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EMULSI ONS AND POROUS MATERI ALS PREPARED

. THEREFROM This invention relates to water-in-oil high
I nt er nal phaﬁ‘)%h&i ons and the porous pol yneric matgépaéssgieduced
therefrom Water-in-oil enul sions are dispersions of
di sconti nuous or discrete water particles commonly referred to as the
"internal " aqueous phase in auEiNTERIQAISPIZASE EMUEHIORS AND oi | phase.

Enmul si ons can contain as nu n t I ent internal
phase. These are ofte%ﬁ@gw&aﬁ}gﬁ%ﬁ&ﬁgfﬁﬁ?%ﬁﬁphase enul si ons
(H PEs). The volume fraction of the internal aqueous phase in such

emul si ons can be as hi Jhisdwventipnielates tn waterdnfolldighdntemg! phese gnuigigngangthes 95

percent with poedR polyrietic RRtengls pRIRIEdAHerBffol] gh as 98 percent aqueous phase.
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for use as an aqueous Llod!cdyARARRE M oG BHARRS! SiteBol Aol Aork SIRT | 1O

t he f oam nore c 1 nvolves chemc n
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-1- stabilizing surfactant should be removed from the porous polymeric foam prior to use. For
example, as described in U.S. Patent 5,331,015, the surfactant may be an extractable residue
which can be removed through post-polymerization rinses. If not removed, the surfactant

30 residue may create a problem when it comes in contact with sensitive human skin.

However, upon removal of the emulsion stabilizing surfactant, the foam
generally becomes less hydrophilic. It must then be further treated to render it sufficiently
hydrophilic for use as an aqueous fiuid absorbent. One suggested method for rendering the
foam more hydrophilic involves chemically modifying (that is, sulfonating or esterifying) the

35  polymeric foam; see, for example, U.S. Patent 4,536,521. In another methad, a hydrophilizing
1=



WD 97/ 18246

PCT/ US96/ 17612 conponent (that is, salt and/or a residual

emul sifier) can be added to the foam see, for exanple, U S. Patent
5,260, 345. However, these techniques involve additional costs and/or are
of ten of |Inw(?97J1H£J|Ity It would be desirable to
provi de a water-1R=Gi| H PE which, when polynerized, 5 wokffdUsisdtfite a
HI PE f oam whi ch does not contain a residual surfactant and whi ch does not
require a pos tiQn e t ender ci.ent |
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"relatively sm act A gthat | ess
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foams prepared from HIPEs containing these reactive, emulsion stabilizing surfactants will

25  contain relatively smaill amounts of extractable surfactants. The term "relatively small
amounts of extractable surfactants" means that less than 50 percent by weight, preferably fess
than 25 percent by weight and most preferably less than 10 percent by weight of the surfactant
can be extracted from the foam using simple rinses with water or typical solvents for the
surfactants, such as, for example, methanol or isopropénol.

30 The HIPEs of the present invention are useful in preparing highly absorbent
polymeric foam materials with a range of hydrophilicity, depending on the nature and
concentration of the chemically bound surfactant. Adjusting the range of hydrophilicity of the
potymeric foam materials allows absorption of fluids ranging from non-polar hydrocarbons to
aqueous solutions. Highily hydrophilic foam materials made according to the present
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polymeric foammaterials allows absorption of fluids ranging from non-polar

"hydr ocarbons to aqueous solutions. H ghly hydrophilic foammaterials
made according to the present
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gl ass-1i ke pr &padate pelyniegeesisas fherresuitinaojynieps.t he resul ting porous pol yneric
material and (ii) at |east one nononer that tends to inpart rubber-1ike
properties (rubbery VinyllpolyméRiable rhéholiees WikiEhibdn Be@nipidyed fr the bisdRdel ot the

materials. resent invention an a?y po é{énegi atgé %%%mél‘?u@%’? £r§ etﬂYigmc Lﬁ?gatx\IAEt?onﬁ ll“ POS€s
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nmononers, such a various nmonovi ny ne aro
as styrene, o"??é‘f’ﬁ'ﬁ‘fséi"sf%ﬁé“"’“g P°’°“£cﬁ?|“’c5’?°6’ﬁ1§t‘l‘ﬁfﬁa§t yrene, vinyl ethyl benzene
and vinyl toluene. Mxre preferred gl assy nononers 25 include styrene,

o- net hyl styrene, and chThergiasey iphaters arecfor Fiegpurnyses gf tieef presentlingéntiog)defined
mononer i gest ME fldRomeric matenals which wouid roduceTIt'U?nd’pUQpﬁfs\haqﬂB QIYRdsS udhsdhiord OF the

f th
thi o voul d pIORER SRS ﬁa?%ﬁ*gf S5y monor PR AT G heeryiats Besed ©
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al kyl esters @rexample, various monovinylidene aromatics such as styrene, o-methyistyrene,
chloromethylistyrene, vinylethylbenzene and vinyl toluene. More preferred glassy monomers
25 include styrene, o-methylistyrene, and chloromethylstyrene. The most preferred glassy
monomer is styrene.

The rubbery monomers are, for the purposes of the present invention, defined
as monomeric materials which would produce homopolymers having a glass transition
temperature of about 40°C or lower. Preferred rubbery monomers inciude alkyl esters of

30  ethylenically unsaturated acids (“acrylate esters*” or “methacrylate” esters}, such as 2-
ethylhexyi acrylate, buty! acrylate, hexyl acrylate, butyl methacrytate, lauryl methacrylate,
isodecyl methacrytate and mixtures thereof; vinyl aliphatic and aticyclic hydrocarbons such as
butadiene; isoprene; and combinations of these comonomers. More preferred rubbery
monomers include butyl acrylate, 2-ethythexyl acrylate, butadiene, isoprene and combinations

35  of these comonomers. The most preferred rubbery monomer is 2-ethylhexyl acrylate.
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30, ethylenically unsaturated acids ("acrylate esters" or "nethacryl ate"
esters), such as 2- et hyl hexyl acrylate, butyl acrylate, hexyl
acryldte, butyl nmethacrytate, |auryl nethacryl ate, i sodecyl

-ret hacryl ate and m xtures thereof; vinyl aliphatic and alicyclic

hydr ocar bons sucp as but adi ene; isoprene; and conbi nations of these
cononomners. W%’B’r‘gferred r ubbery nononer s i ncl ude b'fftvﬂl/ngﬂ?(??ate,
2- et hyl hexyl acrylate, butadi ene, isoprene and conbi nations 35 of these
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to 93 weight Jgﬁ{,),ggéjt, based on the total oi | phase.
Cross-1linking noners whi ch can be enployed in the practice of the present
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i N the praact i 1Bavefht péreerl) LASEN6N the total olipMgdat i on for preparing the H PE
i nclude the water-soluble initiators such as, for exanple,

Radical initiators which can be employed in the practice of the present
invention for preparing the HIPE include the water-soluble initiators such as, for example,
potassium or sodium persuifate and various redox systems such as ammonium persuifate
together with sodium metabisulfite and oil-soluble initiators, such as, for example,

30  azobisisobutyronitrile (AIBN), benzoyl peroxide, methyl ethyl ketone peroxide and di-2-ethyi-
hexyl-peroxydicarbonate ancd lauroy! peroxide. The initiator can be added to the aqueous
phase or to the oil phase, depending on whether the initiator is water-soluble or oil-soluble.
The initiator should be present in an effective amount to polymerize the monomers. Typically,
the initiator can be present in an amount of from 0.005 to 20 weight percent, preferably from

35 0.1 to 10 weight percent and most preferably from 0.1 to 5 weight percent, based on the total

oil phase.
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_pot assi um or sodi um persul fate and vari ous redox systens such as anmoni um
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total 15 acﬂ’f@% hmlrgp@pgty as Iong as an HIPE can still be prepanpgaqdmomg;edaq@@dggn
phase can additionally conprise a non-electrolyte hydr ophi I'i zi ng
conponent, such as, foSudxaamd ehiclgtapterempjoyadindhe gratticeef thefptesem ibdedtidroam t o

Sg P?% rel ?ebgr Icmm&el &lrf&%a% ch2BR ofSheificalll BiRdmg to Sk Holno.her<sq marrtﬁéreanﬁtn

n
bl oyed 1 (RYMERSLE Aoyt pPDETEtem D P A s e
capabl e of clrelvimetiedbje Winyldraugs arel surfactams oarablef uadeddaing 4 dreft reastinrt (oraffable

pol ymer ('s) atsuk’é'ﬁarﬁgfﬂh{elc%ﬂ&m&iso@%%ﬁ&izh?.&ﬂ ion. Such surfactants include
surfactants having pol ymeri zabl e vi nyl groups and surfactants capabl e

of undergoing a graft rattabl.e sur f th
condi tions of polyneri égl??ct(t)aﬁ?srha(lg poltymerlzable vinyl groups \@? Elf pan?)gn?ﬁ ! a€ {n the

pol yrer i &bl STIRYASPT tae Bepent invention inelndp amesibstilyted ang/of eppiugated alkene with

hydrophilic and hydrophaobic moieties which render the surfactant capable of forming the
desired high internal phase water-in-oil emuision. Preferred surfactants having polymerizable
viny! groups include quaternary ammonium compounds containing an alkyl group having
more than 12 carbons, such as N,N-dimethyl, N-erucyl, N-vinylbenzyl ammpnium chloride and

30 oley!-hydroxyéthyi-vinyibenzyl imidazotinium chioride; and nonionic compounds such as
acrylate- or methacrylate-capped poly(ethylene oxide) (EO¥polybutylene oxide (BO) diblock
polymers and BO/EO/BO triblock poiymers.

Generally, the gquaternary ammonium compounds can be prepated by
combining an appropriate atkyl chloride and a tertiary amine according to well-known
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25 practice of the present invention include any substituted and/or

conJ ugated al kene with hydr ophi I i ¢ and hydrophobi c noi eti es which
render the surfactant capable of formng the desired high internal
phase water-in-oil enulsion. Preferred surfactants having polynmerizable
vi nyl groups ude quat ernary anmoni um conpounds contai ning an al kyl

group havi ng wog””ff’ore than 12 carbons, such as N, N-di met h¥/ 8T RP‘Sé‘FG%yI
N-vi nyl benzyl ammoni um chl oride and 30 ol eyl - hydroxyet hyl - vi nyl benzyl

I m dazol i ni um | d C CO ds ate- or
net hacryl at e- cg'g%e& F"*ﬁ?’“‘? 0V °wr'1‘§ a%’)'?l" qgf'iégj“/af)%'fa%m‘mf"eﬁ'g °8§'P8'§¥Jf

di bl ock dest MN%U"MW!S@F tribl ock pol yners.

General |l y, the quaternary anmoni um conpounds can be prepared by

conbi ni ng an appropri at & gehkgl, cappe@rorieniapélymers @5k béprgpaed GEnRwEIKkKbwWag 1 0

VV\\%l |9'7}< 23‘2’26 chemistry, by reacting the appropriate acid chioride with an alcohol-terminated Block polymer,

PCT/ US96/ 1761 3°r example, by aspting prylopchiosife with an EQ/BO didogkirolvmps tarminatad with an
quat er nary ammhblran(tmpo ekl SBISdiGengths of SRS hiREBO Liitslah dbdy. ThodeMiY #MRL €S

[ gener . capnagPals R BL U Rl BRARES A5 L 15 K150
al cohol -term ﬁaﬁwamlcmmmwmanaapropﬁm HW®PEanpl e, by reacting acryl oyl

chloride with an EQ BO di bl ock polyner termnated with an al cohol on
the BO end. Bl ock | engt Referded sirtackittocupaliiedotutidemyoiara grdtt igactibhqgrastaie | | ed in

the 18"t Withdtad? iRl é&;@@h&%ﬁcﬂ nﬁg ; Qt Bn agﬁdme&% a:p ﬁ:%nkowms of

the units in order to cfeat sur
appropri at e H°PEPound (a hydrogen radical abstractionpfas pimrie)- é&?"fa&&‘t"a!ﬁ?@%saﬁawe kggwn
under goi ng a (m tietartrot pclymeaizalgr midighdting. Sde, for &dmpRCR.ANCErpsa, MFrketHadic RRaItY] S

wni ch T Orm I 3Gy Gabrisdy BRBhARHS", 35 tc'&n.-npiqaamgs rbN b0 A 257, discuififRRAAL, (2

hydr ogen radi cal abstraction, exa raction Mt noas are we

known i \1%6Rk Pé?f?"%’fgfﬂli’ﬂ?ﬁéf'f'%%ﬂ‘fﬁ?%ﬁ&' Rerneppolygrerisgepolyegricexanpl e, R
J. Ceresa, "Free-Radical Gafting By Transfer Mechani sns", Soc. Chem
I nd., Mond§raph No. 20, Geaftgbie 5an-pelymericssiirfactas whizhQan be empl?\@@ﬁ@)he FRaice el ed

gr af tabl e sur ﬁe@;sraésnsmeaﬁ.osnﬂchﬁé akaecaa.%un@wﬁrﬁ drsph@rrc pres] hy&rsbm&.c m&éues that
G aft abl e non r@:?Jey

of the Prosehf “P*‘ﬁkfé’ﬁ{ 9%??0'1%5'5%& % V"BS %&nag@m%‘ ﬁ°'H§/8? S’bﬁ“r’ﬁg‘f’% °énd
hydr ophobi ¢ mgFesp; vhich dantbe extractedieforima radical. afriiskamplé, hiydoasnrgdichie atkoreadied
wat er-in-oil  lekiPketes b baap&a&& éun&‘sma@bazﬁmrame hydrogensgﬁ@%el\gf“tﬁxrh can be

extracted o f radi c rogen radic are readily
extract ed n? rrpﬂ%\our% GE cos rfltlaﬁé gpﬁgl)ﬁﬁ"e °su'g %“sa'e behz gar“c‘)'"ens and
ethers with aBezelamlmﬁmaage nwth@sa cetding ‘°W§'&b‘!~‘éﬂﬁﬁ°‘ﬁ@$% bepzylchloride
surfactants armfdBRAZHIRS] Wafeneral, benzylamines capable of stabilizing the HIPE can be obtained by

varying the alkyl lengths of the amine.

Graftable polymeric surfactants which can be employed in the practice of the
25  present invention include surfactants containing poly(ethylene oxide), poly(butylene oxide)

and/or benzyl functionalities.

The amount of surfactant used must be such that a water-in-oil high internal
phase emulsion will form. Generally, the surfactant can be present in an amount of from 2 to
40 percent by weight, preferably from 5 to 25 percent by weight and most preferably from 10 to
30 25 percent by weight, based on the oil phase.

Methods for preparing water-in-oil emulsions are known in the art such as, for
example, in U.S. Patents 4,522,953 and 5,210,104,, and these methods can be employed in the
practice of the present invention. For example, the water-in-oil HIPE can be prepared in
batches. In general, to form a water-in-oil HIPE in batch quantities, the water phase is
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Benzyl am nes can be synthesized according to well-established reactions

"Wi'th benzyl chloride and al kyl am nes. |In general, benzyl am nes
capabl e of stabilizing the H PE can be obtained by varyi ng the al kyl
-lengt hs of the am ne. G aftabl e polyneric surfactants

whi ch can be gpRhAes | N the practice of the 25  present i pggRish@irsiancl ude
surfactants containing poly(ethylene oxide), poly(butyl ene oxide)
and/ or benzyl functionalities. The amount of

surfact ant usgfdd&w aum t6 b Giixtlird 3 o@p%@& Bt dudtablaht vh'hlg lthe rﬁ&@.waalbemg agitar@lase
emul sion w | IA el I raI'hl%/li f;l H‘FaCt ant can "5) ﬁf' an anount
of from 2 to Aditation ganbegecomplishy Wl"@' e'%l‘”éYse'P‘éBF'ng o 5“'?%392'3 ‘Hbr cent by
wei ght and noélterpateﬂww;m-bll UIPES Oarn be Peparedib apentianus tigw manggnt Methadefdr on

the oil phasegontinuous flow HIPEp aration are&@t;nﬂﬂe%tgbﬁéheﬁrnﬁﬁﬁﬁliéﬂﬁul‘@atsgé TortxSthbie,
enul si ons are exanpl e, in U'S. Patents

n
4,522,953 Sandué %’fﬂ“ﬁﬁﬂ,sfmﬁﬁ ?igess“gzrret hods can be enployed in the

practice of the present invention. For exanple, the water-in-oil H PE can
be prepared in b &tolyimesization copdilianglcan vagy fenenting wn therinitiatonyister yeEd ang

bgt ch quanti ting %rop@hﬁs WBE polpli@SRsked. Polymerization using potassium persulfate and/or
PCT/ US96/ 176134"Y! pe’°’“"egaf %éﬁ'&#ﬁﬁ&ﬁﬁ’e%%‘c?mc 197 3R 18 %Sk se and
sur f act ant whi¢hemerizations cambecariedoait agptheyitaneeadures as long agthe BREemaing stable

acconpl i sfyd Whé‘l&ﬁﬁﬁfr sﬂkﬂ‘@)&ﬂe&tﬂ@'aﬂﬂhﬂ&nbémﬁ}é Qiehér!lil,ﬁ irdfbabed t’eﬁhBeratures
Al ternatively cont i

Tnner Nt hofReRBE the e Yo BtA s HP DR s B STl veics St

est abl i shed i prlyrher chaipewhichymay ciiage thephysicah poberties &f the tgs@tingbigamnt s
4,018,426 and 5,198, 472 Pol yrmeri zation conditions can
vary dependi ng on the iThitdidiving woylhEetamprRE aitfiven to ilusttdie€thp irheatidi #48 of t he

pol ymer desir | 0

Pauroyl per o di"%*‘m'*s“%@”aﬁﬁﬂs@%p% BARE ARt R 1oy,
However, 315 Pﬂﬁ%ﬁ%ﬁéﬂ?fﬁﬂ@ can be carried out at other tenperatures as
|l ong as the H PE remains stable 10 and the initiator systemis effective
at that tenperature. Generally, increased tenperatures decrease the
required polymerization time. Faster polynerizations generally produce
shorter Exaalp®er chai ns which may change the physical properties of
the resulting foam The foll owi ng working exanpl es

are given to illustrat %Jo%e'n% dapé?né?@gmaonmm sﬁn%rﬁlwgﬁ;reﬁ‘?ecp H% to

limt its scogo Unl ess ot'’herw se | ndi cat arts and 'gser cent ages
are by wei ght? 7 g of vinylbenzyl chloride and 13.1 g of drmethy!erucylamine in aglass j ;ar At

20  scraped copper wire wasadded to reduce the probability of polymerization. The jar
wascapped and placed on a mechanical shaker at low speed for approximately 40 hours. The
solution went from a straw-colored non-viscous liquid tc a light-yellow, waxy, plastic-like

solid.

The reaction was characterized using 'H NMR. The reaction product, N,N-
25 dimethy!, N-erucyl, N-vinyibenzy! ammonium chloride, was dissolved in DCCI; containing
1 percent TMS by weight, and spectra were collected on a Varian Gemini-300 NMR. Percent
conversion was determined relative to both vinylbenzyl chloride {VBC) and _
dimethylerucylamine tDMEA) reactants. Benzylic protons on VBC appear at 4.6 ppm (all the
peak positions are given relative to TMS) while the quaternary ammonium surfactant benzyiic
30 protons appeared at 5.1 ppm. The ratio of integrated benzylic proton peak areas for the
quaternary ammonium surfactant relative to YBC was 52.7, corresponding to better than 98
percent molar conversion of the VBC. The N,N-dimethyl protons of the amine appear at2.2 to
2.4 ppm while in the quaternary ammonium surfactant they appear at 3.2 to 3.4 ppm. The ratic
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Exanmple 1 A pol yneri zabl e quat ernary anmoni um
surfactant wasprepared by combi ni ng 5.7 g of vinylbenzyl chloride and
13.1 g of dimethylerucylamine in a glass jar. A freshly 20 scraped copper
wi-re wasadded to reduce the probability of polynerization. The jar
wascapped and Iaced on a nechani cal shaker at | ow speed for | mately
40 hours. Thé“g %ol ution went froma straw col ored non- gFﬁggﬁﬁ%hgguid
to a light-yell ow, waxy, plastic-like solid.

D T o SRR S ok Saph DY e SRS
DCCl [err] contcem\ﬁm&g 57.3, 3galnlcope$mﬂh9thbytm P§)prrcend molag perp/ersipnyad the amine.
coll ected on a Varian Gem ni -300 NVR Percent conver si on was

determ ned relative to h@élﬁtldﬂidﬂy}daﬁiaﬁﬂnoﬁbl‘sﬁhﬂ d6rtdcMRE)s prdpired by dissolving 1.5 g
o (a1t e bRk Bartrhy ahrlciR @ik w38 b b olert ol BRPSREq 8h2 5 ©
quat er nar ys anﬁ'ﬁﬂw@ﬁ*ﬂ mrv'atstaaﬁﬂ 9be n§§ﬁ #%C@OEC*IVﬁ#lM@m‘h@?appe%nweeﬂs mhase waam

The ratio of prpses Y adsdiangy.bs Qcélér%QﬂloRS@&h?d'rﬁ@Sné @ﬁagb&ass.um erdUfERAT Y
anmoni um sur f rela Bett er, f han

d
98 per cz'fﬁatg ?TD*%?F'ZE%HV& si Sﬁﬁ%fwﬂsrf’ée‘\?ﬁﬁ’ '"‘T?u r"ﬁf's e gﬁ’ Y ergpriedtding
t he am ne apptheraqugous phasedo the organft. moqwmwmdlssﬁamanthelquammﬂwmm um

S gr factant theyo rﬁﬁlﬁﬁf&ra @legér@pé shithof. P Jar WaiSefiddidaly repositioned or moved up and

PCT/ US96/ 1¥619°%n te ""°“&“ %‘W@SP‘&?&‘(PW REFEH PR A" PG AT PRI LYt he

quat er nary anadsiedithe smyision was mixed jan additional 2 minutesBh s urshdfoggnecug aixing. The

Z orr Ies ltoondl n ?retsomhgamsmh has white Qﬂﬁﬁa me dmk.afenﬁpdi\eeaysmﬁrseof»o&.hss amal e. e
sol ution of organic mononers i ssol.vi ng

5 of ¢ e SR e RS Ao ibiiaae ines @B Uty feRRE 1ot i <

sol uti on was eeMgead VBthBARAN WRAP@ (The Ry iCbrmicaltomplany)@nd nered indlforped fair 5gen at

percent agsdi veo-ditar1Bhbid@nzene. An aqueous phase was prepared by

di ssolving 1.65 g cal ciumchl oride di hydrate and 0.38 g potassium

persul fate into 3 clrelfsa b | B ﬁﬂ%? ;gﬁﬂ; n an
8-ounce gl ass jar by drlﬂil v‘\:/lgrsee aﬂ@k@ﬁbé%n@@ r%[e:sgélfﬂg%rﬁls asep?’ By s banl c

nmononers and SHPSiametar “%FQJ'PF’GW"\?\HP‘I“?’%?Q‘Pt"&tﬁqH?“étP“as" samBUwaf?rﬁW‘[’ﬁ
Cow es-type agintaxt ovost ofltie: goneousmpbagee Eacklsld yas 1364 thirseOing infrestodedehiaep and

10 down to @yl dn@m'tme mt.est.n?reémgs&uaan%h%@h r.m%nﬁka!ed of attués%t Mfueous
phase has_been m nut es

added
to ensure?*ho nﬁw{gﬁfg‘ ‘Pﬁ"gﬁ’ ?"(Be'e ﬂ?é’wy’"e"c "faé%‘ai 't'ﬂsrw've%mpéﬁsaﬁ} F‘F’@eﬁﬂ?f’
had t he consi theppligwedfto resvwalin Sarpies Weretsijogegecdietwdrs paper towsisrafies pagh rivse.c

poured into Pxi@tnd & ifiprchalib1dngd, 1wt mitesaid AGR diiowed t&HY by il 8HERaRAYzed for

nitrogen.

Pyrolysis gas chromatography {GC)} with an atomic emission detector (AED)

25  was used to analyze the material for bound quaternary ammonium surfactant. Detection was
done at 174 nm, corresponding to a nitrogen emission. First, a blank foam, made with the
above recipe except using sorbitan monooleate (Span® 80, ICl Americas Co.) instead of the
quaternary ammonium surfactant, was analyzed to establish a background chromatogram.
Then a sampie of the quaternary ammonium surfactant is analyzed to determine

30  distinguishing peaks. The surfactant had a unique doublet of peaks between 12- and 13-
minute retention times. The polymeric foam material made from the quaternary ammonium
surfactant-containing HIPE also had a doublet of peaks between 12 and 13 minutes,
confirming the presence of the quaternary ammonium compound,

To ensure that the quaternary ammonium compound was not an unbound

35 residual surfactant, the foam was rinsed thoroughly in 10 miL of methanol. Methanol proved to
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covered with SARAN WRAP[err] (The Dow Chem cal Conpany) and cured in a
forced air oven at 15 60[err]C for 18 hours. The
cured sanples were white porous polyneric materials approxi mtely 50
omin dianeter and 10 nmthick, saturated in the aqueous phase. Sanples
were squeezed (Qg71824¢ ' ENMOVE NDst of the aqueous phase. Eachcresgshesinas
rinsed three tines 1n fresh deioni zed water, and rinsed three tines
in fresh isopropanol. Each rinse consisted of at |east three 20

conpr essi on cygel gl?gh“? Eét?er LPI@erQ ?Jr)lﬂ?{dnﬁc:mt:ﬁ‘{d @Agr%olf Wil of tHeGRAhGRPRSs Whi l e

subner ged and re-swel ng es were sq@eez d between
paper towels a?'ieéﬁe"’é@BFF'WFﬁgé"w“ '°°5'“§AFP%F‘°'E‘ Aealyzed by pursiyels Sigise? T fise, t he
mat eri al s wer eorathihaivg eictactitile ehiylsitierd Nb lqeaternny|aymehivnosurfactant canild beodptagted
Pyrol ysi s gas %Fs RERL A iﬁQé‘}éo:( ﬂﬁnfng grea&r HaR'G ferBiHt 3P BralfdusfyloBlertED) 25

was used to analyze t e materi a ound quat ernary amoni um surfactant.
Det ecti on fas quatemafvam"w supiactapy remajps @é’fﬁ)ﬂﬁﬂeﬂﬂ aftfiy‘a e FethAay&Mseni ssi on.
First, a blank foam nmade with the above reci pe except using sorbitan
monool eat e (Span 80, | Gy cmbubtascheEnildmines-eacedit whs tétermined thatggprosimataly,
ammoni um sur f a&@@r% t ot 13 q@REG ShrioRiuRRd Ak Lo AR EIPRYBHaIRRY SITR ROMa™
Then a sanple o e quaternary ammonium surfactant is anal yzed

determ ne 30 3§} st ngui shi ng peaks. The surfactant had a uni que doubl et of

peaks between 12- and 13- m nute retention tines. The polyneric foam
mat eri al made Exkampte2he quat er nary anmoni um sur fact ant - cont ai ni ng Hl PE
al so had a doubl et of peaks between 12 and 13 m nutes, confirmng the

presence @b the quater nﬂ&%oﬁmrhiﬂt ammdaiimsurtactant is prepared as described iff O

ensure that t af ernar ni B 9] %5 hone-
resi dual surf gc?"g'ﬂ ' ThE %(1 av%"sd%?: CH%?H ﬂﬂo;\é"‘lﬁw[]%dﬁ Ii'wm Hgﬂ? ﬂ one
Met hanol prov ggulgtep) The solution went from a non-viscous, yellow solutlon toa llght-amber, very e snc

WO 97/ 18246  material.

PCT/ US96/ 17612 be a slightly better solvent for the surfactant than
i sopropanol . Al of they I-[E%BJL N&RlcolRssi detPhnl %EB q’mﬁﬁ @Binparirthed
0.5 nL and then anal yze 3 co 'onwas > 3 6 by b '@ 1

o] Is GC to see any
extract abP& eRIAY 'ﬁ"@f‘w“?ﬁlo%/'ﬁdép ﬁﬂ’r‘ Wéﬁ?ﬁﬂﬂ?ﬁ?ﬁ?‘s“cﬁr ‘fpé’btr gpiveds ﬁg' ‘%B'gg'ﬁ ected
i n the net hangbaterinayamnenivin surfapigntheatyl grotmis @ppaah st DEpm eThegatio effintegrated

previously obggg, xﬁﬂmﬁ pea;&uaitﬁé A HRALMIMSUAFiASTt AVBE REBYT.DS, coRfedpBRding
material after t By conbustion

cheni | um nescé%?f’é""’ﬁ"?atﬁ&ﬁge Hé{eé’refﬁeﬂte"(?"Yeﬁ%{?“ approxi matel y 94 percent of

t he quaternary amoni um surfactant used in the H PE renmained bound to_the
f oam Exanpl e 2 An HIPE was prepared and polymerized as described in Example 1, substituting

20 oleyl-hydroxyethyl-vinylbenzyl imidazolinium chioride for N,N-dimethyl, N-erucyl, N-
vinylbenzyl ammonium chiloride.

The materiat could be squeezed slowly between paper towels to remove mast
of the aqueous phase. Three rinses in deionized water and isopropanol are done as described
in Example 1. The foam was allowed to air dry after the last isopropanol rinse. Unlike the

25  material in Example 1, this second material shrunk upon drying, resulting in a thin, flexible

foam.

" Analysis was done by pyrolysis GC as described in Example 1. Unique peaks
corresponding to the Miramine quaternary ammonium emulsifier surfactant appeared at 5,
6.2-, and 7.5-minute retention times, with the peak at 5 minutes having the largest area. The
30  HIPE foam made with the quaternary ammonium surfactant revealed a peak at 5 minutes,
confirming the presence of the quaternary ammonium compound. The sample was then
rinsed thoroughly in 10 mL of methanol, which was collected, concentrated to 0.5 mL, and
analyzed by pyrolysis GC. A very minor peak appeared in the chromatogram of the methanol.

-9-



10 A second quaternary anmoni um surfactant is prepared as

“described in Exanple 1, using 6.1 g VBC and 14.6 ¢

ol eyl = hydroxyet hyl -i m dazoline (Mram ne OC, Rhone- Poul enc). The
‘sol ution went froma non-viscous, yellow solution to a |ight-anber, very
el astic mat eri al . The extent of _conver si on was

det er ni ned BYOPEI¥H NVR by conparing benzyl 15 proton trBREUSTHIEIZ The
VBC benzyl protons appear at 4 6 ppm relative to TM5, whi I e the

quaternary a uy rato ear at 4. m _The ratio
of integrat eg W’ms% {waa.,Tcgs e%‘?ﬁa%éaﬁ?% &3 g?ﬁeg‘g't}gf g\"’r?é??‘" T Um
sur f act ant tmwwqmsmmommseﬁam@ymmq@md in the tpampyaterjal.nat el y 88 nol e
per cent conversion. An Hl PE was prepared and

p|0| ylrrELi é ed as descri bexbnibastionahiph mdineﬁuh&tdohﬁkfﬂeﬂg\aigpprommately 80 percﬁntl of
ol eyl - hy roxy i et hyl ,
N of ucyl | the H-}(Jter\’-ﬁ%@fﬂe n%ﬁ%{ sdgl&mgﬁ{%# g\ntfwh@g rOhbifl€a dha b e FHaliE -
mat eri al coulg be squeezed sI ow y between paper towel s to remove nost

of the aqueo Three rinses in deionized water and isopropanol are
done as descri bed in Exanple 1. The foamwas allowed to air dry after
t he | ast isopropanol I iArdymedeibil aonibric, 2blymeria bwrfactant was freparid By dappinias
second materi %ly{&ﬂ&&%iﬂ%ﬁo!ﬁéﬁ&ﬂ% oiié‘e?)dkl%bﬂﬂrle‘n@ oi‘:d L)hhﬁiocléc J(%MJ? hih

f oam A 34% % ¥ as descri bed
| Exanpl e 1. ™eFEate gianaines. The BOERIRG pelyme v4F oA B AAAE et o nar y
ammoni um emnul ssilfragizatioptéchoiques, fies peairgthapolfEQ) with two |ie Padicaberdis/aris- themut e

retentiongi n%ﬁéboﬁ ﬂﬁ?éﬁh@rtenﬁ ﬂé‘ﬂ&&iﬁn&}?&ﬁnﬁ@ ﬁbﬁtétérnﬂﬁéhlaﬁhﬁi@m gthe 30
H PE f oam nma %n 41 ?qﬂ* e é‘é@i‘ lum surfactant reveal ed 8eak at 5
ni nut es, gneap (Flg) ‘f‘ﬁé"‘ﬁ?’ ¢ gt 16'?8 t’ﬁ'&"ﬂfﬂ%‘f@ﬁﬁ“’ﬁmf’ﬁﬂf' $npound.
The sanpl e wamethineeyi chioride toipryate thdwwetbagiihly tanstidgatitiks of batie poipBOl) endshi ch was
col |l ected, concentrated to 0.5 nL, and anal yzed by pyrolysis GC. A
% r 3537 /ml g (2) 2 6loeak appear @kolutioh Was Fi3p&raRbPEIESINIRY 1.121¢ of Bk B0 bolymeric surfactant
PCT/ USQ6/ 176130 2 Mixture ofZi2 8 2rihvihexvt acpviate, 1.62 g spyrens and G & #ymdaezens Ban o5
percent Jf5 t HRErEPt tiMel fnfo Hﬁ%&’c"@ﬂ is dissolved 041 eﬂ%a?ﬁPﬁﬁﬁéﬁlﬁm@&fPf%Sam‘ed

r ﬁmal :’led_ bound s60wpiveitH DEigh-Bfikie@ diskimpeller biade (Cowle's-type agitator) a?@mrm@&ﬂ (r)]n
chemi | um nescghg: r t he

quat ernary amﬁnfzﬁ%g'g%'rr?’g%tgugﬁ?% e%gi g&kﬁg&&}%ﬁ%ggﬁ'ﬁgﬂpﬁ%ﬁ? '?e#the f oam
5 Exanpl e 3

he

The HIPE was poured into PYREX® dishes, covered with SARAN WRAP® and
polymerized in a forced air oven at 65°C for 16 hours. The polymerized material was white and

20  porous with a slight bit of "scum” on the surface. The scum was removed and the water-
saturated foam was squeezed dry between towels. The foam was rinsed three times in
methanol te remove any unbound organic components, three times in deionized water,
compressed to remove most of the remaining water, and dried to approximately 18 weight
percent residual water. Rinses were done to remove any unbound components so they would

25  notaffect the absorbency or NMR analysis of the foam. The foam remained thin
{approximately 20 percent of its saturated thickness). High resoiution NMR analysis indicated
the presence of poly(EO) and poly(BO) in the rinsed foam, confirming that surfactant had
become bound. ‘

The dried foam wa set in a dish of deionized water and re-expanded as it
30 absorbed the water. After 5 minutes, the foam had increased to nearly seven times its dry

weight.

Example 4
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_A polynerizable, nonionic, polyneric surfactant was prepared by capping a
pol y(butyl ene oxi de)/ pol y(et hyl ene oxi de)/pol y(butyl ene oxide) tribl ock

pol ynmer with nmet hacryl ate functionalities. The BQ EQ BO pol yner was
-prepared by standard pol ynmeri zati on techniques, first growi ng the

pol y(EO) Wit Rud Whsghicve radical ends, and then 10  grow ng pdushy&BO on
ei ther end. e resulting polyner had a total nolecular wei ght of

5658 and a pol y(EO nol ecul ar wei ght of 1338. The tri bl ock pol yner was
capped using et NAGERMON oY REdAGs ByQidloRitgdD:s § SRndBIAGIEurth Rant
functionaliti | ‘?Qggl goJ?%SrI‘BO) ends. A sol ut Q) nas
prepared by diSEBPET RFxample3dng e mirfure Al 438 9 5sthyinery! ecyiats %2t g Atyrene. and 6,9,

a mxture of ZRidiyihgnidne(ippelrentdctiva)r inkathis, solutio? was dissalved®,07 griladrobllpegoxide.

gi \{ 11 n)él |b§ 35 g;en.é Rrixtdre was RXe8 G5006rhiwith a-hidhMpled BkSimpelidtbladl (dowidls-fpe! ved

I iQer xiqde. The,mx&re was m xed . at 500_rme!tha .
hi gh- speed®di €8 a*wSarr or9 o 9gieaie tlrovas addnt drap s H Feany i water-ip-qikHIPE is
dei oni zed wat ebtained. added dr opwi se. A creany-white water-in-oil HPE is
obt ai ned. The HI PE was poured into PYREX[ err] dishes,
covered wi th SARAN VIRAPTRIWIPE was poldéld NFFFYRER® dished chRIr&AUIPS ARAY RRAPD and
65[err]C for 16 hour%., TWOL merized material Jas whi t e and ég ‘gg_rous
with a slight PBPPedteding PRLAEEG IE L7 Poprss The pRYRAURA mpieria) was, yhite pnd
wat er - patoys aith d sfight it nhgasiingoestetbndhy syfaracthes watprshwratdthigamosn was

rinsed thige lisRftnied times in mRANOPRAMR: dn§ TRNGING BYgaHi REMPEheAsd Mtbctimes in
corrponents, tnhree enove nost

. 1 s in deionized ter, . conpressed to ren
of the remaini 'é’"\fﬁé wylen a?ﬁfg'fffi(t)'g'ﬁs f"d"%{ﬁ’ﬂ?%ﬁh’?éygf@e"f@%\ﬁgiuﬁﬁ?"nd orgaNiGer cent
resi dual wat ecomppnestsyemeined. dhawanbeundenmpenentswere lrmoved soasdomehafiectibet hey
woul d 25  notnedrbéiel of NMAR aRshiPG W iofth. ANBRN 3 e tcanDbastdifiyiPnigine foam

remai ned thin . proxi mately 2 ercen f i ur at ed thickness).
H gh resol uti STFPRRRP &ﬂ I'ﬁ"é‘%gs'e'feﬁﬁﬁ)éﬁ‘?'g 1 it not a“’t“ﬂé”*pé@@@ﬁ@@%‘f’%’b’*ﬂ"ﬁ@fsand
pol y(BO) ith t leundintedbe foamm confirm ng that surfactant had becone

bound. The dried foamwa set in a dish of deionized
wat er and re-expanded aaftériNMBEanalysie)thefbniaffing¥Yoie vas Ahdedlin Methaimdl aAd theh Rater,

];E;) 2‘ ?p Ih 2‘d 4i necr %%SQ.%&% t& %vé 71?:%\8/0‘3 %t\bﬂgsanh g§enCUr%d to approx“ﬁgtglptl 1 weight percent

PCT/ US96/ 1761 ater. The foam remained in a collapsed state- [ Ehistrmplesvasisehiaasgiopized wateppath ng
0.3 g of the pUlopnEengersturefandbiuved to rehydrd@s The &xdpble ne-ekpandp heit absarbeal water,

m xture Obg 1-ﬂx‘kr&sa%gﬁméﬁ&thwher%g&’&iﬁﬁf%o,ﬁ?&isg styrene, and 0.29 g

di vi nyl benzene (55 percent active). I's solution was dissolved 0.07 g
di | aur oyl perg§idq.
ample &

A polymerizable, nonionic, polymeric diblock surfactant was prepared by block
polymerizing ethylene oxide {EO) and then butylene oxide (BO}. The BO block was then
capped using acryloyi chloride. The diblock polymer consisted of approximately 750

25 molecular weight poly(EO) and approximately 1750 molecular weight poly{BO).

A solution was prepared by dissolving 0.56 of the above-described EO/BO
diblock polymer into a mixture of 1.25 g 2-ethylhexyl acrytate, 0.52 g styrene, and 0.41 g
divinylbenzene (55 percent active). Into this solution was dissolved 0.06 g lauroyl peroxide.
The mixture was mixed at 500 rpm with a high-speed disk impeller {Cowle's-type agitator)
30  while an aqueous solution consisting of 0.70 g of calcium chloride dihydrate dissolved in
76.43 g of deionized water was added dropwise. A very thick, white water-in-oil HIPE was
obtained.

The HIPE was placed into PYREX® dishes, covered with SARAN WRAP® and
polymerized in a forced air oven at 65°C for 16 hours. The polymerized material was white and

-11-



. The m xture was m xed at 500 rpmw th a high-speed disk inpeller blade
(Cow e's-type 5 agitator) and .77 g of deionized water was added
dropwi se. A creany-white water-in-oil HPE is obt ai ned.

The-H PE was poured into PYREX[ err] dishes, covered with SARAN WRAP[ err]
and polynerized in a forced air oven at 65/ err]C for 17 hours. The
pol yneri zed QYBM6\as white and porous With a slightCHYY9647612
standi ng water on the surface. The water-saturated foamwas 10 rinsed

three tines i Ly Ve an nbound . or iC cO nents, three
s o Boffh WARG sudfuf 8T BN AR et A Re frfaGH it PP e
ensure no unb8fthe Satprspturated foam waspayeerrdgiry ketwiensdwelanThe fadro was riossdponent s
were renoved swraghlyon methafdibng in deftized water RS RERMOVO bny Whagdiahysd S Of

the foam A p i m was_anal yzed by high resol ution NWVR
whi ch reveal egﬁéldggg P%%Hl? ‘?'%%HB‘){\@%{W","E "Ff?é%ﬁ)’%ﬂebﬁ?ﬁﬁﬁﬁahqubﬁw 15
bound i nt o5t har N¥H apalysis of the foam. After NVR anal ysis, the

remai ni ng foamwas rinsed in nethanol and then water, conpressed to

renove nost of the wat eTheadingedtoard wik isqkebdy bR phpB 16 dnki oVeh dALd AT cent

water. The fo I j state. Thi a e was set in a
dei oni zed wat g@’%’gﬁﬁﬂei@% defbg?peﬁg%zhﬁgéﬁgr TSP agﬂodg?ﬂs?vgatsow?@s f’é‘ﬁ?}ﬁ'rpﬂ e.
The sanpl e re9@Anery" toami{g/aaptakelh Aorttonef theJoam waanaiyzediby high tesplgtion OV er
ten-fol d w t hNMREPheTNMB afislysis was consisteAtWiiCapproximately 50 percent of the surfactdiht

pol ymeri zabl e Lonlc . ric diblock surfactant was prepared by bl ock
gp ren&m%uﬁu Jrgge){h%gﬁm

pol yneri zi hg et oxli ‘and then butyl ene oxide (BO. The BO bl ock
was t hen capped usinp acryl oyl chloride. The diblock polyner

consi st ed of appr oxi mat®¥|dHonasamptes pragared in agimilirnnendsmppsitedgrgater than 20
appr oxi mat el yg/orpokerolvegerl ar wei ght pol y(BO) . A

sol ution was prepared by dissolving 0.56 of the above-descri bed EQ BO

di bl ock polyner into a mxture of 1.25 g 2-ethyl hexyl acrylate, 0.52 g
styrene, and 0.41 g di vi nyl benzene (55 percent active). Into this

sol ution was dissolved 0.06 g | auroyl peroxide. The m xture was m xed
at 500 rpmwith a high-speed disk inpeller (Cow e's-type agitator) 30

whi | e an aqueous sol ution consisting of 0.70 g of cal cium chloride

di hydrate dissolved in 76.43 g of deionized water was added dropw se.
A very thick, white water-in-oil H PE was obt ai ned.

The HI PE was placed into PYREX[ err] dishes, covered with SARAN WRAP[ err ]
and polymerized in a forced air oven at 65/ err]C for 16 hours. The
pol yneri zed material was white and
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porous with a slight bit of "scum and standing water on the surface. The
‘scum was renoved and the-water-saturated foamwas squeezed dry
bet weén towel s. The foam was rinsed ~ Tthoroughly in nmethanol and in

-detoni zed water in order to riMﬂfw i ‘salt or unbound
surfactant. Ugpbeyhghagonponent sl "‘Wﬁ'i as not to aff;:@q';usbg)!le_;ﬁu
e

absorbency 5 or NMR anal ysis of the #oam «

rinsed foam was squeezed between paper towels and oven dried to

appr oxi mat el ELAMSAei ght percent water. The sanpl e absorbed over 16 grans of
wat er per gram of "dry" foam (g/g uptake). A portion of the foam was

anal yzed by high resol yti o Jiglihbit high inte%ﬁ%;% NG ﬁaﬂvﬂlgyai.idﬁze%?a ueous

consistent with approxi mately 50 percent factant” 10 renal ning
bound i nto tnléasF 8 ater than 70 percent by volume and an sxternaheil p@awrgglsmgépw;éd in a

si m | ar manneelyneirshiemanbmer apd @dighrinteirahptia®e emulsiog sBbilifihg Kirfagfant\Bdpable of
5 chemically binding to the monomers that are polymerized.

2. The emulsion of Claim 1, wherein the surfactant is a surfactant having

polymerizable vinyl groups.

3. The emulsion of Claim 2, wherein the surfactant having polymerizable
vinyl groups is a substituted and/or conjugated alkene having hydrophilic and hydrophobic
10  moieties which render the surfactant capable of forming a water-in-oil emuision.

4. The emulsion of Claim 2, wherein the surfactant having polymerizable

vinyl groups is a quaternary ammonium compound or a nonionic compound.

5. The emulsion of Claim 4, wherein the quaternary ammonium compound
is N,N-dimethyl, N-erucyl, N-vinylbenzyl ammeonium chloride or oleyl-hydroxyethyi-vinylbenzyl
15 imidazolinium chloride.

6. The emulsion of Claim 4, wherein the nonionic compound is an
acrylate- or methacrylate-capped poly{ethylene oxide) (EO)/polybutylene oxide (BO) diblock
polymer or an acrylate- or methacrylate-capped BO/EO/BO triblock polymer.

7. The emulsion of Claim 4, wherein the viny! polymerizable monomer is a
20 glassy monomer, a rubbery monomer or mixtures thereof.

8. The emulsion of Claim 7, wherein the glassy monomer s a
methacrylate-based monomer or a styrene-based monomer.

9. The emulsion of Claim 8, wherein the methacrylate-based monomer is
methyl methacrylate and the styrene-based monomer is styrene.

25 10, The emulsion of Claim 7, wherein the rubbery monomer is 2-ethythexyl
acrylate, butyl acrylate, hexyl acrylate, buty! methacrylate, lauryl methacrylate, isodecyl
methacrylate, butadiene or isoprene.

11. The emulsion of Claim 10, wherein the rubbery monomer Is 2-ethylhexyl
acrylate.
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CLAI VE: .~ A water-in=oil- high internal phase

emul si‘on having an internal aquekﬂm, f greater than 70 percent
by -vol ume and an external oil ump" Ww nyl pol yneri zabl e
nmononer and a _high internal phase® erful $i oA s i zing surfact ant cagabl e
of 5 cheM¢ 7?'I8 %hi ndi ng to the mononmers that are polyne

2. The emul si on of Claim 1, wherein the surfact ant S a surfactant havi ng

pol ymeri zabl e vinyl gralps
Caim2 wherein the Sﬁi’r’j f ac.lt\na?ﬁen cell ?orous pﬁl{/ eric. mattgral having aehl kﬁma?Phalfﬁs i s

a substi t ut e@masignstabiizing sydaciant alr-qz@ YI‘?&W‘HQ “kalm%eflhd‘m&ﬂ%hobl c

10 noi et i egapdditg b fraan tiEko 9b Perceintiof A€ Saliratea 8D, fOrming a water-in-oil
enul si on. 4. The enul sion of Caim?2, wherein the

surfactant having pol Y Rgr | 2lerous potymbhilikeisli Sy Bitinh 2 S BF Bak st AR U

conmpound or a noni onic co §©°8n of
C ai m 4, WnePEVWQ%@aW%WF?'%WHWCOHpOUnd is N, N-di nethyl,
N-erucyl, N-vinyl benzyl amoni um chl oride or ol eyl - hydroxyet hyl -vi nyl benzyl
15 im dazol i ni um chl ot4.de.The porous polymeric material of Clafm 13, whisreindhel b arfaetanof

G aim4, whepgh B
thacr ot oot SR e sy kR e o
di bl ock ?“ddwd%mh%? ppigties whigh wemale,er Flattcapaiir ofiorming Epnter-

triblock pol ymmlemuls:on 7. The enul si on of Claimd4,
wherein the vinyl polynerizable nononmer is a 20 gl assy nononer, a rubbery

nononmer g M xtures t h% e0f¢ne porous polymerzc material of Clalm 8’3 whellﬂ%ggﬁ”a%{agp of
Caim?7, wherei.n t I atde%fbased pononer

nmer, et
or a styren ehB g%ao YTIB% IF¥myl groups |saquatemary ammomug: ANDIOBE of
Cl ai m 8, wherelymetiheompouhdicr yl at e- based nononer is

18. The porous polymeric material of Claim 15 wherein the quaternary
ammonium compound is N,N-dimethyl, N-erucyl, N-vinyibenzyl ammonium chloride or oleyl-
15 hydroxyethyl-vinylbenzyl imidazolinium chioride.

17. The porous pofymeric material of Claim 15, wherein the nonionic
polymeric compound is an acrylate- or methacrylate-capped poly{ethylene oxide)
{EO)/polybutylene oxide (BO) diblock polymer or an acrylate- or methacrylate-capped
BO/EO/BO triblock polymer.

20 18. A process for preparing a porous polymeric material which comprises
polymerizing a water-in-oil high internal phase emulsion having an internal aqueous phase of
greater than 70 percent by volume and an external oil phase comprising vinyl polymerizable
monomers and a surfactant capable of chemically binding to the monomers that are
polymerized.

25 19. The process of Claitn 18, wherein the surfactant is a surfactant having
polymerizable vinyl groups.

20, The process of Claim 19, wherein the surfactant having polymerizable
vinyl groups is a substituted and/or conjugated alkene having hydrophitic and hydrophobic
moieties which render the surfactant capable of forming a water-in-oil emulsion.

30 21. The process of Claim 19, wherein the surfactant having polymerizable
vinyl groups is a quaternary ammonium compound or a nonionic compound.
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nmet hyl nethacrylate and the styrene-based nononer is styrene. 25
°10: The emul sion of Caim7, wherein-the-rubbery nmononer is 2-ethythexyl

acrylate, butyl acryl ate, hexyI W butyl methacrylate, |auryl
.ret hacryl ate, isodecyl WE @ ﬂﬂ di ene or isoprene.
11. The emusis9ne,9f C ai m 10, ”’ ery nononer pgnﬁmtmm hexyl

acryl ate

MO 97/ 18246

PCT/ US96/ 17612 22.  The process of Cldim.21, witein fheuateinianymrooriup chypeumidc
mat eri al havin .a h| intern h ﬁgul sion stabilizing surfactant
chemcally h&0! E%'gm %yhﬁgib fhofi} F?anr?za‘farb aliquid capacity of

from70 to 99 percent of its saturated state val 4.
13, The porous pol ynBhi c TRePEIRES oSHaImiZ2; whersin ingAuptarmAr ammeniym ST,
a 5  surf aed nntdihenyingremoyyNreinyiBeizyianwhonikm ghiotesor oleyl-hydroxyethyl-vinylbenzyl
14. The POLQULS, ﬁilu%“r ecmaterial of Caim1l3, wherein the surfactant
havi ng poFynerl Zabl'e vinyl groups is a substituted and/or conjugated al kene
havi ng hydrophlllc and hydro hobi.c noi eties which. render

surfactant capabl e of #brniH§ °‘iﬁ5{) tfa"“m Whﬁrﬂ"g'lel"°8t?ﬂ1°§°5'ﬁ°““ifﬁa"

15. The pometyate of memurgtamWadzpblyﬁthmmowldéﬂﬁomlmmm loxide (B ©)dibloght
havi ng pol y \/, ) ompound or a
having pol ymg, mftﬁm Hohde-OF &umﬁay:ateacagbwﬁ@afab REBB B OTPO I
polymeric material of CI a| m 15 V\/ner ein the quaternary anmoni um
conpound is NN-dinethyl, N-erucyl, Nvinylbenzyl anmonium chloride or

ol eyl - 15 hydr oxyet hyl - vi nyl benzyl i m dazolini um chl ori de.

17. The porous polyneric material of Caim 15, wherein the nonionic

pol ymeric conpound is an acrylate- or nethacryl ate-capped pol y(et hyl ene
oxi de) (EO/ pol ybutyl ene oxi de (BO diblock polynmer or an acryl ate-
or nethacryl at e- capped BO EQ BO tri bl ock pol yner.
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20 . 18. A process for preparing a porous pol yrrerl'%oscopﬂ
mat er i aI whi ch conpri ses pol ymerizing a water-in-oil high intertal

phase ‘emul si on havi ng an internal aqueous phase of gr eafspda t NEMERD

percent by volume and an external oil phase conprising vinyl gHigRerizabl e
nononers and a flact ant  capabere0kcrehembsrly dteiAfbng t 0 t RGN OIT
that are polymerized. 25 Intemational Burcay 19. The process of Claim
18, wher SNTERNATIONALAPPRICATION BUBLISHEIR UNDER HAIE BATENT COOPERATION TREABY «PGTIny |

9r 0uUpY.(s1) International Patent Classification 6 ; 20- e i o Nuhsh Wherq;vg) 5246
sur f agt ané. “m;'ngal pol ymg? l|‘mzabl e Al“ i?lny E%rﬁg%p?s“gfegm ubsti t ut T’S
conj ugat e | 'K€he havi ng hydroph| lig dtshyﬁﬁﬂﬁimbﬁatmnnate Noi et MK 399Gl
r enderf—tte—surfact aIWTa}TaUTE of—fotr-m awater=T1ort—enutstom: 30

21. TH1eInfimatioes SppbdaticgiNase: 19, vdmrsmmmm 1@1)Wgﬁ1ga=eE3am BhMng.R.ggl mm%ialﬁ
VY| G OHR Sk A4 NG BRI 9 Poun Gt B o & Ebriothd:
PCT/ US96/ 17612 22. The| process of C aim 21, wherein the
quat er | SriogisRemi um cquou%l&gﬂg Aihs go WE 95 ou aV| n rmre than 12
car bons. ’ 27 & process oA e m i3 il Gor amending the

quat erjnary ammnl um co ound is N N-di mefhyl, clwmmydrgpummdqnwbenmrewpwf

amoni [§Hh 8P HRPL yi nyI HEHZSE- | mi dazol i ni um chlori de.
Dow ante

24. The process ot wherein the nonionic conmpound is an

acryl atfv}lnwtomema&rwmx U— [ReGink 1y:§a®t hyl ene oxide) (EO/ pol ybutyl ene

oxi de (BO) gﬁﬁs@mﬁﬁﬁg@m (Us§l?1 gﬁ“}r 4t b- or methacryl ate-capped BQ EQ BO
triblgc

(74) Agent DAMOCLES, Nemia, C.; The Dow Chemical Com-
pany, Patent Dept., P.O. Box 1967, Midland, MI 48641-
1967 (US).

(54) Title: HKIGH INTERNAL PHASE EMULSIONS AND POROUS MATERIALS PREPARED THEREFROM
(57) Abstract

ngh internal phase emulsions having an intemnal aqueous phase of greater than 70 percent by volume and an extemal oil phase
comprising a vinyl polymerizable monomer containing a surfactant capable of chemically binding to the polymerizable monomer. Polymeric
foams having a high intemal phase emulsion stabilizing surfactant chemically bound to the polymeric material and a tiquid capacity of from
70 to 99 percent of its saturated volume can be prepared from such emulsions.




