¥inyL pepzene and analogs thereof; and

32 @auifon wbbut 0% hat aﬁbﬁ@\mslbﬁdom Sdcsh&ne:
(i) T about 2% to about 50% of first
substantially water-insol uble, posu,bfsm@allwnawatqrrms@ublﬁﬂ npolyfenctional

sel ected fromthe group consisting i vi nyl
benzene and anal ogs thereof; and om
about 0% to about 15% of a secondof diacrylates of diols and analogs thereof, and

substantially water-insol uble, polyfunctional
crosslinking agent sel ected fr@gﬁonba@“éaﬂ %’oﬂ’S’P&W%d’Y weight of an emulsifier

of diacrylates of diols and an f. . . ... (D)
fromabout 2% to about 20% by ‘%ﬁ%’i‘?ﬁ‘h‘?ﬁgﬁ l‘(ér‘(‘fu e 1o the oil phase and which is

conponent which is soluble in suigbleifor fotating ﬂ@dbld’ﬂv&tbr—hﬁoﬂ emulsion;

(ii) frof ';ab
wat er -i nko UWD m)nof
conbnone

=

crosslinking agent selected from the group crrq?;s’

suitable for formng a stable water-in-oil emulsion; (2) a
wat er phase conprising fr@naaweer phaseoromprismg fromoakoyt 0.1% to about 20% by

wei ght of a water-sol ubI N (3) a volune to
wei ght ratio of water phasehj%é{gM&E SOEIBg e’?%"é"’!‘%’n%“éi

(3) a volume to wexght ratlo of water phase to 0il phase in the range
of from about about 25:1 to about 125:1; and
(B) polymerizing the monomer component in the oil phase of the

water-in-oil emulsion to form the polymeric foam material.

12. A method of insulating an object, comprising locating a polymeric
foam material proximate to the object, wherein the polymeric material has:

A) a specific surface area per foam volume of at least about 0.01 m?/cc;

B) a dry density of less than about 0.05 g/cc; and |

C) a glass transition temperature (Tg) of between about -20° and 90°C.

13.  The method according to claim 12, wherein the polymeric foam

material has a dry density of between about 0.08 g/cc and about 0.004 g/cc.

14.  The method according to claim 12, wherein the polymeric foam

material has a glass transition temperature (Tg) of from about 0° to about 50°C.



of from about about 25:1 to about 125:1; and (B) polymerizing the

mononer conponent in the oil phase of the water-in-oil enmulsion to
formtheé polyneric foam material. ”mmﬂ'm ﬂul"m | ating
an object, conprising |ocating a polyrrerlc foam e to the
obj ect, wherein the polyneric materi al has33 ) & speC| fi*c surface
area per foamvolune of at |east about 0.01 nferr]/cc; B) a dry
density of less -than about 0.05 g/cc; and C) a glass transition

tenperature (Tg) of b2t we®Fhe asind a@Ofding Jto daimQtQ,ewh@nﬁn the polymerlc fodin
The net hod accordi o claim12, wher |n t 0 mat eri al has
a dry density ofa é@b\b@n B’G‘E?r HregREe S c“’zfn 5 ‘k} {;W(CMOQ

14. The net hod according to claim 12 wherein the polyneric " f oam

material has a gl ass transltlon tenperature (Tg) of from about O[err] to
about 50[err]C. The method according to claim 15 wherein the polg®eric foam

15. The et hod d| n claim12 v\/ner e ne mat er| al
has a nunber av@?‘% E ﬂgﬁr@g qﬁerqggscglltsygn %‘Bta %'gﬁ% éF‘r {orﬂ%ou?%n
The net hod according to claim15, wherein the polyneric foam materi al has a

nunber average cell size of from about 10 [err]mto about 50 [err]m
17.  The met hod accb?.di nghe snathod ascosdingte clgim 1hewhesreipthei polymeric fearer i al

1o, T mot nol@RE, P 4 pEpe Rerdge 10 TR stoniahbte [ bG35 At o 2

has a dry density of between about 0.038 g/cc and about 0.013 g/cc.-

18.  The method according to claim 15, wherein the polymeric foam
material has a dry density of between about 0.038 g/cc and about 0.013 g/cc.

19.  The method according to claim 18, wherein the polymeric foam

material has a glass transition temperature of from about 10° to about 40°C.

20. A method of insulating an object, comprising locating a polymeric
foam material proximate to the object wherein the polymeric foam material has:

A) a specific surface area per foam volume of at least about 0.025 m%/cc;

B) a dry density of from about 0.08 g/cc to about 0.004 g/cc;

C) a glass transition temperature (Tg) of between about 0° and 50°C.;

D) a number average cell size of from about 10 ym to about 50 um.
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19.

The met hod according to claim 18, wherein the polyneric foamsamtzeri al
has a glass transition tenperature of from about 1O[err] to about 48ferr]

C. "20. A nmethod of insulating an obj ect’, conprising locating a
polymeric foam material proxinmate to the object wherein the pol ygFac foam
mat eri al has: A) a specific surface area per foam vol unegggip@t |east
about 0.025 nier PCTF,; WBRLDANTILIECTUALEROPERTY JRGANIZATIQHh Ot 0. OMEalf cc t 0
about 0.004 qg/cc; C ao%ass transition r,jo,&(hﬁl Tg{}gﬁ &ee
about 0 erm'f%&MWMMﬂJEA. CATION PUBHSHED UNHER, 2 a{!ﬁg?é% E!?‘Eg
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(57) Abstract

The invention relates to the use of polymeric foam materials for insulation. These polymeric foams are prepared by polymenzauon
of certain water-in-oil emu_lsiomhavingamhtivelyhighratioofwamphasewoilphase.commoqumwnintheartash:_ghim-:ma_l
phase emulsions, or “HIPEs". The HIPE-derived foam materials used in the present invention comprise a generally hydrophobic, flexible,
semi-flexible, or rigid nonionic polymeric foam structure of interconnected open-cells. These foam structures have: A) a specific surface
area per foam volume of at least about 0.01 m?/cc; B) a density of less than about 0.05 g/cc; and C) a glass transition temperature (Tg)
of between about -20° and 90 °C. The foams can be used as thermal, acoustic, and/or mechanical insulation materials. In a preferred
embodiment, the foams used can be prepared, packaged, and shipped in a compressed, high density state and will "spring back" upon
activation (e.g. heat) to the original density of the foam.
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