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materials. The application particularly relates to insulating foam
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C. and Cunni ngham A., Ed.; Chapman & Hall, London, 1994, and

G bson, L. J.; Ashby, M F. "Cellular Solids. Structure and Properties"
25 Perganon Press, Oxford, 1988. The term"i nsul ator" refers to any

mat eri al whi ch reduces t he 2 §romone |ocati on to
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15 BACKGROUND OF THE INVENTION

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. those which reduce the rate of
heat Joss (or gain) of any device, construct, or container. Foams are broadly

20  used as insulators. References describing such uses and properties of foams
include Oertel, G. "Polyurethane Handbook® Hanser Publishers, Munich,
1985, Glicksman, L. R. In "Low Density Cellular Plastics”; Hilyard, N.
C. and Cunningham, A., Ed.; Chapman & Hall, London, 1994, and
Gibson, L. J.; Ashby, M. F. "Cellular Solids. Structure and Properties"

25 Pergamon Press, Oxford, 1988. The term "insulator* refers to any material
which reduces the transfer of energy from one location to another. Such
energy includes heat, acoustic, and/or mechanical types. Heat insulation is of
particular importance and relates to the thermal conductivity of the insulating

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

. A common insulating medium is a foam or cellular material havmg

35 porous regions surrounded by ‘a solid that provides integrity. The finction of

~ the foam as an insulator is to trap air and reduce thermal conductivity. Foams
are generally characterized by the size of the pores or cells within the
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structure as well as their density, which approxinates the ratio of
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t hernmal conducti vit '8f an fO@m gepends on four characteristics.

1. convection throdéﬁ W'é&r”@ m the foagl. 2. conduction through
t he gas; The thermal copduetivity ofany fdrnbdependsion fourlchanacteristics:

4. thermal radiation through, t&gv&gbﬂtm&{g,&h@?&es?cross tthﬁ ceIIh f
of a gas through pores of an
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account for as nmuch as two thirds of the systens thernal
conduction. For this redSmvectionais nfoveient ofi 4 igas throdgh payes of anlunsulating vy

gases can be prgf erfhafumab nBgligitle infoafii ShaVing ! cell oies dhiller than about Fmfinge
wi th the atnosphere_over,tipe.” Conduction thr,Qu the soli1d ol yrmer
is negligible with ‘FWHKF‘&PS‘FB%E 1§ Suppr efda O a’r‘P‘HH&k}?ﬂ 80 Gﬂn-g/he???.
Thernal radiation deamshavewels fiwch smalerdbanthese dintensions: t hi rd of the
20 A3 Goll Pl asti bs. 1607498 i ?%ﬁa‘%%?i‘?‘"ﬁ" %%%Sfﬂﬁ‘gﬁq as Wb 9°
Deschaght , t&rdq B?éef%ﬂ',‘% ermg)) sondugtion. ;For thisfeason, fpamps, Vithpi ghly
dependent on the cdbw conductivitysgases cdn b epréfemed, calthougic theagasswill typically| si ze
1995, 31, 24 repors ke wiifthe Mldsphere over Bk CHUAMR oy e .
thermal insul ati (F;n W‘Ft’%&ggégg%g@?ﬁgﬁ P8t lﬁ?ﬁé‘m %@Wﬁé ( PUFs")
as average cell sizes dctheonalcmdiatione®6ecoountt for 2me-quantexttocone-third of thensi ty
of 0.052 g/cc. Doer@mia®esdustivityan a BUMIT (Sbd GlicksMan, L. ¥S; T&P@I, M. #arge,
about 0.037 g/cg SRV \chiy PRSAS 1bdh, 28°4 Rind TRAVAL R | bivbuih! D' BsBgh:, L © the
J. ibid. 1994, 30, 302.) Radiative heat transfer is highly dependent on the cell
size of the foam and decreases with cell size (which preferably would be <100
um). Kodama et al. (ibid, 1995, 31, 24) report on improvements in the &k
factor (a measure of thermal insulation ability) of a series of polyurethane
25 foams ("PUFs") as average cell sizes decreased from 350 um to 200 pmat a
density of 0.052 g/cc. Doerge reports that foams with densities lower than
about 0.037 g/cc show 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
30  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
- 0.07 g/ce for closed cell PUFs) having the smallest cells possible filled with a
gas having a low coefficient of thermal conductivity (or no gas at al). Thus,
it would be desirable to produce foams having both low density and very small
3s cells, eg. <100 .um. Such foams apparently cannot be produced by state-of-
the-art blown foam processes.
The historical approach to making insulating foams for the appliance
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WO 96/ 40823 based on polyurethane and polyisocyanate starting materials. The reported
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chl ok of | uor ocar Bon yet '85 for “&ﬂéﬂ?@“a‘é%%‘aﬂ‘wi\‘ or

f oans bas ddr mkqnglfyamsat iAdtematenblopirigy agents \sacie be carbon idioxidenmider i al s.
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has sharply curtail e&hgfg% mhel gsf%tggllljcéd’é)n a ncre&B nee for

alternate material ¥ ot e
bl owi ng agent s sucmiggostreatusenandi dsrisitiss spogsible with CF(bdwhmd‘ohmt\eSw forevel op

This resul te from tRATPROMORETS % 2 CUE PRecS 1994, 9 394 and | U.S. Pyl CFCS-
m crostructure and %@44 @g éﬂ: gl)e W%h@gé&’b&(ﬁm?”& 85&'1 PA3 10
exanpl es Moore, S. (EbsohmdidlshbyPCWerdsmeA 30, 494 and U.S. Patent :

5,034,424 (\Venning et a'PBlyuke'iﬁa‘rl@%aﬁH'dfe%@vhaﬂsg&l m@?ﬁwg%@ﬁ?@ st 73

G bson and Ashby, Ch e,gg oans are
per haps the nost br8R stmusggtl’zhprocessmgp

chemistry used isn mﬁ%mgmmwwvamw&aﬂmﬂ'aggﬂager Slli. J

0 55 g o ) S e oo
undesi rabl e cheni cdP es n th '2 ﬁ%‘}f"gﬁ gleéssgdﬁfm 2‘%@8’847 to

Kehr et al., issuedndU.$. 3439589 to Guthne et %MM&SQJ%B describinighr i e et
al ., issued March %ﬂ%%“mﬂﬂi&iﬂeﬂ Pékidues), and the.efnfoﬂﬁétﬁntd'f ABxiths] dgasat hese
resi dues), and the t f NoXxi QUS gases ﬁ dev e{oﬂpsed ur.l ng
burni ng ow ng t8 tﬁpgv%?%%e% B{ 1 ngWEﬂW? '?‘H
conmposi tion (see Hanomesmon@eﬁamll . @l’a@bﬂ@slimﬂs 329) Bidoan behi s can
be particularly 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
2s  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.
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
30  construction, are hydrophobic to - provide moisture resistance (which
otherwise diminishes insulation value), and are relatively inexpensive. See
Oertel p 277. 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
3s  Thermally Induced Phase Separation Process (TIPS) described in Chemtech
1991, 290 and U.S. 5,128,382 (Elliott, et al.) issued July 7, 1992, which is
herein incorporated by reference.
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al.) issued July 7 erein in orate
f ef er ence. VIO oalhgqdesire thinner msuleg materials i oppos t&l the

PCT/ US96/ 10168 requirement to maintain a thick layer of entrapped air so asZo provide
I'n sone insulating ¢igiént ihiaBels . Ohé af ﬁroéa;sﬂorabmgtmsdaiehmr 18 préigdhat i on

inroll formfor ease of . a pllca for the i ulatlon of
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convenient it is toAnexample isgheprpdu exahgeogmlyrmarkm(ﬁmomg
pacgag; ng ?Rd rede Wahidh is shipped ?ndﬁsedrﬁiﬁbﬁt%alf'}héﬁﬁukﬁé‘ﬂtg'l éﬂi?ﬁ]mf][‘
costs for e manu r an St hi Ing | ess she
space required in t‘ﬁﬁ éfﬁ 8‘ k"l’( OFEﬂbFr:’hr'r?#Pclsy The
desire for thinner i nsuIEﬂBNngVﬂndtMeﬁesdﬂye@pmsedOQ!@rﬁsed state and then
requi rement to gAi Néxphrtled af the miwmaéwwmdmawmew wijde

fficient | | at n t th I d
T0  mmterial in o GBERCZoaoes Hidores sfidly Mia phivedry' fR8 %ami B! oo
appl i cati on. expand-upangptadt withtagueaus dody Wﬂ* aﬁhwmthqsefmm@t

mar ket ed by Ownens- (gGipiiid'@hen heated oﬁaﬂﬁmnWa&hatwuﬁbhﬁthdvmﬁeﬁﬂbout

Rep. Ontober 3, 1oght iiilpioh hhueithi.’ U.s. 4788235 [EHfade’e SR ed SOFEM %d ina
conpressed st at @ andd,t K88 disclgses cfosms dmbicht exhibit sai alestisr retymn rom K¥MB4n
U.S. 5,387,207 (Dyegonipressibn to 909 bfikitial thickness in less than 120 seconds. Such foams
would not function usefully as desired for foams of the present invention in
that they would reexpand too quickly and not stay thin during any length of
storage. Furthermore, the expandable foams are not recognized as useful for
2s  insulation applicatioxis. Preferably, compressed foams of the present invention
would stay thin for a lengthy storage period and reexpand fairly rapidly after
application at the point of use so as to restore their full insulating capacity.
Such reexpansion is initiated by, for example, heat, since no water would be
~ present in most instances.

30 An important issue in making insulating foams commercially attractive
as insulators is economics. The economics of foams depend on the amount
and cost of the monomers used, as well as the cost of converting the
monomers to a usable polymeric foam. The effort to reduce the cost of such
insulating foams, especially in terms of reducing the total amount of monomer

35 used, can make it very difficult to achieve the desired insulation and
mechanical properties. As indicated above, another important factor affecting
the economics of insulation are the costs associated with shipping the



February 7, 1995 discloses relatively thin polyneric foanms materials that
expand upon contact w th aqueous body fluids. However, these foans do not
expand when heated or otherw se activated in a manner that woul d be useful
for insulation materials. US. 4,783,225 (Edwards et al.) issued Novenber
20 29, 1988 WP848Bes foams which exhibit an elastic retur POHUEN10I68,
conpression to 90% of initial thickness in |ess than 120 seconds. Such

f oans woul d not function usefully & desired for foams of the
present invention in that they woul d reexpand too quickly and not

stay thin during degr(}g;g,doj storage Furt hernore, the expandable
foans are not recogni ze sg% ul I nsul ation applications.
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It would be desirable {l_g be abl@ Tt
pol yneri c foam nmat eri al* B¢ hpgesent 1‘]“’%9“a’(’$@éﬁ§a!‘é qqrrgqrgmb}e crolymesigi foami t y
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[ t t 3
can be % Z"’?ﬂ“"ﬁ%ﬁ"“% or 9"&%?%“!%‘? o‘%@gﬁwﬁe’d“ﬂ“e@%%nm( :
i nduce undesi red of water p "’ﬂ?"&’m n in the agns " g@’%‘désam

delivered in a corhpnemspdghnmcfoam matetiallnfwludtahﬂt foorn dlie polymesizaticacbfeughanded

after applicati onembisibnf 8R! @fefitd 1 hiledited 36 *HIPE foams. "Phst BbiyheiObith | N e

structure t hat " rateri %grgggl%%éeoan generaﬁy E'ry ro;?hso ic, Hexil;ie or semi-flexible, nonionic

polymeric foam structure of interconnected open-cells. The foam structures
of the present invention have:

(a) a specific surface area per foam volume of at least about 0.01
mzlcc;
28 _(b) an expanded density of less than about 0.05 g/cc; and
(c) a ratio of expanded to compressed thickness of at least about
3:1;
wherein when the foam is compressed to 33% of its original
expanded thickness and is thereafter maintained without artificial
30 restraint on its surface, said foam will reexpand by no more than
50% after 21 days at ambient temperature (22°C).

Preferably, the foams of the present invention, when heated to their Tg
or higher, will reexpand to 90% of their original thickness within about 1 day
or less.

3s The present invention provides low density, compressible insulating
foams prepared via polymerization of a HIPE comprising a discontinuous



|l o gases; and (6) can be manufactured econonmically w thout sacrificing the
desired insulating and nechani cal properties to an unacceptabl e degree.

SUMVARY OF THE | NVENTI ON The present invention relates to
conpressabl e polynmeric foam is materials useal as insulation. These

pol yneric f oawo %Me82dr epar ed by pol yreri zati on of cer PEI/HS96/10168

wat er-in-oil emulsions having a relatively h| gh ratio of water phase
to oil phase, comonly known in the art as "#l PEs." As used her ei n,

polymeric foam materials which result fromthe polymarization of such

emul sions are refer{,,g'grél genera "%'H&S‘”l%ﬁ“’b? tﬂ@%ﬁgop%m%lﬁsagan

20 materials corrprl Se exi bl e
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of at |east about confer the % deslred indhe resulting polymeric foam, e.g\¥A&haical When
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thickness and is th
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50e after 21 days agndeoeCent tenperature (220C). Preferably,
the foans ofthe present t d

hi gher, w || reegpand to-l.%t)g‘Q'&h%?l ﬁuﬁgl rreié?e?sgtlgn?il 9?({? ;‘%‘Wﬁ ﬁ’}"ﬁe EJO%U,[
day or | ess. dengity, compressible fopmshyepplymerizing anspe cpmwue-kami

density, conpressi bbne}mvmhhﬁhgragrelatwely sl Bfotit dTdnC 6l )shﬁemh%rawail on of

a H PE conprising a_discontin
PCT/ US96/ r1r81|68| 9 't%?amox'mt% & Water phase. This pr%géss ggmgns&s the steps of

wat er phase and a contA)nfoomingeiwatestierell emyulsiondom:t he rati o of water-to-oil
i s at | qast abou(q)aﬂoaphﬁbeo sétig: phase general ly contains an

o O S0 St M s i B StL
by free radicals, an enul sif |@mpomcmahiero 0"““183 mhaw g valne s
defined bel ow. The nonomers aoferone blssut 80PCSta dbdut 90°C, said monomer component

: comprising:

20 (i) from about 20% to about 45% by weight of a substantially
water-insoluble, monofunctional monomer capable of
forming a homopolymer having a Tg of about 35°C or less;

(i) from about 20% to about 50% by weight of a substantially
water-insoluble, monofiunctional comonomer capable of

23 imparting toughness about equivalent to that provided by
styrene; _

(iif)from about 2% to about 50% of a first substantially water-
insoluble, polyfunctional crosslinking agent selected from
_ the group consisting of divinyl benzene and analogs
30 thereof; and
(tv)from about 0% to about 15% of a second substantially
water-insoluble, polyfunctional crosslinking agent selected
from the group consisting of diacrylates of diols and
analogs thereof, and
35 (b) from about 2% to about 20% by weight of an emulsifier
component which is soluble in the oil phase and which is
suitable for forming a stable water-in-oil emulsion;



confer the properties desired in the resulting polyneric foam e.gqg.

nmechani cal integrity sufficient for the end use, and econony.
Preferably, the gl ass transition tenperature (Tg) of the resulting
foamw || be between about 30{err] and 90[err]C. | O

i nvention furWe@86Mi8e3 ates to a process for obtaining these |Kf/US6/10168
density, conpressible foans by polynerizing a specific water-in-oil

enul si on or H PE having a relatively! small anount of an oil phase
and a relatively greater amount of a water phase. This process
conprises the steps of: [ IQ - [ N- O nul si.on
from 15 (D) ) e pose coprsila il aBoutBlo il B e
about 80%to about 98% by of# water-soluble elpstrolyte; and

conponent capabl e of f oys) agolame &P WeighEratid Bf ivitersphd@ t6ailythase in the range
of from about 30[err]C {(?%J"t‘ab%‘%ﬁihc%brﬂﬁgg%p% mer conponent
: 30:4;

conpri si ng: 20 L Z0% to about 45% by wei ght
of a substantialsly B) polymerizing the monomer compapentdn thernilphass| of the water-in-

monof unct i onal Mononesil eRisidh € Bfm a olymeric foam material having: formng a
honopol ymer having a Tg of about 35rerr] C or |ess;

(ii) from about 20% to abofl) aSpedfis\surfateiea peir foans vdlume nf atdéasyabout 0.025

from

wat er - i nsol ubl e, nonofuncti og,g!/ccfzor_mnoner capabl e of 25

i nparting toughness about uivalent. to.th ovi de

styrene; &ga“exﬂaf"rqd)d%?%%@gﬁg{mﬁ%g‘f"go%wgﬂ% of a first
substantial ly w er - (3) a ratio of expanded to compressed|thickness qftit Jéashigicuonal
crds_sl i nking agent selected fgrgm t he group

g(r)]gy sting of divinyl benz“evFe .a][lv .an‘i‘lﬁggg“{o%%%l?’%fﬁaﬁ" i’%% Bf itg gj&;éﬂhgr eof ,
substantially expanded thickness angis herpafien imairitainedowitlyciut ractificiab al

crosslinking agent sel ect efstraint on its surface, said foam will reexpard By! feSmete’thin
consi sting of diacryl ates anal ogs

diol nd
thereof, and '35 %Aﬁg@ﬁpﬁ?&%ut 2% to about 20% by wei ght of

phase and which s Prefesly, tis ok WRECERIGL, B 24 of ghth ST O
wat er-i n-oi | enul sif5Fpand to 90% ofjjs osiginal fhiskness within about 1 day or less.
PCT/.US96/ 10168 The polymeric foam material can subsequently be iterativelyy washed
and dewatered to provide a dry, hydrophobic foam that may be shaped as
20  desired. Typically, this shaping will comprise slicing into sheets. These sheets
may be compressed, e.g. continuously through pressure nips, into a thin state
and wound into rolls. These 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
2s  stand for a relatively long period of time, e.g. several weeks, months, or years,
depending on the ambient temperature and any confining forces which may be
present (as from packaging).

F D S

30 Figure 1 of the drawings is a photomicrograph (100 X magnification)

of a view of a cut section of a representative polymeric foam according to the

. present invention in its expanded state made from HIPE having a 34:1 water
to oil ratio poured at 35°C and where the monomer component consisted of a

. 28:22:50 weight ratio of styrene:technical grade divinyl benzene (about 55%
3s DVB and about 45% ethyl styrene):2-ethylhexyl acrylate, and where 12% (by

weight of the oil phase) of Span 20™ (nominal sorbitan monolaurate)



(2) a water phase conprising from about 0% to about 20% by wei ght

of a water-soluble electrolyte, and (3) a volune to weight
rati o of water phase to oil phase in the range : of from
about 20:1 to about 250:1; and 5 B) pol ynerizing the nononer
conponent in woeessiod23phase of the water-in- oi | RTINS,
forma polyneric foam material having: (1) a specific
surface area per foamvolume of at |east abolt 0.025 _
n2/ cc; - (2) an expanded density of |ess than about 0.05
g/ cc, and 10 rati o of expanded to conpressed thickness
of at |east about m‘ﬂﬁ“@ uékd 3:1; wherein

when the foamis conpressed to 33% of its original
expanded thickness and is t IDERAIIED DESCRIFFIOMORMTHEMNVENTION Ci al

restraint on its surface, said foamw || reexpand by no nore than 15
50% after 21 days afl. 22C le Insulating P y, this foam when
heated to its Tg or higher, w]ll “ " .reexpand to 90% of its

original thickneds withi i abo&iensr ' The
pol yneric foam materi al Palymbsﬂaqnemwoydnhg tottheapresead ;ﬂvmibheﬂ'e relatively and

dewat ered to provideg gélﬁg Q&gﬁb 20
desired. Typicall y, Pﬁn 1SS apl ng w ‘:h%ol;r}%@imu;l | g?ﬁaebﬁm;[ﬂo shegﬁrﬁpe‘fhese
sheet s gatign tP‘gﬁ‘B'ﬁSI hr othgn Spllse i sueh i ps
into a thin state mbstmnall;am;bmoemd foatro stradtures lﬁhesmteedeﬂﬂi:soptﬂ:ﬁgsreiain

Lheir refativel vl hisgy %;%ﬁ@&ngoneceﬂmtﬁé@ﬂu@rv“ﬂﬁﬂh e Wit URRnrg PP | ed as

desired, and eit eat ctivatio nper at ur e

(usual |y about the Tg of °BF“‘&?“F$\§%’H‘ gtauctures) ¥‘8ﬁ'&“¥ Bivep
relatively |ong per iretd:ulutedtchmcte vgth the \imdividuaheels beingudefihad byos pluedlitys of

dependi ng on the a Wifee efididhafly be
prgsent ?as from pa ; ’ “difh 'denﬂﬁéaggﬁﬁ__ @g% gly
THE DRAW NGS mlﬁawé making pp these brsnched stsa%b? sefeczedotpy Bhh
(100 X magnifi catsl or‘f)truts" Open-celiéd fhams baving a typical stretetype structire are shown by

representative pol y;&yl&é&?ﬁem P%%Hb of Figure 1. %?ﬁﬁﬁbsésw | on

in its expanded sta

S e o ion o ot s it e o e 1
28:22: 50 wei ght r at iimtheffoam gtrecturetthat lare as déastyl amndwmyhommmnicatmut 55%
35 DVB and about 4yfo«etdat ond aS&Q):ellZ et hyl hexyl acrylate, and Wnere 12%

Erg%ol aurate) wei ght of t Er?n&hlio oaéeu}g -c%ﬁe%, gh er r érpcoi:ga’r'}!alaresor bi
hydrophobic to inhibit the passage of aqueous ﬂmds through the foam The
internal surfaces of the foam structures are rendered hydrophobic by removal
or neutralization of hydrophilizing surfactants and salts left in the foam
_structure after polymerization.

2s The foams of the present invention are readily 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 believed to be unobtainable
using the processes for obtaining known foam insulation materials. As
examples, these foams may be microcellular (< 10 um) up through medium

30 cell diameters (ca. 80 um); low density (0.05 g/cc) to very low density (0.005
glec); 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.
e However optimized, these foams avoid some of the deficiencies associated
35 with the foam methods described hercinabove. That is, they preferably
contain no nitrogen so that burning produces no unusually noxious gases,
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON l. Conpr essi bl e

| nsul ating Pol ymeric Foam 5 A Gener al Foam

Char act eri st i gp og/a0823 Pol ymeri c foans accordi ng t cedrissegicasent

I nvention are relatively : open-celled. This neans the individua
cells of the foamare in conplete, . ‘gunobstructed comruni cation with
adjoining cells. The cells in such substantially open-celled foam
structures have intercellular openings or 10 "w ndows" connecting one

cell to the other wequirenne WEFEivolatilet prganicireompounds ("VOC") materidls eduring
substantial |y openyaghfabiiird, 08" Srbdutilé! r@IiNM in! 1a9%ﬂﬁﬁa4tﬁi¥s RAME rédsonable
reticul ated character w.th th m%w ualncsﬁ(lfgs3 g{ﬁ@g d flned'@/ ﬁt
plurality of econoflies, 3 F@“’Ec? HePRe IO 115 PATIRRAL 2pd ke ke d
webs. The strands d&urther, the foamp ifythe presentrinvention anesirherentlypphotrstablebr Anched
;Neb_scc?n Pe {eI Q”Q%;mﬂi@ar?%dvantagi%ftﬁ‘e%ﬂkt&'-tﬁe freseAt ﬁﬁbﬁtﬁﬁlfﬁﬁé%ﬂi{l}é\wﬂégtﬁ
ypi ¢al strut-type strugture are shawn exampl e in the
phot omi crogr aphs o 'rB?@*b”ﬁﬁ?‘f?&gé%aﬁﬂwwedy\ﬁxhgens'%ls’ggeeﬂ’f’ to

i nvention, a foam fspringiback”; uponogstivation| toghie ofiginalt densitysof dedfoun. tThis isel | s

in the foam struct waRichlaAy usefidl with feR@Alto buiklihg Mslatich, Wherein roBBEBatts of
communi catl on

. Wth at | f, d | 2 |
addi tion to being Mﬁﬁéﬁi"pﬁg% nwa ?E&?{aﬂﬁf"ce d the fagﬁglPﬂle pfthe "
hydr ophobi ¢ t o-ienhittansporting yshicleampy betfilledywelbbefore|the weightHimitigfthe mehidosm The

i nternal surfaces g Réhefl0am structures are rendered hydrophobic by
I o
The foans of the pinveation nay beathiaved by anypofiseveralopednsi tbascheem distavered
cont rol | P OPEC R 158 Kishd dftof Mallo WRAGL L iy NP the'iBoRi of Wil BPBR 1 oy
to be unobt ai nabl e\ﬁ%‘rﬂmg%geﬁgfﬁ‘g pf?f:@s%{%%ﬁg%degé?%ﬁ“ Eﬂ?féj\ﬁ g’eﬂw&\sﬁ?\af oam
i nsul ati on mat er i ansturaligshin foam structuneavhighegan readily be frolledsupnpreféndly after
106U, (1B il il G ch g, o
Fhid to fhoxible (& ﬂﬂz%@kﬁ# Raien i R P P et e o i gl
strong to weak. Thdhi and insplating capacitporde expandediquicidy by applisationjofjiad t hi ck
boar ds, pasti cubat Gfmalblamediiti 6fliweats | THS expapsion propersy BddvelopédConlypvhértthei I ed.

strength/density, Tg, and crosslink density of the foam is suitably matched

with the cellular microstructure of the foam as described below. The unique

feature of these foams is the ability to survive during shipping and storage in

the thin state (often shrink wrapped to control the modest tendency to

2s  preexpand) and recover not only the original design density but also the

mechanical properties such as strength and resilience. This can only be

achieved with thermoset, or crosslinked, foams which will not permanently

creep under storage. See U.S. Patent 3,903,232 (Wood et al.) September 2,

1975;-incorporated herein by reference.

30 B.  Glass Transition Temperature :
A key parameter of the present compressible foams is their glass
- transition temperature (Tg). The Tg represents the midpoint of the transition
between the glassy and rubbery states of the polymer. Foams that have a Tg
. higher than the temperature of use can be very strong but will also be very
3s  rigid and potentially prone to fracture. Such foams also typically take a long
time to recover to the expanded state after having been stored in the
compressed state for prolonged periods. Those skilled in the art will



However optim zed, these foans avoid sone of the deficiencies associated
35 wth the foam net hods described herei nabove. That is, they preferably
contain no nitrogen so that burning produces no unusual |y noxi ous gases,
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require no CF vof/ati | e organi ¢ conpounds ("VOC') materials during

manuf acture, are producible readily i.n | argejguantities with reasonable
econonmi cs as either slabstock, roll stock, particulate foam and the |ike.
Further, the foans of the present invention are inherently photostable. A
5 significant advarrecogsize that the desinedscopmbination pf swchanicalproperties; specifichily
ability to be streftR RAd RcliieRBCWilRRessitié! roiltink REECtoR w&m{]ﬁﬁ%@&_ hi gh
density state and to "sgrllrelg bgﬁ(" ﬂ{)g{gﬁa tiyation, to the Original
density of the foamMeRYMET fypesand levels to,achieve the gesired cad prapethies-n regard to

bui | di ng i nsul ati on, whelThercomptessed stai¢ issmaifitained by keeping thepolgmeric foarhi pped
to widely dispersged i % ;},Hépe f ;

transporting vehisfl eéu%%g Ee! Pfl?‘lggaf I F%éf% e t'heIﬂ thfskfitue’l tlhloqw(')foftﬂhee
vehicle is d’b‘g% HRRjymer chains s relatively rglow, o b thec Hispmeset e d
storage of the foanshactetisticcaf rthese foams (derivingy éom an relativelye highhleesledf by
any of several nean ,gﬁnkgpﬁcgﬁ 'm\oe ‘J“pﬂ can
be made in such a vvagzth,g@éhg ?gthegzal ?‘#ﬁl‘%@i{lgsrmfrgo?gh@ﬁﬁ@?g S ?ﬁd?
stages of the proces®?% PRELVHEIEE R (R SB¢ Mpfer no the fopms,

nat ural | y thi n-f @amrstaver theircoriginak dimensions dpapidly iflheated | significantly alvove aheib| y

Chon release YT SeR Brafis oA vl Benstuerehf f AR PRNCT
expand to its orgi néﬁ’et{‘loms“h““gtﬂ?t&ﬂﬁes@“i éﬁﬁb‘ﬁtﬁésul’%ff‘?‘ﬂg'lycﬁif  Wheyein) the, o
expanded qui ckly by fagmliscta ibenshipiped, stored) and nappliedinnurall dérrhaat covéhis
expansi on property i&n@%ﬂ@ﬁ&e%su%ﬁht% ofadweuiné.tbﬁﬂ@ﬁ(e%&]sti% Tg,
and crosslink densit f the.fo | S | tably,mat ched t.h 't he

cel I ul ar nicrost f%%@‘ﬁf%@%&&@%@&%ﬁ%ﬁ“ﬁaﬁ&&fﬁm@%Wm for
feature of these foeample. Duginglor hiteryapplication, either heat sndépraheé ppisagy afrtiine
Todest tendency (o SRS th Sl Pigl\simtldht ad Kailitng SRG! Tie Tg O
design density but a‘ngqYﬂ%'ic%“.)Ohg@fo’ner%p y .- : Lfgaf[? W"’ength
and resilience. Thi scomarested|siate)and still providefon resypagsion within-gereasonable peniod
crosslinked, foags Vdtiathchidvhble Bpriperdired MEidhgh the end use oftd fatficulitdBim ¥ & age.
See U.S. Patent 3, gqglpgl%t @@quwﬁk d%len)\miﬁg %eeégﬁéd ‘fg of the foam, preferred are

foams having a Tg of from about 30 to about 70°C. More preferred are
foams having a Tg of from about 30 to about 50°C.

C.  Foam Density
28 Another important property of the insulating foams of 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. 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

sc foam density. For example, an ASTM gravimetric procedure described more
fully in the TEST METHODS section of U.S. Patent 5,387,207 (Dyer et al),
issued February 7, 1995 (herein incorporated by reference) is one method that

can be employed for density determination. In its compressed state, polymeric
foams of the present invention useful as insulating materials have dry basis

" 35  density values in the range of from about 0.05 to about 0.3 g/cc, preferably
from about 0.10 to about 0.15 g/cc, and most preferably about 0.10 g/cc. In

its expanded state, polymeric foams of the present invention useful as



1975, incorporated herein by reference. 30 B. d ass Transition

Tenper at ure A key paraneter of the present conpressible
foanms is their glass transition tenperature (Tg). The Tg represents
the m dpoint of the transition ' bet ween the gl assy and rubbery

States of the polyner. Foans that have a Tg hi gher t

t enperat ure 61’8 é“ tan be very strong but wll also be very wﬁwfsgid
and potentially prone to fracture. Such fo?] also typically take a | ong
time.to recover to the expanded state after” having been stored in the.
conpressed state for prolonged periods. Those skilled in the art wll

WO 96/ 40823 insulators h dry basis density val the range of fr
PCT/ US96/ 10168 ave dry ity values in the range of from abou 995 10

recogni ze that t h &bt 0,006 &/c5, Rfsahly firmabont.0.f4, to abgut ﬂr@ﬁeﬂfﬁ é%d most

specifically preferabdy framabbut£:03 toaboutitediSe/coni | | necessitate routine
sel ecti on between a range of nononmer types and | evels to achi eve
the desired end properPi es.Expansion Factor The conpressed state is

rr]xgl ntr.]al nefl by keepi ng Upsn exposiirerd hedt @anhe passage osﬂhs,tmetcbﬁbieyseg@bm t |he Tg
of the polymer. | ol yner
chains is relati ng{i-x@sp?es@ﬁt%&gm[:ﬁ]?elﬁa{ Qﬂ'%{%‘Ptf"Hém dxmfnslons and %gha?g%: sgl’l stic
of these foans (déﬁ“i‘W %@%@fﬁﬂ%? of the polymey dsedyto make the foam.
crosslinker incor Genehly] thé clems )are rnompmim inamwménsidw d&ﬂﬁ(lﬂié i"ag

expanded ﬁ[{% “ﬁap dichsfoh ot'a Igﬁ}ggp no
| oad, the foans w fr, ’?é‘(‘:%@lg‘rn t(;]el [ on"; n di rrenS| ons (r pidly if
heated si gni f |‘8anﬁ°9"°&¥)(9§ ¢ |ogiginal expanded dimgysionyithe fosmnan oﬁﬁ’aﬁ@vl de for

the |ow density i Bemrtedn berdqﬁhéd/wlilclﬂgelftes the ratio ofthsﬂﬂxuiestldiﬁbﬁsﬁinllﬁ@e
meterial . This” at SR L@ Hatd> o BSEE16F hlSrvotion, he O3

Is.-to be shipped, ored rmio cover

conmparatively |ar g@w@aﬁﬁmwszﬁ l?ﬁ ghaut 3Xg.c.thg thickness, of the foam innitsse st eps
it 15 occupi e@aﬂdﬁsnﬁiermbﬂtyedseabmhw kintel ale thickmessr 6F ther foami i &

fib | bat
e: tﬁ(ra? ﬁZZt :n%}g téue passa ge h?msgd f%'dﬂh@h restqr tmthgﬂ%“ggm s
ori gi nal dimensio %"eeﬂ'?chPﬂ!s’!ﬂ“aﬂa‘F'Hb“‘a'ble of from shpup 3X to about 10X, By

pol yneri c foam i scobpidrisors | ynompmpmdtﬂbergasatmmgw@mtsampiaaﬂy have tahe

conpressed state @&gﬂéﬁ J,xggf,%ﬂa ;Qf ion within a reasonabl e
peri od 20 or at acp] ev t 0erat ough, t he end, use Q{’
particul ar foamis an n%r{“&?ﬁ“"f‘%c‘f’ g i BR%5rIPede

desired Tg of zbhehemzﬁvaheﬂ'ﬁSﬂ’eME'EH@DS section. foans having a Tg of from
about 30 to about 70C. wiHeh @ RamfsH'the Prédbrit invention is compressed to 30% of its
original thickness and is thereafter maintained without artificial restraint on its
surface, said foam will reexpand by no more than 50% after 21 days at
ambient temperature (22°C). Preferably, this foam, when heated to its Tg or
2s  higher, will then reexpand to 90% of its original thickness within about 1 day
or less.

E. i o Compression Deflection _
- .. A mechanical feature of the insulating polymeric foams of the present
invention is their strength in their expanded state, as determined by its
30  resistance to compression deflection (RTCD). The RTCD exhibited by the
foams herein is a function of the polymer modulus, as well as the density and

. structure of the foam network. The polymer modulus is, in turn, determined
_____by: a) the polymer composition; b) the conditions under which the foam is
- polymerized (for example, the completeness of polymerization obtained,

3s  specifically with respect to crosslinking); and c) the extent to which the
polymer is plasticized by residual material, e.g., emulsifiers, left in the foam



foanms having a Tg of from about 30 to about 50[err]C. C.

Foam Density. =~ 25 Anot her inportant property of the insulating foa
of the present invention is their density. "Foamdensity" (i.e.,
in granms of foam per cubic centinmeter of foamvolume in air) is
Specified heraj(g%? dry basis Any sui t abl e gravi AiSosRbRgEDUr €
that will provi eterm nati on of nass of solid roam materi al
per unit volunme of foam structure can be useg to nmeasure 30 foam

density. For exanple, an ASTM gravimetric procedure described nore .
fully in the TEST METHODS section of U S. Patent 5,387,207 (Dyer et al),

i ssued February 7, &fRhuréaférqirbcessing rfvamsof thelpresent inventiGewill &hidi RTOY hod

t hat can be |0 f ' t . lon. 1n.its.co essed
State, pol yneric  overs BEErmeBl alsiBg b O bl Srbiviis dhuteyy 1yl

i nsul ating mat eri al thiswaoge willingludg 2% to 90% RTCRxAnd\will preferably hetwieen abowge of
from about 0.05 to pidgdhd @bokt80%C, preferably fromabout 0.10 to

about 0.15 g/cc and nost preferably about 0.10 g/cc. In its
expanded state, pol ynmeriE fodQell Diameier present invention useful as

WO 96/ 40823 fall & .
PCT/ USO6/ 10168 Foam cells, and especially cells that are formed bylgolymenang a

insultors have dry THQueRerfontaining %P‘l}é’s"’ﬁhsww&"‘?saﬁ&é"%x mopefRsrfFRS ates- 05 ¢ o
about 0.006 g/cc, pphasedeipless, wilbfrequisatiyt beGubstantiallyépheticadinshépey/The sizaod nost

preferably from abogiafletfld b sadi$pheicdl 1eell§/ §Ca commonly used égﬂsﬁ‘kter fo
PR

e compr esecd b haracterzing fogh n Gah: ek, G4 o eg Pl POVE g i
di mensi ons and shapfeamTwillsnat ecessarily bet off dpproxinuitely te tame sizecammeedgercall ur e of
omP Lt ' PERLE ekl wiRBSIR e (00 SIF
t hi nnest di mensi on of a A/TUEber qyes arg Ayailable for W"B(,‘SQ/GWESF“! he
ori gi nal expanded dsizecofsfoems The triost Usefaheckmiquechqyeaver, dor determinirigaoell sizé can
be defined whi Chsr ejpafdams! iifolbed! i Qiritfle RidBsurdthéAP BabeddbATRAS sOning eledfon
expanded versus the oo Estanh of & fodin saaple. Figurs 1 Tor Skamgle, shows 3 bpicl’ M
‘ HIPE foam structure according to the present invention in its expanded state.
Superimposed on the photomicrograph is a scale representing a dimension of
300 um. Such a scale can be used to determine average cell size via an image
20  analysis procedure. :
The cell size measurements given herein are based on the number
average cell size of the foam in its expanded state, e.g., as shown in Figure 1.
The foams useful as insulation materials in accordance with the present
invention will preferably have a number average cell size of less than about
2s 100 um, preferably from about 5 pm to about 80 um, more preferably from
about 10 um to about SO um. Most preferably, the average cell diameters will
be_about'ls pm to about 35 um for best insulating and thinness properties.
Foams that are of smaller cell sizes will tend to be slower to recover to their
" original dimensions after application due to the interstitial residual water that
30  applies capillary forces which resist reexpansion.

G.  FoamThickness ' ,
The foams of the present invention' may be sliced as desired.
Preferably, the thickness of these slices will be between about 0.2 cm to about
8.9 cm, more preferably from about 1 cm and about 5 cm. Thicker slices
3s  become more difficult to dewater at normal processing speeds. Also, even
after compression, slices that are too thick will be resistant to being rolled up



expansion factor is at |east about 3X i.e. the thickness of the foamin its
expanded state is at |east about 3 tines the thickness of the foamin its
15 conpressed state. The conpressed foans of the present invention

typically have an expansion factor in the range of fromabout 3X to
dbout 10X By nparison, prior conpressed fibergl ass tﬁ%lt s
typically hav‘@oz?‘mss? recover abl e expansion factor of onlya &%&9@&?@

The procedure for nmeasuring the expansion fgctor is described 20
hereafter in the TEST METHODS secti on. When a foam of the
present invention is conpressed to 30%of its original thickness and-*

i's Ej hfreafte[l mai nta@'u&eddd b‘ﬁirtehwlilﬁ;ﬂdiéni,fdt&h (yaﬁ&ﬁﬁﬁli@&ti&\aqa ﬂrﬁ\?ipa!, :hougﬁ,lrlﬂr) f acte,
said foamw || reexpa o nore . af t e ays_a i en
tenperature (22[er PF’E?'.‘*P%%%CF a¥b£?ﬁ]=g¥' ‘pg?r{t%%rzrlﬁiﬁ?a#é?fytb& ?’F@@G or 25
higher, will then fte@Risshtough soeomssive devatesing giim gollst witk igradusllydedreasingbout 1
day or |ess. spacinp 5o as not to BactureMiRe fanElies by Qos 24P @Smplese pradshRCt i on

A nmechani cal featurde .t he insulating polyneric foans of the present
i nvention is théir % h in their expanded state, as determned by its
30 resistance to conprgssi glatig) (RTCD). The RTCD exhi bited by the

foanms herein is a functpon O e poLymer nopdul ys, as |1 as the density
and structure of #Fﬁeﬂfm ﬂﬁﬁﬁ%k?r@ﬁ@eb(ﬂ?wt%lﬁ%wﬂ? P¥t ur n,
det er mi ned bstanddrd testproceidyres well sngiws for those skilied infthe argrsuch asohSTMNder

which the foamis ¢j177-85 ReedeRid. zed (for exanple, the conpl eteness of

pol yneri zati on.obtained, 35 specifically with respect to crosslinitng);
and c) the extemwt to whlch tSpecific SurfagedAresrer i s pl asticized by residual

material, e.g, enmulsifiers, Afdther' Koy gafande®2"Bf the foams is%ﬁ@eﬁiﬁ?%ﬁtﬁce

PCT/ US96/ 10168 o q s . . . L4,
structure after prdasWhigyis degermined by both the dimensions,oftheiceliplay ynits iy thepi ¢

dRTCD . ovlelr dodm amichyr the gensity p£théipolyner) anthés thins & wagl of quamityihg € g will
esired. Typically ' | ' e 2%to 90% RTCD and wi
total amount o%@%gﬁh%tg’utpg : |

preferably between abou 0 5

Cel | Diameter ¥ pecific surfagearea Iss detgrmined by measyring the| %m?%t‘l":fér e
formed by pol yneri zapillarg uptake of a low surface tension liquid (e.g., ethanol) which occurs
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.
20 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 with the present insulation foams.

25

Polymeric foams according to 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, important in
determining the structural, mechanical and performance properties of the

s0  resulting polymeric foams. In particular, the ratio of water to oil in the

. - emulsion can influence the density, cell size, and capillary suction specific
surface area of the foam and dimensions of the struts that form the foam. The
. -~ emulsions used to prepare the HIPE foams of the present invention will

generally have a volume to weight ratio of water phase to oil phase in the
3s  range of from about 20:1 to about 250:1, more preferably from about 25:1 to
about 75:1, most preferably from about 30:1 to about 65:1.



nononer - cont ai ning oil phase that surrounds relatively nononer-free water-
phase droplets, wll frequently be substantially spherical in shape. The
si ze or "di ameter" of such spherical cells is a commonly used

par aneter for 10 charaterizing foanms in general. Since cells in a given
sanpl e of pol wordeia0s23 foamw || not necessarily be of ammvusecnasel y
t he same size, an average cell size, i.e., average cell dianeter
w Il often be specifi ed. . A nmrber of techniques are
avai l abl e for determ ning the average cell size of foans. The fost
useful technique, however, for detgr cell size 15 in foans

i nvol ves a sinple neasurenentlbaseglghgﬁggm§¥%ﬁ¥§ng el ectron

phot om crograph .of a foa%emﬁmouﬁ@phaebfﬁofﬂﬁamﬁm ahﬁumeraﬂwmal

H PE foam structure 844 nt
state. SupeFl zggmﬁ Hﬁe pﬁmaom ctrsgg#glg@ mgdogo'h#w%@gr esentl ng
a di mensi on of formu rﬁe HEING aGORO en@aw&ﬂa@fépm shout

_(il_\rgeragleI cell size vnaewnbwmc an&@pxcﬂly&ma!mupsmbﬂme {The method

e cell size neasugg r%%?mgﬁ 'Qﬁﬁ@
average cell size o oarﬁl g pﬁj expa ate, f@mg}g ﬁc"wﬁdluh
Figure 1. WPQ #6tionof US| 5387307 e?”lh!ﬂ%s W@é@@ﬂ"d%ce
with the present referenoel hereint)i dThisVinidnomer compinesit imtlides nd)riacleasty one1ge

cell size of |ess t ?lera mo%gméloglhﬁ’@ atgétﬁf Eﬂ:‘gﬂhé’us g&gggabﬁ&%%%g}.t 0

about 80 pm nore pre Most
preferably, the BvefR 3¢ EHWSWP:I ; Immergut, E@La elymerHandhoold, about

35 pm for best |nsuBndEdi-mfuseimee$Newd$aMNH$1975 III-139)F@;18He£shaﬁe are

f |1 |
T A i e )
wat er that 30 afnsm: 49 ahirst polyfimctiops! MWHSP@SM( eptiosallyss

(ba | Foag] Thi gknesspolyﬁmctxonal crosslinking agent.0 Selctivn df partivh Wﬁﬁéﬁm may
e sliced as de mﬁﬁl

w ||l be between abogfmngmm‘onaﬁgﬁ&?@ésym‘i %@L&kﬁf eyfhre er}kﬁL from

about 1 cm and aboulinking agent(g) cande imporgant to ¢ eS?Pl‘zﬁ!&‘,‘cﬂfm

dewat er at nornal pdesired siombiratiorn df .stribtare, aed anechanical pro;ieiﬁasrwhidrrwﬂam on

slices that are to0gjdhishdteridid suithble EGSeShad inl@niBR he@inf Ol | €d up VO
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PCT/ US96/ 10168 The monomer component compnses one or more monomers that tend

20 to impart rubber-like properties to the resulting polymeric foam structure,
Such monomers can produce high molecular weight (greater than 10,000)
atactic amorphous homopolymers having Tgs of about 35°C or lower.
Monomers of this type include, for example, the C4-Cy 4 alkyl acrylates such
as butyl acrylate, hexyl acrylate, octyl acrylate, 2-ethythexyl acrylate, nonyl

2s  acrylate, decyl acrylate, dodecyl (lauryl) acrylate, isodecyl acrylate, and
tetradecyl acrylate; aryl and alkaryl acrylates such as benzyl acrylate and
nonylphenyl acrylate; the Cg-Cig alkyl methacrylates such as hexyl
methacrylate, octyl methacrylate, nonyl methacrylate, decyl methacrylate,

. isodecyl methacrylate, dodecyl (lauryl) methacrylate, and tetradecyl

30 methacrylate; acrylamides such as N-octadecyl acrylamide; C4-Cyo alkyl
styrenes such as p-n-octylstyrene; and combinations of such monomers. Of
these monomers, isodecyl acrylate, dodecy! acrylate and 2-ethylhexyl acrylate
are the most preferred. The monofunctional monomer(s) will generally
comprise 20 to about 45%, more preferably from about 25 to about 40%, by

ss  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



as desired for easy shipnent, storage, and application. In principal,

t hough, any thickness slices may be obtained. For thicker slices,
it may be preferable to pass through successive dewatering nip
roll's with gradually decreasing spacing so as not to fracture the
foam sl i ce bywiodeussapi d conpl ete pressure 5 dewat eri ng. PCT/US96/10168

H. Thermal | nsul ation The thermal insulating properties of
a material are nmeasured by standardi$ est procedures well known to
those skilled in the art, such as ASTM C177-85 used herein. © 10
l. Specific Surf ace Area Anot her key paraneter of

the foans is their toyghnessi about requivalent to that provided binjstyrenestodthecrestiltingd by

bot h the di mension eTn'befoﬁﬁr' ktmcarre U”I'éu‘ghérnfdahﬁ exhlbrt the Mﬁwtar&f&m the
density of the poly

t t al
amount of solid surP r@%ﬁm ‘2‘8‘& %@"?hﬂﬁ%ﬁ\ﬂgﬁ” tioonx‘ °°qn°“°§ﬁfey?1’ Ea‘“sur)f gce'
area i s deternined Mudeesmebged pemonemers: (egsf, styrene and ethylistyrene) oniptheske of a

:cow surfalce tfeni" Oﬂnédoﬁi&dy;fegsgbh,aseﬁdﬂ@m laréwwﬁ&surﬁrdmd htomo pdtyhesd N a f
oam'sanpl e of known_nass_and_di SscLipti 0
such a procedure fdt “@t%‘? Wn%?%h?@peogﬁ"deg J¥ E‘&@F‘é ﬁ‘“ﬂf’é’aj

capi |l ary suction reomepemprsofsthis typg iste mmm@sqtgpnmqnmﬂssmmmw u. S.
20 Patent 5, 387, 2QGfyrédefsingathe flost)preferdédifibhdnfeds of this KD, mrmraﬁmamw |

i ncor por at ed r S

determ ni ng specifi Eou%ﬁ&ﬁﬁa@e aroggw‘gﬂ%m%%é‘@%%}eﬂ%vﬁb%ﬁ qﬁtg "8?‘357 nt

i nsul ati on foam. %, preferably from phaup 20%: toosbout 5B, most prefesabls fromaboul PE
Havi ng Rel atively ogfito about 40%, by wei twammohamadonﬁehms 25 A.

| n- Gener al 0 r t [ese

i nvention are prepared blg fmn&és ﬁéﬁ?@?ﬁ%@ g‘#‘“ﬁ"b’%& canem.g r"@P‘H{ e
anounts of the wat MW%&M‘“ to the resyltant (polymer.m ThecC4-Oprsllik e,
anong many ot her paERie g |iAP@aiidiir | Rn-octylstyrenetlCire! Btigs (4P such

pol yrrer ¢ fogﬁé“a”'&ﬁgr?“%rsp?m%%%&%r&ﬁ%ﬁr& 3 ¢ Wre e 1119
enul si on can i nf | usnenomercomprasnt will bethat of zhe typicel mepemeratnyd eomonpmer
specific S Wolrbiredar ea of the foam and di nensi ons of the struts that

L?é?etn? % 23221 i -cl)-gewr || The ﬂ%%%ﬁ%ﬁmﬁk%%ﬁggﬁﬁsné%ﬁfgﬁ"&%ﬂ Ent] ©
wat er phase to oi | Robdugstiopal Pfﬂ!gmk‘“ %’Xa A3 with the mepatunctional 2’8“‘1‘“!"6 out
250: 1, nore preher alomonbmery) aéledtion 26T the tparticular type &b uinoutit: of, crosstisking
preferably from ab%@% %eﬁoinﬁ;mwt t83he 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
variety of monomers containing two or more activated vinyl groups, such as

2s ° divinylbenzenes and analogs thereof. Analogs of divinylbenzenes useful
herein include, but are not limited to, trivinyl benzenes, divinyltoluenes,
divinyixylenes, divinylnaphthalenes divinylalkylbenzenes,
divinylphenanthrenes, divinylbiphenyls, divinyldiphenylmethanes,

~ divinylbenzyls, divinylphenylethers, divinyldiphenylsulfides, divinylfurans,

30 divinylsulfide, 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 simultancously reducing the

3s 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
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1. Q| Phase Conponents The continuous oil phase of the

H PE conpri ses nononers that are pol ynmerized to formthe solid foam
- structure. Thiyso§Héteer conponent is fornmul ated to becramsedioresof

formng a copol ynmer having a Tg of from about s 40[err] to about

90[err]C, and typically from about 50[err] tj@ about 70[err]C. (The nethod

for determ ning Tg by Dynam c¢ Mechani cal Analysis (DVA) is described in

the TEST METHODS section of U S. 5,387,207, which is incorporated by

reference herein.) dtyrese impastsethe gequined ctoughiness without ifagasing thedFg ofrthe

monof uncti onal - MONOfgAY; ﬁsee yileRfd iHe & greémm@raelaéeser-nh@ar&c?&s-%mg 10
crblocip inelideR

about 35[err]C or |ower )&Fd‘wﬂ? F@%"gﬁeﬁg‘gﬁ amoupt of

Handbook"
I11-139. ) (b) at | ﬂ‘amtabonez to about SOMnndremmfembialfrmmm shout 35%gve t he

toughness or tea; r gpi ng% iy @l Soout 10% to dHRRHD0% Dy Relgh 6f thRaHichE ! | onal

crosslinking agent; y a second pol yfuncti onal
crosslinking agent. m ﬁ)(l)@}b*mﬁgrtrcul ar types and anounts 15 of

monof i ncti onal nonomer ( sThanphondrmﬂecrps)mlaw agasit \is selectedofrain theogmup
i nki ng agent (S) CGonfidgBP biaeiYaes oft s 8| drdih ere MR LAMLHGY NG

i,
;[Aﬂiech renderdesweda%lgﬁ% H&&%Fﬁ%gﬁ @ﬂ!’@i’mﬂ P‘ltcal rt o

her ei n. - 10 acw]aﬁidesmﬂunqhnmdmpnldenmmmgkmemmwemnoners
that tend 20 tOu4d'RathlachyiiblCds wilkes &L RE ahl earatﬁe:h&gymeé Wit i e

pol ymeric foam structure MmoNo rs can

wei ght (greater thefftrd !?G}‘des"smﬁ”gi ol 40 qu'ﬁﬁia&r@ ¥tere avi ng
Tgs of about -35[errb£1hese drosslinking agents Suw:)my_latechdrmﬂncw;ecmmhhhdg, for
exanpl e, the 4- Cl4 E?a Cﬁiol tnols and'S Ghothdd q 100exyl
acyl ate, octyl aczy o) acryl at e,
decyl acrylate, ¥od¢ W?aﬁrﬁ%‘"ﬁ%&ylh@é ‘F‘s@?}eg g‘!ii'\"?‘? t@r?"bé‘ °d‘£

t etradecyl actyl at e1,4e|my-12 enediolaleﬂuhpe glyooj| dieﬂxylewctlycals trimetipylolpropahegt € and

nonyi phenyl acryl at g uiftnky | cafRho12Cre¥drath8lS &istHyieae lafyey,
et hacyl ate, octyl rret I at e n‘;) rrqt Myhgt dec rret ayl at d
i sodecyl net hacryl aP¥ m E‘PW 3}‘( Ec 30
net hacryl ate, cyl animethscry ea@ﬂ“d@!&@s@% canrbe dmedeﬁ'omﬂr@[ equivalent| yI
tSLyrenes such a&ap-d |tﬁ§|ﬁh&rﬁdt% f éf&?é’dt daéréﬁa%zgtthlamt cﬁ'e

ese nononers, iso ac 0 eﬁxh ag e.an % @
acryl ate B'ﬁ%bl’ﬁﬁ's%’g e n%ﬁbg’f’ n%%f S) will
general |y mwmm&:bemw thenilophase, of thef HIFE iment 25
to about 40% by ﬂﬁoumt‘ﬂ'binmiﬂﬁt 5% Vyaveight 6PRE fidhomer component. The

mononer conponent utilizgg rn%o} Bgfﬁ% lofwgfpﬂsetgﬁhbkﬁﬁs @zh?gompnse the

2s  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.
30 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™

as  post-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



conpri ses one or nore nonofunctional conononers capable of inparting
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t-oughness about equivalent to that provided by styrene to the resulting
pol ynmeri ¢ foawos6rd0828ur e. Tougher foans exhibit the ability PETHSPGOIES
substantially without failure. These nonofunctional conononmer types can
incl ude styrene-based conobnoners (e.g., styrBne and ethyl styrene) or other
5 nonomer types such as nethyl nethacrylate where the rel ated honopol yner
s well known as exepplifyi ng togwgness The preferred nonofuncti onal
comononer of this tRmeany Cmulsifiers ledi 8 theyaren Pagtiqulasiyny |
styrene being the npefenpdeﬁmtstﬁettmwzo?" tSphﬁ4GT“t18panT6m",rmﬂcﬁ @oi onal

1079 “pr eforabl y 1t omi ou?f%iﬁ’l%ya%% P Bt W%&F%ﬁ*ﬁ%ﬂf ot Bl

30%t 0 about 40% LPYHicysteats ang oleisacids eiﬂ?ﬁ‘ﬁ{? efpr Isifiers)
certain cases, the mt:lndghheldig‘ycewlnmmm &bxaomommédte,t hbnomynstate,
desired rubber-1ike 'mbBh Sax{don{u é%fdspowrﬁéf 'S0 %ﬂ&&rq

al kyl styren I'n par |cu - N- 0oCt styrene are exanpl es of

an
such 15 cononond °WW%WEG%W§“W%e rrasof thess eraulsifiers are
i ncluded in the mpummsm@wmnM|mwfmmfspmmymﬁmn

nonomer and CONMDNONELere ,b‘dem 1 impu éghe nononer
conponent al so contalns at?llr ngﬁ’o t1ona yygecg

pol yfuncti onal~ ¢ ossl| i nkiffd gﬁéﬁ? %P‘W‘%’H wmmwm sifigpseameies and
20 conononers, sel eptionaily mélu&ﬂanwmm&arcomppﬁenann‘hmemdﬁ emulsifiets nki ng

agents is very inpo r yneric
f oans Paw ng the d %t%fé%n |§%‘§ﬁ§ﬁ&§§’ ?;?J%I J@?;ﬁlﬁgﬁﬁhﬁéteoﬁlt

properties. 'ﬁ‘ﬁ’&Y AMAR can
be sel ected from a sulfiite and drtallowedmahyl alhmmnmnmﬁxytculloudeu NWhenothése NOr e

activated vinyl ,g bﬁ(ﬁmals Is tipar eof .
Anal ogs of divi nyI benzenes ugﬁ?ﬂ#‘ﬁﬂf Eé ﬁgﬂgﬁﬂﬂ%@w@t’no
limted to, triviny PEMIEhH

di vi nyLnapht hal enes50:1 to abduﬂxmyde&kﬂb]ylfwnamso 1 to about 2:1.

di vi nyl phenant hr enes, &ﬂ*‘. ?ﬁﬁ

di vi nyl benzyi s, divi yl e |V|n I hen l su | VI rans

30 divinylsulfide, “B%‘B?F?‘?r} E’%\‘F@a “h&f g’é'"f’x%ﬁg ‘f% ﬁ%@ﬂzee i's

20 invention. For example, see U S. Patent 5,387,207 and copendmg U.S.
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 80 to

about 98% by weight monomer coniponent and from about 2 to about 20%

by weight emulsifier component. Preferably, the oil phase will comprise from

2s  about 90 to about 97% by weight monomer component and from about 3 to

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,

30 1994, which is incorporated by reference.

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

. Trganox-1076® and _ t-butylhydroxyquinone.  Another preferred optional

35 component is a plasticizer such as dioctyl azelate, dioctyl sebacate or diocty!

adipate. Yet another optional ingredient is filler particles which may toughen

the polymer and/or increase its thermal insulating properties. Example filler



typically available as a nanme with ethyl styrene in proportions of about
55:45. These proportions can be nodified so as to enrich the oil phase with
one or t.he other conponent. Cenerally, it is advantageous to enrich the

m xture with the ethyl styrene conponent while sinmultaneously reducing the
35 anount of widyésee i n the nononer blend. The preferred r ®CIUS96/10168

di vi nyl benzene to ethyl styrene is fromabout 30:70 to 55:45, nost
preferably from about 35:65 t-o about 185.55. The inclusion of higher
| evel's of et hyl WO 96/ 40823

PCT/ US96/ 10168 e e . " . 16, .
styrene inparts the msr‘ﬁﬂuqeﬂﬂﬂﬂ'ggst’mﬁcﬂi?”ﬁﬁe?@%Plﬁﬁf"t%?"?@ Sleiym, o
resul ting copol yner ¢asbanhte, dalgrand ﬂhaﬁkestﬁeamllxjmﬁcleihwmchihdn make the

cross-|inking W&:{
the HPE in an amungolﬁ?&%a&ﬁ% froma eégﬁﬁ P&gﬁ g{&ﬂtsuglo rmre prg‘ﬁ‘grabl y
from about 5 to abOlﬁr"'@B‘% Other gP“"“ﬂ‘D%‘l‘“RS’PE‘P % incfhde @pm%ﬂﬂws%t’/&gﬂtsabout

20% by wei ght ofs t hepavifyinggents, chain transferagents,dnd ¢Hedikes basi s) .
The optional second crosslinldng agent i s sel ected fromthe group

consisting of diacrylates of @& ol sXaterPhase Companpats eof . Such crossl I nki ng
agents incl ude those sel eme&nscbﬁﬂmmhmieumemnﬁlwewxbmz is'gRh xﬁat es,
10 acryl am des, I u Eggij il

tri-, and t %%C%% ﬁe E’F%’é‘; hc%ﬁ‘(g“’h&%
tetra-met hacryl ates, esgpntnﬂ ﬁamponm of ther Mﬁcpmﬂfd%swaf&&mlﬁ as
di-, tn-, and tefd a- de&Wed iin@iflizes the tenderRy

Conts QE'n“%eaginie%ﬁ#“ npy e %@%ﬁmﬁ?@ﬂﬁﬁa’#ﬂ‘?‘#&%%ﬂ%% v%"io-
15 decanediol , 1, 8-theatesphase, Thi sm@mn@dzebwediommzmtb@immtowmch
1, 3- but anedi ol , polymekicindtetial Sl1he SlDhindGwi i meewateeeher%eefdamb@ase

oL ye o LY ﬁ'of’*“gf‘?i‘*tw"fss sroplelC B Hobnidy. 3 '&%%@opf

sorbitol and thes | |elestrolyte %thamyhmmc stength of the wat

crosslining agents Cdsterined®héthigCaridr owhbee degree \Rd eeshilti Qalyﬂﬂﬁe
triam nes and tetrang La"t r@m rred diols have at least 2, nore
preferably at | east 3 er Iy 6, car bon atons. This second Cross-
| i nki ng agent can general mllm%@gﬁhé?ﬁ%WMn an

amount of from 0 to adanlbe ui&P/onryfeﬂrad gledtrobftes dre mono-) dl) orarivghent tirganic salts
The maj or portiog, of gbfigs i wab351601E halldd ' d. Erforitlkd, hitaRIBAd Sififateld OF alkali
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 the present invention. Generally the electrolyte will be
: utilized in the water phase of the HIPEs in a concentration in the range of
2s  from about 0.2 to about 20% by weight of the water phase. More preferably,
the 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
30 the water phase of the HIPEs and can be any conventional water-soluble free
‘ radical initiator. These include peroxygen compounds such as sodium,
potassium and ammonium persulfates, hydrogen peroxide, sodiumn peracetate,
sodium percarbonate and the like. Conventional redox initiator systems can
also be used. Such systems are formed by combining the foregoing peroxygen
3s compounds with reducing agents such as sodium bisulfite, L-ascorbic acid or

ferrous salts. _
The initiator can be-present at up to about 20 mole percent based on



25 aforenrentioned nononers, conononers and crosslinking agents. It is
essential that these nononers, conononers 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

wat er - i nsol ubive ssasmser s ensures that H PEs of appr opeCrtseé/10168
characteristics and stability will be realized. 30 It is, of course,
highly preferred that the nononers, conmonom®s and crosslinki ng
agents-used herein be of the type such that the resulting pol yneric

foamis suitably ng i ¢ and, agproprjately chemcally st e.
These nononers, ﬁﬂenfﬂ% (eoles, of E‘ﬁﬁg If, oo mﬁ’j&ff?"%ﬂo‘b?&qpﬂhﬁeer%ﬁ/
have little or no tpoeferably,ythe finitiatersie presert inan ymowntvof foimcebatit ¢.00kcdboat | ons

during 35 post-1aQhMEBeicER BalA S HEORERS b
Anot her essenti al ccirﬂ)‘oﬁgﬁl;&of the‘{c))?ll phase of ﬁ]@ﬂﬂfﬁ;@e?ﬁgmﬂsmtbe

emul si fi er conponerft conprises at least a primay enulsifier. Suitable
\é’\lgT??J/Sgg?58168 5 3. drophilizin ants and e Salts
primary emul sifiers wel TherRRMEr formigg he FIPE fgampstrysurg, will poeferably berr |y

preferred enul sifi eobstantially/ffee & potar Fdotional gratipa nTHiSIneang the pohmefiOfoan |, and
Span 80 Wift b Fetahivefy ghmraﬁ;rk&aes %se?&&x{} Ce}%t'a vRda&f on

derived from |l auric, t1g, stearic

respectively. O her‘sp!P%‘Pé\“Se‘B‘ Jesistance to water ‘31
esters derived- fo orRemmabofdiet!esldmlrmm}siﬁestaaﬂler salt followmgrpolgmeimbﬁﬁe, and

nonoi sost ear at e aci imﬁ, %L@&G‘:L&Urﬁ di tal | owdi net hyl
amoni um net hyl sulélﬁ ﬁsﬁ% ures t ese errusfes iheerr?saﬁgl;'e al so
parglcularly useful, asmre Pdéde Dhe) Bfaing R .I :
sorbitan - esters t ngh RO

i mpurities. 10 F%g'“ P?W%MWFP@?‘%&S%%?@&& gor:ﬁﬁgra

secondary emul sifi digh éternple phase emulsion (HEVR) QTHNg/curing nbsm. fier
conmponent. Thesgs semmtaf YindérU teriditions Ssuitable for fmmgbe sulidapsipelericofomni ci al | y

or Prepared using rELGH: fggq@qwmﬁw%mmwmm&&%&g{o%mas&ondary

emul sifiers are d|t ate and
dital | ow di met hyl 2héefigih Bhasejcemulgifie, andosalts from she golymeriny|

secandary enul sifi abmmﬂmephudadnaaﬁthkmﬁhgttﬁspﬁlymeﬁqﬁmmm. S
typically at a weight ratio of primary to secondary enulsifier of from
about 50:1 to about 1:4, FeamatioaefHIBE om about 30:1 to about 2:1.

As is indicatedg those Site/HIPE id forthétbytddmbitiig the 6 &xgiwater pHasd coniponénitd t abl e
in the previously specified ratios. - The oil phase will typically contain the
requisite monomers, comonomers, crosslinkers, and emulsifiers, as well as
optional components such as plasticizers, fillers, antioxidants, flame
retardants, and chain transfer agents. The water phase will typically contain

25 electrolytes and polymerization initiators.

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

30 fashion and is generally carried out under conditions suitable for forming an
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 e

the use of a mixing or agitation device such as 2 pin impeller.
35 One preferred method of forming HIPE involves a continuous process
that combines and emulsifies the requisite oil and water phases. In such a



enmul sifier(s) can be used in the processes for making the foans of the

pr esent 20 invention. For anple, see U S Patent 5,387,207 and

copendi ng U. S. Application Serial Nunber 08/370,695, filed January
10, 1995 by Stone et al. The oil phase used to formthe

Hl PEs conpri swe gsMesz3about 80 to about 98% by wei ght PEBRAISHGA10168
conponent and from about 2 to about 20% by weight emulsifier .
‘conponent. Preferably, the oil phase-will cd®prise from 25 about 90 to
about 97% by wei ght nononer conponent and from about 3 to - about 10%

by wei ght enul sifier conpopen The oil, phase also ¢ cont ai n

ot her opti onal corrri!!'ﬂ‘é‘?"ff’?E| s‘é‘ﬁE‘I‘F"H}W?‘Bﬁgﬁe @H&ﬁﬁ@@a&@% @bl e
porion itiator of Sebgagdxqarchttr&wmmpahhg kiceowatet phdsk dssalses Formed:d The tivbe
art such as descr | Naduafl v BRURR oS P RIMIIERD citbber drSSHEAR O

1, 30 1994, whic
preferred opti onal %rﬁ’ﬁrféﬁ‘%‘s‘teswﬁﬁr ¥hp! cPkP’t?aWP’g%@m%le%W‘)ﬁdﬂ%ﬁFd are
Arine Lig Stabid i zahiep¢d\LS) such as bis-(l,2,2,5, 5 -pentametryl pi perdinyl)

sebacate (Tmuvin-765[err MQW&W&%E@%&%&HM Eéne?é! h as
I 1076 t d I
3r59a(r:]g)r(rponen'£e|r;] aaﬁb'g-li d yﬁFX's&%I‘Yg‘gIPB? I 'af%ﬁ"%él%p Ygﬁcei!r!‘;;!“l’%l Ba‘?,fg?e or

di octyl adi smithkle cbﬁﬁgummh land diophsiomsa| Sheagwiliypichlly ke dppliédto the
particles which may, bGP @‘g.%#) n fmeli Stileer mel
i nsul ating properti yy I“I“F‘ & S’ééz ke the

PCT/ US96/ 10168. 1o stable quld E can then be withdrawn from the mixing chamber @r zone.
palr't icles include armmmmd lmalmwmrdfoomi:tge}nnm Wabbmhuox@rﬂ&b&elsm_- ]
cal ci um c i c
w&%ﬁé&l&de&f‘ﬂﬁ%ephe |rI rrar ed@jr | on arg i
é’éﬂﬁeﬂm

hel p make the % opa ue, 1IN preterred,
such as carbon bl ac%emreber 2, 1992 WHF*&BH‘F‘P&’"’E?GBY’ PFERGSn yee
i ncl ude col orants, UJSJOAn:lcmn SgIMtNo 08/370,694, ofilad | Jayuany g ci99S, b)CI‘B.i n

transfer agentsy ar‘ﬂeﬁ\hﬁ'ﬁki ls'porated by reference), which des’cn’b hase
Conponent s

e cont | nyoys wa n eo t he
H PE i s generally a??“""“ws?m“'eﬁ’tﬂ?&'ﬁ&y% ‘HH°%§( ‘Réﬁ’?“one or nore
di ssol ved conponents. One n e % | - Vf e conmponent of the
wat er phase is a water- soI ubl’é di ssol ved

electrolyte nminimzes t mm%mﬂm&e co lected or pausbincauitableand
crosslinkers that agegctiohi veasel, yontdiner 20| regibft tb beapstpmeétized drVcuréd) In one

the vater phase,, ThigodHed Uit rebcioR fhssé E6hplices T Borkfulilofithyaliyidd Whi ch
from which the eventually polymerized/cured solid foam material can be easily
removed for further processing after polymerization/curing has been carried
out to the extent desired. The temperature at which the HIPE is poured into
the vessel is preferably approximately the same as the polymerization/curing
2s  temperature,

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
polyrrerization initiators used. Frequently, however, suitable polymerization/

30 curing conditions will involve maintaining the HIPE at elevated 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

3s  is herein incorporated by reference.

A porous water-filled open-celled HIPE foam is typically obtained
after polymerization/curing in a reaction vessel, such as a tub. This




polyneric material fills the cell windows at the oil/water interfaces
formed by the water phase droplets during polynerization. Thus,

t he presence of 15 el ectrolyte and the resulting ionic strength of
the water phase is believed to det ermi ne whet her and to what
degree the rewglosusswaspreferred polyneric f oans can PeI/uRs6noIse| | ed.
Any el ectrol yte capable of inparting ionic strength to the water phase

‘can be used. Preferred.electrolytes are non@, di-, or trivalent inorganic
salts 20 such as the water-soluble halides, e.g., chlorides, nitrates

and sul fates of al kali tals an aI kaI [ arth met Exanpl es
i ncl ude sodi um chl mn%%lfgrﬁ pam Is typ os([l-}“dg L?ngf“;;ﬁ%fk&t@“&nd
magnesi um sul f at e. Sbeetsi QfmoumeuzedeIHEfdahemer to process during ambseljfent use

in the present inv | deVra
utiltzed in the waf{%hg ase i thde H{Ieh ﬁkﬁ&%éﬂgﬁ%ﬁrd‘g&e@pﬂ%ﬁn tile range of
25 from about O. fe'f &se, 33, (psulstiog et ghﬁ%i’dﬂ?&%

preferably, s cut/slived ¢¢ prowide laycutthivkhéss eothp range of ﬁ'omabbunn.OSltotaboabout
10% by wei ght of t ke em. wat er phase. The H PEs wi ||

also typically contain an effective armunt of a pol ymeri zati on
initiator. Such an initiator 3conpXratii HIRE Foanndded to 30 the

wat er phase of the HI PE g‘rﬁu@@}ﬁpﬁ foQﬁVFo'?ﬁléd) y $0 I g& mee
radical initiator. I n e n co uch -as so |um
pot assi um and anrmrTF% &N PIF@ 8| dithigresidualowatar o

sodi um per car bopat ¢hased mdtemil (gnerﬂlynmntqmasl solation ofnielectedlgte, Fssiduals can

al so be used. Such da=YoR xygen
35 conpounds with re ucmﬁgd%‘?s Suﬁﬁxg&f&?ﬂﬁhﬁ%l Suf{ﬂ??ﬁ%ﬁ{ﬂ%ﬂg@
aci d or . f &iriog 18 further processing and use of the foam Removeltef,

be..present at up t ava&ophaseGnateriab wilk uaally bbaaritdout by compres‘li%%é W3
PCT/ US96/ 10168 u%gl

the total noles of Of:ture tr°| szqgﬁze ourrtorr?(s)“rir%arlgq%(rlemsldelﬂr by asihhng the ase:“ Yor e
preferably, the!i i YoRter s°erg§érﬁq“F‘?ﬁ'saWa'ﬁ\'ﬂﬁJﬁP“BP”s { r Bromasbyit seyemsh 1 t o
about 10 nmoazppasmglahd lbashing aieps) hg,ﬁmaz tord| oyeles) fcap bé ymlr ixdol e

mononers in the RS@@ ngbeheatedto ableast about the
Hydr ophilizi 9 Surf_lagct ntespo @ttg@na?n:gg its ﬂexibxlxty and compliance during
compressive dewatering and reduce and prevent damage to the foam
20 structure. Optionally, the wash water may comprise about 1% seodium
bicarbonate solution so as to convert any small amounts of residual calcium
chloride to the nonhygroscopic calcium carbonate, thus rendering the foam

substantially non-wettable.

4.  Foam Dewatering

25 After the HIPE foam has been treated/washed, it will generally be
dewatered. Dewatering can be achieved by compressing the foam to squeeze
out residual 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
so  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 thickness. Preferably, the foams will be compressively
dewatered to a thickness of about 20% or less of their fully expanded
v thickness. The extent to which the foam can be compressed depends on the
3s  density of the foam in the expanded state and the Tg of the foam in relation to
the temperature of the foam during the compression process. The dewatering




The polynmer formng the H PE foam structure will preferably be .
substantially free of polar functional groups. This neans the polyneric

f oam will be relatively hydrophobic in character. Wen these foans
are to be used as insulating materials, resistance to water is
general |y a deswovesdseat ure 10 Renoval of the residual eROTAS%4/18168
and/or salt follow ng polynerization is generally desired in a
manner described nore fully hereafter. 22 B. Processi ng
Condi tions for Obtaining H PE Foans Foam pr epar at i on
typically involves the steps of 1) .formn gh internal

phase erul si on (H Fitgp wilhgenerplh ke casried out ynfl e gf%ﬁlf@d}' foqgse@mmlgl on
under conditions sudstdila dravticible. niFrguentiyosich qonipyessicri devrftered foams will

structure; 3) optiqpal k¥ ‘g‘?s(?{gg&é%?% Eﬂ{ kéjlogﬁ%sysﬂ{)‘;%l%ﬁo%g&ﬁ rIUC{ouﬁb%uft S

renove t he orlgln and sa

from the pol yneric 15%, more prefsrably; from about 5é'n'EP about \Q%e by (vesight cmae €Y ng
this polymeric foanweightbasisire. 1. Formati on of
H PE 20 The HIPE is forned by conbining the oil and water phase
conmponent s Hh t isepofRdlvmeric\Foamscifi ed rati os. The oil phase will
typically contain the reﬂuisite nononer s, conononers, crosslinkers,
and enulsifiers, as well optional conponents such as

plasticizers, fillers, dolymercdeamssaccérdingio the present ineentionianetbsgadlynasefihai n
transfer agents. Thg m@jlﬁfnsqgﬁgﬁmy\n Ithedey RiabR! da %”wb’?‘ghﬁe‘ﬁgs %&hﬁﬁ;&g ol ytes

and pol yneri zati on |n1t|ators he H PE from
the conbi ned oi f® arftBaifisacPustis or mechgpical forces. subj ecting these conbined
phases to shear agi tatldﬂ\esﬂsmnemgbams cawbe provided as relatiealyethin dnd fexibie ed t o

the extent and for gulint wet (eTc R TCTed ﬁé'ﬁf“ el 8 fofﬂ@fﬁ%ﬁstﬁi%fs
em | si.on. Such a progess (s: °§ 9, nd? ted In gl ther at. chw mvegtrtonc% i nuous
I

30 fashion and is i@ gthst, SuPRREPediadn Arovs gthy o
form ng an arhelter insulating propetties. \Aﬁmeexaphhseﬂnhshpétmfsem&ﬂm sed to
such an extent 4halpe laminatod dnf\nel Bk biBes HPtY Toioh Siaf 9558 ¥6 hldubeRfuie®
requi site structura .Characterl mul sification of the oil and
wat er phase conbi naefig ‘H"é%h@mwf# the use of a nmixing
or agitation device suc One preferred

met hod of form ng H PE | {/he%hgﬁc%uo roqess trsleat{“ponbi nes
and enul sifies the reqw ymerig;fpams, §%‘§°’F Arehagticularly u m o

96/ 40823 variety of applications including appliances (refrigerators, ovens, ranges,

PCT/ US96/ 10168 59 toasters, freezers), transportation equipment (cars, trains, planés) boats),
buildings (wall insulation, attic insulation), and for many other uses. The
preferred embodiment comprises a continuous slice of said foam compressed
to at least about one-third the thickness of its thinnest dimension, stored,
shipped, and applied as a roll stock item, and expanded after application by

as  either time and/or heat to restore the original dimensions and insulating
properties. _ | |
Polymeric foams of the present invention may also be used for
insulators against acoustic and/or mechanical energy. Such uses are quite
varied. Foams generically have been found useful in such applications. The
30 ability to tailor precisely the Tg, density, celi size, and strength of foams of the
present invention and deliver them in a compressed but reexpandable format is
of particularly utility. A discussion of factors and uses for such foams
generically may be found in the "Polyurethane Handbook®, supra.

C.  OtherUses
33 The foams of the present invention can also be employed as insulators
against acoustic or mechanical forces. When intended for use as insulators



process, a liquid streamconprising the oil phase is fornmed. Concurrently,

a separate liquid stream conprising the water phase is also forned.
The two separate streans are then conbined in a suitable m xing
chanmber or zone such that the requisite water to oil phase wei ght
rati os previ aughbyuesasci fied are 5 achieved. PCT/US96h 0168 he

m xi ng chanber or zone, the conbined streans are generally

subj ected to shear agitation provided, for exanple, by a pin inpeller of
suitabl e configuration and di mensi ons. Shear will typically be applied to

t he combi ned oi | /wat er phase stream at an appropriate rate. Once
forned, the 10 apamisd teanisinissionloftdcbistic and/ohmechbricali vitinationsythdse mmmem Xi ng

chanber or zone. arncunmwssmpﬁe\wwo@wtm %ﬁ%&a&xm%&%ﬁ Of g
conti nuous process |s . SCr.l begm_l r]1 great.er d tal I tent
be: Sprgpized LEX

5,149, 720 ( DesMar aj Eansition gan ‘érﬁ?@ i s
i ncor por at ed by refdnsu:hiethaﬁéeTgloﬁﬁzed‘omlbdldugelyalzgnedwxihShetmwbrmi

B Ot Sy e o s o gy

cont i nuous prgcess Mﬁ'ﬂs 8&“@8&' F‘X?‘FUH“F ??ﬁﬁyf é'rmef’ to thisyspd, as described

2. Pol neri zat i orbelaw.i rEprceéxample, ifilaRientinuous noise of 1000 Hhhet Elﬁ‘l!E:s‘ o bed wil |

general |y be col | eCldnthe@! thaOtY Sfkhé fouth ﬁiékﬂh?é!i & 1000 Hz shoufiP6d 299¢. VRSHE! -

cont ai ner or regi onm{;o be. gtl@ﬂésq ‘f%%’f%&“ﬂ‘r“%gﬂ* \Fﬂég@héc@s%f“ ment ,

the reaction vessel

from whi ch the- m/erlflﬂm dla]nmng pr@mﬁmﬂwmgmpemtﬁmmgmﬂmmthé ghassatose

easily . T N0 BErf &ansizwnt onpap%és%m s%&nerw%ymad 7Rt Ps&&{bw“ ng

has been carried @1 t}. he bext ent @& r.ed n%era

whi ch the H PE is péls?rgﬂ% g foam can be ppfftrepted it 3 sec 9 olymggic,material to

-approxi mately the smale asnacnescopit yxmpmammnemprlmgwhemnzﬁothtpa!mamﬂe

Sui tabl e pol yneri zaddnfituté o sdandPbtaidn daiip it'dnﬁé?érﬂrék?&ﬂ tenthethttie and

oepocialTy the O%“gf‘a‘éeugﬁ%%“&%ﬂ)s o ﬁﬁf‘ef‘ﬁe“s?%/ﬁg Of %éwgiem'ggylﬁ’? o
especially the'e r

E)ol Smerl za%ll on i ni tmechmical sheck infulugrscanel g:,vemoweﬁmglupsd i Ammergut, E.H.

pol yneri zati on- Hihlyhér Hab66k™ (2dd Bd)S WildylintePstRn¥s, N&W Yok, Nrg197% H PE

at el evated tenperatu bo err]C, nore preferably
above about 35[err]1@’é&?ﬁ?aafuﬁlﬂ’ezlg%ﬁ%g@‘ﬂj1 Bks'gggrangl ng fromabout 2 to

about 64 hours, m)rﬁ,pre_fﬂmb&ggrom about 4 to about 48 hours. The
H PE can al so be cured iTs ages such as descrl bed in U. S. patent
5,189, 070 (Browmsconbe eA. al u,.v; mic Ve : 93, whi ch S

herein incorporated by rgigf %?nmnetge Tes o%ome%clmﬁfimfy\ﬂeh@d

open-celled H PE fo mls typ| ca
pol yreri zat i on/ curi Q'“Fn Sgmples, %W%%'“@%m&%ksa" - Jn injthickness and
washed 3-4 times in distilled water, expressing the fluid through roller nips

between each washing. The resulting foam blocks are allowed to dry in air.
2s  The dried foam slices are cored to yield a cylinders 25 mm in diameter. These
cylinders are analyzed using a Rheometrics RSA-II dynamic mechanical
analyzer set in compression mode using parallel plates 25 mm in diameter.
Instrument parameters used are as follows:
o Temperature step from ca. 85°C to -40°C in steps of 2.5°C
30 o Soak intervals between temperature changes of 125-160 seconds
o Dynamic strain set at 0.1% to 1.0% (usually 0.7%)
» Frequency set at 1.0 radians/second
e Autotension set in static force tracking dynamic force mode with
initial static force set at 5 g.
3s  The glass transition temperature is taken as the maximum point of the loss
tangent versus temperature curve.
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pol ynmeri zed H PE foami s typl cally cut or sliced into a sheet-1ike form
Sheets of polynerized H PE foam are easier to process during subsequent
treati ng/ was Ry 96/a03ds dewat eri ng steps, as well as to prepar eptctresddgisst oam
for use as insulating materials. The polynerized HPE foamis typically

-5 cut/sliced to provide a cut thickness im4he range of from about 0.08 to

about 6.0 cm 3. Treati ng/ WVashi ng HI PE
Foam The_pol yneri zed_ H PE foam formed will general ly be
filled with r esBdual Expapsign Beetoke material used to prepare the Hi PE

Thi s residual water n@mﬁ&ammuaquaﬂwwyahbauﬁig e UhiRKess Af W | 0“ of

el ectrol yte, resid tion.g nitiat

shoul d be at | east %Wgﬁmme%\?%“&e&w%gﬁmg&?@dﬁ T“ g€| ng
and use of the foathe expsnded thigknessitosthe initigl pempressed thicknass a;erthpmmsnm eri al
wi || usually bes cafagtopd out by conpressing the foam struct ure to

squeeze out residual Ve

with water or other aqueoug %ﬂ‘%i;fqﬂs% .'Bég’%"‘mg‘ 3?% H r%?mte

conpr essi ng and wabase Hpdet agauge witehle mmzmsé SanThvesmseas It is
preanbl e that the sgugto uﬁadamsﬁ:heamwﬁibmhm:ﬂwt g@fittb®Rith gabout

conpl i ance duri ng b {5 sl Se o Had 1 2652 i@ "tﬁv%?%efem
damage to the Mbanfeasuing thicknessée 0.0810 mqqmrmm)ganhmplmm Franplesofy

conpri se about Mﬁ@ﬁgﬂﬁgesmmmbmaamnsst(meb& IWaltham, MA) & mO0NSsY ¢ any
smal | anounts of r§

cal ci um car bonat e, ﬁf‘&ﬁ@éﬂzﬁgbf'ﬁé%dga?ﬁhw Jdeméugyf] @3{%@; gscopi ¢

non-wet t abl e. recor Foam Dewat eri ng
/;fte{ thﬁ HIDEE f oam haSTlhﬁ‘ﬁBaﬁHlE %nxkiheﬁﬂﬁce&ﬁf?fﬂeh%ﬁ%‘t—
ewat er e oam 1,0 squeeze
out residual 'i‘Eg-iBatng@%% ﬁ?‘ﬁ%"%eﬁ?ﬁ'@g@ﬁc@&sﬁéi&) ?W&?@F‘h
t enper at ures of from abbhg calpelated asoEFi ©r ZyiXee tTh!at ment ,

by vacuum demterla@amoxbmﬁrﬁﬂyraméruema@& sCotiige/ ot TS+ TR +0EC ey @@ or 30

dryi ng/ m crowave/ VR

typically corrpre55| \&g#%gmm%ere 6‘&&?’1 C ness%ﬁ&sg &@?%5 or |ess
of their f3ample are abtained. (Grnerely & hesméwrlaﬁlaythetm@efwmq be
conpressively 1o unnlndmhﬁieef&ﬁpﬁtﬁoﬁis&md@ﬂess of about 20%or |ess of

their fully expanded
The foams of the present invention will remain in a substantially

compressed state for suitably long periods of time under negligible restraint on

the upper surface. Such stability is measured as follows. The foam sample

25 (cylindrical in shape, having a circular surface area equivalent to that of the

gauge foot referred to below) in its compressed state (i.e., 33% of original

thickness) 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 having a circular surface area of at

30 least 1 in? (6.5 cm2) and capable of measuring thickness to 0.0010 in (0.025

mm) can be employed. Examples 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 (Xp). This apparatus including

————— — the foam is then stored at a temperature of 22°C for 21 days. The final

3s  thickness is then recorded as X;. A Growth Factor {(GF) is calculated as GF

=X/Xo. The growth factor should not exceed 1.5 (i.e., 50% reexpansion).




t hi ckness. The extent to which the foam can be conpressed depends on the

35 density of the foamin the expaned state and the Tg of the foamin
relation to the tenperature of the foam during the conpression
process. The dewatering " WD 96/40823
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step will generally be carried out until the HHPE foamis ready for use and
i's as dry as practicable. Frequently such conpression dewatered
foams wil | have a water (noisture) content as |ow as possible,- from
about 1%t o about 15% nore preferably from about 5% to about 10%
by weight on a dryv, SWQ S. 11 Uses of Polyneric

Foans
according to the pr esent F nveﬁ(}%ﬂrﬁ tes %lusmgﬁ the sgecfﬁﬁfgg’m °?§glpaf’?q%ul ati ng
material s.. These flﬂaﬁ@wcawémﬁe%wwe@rm nsul at or s 10 agai nst

acoustic or mechani cal forces. These polyneric foans can be
provided as relatively thin and flexi bl egx_amug_ cont i nuous sheets which
may be rolled ug. The foams of t [Rreparation of Foam from a HIPE be | am nat ed or

bonded to other support gye w stiffni ss strength

better insulating proper e of . ex r ef e forI
can 15 be | ani nat ed‘%‘h %ﬂ "'_5'6%“8%‘1%({%@3%.#? _ E’Ipﬁb‘“kﬂ g

reduce further g) are dissgived rwﬂsﬂém of waier f Ehlslpm\tlﬁlﬁg Ithet wespham:m:m

B. I nsul ating Ang b&hs’éﬂmacontmuousproccssfﬁ’ﬂfoyrﬁﬂglth‘em of the present

et uding appl | Rnces. (a6t iberatame sibiration ok Vsrfend't G C )"
freezers), transpordivinythenzengufive techticalr grade r(126Q, gplaswilable Kromt Aldrich
oref erred snbodi mont SRy, 2ilhenlitus (A0 o) 00acdelt SRR a0 80 B ed
!roo at | east about gﬁﬂ%’?f“ﬁﬁew x&guﬁ’?‘“’?”c g& g“n&e%‘{‘“‘ &E
st or ed, s hiGstgydCorpr)dbis(l 2,2, 5,8-pestamethylbiperidinyd)sebacate). aﬁn&lerempag,ded
after applicati BN Qe solution is arravreh% sétil@?ve?«ﬂﬂ‘toﬁhgﬁéﬁerﬁ&rﬁm&a%d
original dimensiong, 2l o 05 peist Bihe emulsifier i ERAS IS HIPE. (About 20 g of a
sticky residue is discarded.)
Separate streams of the oil phase (25°C) and water phase (42°-44°C)
are fed to a dynamic mixing apparatus. Thorough mixing of the combined
20  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
pins, each having a diameter of 0.5 cm extending outwardly from the central
2s  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
apparatus to provide back pressure in the dynamic mixer and to provide
30  improved incorporation of components into the emulsion that is eventually
formed. Such a static mixer is 14 inches (35.6 cm) long with a 0.5 inch (1.3

p * cm) outside diameter. The static mixer is a TAH Industries Model 070-821,
modified by cutting off 2.4 inches (6.1 cm). _
. , The combined mixing apparatus set-up is filled with oil phase and

35 water phase at a ratio of 3 parts water to 1 part oil. The dynamic mixing
apparatus is vented to allow air to escape while filling the apparatus
completely. The flow rates during filling are 1.89 g/sec oil phase and 5.68



Pol ymeric foans of the present invention may al so be used for

I nsul at ors agai nst acoustic and/or nechani cal energy. Such uses are quite
vari ed. Foans generically have been found useful in such applications. The
30 ability to tailor precisely the Tg, density, cell size, and strength of

f oans of the 09Mt(m:,,loresent I nvention and deliver themin a gsags but
r eexpandabl e forma of particularly utility. A discussion 0
factors and uses for such foans . genegdcally may be found in the
"Pol yur.et hane Handbook", supra. C. O her Uses 35 .

The foans of the present invention can also be enployed as insulators
agai nst acousti c orcaiseciwatérqhhsef or ces. \Wien intended for use as insulators

WO 96/ 40823 o o e . .
PCT/ US96/ 10168 Once the apparatus set-up is filled, agitation is begun in the dynamic -

agai nst transni ssi ofiXsh, With, the impelles durging at 4800 REM. Thg fom estesof the awatert oans
are part i cphase isthetsstéadily inoreasedtto haate dfid8.4Tg/seé aridthe aihbmse ﬁbwand

e width o e’i ratelsredn}z{ (:'Od.".:is::d&ep ‘Qﬁgﬂ%eﬁ%ﬁ&% lJTkgam be

application. It ik
closely aligned wi thfeﬁﬁ‘l‘ée‘i"&#&é wihg gand s‘a@mﬁﬁéﬁﬂﬁt‘iﬂt@i 13tf|3 Mﬁﬁpm nt

of the acoustic or kP&)r &hedmpellersmpd Iscthincstetality decreased to a speed b£1200RPMOf t he

present invention

bel ow. For exanpl e%&%?nh&of%ﬁ%ﬁ%ﬁggm ?re%%ge ded SQ?§§5;§ r tPl)s '}o be
danped, the Tg of ¢ this : thyjncegassd 19 1§00 eSyStem ¢ he
noi se or vi bratiion backqiressuredndreased foa65 BSI (mmmdmimcmm&m&ﬁert he

caée), or 10 "ihéﬁ‘?ulﬂﬁ it hds%ﬂ&&'—tf»-%?ﬁr%@&fﬁomﬁaf t enperat ure range,

y r}-r|on of the foam shoul d be

then the gl ass-to- rubber
as broad as possible. B) ' oam can be post-treated

with a second pol yneric mmmfromhe stahc mixer isedoliectedninar wand polgpropylene
nterpenet [ ati ng Nefpon s NS S il Qa9 in'h 10 cm) high, with § WBhdebig © {0

sound/ vi bration da rent regj ons o re an
frequency. Furt f&r nﬁéﬁg Ptﬁgl Cof Plgitice Iheinsert & pn?{}aﬂgnbgi Mi"t#tdtsor
mechni cal shock i nshdsetandsl'&rm (42 \cen) in diafietencitiits top ;and risré/7§Lh., (17.14.cm)

' Pol Handbook , :
N T N oy o7 S A -

fo-cure and | a po ymeric HIPE foam
C)  Foam Washing and Dewatering

2 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 0.2 inches (0.5 cm) in thickness. These sheets are
2s  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,
the sheets are then resaturated with a water at 60°C, are squeezed in a series
- of 3 porous nip rolls equipped with vacuum to a water phase content of about

30 4X. The CaCly content of the foam is less than about 1%.

The HIPE foam  remains compressed after the final nip at a
thickness of about 0.019 in. (0.048 cm). The foam is then dried in air for
about 16 hours. Such drying reduces the moisture content to about 0-4 %
by weight of polymerized material.- In the compressed state, the density of

ss the foam is about 0.14 g/cc. When expanded in ethanol, its has a dry
density of about 0.018 g/cc and has a glass transition temperature of S0°C.

Examples 2-10




20 A

ni ps
to dry in alr
cylinders 25 mmi

Dymam ¢ Mechani cal
used to determ ne the Tgs of polyners including polymeric
Sanpl es of the foans are sliced into blocks 3-5 mMmin thickness and
washed 3-4 tines in distilled water,

Anal ysi s (DVR)

DMVA i s
f oans.

expressing the fluid through roller

gg,m each washing. The resulting foam bl ockgraisseddtseed

The dried foamslices are cored to yield a
27cyl i nders are anal yzed using a

n d| anet er.

These

Rheonet ni cs RSA-U dynani ¢ nmechani cal

node using parall
paraneters used a

el pla
re as

lpégg%ln di

S Were prepare

c{ in esseqtglhg

| anet e

‘anal yzer set

i n conpression
| nst runment

the same wagneg s thabm ca.

85[err]C to -40[ erm]Eiampl&st,apngdtﬁ'erﬁnﬁhmsdf@\onomeﬁo The results are shiovaléni nt er val s

bet ween t enper atu/@ i.nges of 125- 160 seconds *  Dynam c
strajn set at 0.1%to 0% (usual Ily 0. [err] Frequency
set at 1.0 radi anslsecand F° Com sef _jn static
force tracking dypaEtatnple# CE ST¥e%W § h DVB %* EHA % TéPcy* aj static
force set at 5 g. 5 | ] m'é%lfa'(en as the
maxi mum poi nt of ke 'fn 40% A% atuse curde. '
WD 96/ 40823 3 34% 22% 44% 44°

PCT/ US96/ 10168 o n40, o 24

B. Expansi on Faet o 32% B ot ntified by
measuring the th::EkniQ& of 31% f oa2@8%anp} e _i47% he lconBB®ssefl state
and in the expanded st@te. [Theqggti 0jof 2400 tbﬁ.yequ ndeqlz hi ckness to
the initial conpr mess Ts—fire-expans e t-ot-

The foam sanple ip_its? 23%p| _gg_@%af at 3@t anije

base under a gaugf suig abl ] f ogggpeasyiri ngpet he éan%%thl cknggs. T ihe gauge
S set u , ™ —f\ny gauge
fitted with a oot havid3p¥h o ¢irc2e%r shirf42% arda off9%t [kast 1 in2
(6.5 cm?2) and c bI qoof 1023%'ea311ri ngpek, hi c<neg@%o d. 003gein {0.025 MM
can be errpl oyed ! SIS U arr AES mod 482
(Ames Co. V\alt"halr?‘?% ne; gvailable from Aldrict Chgieal fiom. | £G 205 ( Ono- Sokki

Co., Ltd.; Japan). Dm—de&mMi%pumywnh“VemmnéX[err])
The asserrbly | ncl Uphgugity; BGailkBIBM iffoni DEW CHedf@PCorp. an oven set at T =

EHA = 2-ethylhexyl acrylate;available from Aldrich Chemical Corp.
*Determined via Dynamxc Mechanical Analysis at 1.0 radians/second.

Examples 11-15
Additional foams of the present invention were prepared essentially as
described in Example 1. The insulating properties of these foams were
measured via ASTM C177-85. The results are shown in Table 2.

15 Table 2, i ues for Fo
Example# | Density | STY | DVB | EHA | Tg(°C)] Thermal
| A % % % Conductivity*

11 0011 | 20% | 40%2 | 40% | e60° 38

12 0012 | 20% | 40% | 40% | e0° 34

. 13 0.008 0% | a0%b | 60% | ~18° 37
146 , 0.015 0% | 33% | s5% | -23° 34

" 15¢ 0012 | 0% | 33% | s5% | ~23° 35

(**Calculated using DMA)

(**Units are mW/(m . K). Calculated using ASTM C177-85)



15 Tg + 20[err]C. After 60 mnutes, the expanded thickness (X err]) is
recor ded. The expansion factor (EF) is calculated as EF =
Xerr]/ X err]. The expansi on factor may be recorded after storage
at T =Tg + 20[err]C for 1 day or | onger to ensure that conplete
recovery to 477N 43?95| ons of "the unexpanded sanpl e pefPussshsidacd.
Ceneral ly, the sa e is left at the higher tenperature 20 until no
further reexpansion is recorded. C. Stability in the
Conpressed State The foams o% t he present invention wl
remain in a substantially conpressed state for suitably |ong
periods of tine under negiswpix PVBeGS g Nt on t he upper surface.

Such stability is neasuge he foam sanpl e 25 (cylindrical
%’?w%ﬁ% s

in shape, having a ci rcu1 ar equi valent to that of the

gauge foot referred to Beld).Shexancdicidisoniatcawsestdst ate (i.e., 33% of
ori gi nal t hi cknq&nshmamwaa@.a!én@mmaiina&latgfgqmﬁe&:d@mwnﬂ%o@ gauge

suitabl e for measuring sarrpl e thickness. The gauge is set up to
exert a pr essuré of 0. ngpcé'fmgr‘fmm' t he sanple. Any gauge fitted with a
foot having a circular surface area of Xxampld6|east 1 in2 (6.5 cmZ) and

capabl e of measuring thiacionfififous sheét 60fami MadeO 192®ide and 3" thickds p#

VLt ham M) o an fam SATPENE e a?&?“%"%%té?% by passing ﬂfrot”é"’rd -
Japan). The i niti alcompressiyecdewatesing sim rolls vith«useesiye gapsi of 2 ﬂarﬂtsﬁsand
i ncl udi ng 10 0B, Wshed mhumwnob@ﬂt@ﬁat@sdmrm%ﬂmﬂ@& 21

days. The fi nal i ckness d as Eact or
(& is cal cul ated%g'g"@:& ”ﬁedevfs-’%’g‘g?‘] ?P%W 5“%”&%9?%%\fct8ﬁ%should
not exceed 1.5 (i.and 05995 The captintous fyam slice is then\Bmirgtedowrad 0.01" thick

gCT/ UfSQG/ égmsl aluminum foil, compressed through a _porous nip roll at a ga %?0 2" and_ V.
pecific Exanples . strate.the
specific preparati d’H‘“&?“‘s‘af?%‘S%aI% bt Qg ‘B%QP%%&B 85%1’##93"?5" HWe
present inventi¥n. pressure it remains at about 0.5" thick in the bail. This is theEp g@d n 5

Preparation of Foahfitkowrap piisié. The foam remains stabdd in thidl ¢dnfi
Anhydrous cal ci um %&Iohﬂfg. (Riping réfh dplly, HatmplichHbR © AR Jaﬁ&r?tzﬁcl?&e
form of unrolling the product and inserting it between ceiling joists in a
residential attic to the desired cut lengths. The product at that point is still
20  about 0.5" in thickness. Over a relatively short period, with no compressive
forces to restrain it, the foam reexpands to its original thickness and density,
3" and 0.008 g/cc respectively, of the foam. This serves as an excellent
insulating material, conveniently managed from manufacturer to final use.



g) are dissolved in 378 liters of water. This provides the water phase
stream to be used in a continuous process for formng the H PE.

10 To a nonomer conbi natlon rene (2400 g),

di vi nyl benzene 55% t echni cal grade ( I"ﬂﬂgﬂ!ﬁg.g fromAl drich

Cheni cal s), t gxylacryl ate (24 d's wa pan 40][

avai l abl e fro 9@‘“}1@“ cas), and Tinuvin 765 (30 g; avail ab ?906&1“ a-
Geigy Corp.) [bis(1,2,2,5,5-pentanethyl pi peridinyl)sebacate]. After

m Xi ng, 15 the .soI ution is allowed to settle overnight. The supernat ant
IS withdrawn and used in the oil phas S the emulsifier in form ng
the H PE. (About 20 g of a sticky residue is discarded.)

Separate streams of; the fi g[n ] ghedgt S er 44C)
are fed to a dynam c.m >‘<‘|prf!§ %8%‘?% u gﬁﬁot%)mu r%@l ﬁsreﬁigpﬁt S&éo%hb tfn‘l‘ed

20 streans in the ROEACEoam smatetial BpWRE: at us is achi eved by nmeans of a pin

inpeller. At this scal e of(appspeificamfaceareaper fopmi valumeinat lessp@ldian/egnpri ses

a cylindrical shaf E’Q’ER h a di aneter of
about 1.9 cm The g?]q{]t #gd%QO?msg aﬁﬁﬁg%%m havi ng 17 pins
and 2 rows having 16 c) agytip.of expp ﬁ'ﬁfe&s"dlth'ﬁ’ﬁeé“rﬁéf legst3:km

ext endi ng outwardly from thberaarﬁhealthe fodlh isxdompedssddheo 3B%4f of it® ctigimahgt h of

1.6 cm The pin inpeller d is thmﬁepmn?&umkhoﬁkﬁﬁﬁdm' ch
forms the dynam ¢ m xing g@ arat us an ear ance

of 0.8 nmfromthe walls "c:ﬂ‘e E‘?‘E\e’f?’é’ reexpand by o more than s i r al
static mxer is nounted dosmmeamdammzm dynami ¢ mi xi ng
apparatus to provide back pressure in the dynamic mxer and to provide

30 inproved incorporation of cqonponents into the ,enulsion that is
eventual | y % or et compressibie polymeric fogm material jusefl r8singulation, dhg | ong
with a 0.5 inch (1.p’blymencfoammnﬁnﬂlh§ﬁmgje di aneter. The static nixer is a

TAH I ndustries Mdel 070-8 5 Q‘Qﬂ! f| f nches
(6.1 cm. Tﬁai*asg °ne m, XI § E’a}%?a u"}ei&gl eg% ﬁmf clci ed
with oil phase and 35 vib) @n expapded 85‘%0499681§°=\A/ater to 1 part
oil. The dynamic mxing (c) amﬂfﬁﬁﬁmolwmmdhibhmeddﬁmeastm 1;0 escape

while filling the apparatu gﬁ%ﬂn%e ng
filling are 1.89 g/sec oi I&ig)hgse anﬁ (’irg)eo\/f\%lgy\é g%ggodj%d
PCT/.US9/ 10168 a number average cell size of from 5 pum o
wherein when the foam is compressed to 33% of its ongm_al expanded
thickness and is thereafter maintained without artificial restraint on its surface,

said foam will reexpand by no more than 50% after 21 days at 22°C.

3. The compressible foam material of Claim 1 or Claim 2, wherein when
the foam is heated 1o its Tg or higher, it will reexpand to 90% of its original
thickness within 1 day or less.

4. The compressible foam material of Claim 1 or Claim 2, wherein the
polymeric foam material has an expanded, dry density of from 0.03 to
0:.015g/cc.

5. The éompressible foam material of Claim 1, wherein the polymeric
foam material has a number average cell size of less than 100 um.

6. The compressible foam material of Claim 1 or Claim 2, wherein the
polymeric foam material has a number average cell size of from 10 umto 50 p
m, preferably from 15 um to 35 pm.

This Sheet Has Been RT
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cc/sec water phase. mm up is filled,
agitation is begun in the dynamc ,‘]!ﬂf with the inpeller turning

at 1800 RPM The flow rate of the waterf L,“Mﬂlﬂlnﬁ t hen steadl |y
rate is

increased to a rate of 45.4 cc/sec and 3
reduced to 0.8 over a time period of about m*n. The
pressure creat é’%ﬁ%e dynam c and static mxers at this poi ﬁ’?ﬁ'&s’ﬂs’"ﬁs PSI

(192 ' kPa). The inpeller speed is then steadily decreased to a speed
of 1200 RPM over a period of 120 sec. The back pressure drops to
5.4 PSI (37 kPa). At this point, the ir%aller speed is instantly

I ncreased to 1800 RPM The system 10 back priessure increases to 6 5 PSI

(44 kPa) and renai ns7constmg $sitid as a
water-to-oil ratio offg fofh material of Cl FWN@??% ring

of H PE Promthe static mxer is coIIectedlna
round pol ypropyl ene tub 17 in. (43 cnm) in dianeter and 7.5 in. (10
cm) high, with a congentrtrﬁ i C T.he insert
is 5in. (12.7 cm di arret erméésgl?ésslhgﬁéj?m%;m%h J?g“tl Ml c{Ii n
diameter at its top mategjal jsprepar megawat“-f'm-%wslﬁnﬂbmg

Hl E- cont ai ni ng tubs ar e(lkupoﬂphasacampximgal ntained at 65[err]C for 18

hours to cure and provi de¢d sl % E am
Washi ng and Dewat ei i ng (gc}o 0%’ 98##?%{#&?“ Igllrln-!'fémtn 5% com%mflgr?ﬁ%/@&
the tubs. The foamat this m“"g“me"h%“%% SH%IB?W@Q'BPO"M%T sa:d

(contai ning di.ssol ved enul sinhonemer canponentcomprising: l-nitiator residues,

and initiator) about 50-60 tl\rATF)S gpzﬁ;mo hbg, W‘&gwo& agg\t,)stanﬁalgovlvxneri zed

nononers. The foamis sliced gl arp reC| ng s “ade
into sheets which are 0.2 mches“{sel“ ecmpnofiingtional ipenosmer vapable of forming ar e
25 = then subjected to conpressi polymer avingai Fgofo 352C poless;)s ni p rol | s

equi pped Wi th vacuum w %nﬂﬁé'gul%l w/orﬁ!g%f%'é%ﬁ{ 2 %ﬁﬁ

phase content of the foam . the
pol yneri zed monomers. At this pomsfgluble,monoﬁmcp coaRnomep eapablp efimparting
resaturated with a water at 60C, toughness)uspaivalint to that peovided by styrene; Of 3
porous nip rolls equipped wt oAt YU §

30 4X The Cad[err] contentlﬂ((i)l f@(g'atrgﬁsl’bs“ SS &Ean a@gﬂ{f%}eﬂkm"ﬂ:

The H PE foam remains conpressel® W‘ from the group

t hi ckness of about 0.019 in. (O. mlsmofdﬁhwlbmemdtdndngdhexeﬁfm air for

about 16 hours. Such drying re(w)semav)aeowmtfwsec&.a%ﬁe&m @ﬁ% Wai‘el,%
ensi

by wei ght of polymerized nmaterl aI n ressed é‘? y of
35 the foamis about 0.14 g/cc : ra the.grogp g
density of about 0.018 g/ce and msansyfo&cnﬂumftdnmmgegmma arid
50[err]C. (b) from 2% to 20% by weight _oEé&i‘&ﬁﬁlﬁﬁer?cbﬂnQonent which

is soluble in the oil phase and which is suitable for forming a

stable water-in-oil emulsion;

(2) a water phase comprising from 0% to 20% by weight of a water-
soluble electrolyte; and

(3) 2 volume to weight ratio of water phase to oil phase in the range
of from 20:1 to 250:1.

9. A process for obtaining a compressible polymeric foam material useful
as insulation, the process comprising the steps of:
_ A) forming a water-in-oil emulsion from:
S (1) an oil phase comprising:
(@) from 80% to 98% by weight of a monomer component

capable of forming a copolymer having a Tg value of from
30°C to 90°C, said monomer component comprising:

This Sheet Has Been Replaced
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WD 96/ 40823
PCT/ US96/ 10168 ; 27
Addi ti onal foanms were prepared in essentially the sane manner as that

in Exanple 1, using different ratios| Immnmuummoresults are shown in
Tabl e 1: Siti ong

S96r10168

Exanpl e #  SYORSMBB g oy EHA% "5 TH(Lerr] Q) 2
40% 22% 38% . 52[err]

34% 22% 44% 44] o4y ] 4 . 32%
24% 44% 50 5 31% 22%
jz% 387 233} from 20% tog » by weight o?é%bstanﬁally wat%7%

8 38% 220,  insoluble, mqmdjgncuonal monomey capable of forming g

36% 22% 42% homopolymer &\fivd & Tg of 35°C or less; 10 28%
22% 50% from Yz y drich
Chem cal Corp. DVB = 3&/ Q%eﬁé—e%%%qﬁagggﬁro 0 purlﬁ'% ‘ﬁd 45%
et hyl- styrene i npurity, hle, mrapofun oem?ﬁqeea G&*E‘ng

EHA = 2-et hyl hexyl acryl ate; avajoughiness feqoivaléntds tlmhpﬁlmdadb;aéty@ﬁép

*Determ ned via Dynami ¢ Mech Q&}a* /,
Exanpl es 11-15 a‘%ﬁ@‘J“u ona oy?é’b% dt'a é“pf?. es v?a‘?%nvenlfbk'(bn wer e
prepared essentially as poifunctiopal srosslinking 38 eé‘ °°tF§ drom ke grOLR g
properties of these foanms were consisting ofdizdmsl berctene and Afaldds GHefeoffdand The

results are shown in Table 2. (w)ﬁ’omb’éﬁto 5% ofas%fondDenm }%@g%ﬁsolub&ﬂs

| nsul ati ng Val ues for Foams.
ERA  Tg(O Ther mal polyfuncti ed from ghe group o,

Conducti vity* wnsi@hr@]df‘dnacn&ﬂ%ofdlm analogbGhereof, afiD
38 12 3@) from g 20%%flwelght 020 emulsifl? component @ﬁxch
13 0. 008 0% Do) T
0. 015 0% 33% 5504 is sob gﬂhfoll phase and which is suitable for formmg a
stable water-in-oil emulsion;
(2) a water phase comprising from 0% to 20% by weight of a water-
soluble electrolyte; and
(3) a volume to weight ratio of water phase to oil phase in the range
of from 20:1 to 250:1; and '
B) polymerizing the monomer component in the oil phase of the water-in-
oil emulsion to form the polymeric foam material.

10.  An insulation material comprising the polymeric foam material of any
of Claims 1 to 8 laminated to a substrate.

This Sheet Has Been R
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| sC 0. 012 0% 33% 55% -23[err] 35

(Cal cul ated usi ng DVA) (*Units are nW(m K).
Cal cul at dusi ng ASTM C177-85) . WD 96/ 40823

PCT/ US96/ 10168 '

a: 55%pure DV d f b: 50% pure DVB was u

c: 12% 1, 6- he%ﬁloglﬁgl acryl ato was used The }e(?féusgﬂbws
excell ent thermal insulating properties for the foans of 5 t he
current invention. A contigzﬁus sheet of foam nade 12" wi de
and 3" thick is prepared froma H of exanple 13. This foamis
dewat ered by passing through conpressive dewatering nip rolls with
successi ve gaps of 2", 1", 0.5", and 10 0.3", washed with 1% sodi um

bi car bonat e sol ution and dematered by passing t hrough conpressive
dewateering nip rolls with successive gaps of 2", 1", 0.5", and 0. 3.
The continuous foamslice is then lamnated to a 0.01" thick

aluminumfoil, conpressed through a porous nip roll at a gap of 0.2" and

i medi ately rolled into a bail about 2.5 in diameter. Due to its | ow
expansi on 15 pressure it remains at about O 5" thick in the bail. This
I s then packaged in shrink wap plastic. The foamremains stable in
this configuration through war ehousi ng, shipping, retail display,
and application. Application takes the formof unrolling the
product and inserting it between ceiling joists in a residenti al
attic to the desired cut |engths, The product at t hat p0|nt Is still 20
about 0.5" in thickness. Ove gl e e ee - B 10
conpressive forces t g g o its

original thickness and densi
the foam This serves as an

ectively, of
conveni ently managed from nmaj®

i al |

----------



' qQroinr-y IP0S
1. A conpressi ble polymerie—+foaminsul ati op~rmat-er-al_the polyneric foam
material having: (a) a specific surface area |per HEAMCEMENE SHERTE | eggt

about 0.01 ng/ ‘mﬂa ed density of |l ésPcetiinioaboaged). 0% @hgs  an
(c) aratio ofﬂﬂmuﬂnmm mHessed t hi ckngs& bfziats) eastsabout, gﬁﬁfi 31

wher ei.n when the foamig conpressed to 23% of &t Swaringi:nal-expanged, ..
t hi ckness - and is thereafter maintained Wi £bsittc: art%-,\géﬁgi"q[ ¢ B Hal Nt
on its surface, the foamwl|. - reexpand by no nore than 50% gter—21

days at 22[\Whpfigclaimegdis: The conpressible fdamj OB &4 i of
claim1l1, wherein the foam has a gl ass transi ti BAW@}%?%@VI (%%ﬁfl;f---f-rom
about 30[err] to about 90 err&‘%g. 3.  The conpressible foaminsul ation
mat eri al of1.cl ai Ancemprgasitie polymeric foam finsiation material dtheqgpalymericgfoam matgrial |
it will reqmﬁ,{m to 90% of its original thickness within about 1 day or
| ess. 4. 1e conpressible foaminsulation material of claim 1, wherein
t he pol yner(a} afspedificsudadeadrenper fnane xplimeeaf at tragt aboidiod1 wf/cé;r om about 0. 05
to about O. : ' i nsul ation material of
claim 4, m@?épg,fx@%%depdo?%nﬁg}(Pgl%%g%ﬁ%@ﬁyseq{ég% expanded, dry density
of from abdg) adatisot expainded tdconpreggertthicknéss of atTéast aboytrd$;si bl e f oam
I nsul ation i faclal Loyt I i rd al a
nunber aver‘glgéég@eﬁ}lhegitgg @? ‘R ?egsgwﬁéeﬁgg%ggﬁ %o&gﬁ OEQ%QP@(%G%C’ ﬁ'llcléﬁ%s
and is thereafter maintained without artificial restraint on its surface, the foam will

reexpand by no more than 50% after 21 days at 22°C.

2. The compressible foam insulation material of claim 1, wherein the foam has a glass
transition temperature (Tg) of from about 30° to about 90°C.

3. The compressible foam insulation material of claim 1, wherein when the foam is
heated to its Tg or higher, it will reexpand to 90% of its original thickness within about 1

day or less.

4, The compressible foam insulation material of claim 1, wherein the polymeric foam
material has an expanded, dry density of from about 0.05 to about 0.004 g/cc.

5. The compressible foam insulation material of claim 4, wherein the polymeric foam
material has an expanded, dry density of from about 0.03 to about 0.015 g/cc.

6. The compressible foam insulation material of claim 1, wherein the polymeric foam
material has a number average cell size of less than about 100 gm.

7. The compressible foam insulation material of claim 6, wherein the polymeric foam
material has a number average cell size of from about 5 ym to about 80 ym.

8. The compressible foam insulation material of claim 7, wherein the polymeric foam
material has a number average cell size of from about 10 g#m to about 50 gm.

9. The compressible foam insulation material of claim 8, wherein the polymeric foam

[REPLACEMENT SHEET
i {

04 "EC 9% |
R



7. The conpressi ble foaminsul ation material of claim®6, wherein the
polymeric foam material has a number average cell size o rom a

to about 80 pm 8. The conpressible foam i nsul a cI al m
7, wherekn the polyneric foam material has a nunber ' E
from about 10 pm to about 50 pm 9. 3The corrpress e toarm tion

material of claim@8, wherein the polyneric foam
30 rrateri al has a nunber average cell size of from about 15 pmto about

B O ¢ Mmgterid a RSP bl ol %?ﬁ'%&é‘%t’tr%' SR8 T @ o ST >0

~wherein the mer1c roam na as "an expande ensi
about 0.05 to about 0.006 g/cc. The conpressi bl e foam i nsul ation

mat eri al of I ai nded :
dry densi ty'% ft%?%é“&?éﬁfeﬁgétin%%ﬁ@t%ﬂ%ﬂ%ﬁ% Wrigoin 18 pBUmEHE R4
conpr essi bl mafeuahhasnambapar@ednd@edenaity of frarh aaboutld.05 té abeutr0.006g/ccam has a
Tg of from about 30 to about 90[err]C 13. A conpressi bl e polyneric
foaminsulation material, the polyneric foam material having: (a) a

speci L i g 3u” ac ETIﬁ?éf a?nmssuglemsangmsumomhawnal %f&(;ﬁimabguhereuﬂ&e peymeric fda]gn an
expande ens 0] rom abpo (0] out atio o
P dad § metsrdy Bt SThineRHca depshf of Bt bgiut s % Showtifo1sgels

transition tenperature (Tg) of from about 30[err] t o about 90[err] C and
e) an rrber average cel | e of fraom abou m t out
(e) . hegcompresslble ‘oam msu[a ion mater%al of gal 1O 1, w?teremt efgam hasaTg

of from about 30° to about 90°C.

13. A compressible polymeric foam insulation material, the polymeric foam material
having: |

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

(b) an expanded density of from about 0.05 to about 0.006 g/cc;

(c) a ratio of expanded to compressed thickness of at least about 3:1;

(d) a glass transition temperature (Tg) of from about 30° to about 90°C.; and

(e) a number average cell size of from about 5 gm to about 80 gm;

wherein when the foam is compressed to 33% of its original expanded thickness and is
thereafter maintained without artificial restraint on its surface, said foam will reexpand by
no more than 50% after 21 days at 22°C.

14. The compresstble foam insulation material of claim 13, wherein when the foam is
heated to its Tg or higher, it will reexpand to 90% of its original thickness within about 1
day or less.

15.  The compressible foam insulation material of claim 13, wherein the polymeric foam
material has a number average cell size of from about 15 gm to about 35 ym.

16.  The compressible foam insulation material of claim 15, wherein the polymeric foam
material has an expanded, dry density of from about 0.03 to about 0.015 g/cc.

17. The compressible foam insulation material of claim 16, wherein when the foam is
heated to its Tg or higher, it will reexpand to 90% of its original thickness within about 1
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wherein when the foamis conpressed to 33%of its original expanded

t hi ckness and is thereafter maintained without artificial restraint on its
surface, said foamw ||l reexpand by no nore than 50%after—21-days at
22[err] G 14. The conpressi ble foaminsul ati on mﬁri al of claim 13,

wher ei:n when the foamis heated to its T§lor higher, !I\mnjllmmmumgto

90% of its original thickness within about 1 day or
conpressi ble foaminsulation material of claim 13, wherein the psol yneric
f oam mat eri@éy 5@%3@ nunber average cell size of fromabout 15 pmto about
35 pm 16. e conpressible foaminsulation material of claiml15,

wherein the polyneric foam material has an expanded, dry density of from

about 0. 03 abgiy : : ; : | foﬁrﬂ%r‘\'eﬂ? Ak

mat eri al of{éc?l ai m 106, %gﬁlg?ﬁﬁmeeﬁ&haemP%Q%'?’gmﬁ{eegitégﬁagmﬂfs g o#glﬁdgaﬁ{e]r,
it will reenpterdl isprégived byipolymeriziggreawatenircdihemylsiont havingabout 1
REPLACEMENT, ,5HE . .or less. 18. The conpressible

pol ymeric fggm [ %81’ gp?soenconr%?r%“ al of claiml, wherein said foam materi al
is prepared by p@l) joeratziub §0% toabeut 98% by weightibfa omonbarer compérient capable iof

D o g g rogobine B ) et ot 5% LBl
of from about 30GonémermtamporiEdt eompriding:sai d nononer conponent
Sompri S g y mq)eqrér}m)n%gﬂrug gpg??o“%bgﬂ%é%’ E5 208Gt 51 S RidEhel, witePinsoluble,
monofunctional monomer capable of forming a polymer having a Tg of about 35°C.
or less;
(i) from about 20% to about 50% by weight of a substantially water-insoluble,
monofunctional comonomer capable of imparting toughness about equivalent to
that provided by styrene;
(i) from about 2% to about 50% of a first substantially water-insoluble,
polyfunctional crosslinking agent selected from the group consisting of divinyl
benzene and analogs thereof; and
(iv) from about 0% to about 15% of a second substantially water-insoluble,
polyfunctional crosslinking agent selected from the group consisting of diacrylates
of diols and analogs thereof; and
(b) from about 2% to about 20% by weight of an emulsifier component which is
soluble in the oil phase and which is suitable for forming a stable water-in-oil
emulsioh;
(2) a water phase comprising from about 0% to about 20% by weight of a
water-soluble electrolyte; and
(3) a volume to weight ratio of water phase to oil phase in the range of from about

20:1 to about 250:1.
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nonof uncti onal nonomer capable of form ng a polyner having a Tg of %Bd_tlf"’s
35[err] C or |ess; _ (i1) fromabout 20% to about 50% by wei ght
of a substantially water-insoluble, nonof uncti onal conononer capabl e

of

(iii1) from about g% about %8141]0 Qf ? ) SRR L ally water NP
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di vi nyl
t o abou
pol yfun
di acryl
2% to a
sol ubl e
wat er-ih
to abou
to weig
t o abou

i nparting toughness about equivalent to t hat provi dedd

S ey
RN
il ¥iva

tyrene;
| ubl e,
g of

INTERNICIIORAE APPHICANRINBOBLISRES PNDEREE PATENT dOOPERATRIN FREATY én)

E W —NaVa i

:‘f#&%ﬁ“&"ﬁb%ﬁtwgé ent sel bt ¢ (Lﬁlﬁ)lfIP']G‘H';ﬁ\;‘;'ﬂ;;'lgl?%pNM| st i n§VOr96/40823
ht e 08T 9/28, CORF 3% 2 d anal o8t har el @i tlongate:( bl ph QT BB 1256

ut 2004 hy wel ght of an emil sl figr conponent W
| Sl appiaRE NEEe VNI CheRoaibich PR DedsRiteasRE AR GR 3L 4D

(?l?n . AlBerrul sion; (2) a mtse'adhag,mm?.%&.%%ﬁi ,Bn’f:
| (22) DerapgionalHilipe Datesf o \a B dune 19951 (W396.99) £l ect KGHRIKR.RZ, LK, ARVES, UTRU, LV,
ht ratio of water phase to oil phasp in @@@ﬁ o %ﬁb‘?gﬁg%’

[ (30% Piorily Data: - ARIPO pitent (KE, LS, MW, SD, SZ, UG), Eurasian patent
08/484,727 7 June 1995 (07.06.95) us (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Buropean patent
(AT, BE, CH, DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE), OAPI patent (BF, BJ,
(71) Applicant: THE PROCTER & GAMELE COMPANY GA, GN, ML, MR, NE, SN, TD, TG).
[US/US]; One Procter & Gamble Plaza, Cincinnati, OH
45202 (US). o
' Published -

(72) Inventors: DESMARAIS, Thomas, Allen; 10204 Scull Road, With international search report.
Cincinnati, OH 45252 (US). DYER, John, Collins; 3760
Sherbrocke Drive, Cincinnati, OH 45241 (US). '

(74) Agents: REED, T., David et al; The Procter & Gamble
Company, 5299 Spring Grove Avenue, Cincinnati, OH
45217 (US).

(54) Tile: FOAM MATERIALS FOR INSULATION, DERIVED FROM HIGH INTERNAL PHASE EMULSIONS
{57) Abstract

The present invention relates to compressable polymeric foam materials useful as insulation. These polymeric foams are prepared by
polymerization of certain water-in-oil emulsions having a relatively high ratio of water phase to oil phase, commonty known as "HIPEs". The
polymeric foam materials comprise a generally hydrophobic, flexible or semi-flexible, non-jonic polymeric foam structure of interconnected
open-cells. The foam structures have: (a) a specific surface area per foam volume of at least about 0.01 m2/cc; (b) an expanded density of
less than about 0.05 g/cc; and (c) a ratio of expanded to compressed thickness of at least about 3:1; wherein when the foam is compressed
to 33 % of its original expanded thickness and is thereafter maintained without artificial restraint on its surface, said foam will reexpand
by no more than 50 % after 21 days at ambient temperature (22 °C). In a preferred embodiment, the foams of the present invention, when
heated to their Tg or higher, will reexpand to 90 % of their original thickness within about 1 day or less. The invention also relates to a
process for making the compressible polymeric foam material comprising polymerizing a water-in-oil emillsion having a volume to weight
ratio of water phase 1o oil phase in the range of from about 20:1 to about 250:1. )
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