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DESCRI PTI ON PROCESS TO PREPARE FOAMS FROM HI GH | NTERNAL
PHASE EMULSI ONS Technical Field 5 - This invention rel ates
{o a process to prepare f oam conpositions from high internal phase
emul si ons wherghnmee the non-internal phase is a pol yneri zagtresse1118
conposi tion. Background Art Pol ynmeric foans can be
generally classified as 10 ei ther closed-cell foanms or as open-cell

foams. Open-cell foans can be Wtri X to contain various
l'i qui ds and gases. They are sui _ arious applications such
as, for exanpl e, psErES ¥ NAGrMikE FoANS' PROMURM TNPERNAD i ON

exchange resins. For sone of these mgE ERULSTONS It IS 15 desirable to
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vat er 15 desirable to have porous crosslinked polymer blocks which

have a very low density and a high capacity of absorbing and

retaining liquids. Such high absorption capacity, low

density, porous polymer blocks can be prepared by

polymerizing a specific type of water-in-oil emulsion known

20 as high internal phase emulsion having relatively small

amounts of a continuous oil phase and relatively greater
amounts of an internal water phase.

such high absorption capacity, low density, foanms

are prepared by a process disclosed in U.S. Pat. No.

25 4,522,953 by polymerizing and crosslinking monomers in the

continuous oil phase of a high internal phase water-in-oil

emulsion with a polymerization initiator such as potassium

persulfate. Generally, these high internal phase water-in-

oil emulsions contain at least 90 weight percent of a water

30 phase as the internal phase. The high ratio water-in-oil

emulsions are formed by combining the oil phase with water

under moderate shear. In order to obtain this high internal

phase water-in-oil emulsion, a surfactant is used to

stabilize the emulsion. It is also advantageous to

35 incorporate an electrolyte into the agueous phase. The

amount and type of electrolyte, along with the amount and

type of surfactant, effects the pore size, and wicking

ability of the cured foamn.
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water-in-oil enulsion, a surfactant is used to stabilize the
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15 containers. Thus, preparation of the emulsion in a

continuous fashion is known, but curing remains a slow and
labor intensive operation.

It is therefore an object of the present invention
to provide a method to prepare foams from of high internal

20 phase emulsions wherein the method can be readily automated
and operated on a large scale.

In another aspect, it is an object of the present
invention to provide an apparatus wherein emulsions can be
cured in large volumes.

25 Description of the Invention

According to the present invention, a process for
curing a high internal phase emulsion to form a porous
crosslinked polymeric material is provided, the process
comprising the steps of:

30 forming a high internal phase emulsion having at least one
curable phase; providing a continuous strip of polymeric
£film wherein the polymeric film is incompatible with each
of the phase of emulsion; placing at least a portion of the
emulsion continuously on the polymer film; closing the

35 polymeric film around the emulsion; spiraling the emulsion
in the polymeric film onto a spool, wherein the spool
rotates about an essentially vertical axis for storage of



cured in large volunes. 25 Description of the Invention

According to the present invention, a process for curing a high

i nternal phase emul sion to forma porous crosslinked pol yneric
material is provided, the process conprising the steps of: 30
form ng a hi ghyipabefasl Phase emul sion having at |east one  perpdobpis €
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FIG. 1A is a cross section of emulsion in a
polymeric film of FIG. 1.
FIG. 2 is a top view of the embodiment of the
15 present invention of FIG. 1.

An emulsion according to the present invention is
produced by forming a first curable water-in-oil high
internal phase emulsion by gradually adding and mixing an

20 agueous solution optionally containing an electrolyte into
a monomer solution (oil phase) containing a mixture of
polymerizable monomers and a surfactant. A poly-merization
initiator is added either in the monomer solution or the
aqueous solution before mixing or after formation of the .

25 emulsion depending on the desired process conditions. The
curable water-in-oil high internal phase emulsion is then
cured (polymerized and crosslinked) by heating the emulsion
at a temperature of at least about 25°C for a time effective
to cure the monomers.

30 The mixture of polymerizable monomers generally
contains one or more vinyl mnonomers and one or more
crosslinking agents. Various monomers may be used in the
preparation of the foams, provided the monomers can be
dispersed in or form an oil phase of a water-in-oil high

35 internal phase emulsion (oil-soluble) and have a poly-
erizable vinyl group. Suitable vinyl monomers include, for
example, monoalkenyl arene monomers such as styrene, o-



FIG 2 is a top view of the enbodi nent of the 15 present invention of

FIG 1. Detail ed Description of the Preferred Enbodinents

An emul sion according to the present invention is produced by form ng
a first curable water-in-oil high i nternal phase emul sion by
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acrylate, n-hutyl _acry]ate, isobutyl acryl ate,
y twcy func iona groups.y 'rché/ %unctionality can be, for

example, vinyl groups, acrylate groups and meth-acrylate
15 groups. Multifunctional unsaturated cross-inking monomers
include, for example, difunctional unsaturated crosslinking
monomers such as divinylbenzene, diethylene glycol
dimethacrylate, 1,3~butanediol dimeth-acrylate, and allyl
methacrylate and tri-, tetra- and penta-functional
20 unsaturated crosslinking monomers such as trimethylolpropane
trimethacrylate, pentaerythritol tetramethacrylate,
trimethylolpropane triacrylate, and pentaerythritol
tetraacrylate, glucose pentaacrylate, glucose
diethylmercaptal pentaacrylate, and sorbitan triacrylate;
25 and poly-functional unsaturated crosslinking monomers such
as polyacrylates (eg. sucrose per(meth)acrylate and
cellulose (meth)acrylate). Crosslinking monomers are
typically present in each emulsion in an amount of from
about 2 weight percent to about 70 weight percent,
30 preferably from about 5 weight percent to about 40 weight
percent based on the total monomer mixture. Some of these
crosslinking monomers can be incorporated as a non-
crosslinked monomer as long as at least about 2 weight
percent of the crosslinking monomers are crosslinked.
35 Divinylbenzene 1is a preferred crosslinking
monomer, and is typically available as a mixture with
ethylstyrene in proportions of about 55:45 by weight. These



t-butyl acrylate, hexyl acrylate, n-butyl neth-crylate, 5 | auryl

nmet hacryl ate, and i sodecyl nethacryl ate; conjugated di ol efins such as
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ethylstyrene i noRiORRldd UierCad P2 P bbutyrbChell11d11°8Ra peroxides
such as benzoyl peroxide, methyl ethyl ketone peroxide,
alkylperoxycarbonates such as di-2-ethylhexyl
20 peroxydicarbonate and di(sec-butyl)peroxydi-carbonate and
alkyl-peroxycarboxylates such as t—bhtyl peroxyisobutyrate,
2,5-dimethyl-2,5-bis(2,3~ethyl-hexanoylperoxy)hexane, and

t-butyl peroctoate. The preferred water-soluble
polymerization initiator is potassium persulfate and the
25 preferred oil-soluble polymerization initiators are

alkylperoxycarbonates and alkyl-peroxycarboxylates for fast
curing time.

Most preferable alkylperoxycarbonates are branched

at the 1-carbon position and most preferable

30 alkylperoxycarboxyl-ates are branched at the «oa-carbon

position and/or 1-carbon position. These branched
alkylperoxycarbonate peroxide can be represented by the
formula:
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proportions can be nodified so as to enrich the oil phase with one or
the -other conponent. Generally, it is advant ageous to enrich
the mxture with ethylstyrene which si mul t aneously reducing the
anount of St%ﬁﬁp t he nononer 5 blend. The preferred ratio of

di vi nyl benzene et hyl styrene i s from about 30:70 t §CE&SHMIILE,
nost preferably from about 35:65 to about 45:55, by weight. The

i ncl usi on of higher |levels of ethylstyrene inparts greater toughness
W thout increasing the T[err] of the resulting copolyner to the 10

degree that styrene does. Sui t apl e pol ymerization initiators
can be water- sol uble or oil soﬁhbléo Wajer-soluble initiators

i ncl ude, for exanpl e, persulﬁgt?§ u hO 5_pot assi um or sodi um

persul fate and various redox syste Suc s~ apmoni um 15 persul fate
together with sodium netabisulfite ,| sol ubj e (nononer sol ubl e)
initiators include, for exanple, ako compounds such as

azobi si sobutyro-nitrile; and peroxides such as benzoyl peroxi de,

met hyl et hyl ketone PerOX|de ‘ al kyl per oxycar bonat es such as
di - 2- et hyl hexyheg@ R jer drgependdrdiyt €, aml i (lgehrdearpbhecor tytirambonat e

and al k g_gﬁyg.@rj_)ggg EE‘&S agt u rate,

2, 5-di net hyl - yiIﬂSE}gtl s(2, %éet é exa.ijg;‘g l?oragf %?gﬁ.ggé%%%%% t - but yl
per oct oat e. The éP%ﬂﬁmr uptieyl carb°§8¥§$ﬂﬁ9%ﬁﬁ ige
initiator is ganabei nﬁppessmntédatlar &he¢ fbrm@ba: preferred oil-soluble

pol ymeri zati on initiators are al kyl per oxycarbonat es and
al kyl - per oxycar boxyl ates for fast curing time. Most

pref erabl e al kyl peroxyca oﬁbt es a ched at t he 1- car bon
position and most ., Pk efller %_% ‘k Iperoxycar boxyl -ates are
GoFT
bonat

branched at the [errlf and/or 1-carbon position.
These branched al kylper oxyca per oxi de can be represented by
t he f or mul a:

n=0,1

5 where R and R’ are independently C, to C;¢ hydrocarbon groups
or hydrogen in which at least two of the R! or R’ are
hydrocarbon groups. Preferably at least two of both R!' and
R* are hydrocarbon groups. Hydrocarbon groups can be alkyl,
alkenyl or aryl groups.

10 The water-soluble initiators and/or oil-soluble
initiators should be present in an effective amount to cure
(polymerize and to crosslink) the monomers s'o that the
monomers are substantially polymerized and cross-linked
prior to significant diffusion of monomers between the two

15 emulsions. Typically the initiator can be present from
about 0.005 to about 15 weight percent based on the
monomers. The initiators can be introduced with the oil
phase or the agqueous phase before or after formation of the
high internal phase emulsion.

20 A water-soluble initiator such as potassium
persulfate can be added to the aqueous solution before
forming the emulsions or to the emulsions. An oil-socluble
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where Rlerr] is independently CJerr] to (Jerr] hydrocarbons or hydrogen
in which at |least two of the Rlerr] are hydrocarbon groups.

The preferred branched al kyl carboxyl ate peroxi de can be represented

by the fornmul ayo97hRid | 5 where Rerr] and R err] ap€rusenoitis
| ndependently Clerr] to (Jerr] hydrocarbon groups or hydrogen in which

at least two of the Rlerr] or Rerr] are hydr ocar bon groups.

f bl I
relerably 2 SRR SLepord T, 807 e pflte) Besubrsho:

r oups
The wat er - sol ubadvanged,; HPGPBmérﬁHB%*JGF‘l s¥okgbthe em“]-ﬁ’tﬂ"c ‘i a%@ﬁgtE%Lﬂ’fd be
present in an ef filyméeifaPivH inQtiaker to an high internal phase water-

in-o0il emulsion is described in U.S. Pat. No. 5,210,104, the
5 disclosure of which is herein incorporated by reference.
The initiator added to the emulsion can optionally be
blended into the emulsion by any blending technique such as,
for example, static mixer or a pin mixer at a low shear
rate, to form a curable water-in-oil high internal phase

10 emulsion. The rate of shear must be high enough to blend
| the initiator but low enough not to allow the emulsion to
coalesce or ligquify.
Conveniently, the initiators can be added to the
oil phase (monomer phase) or aqueous phase prior to
15 formation of the emulsion. Alternatively, at 1least a
portion of the monomer solution can be advanced (partially
polymerized) in the presence of an effective amount of an
advancement initiator or by a free-~radical-producing
radiation source to produce an advanced mononer component
20 prior to formation of the emulsion to reduce curing time.
To form a stable high internal phase emulsion
requires that a surfactant be included in the emulsion.
Such surfactant must be scluble in the oil phase used to
form the emulsion. The surfactant may be nonioniec,
25 cationic, anionic or amphoteric provided the surfactant or
combination of surfactants are effective to form a stable
high internal phase enulsion. Preferred types of
surfactants that can be used include sorbitan fatty acid
esters, polyglycerol fatty acid esters, polyglycerol fatty
30 acid esters, polyoxyethylene fatty acids and esters. 1In
particular, sorbitan fatty acid esters such as sorbitan
monolaurate ("SPAN® 20"), sorbitan monocoleate ("SPAN® 80"),
and combinations of sorbitan trioleate ("SPAN® 85%"), and
sorbitan monooleate. One such surfactant combination is the
35 combination of sorbitan monoocleate and sorbitan trioleate
in a weight ration greater than or equal to about 3:1, more
preferably about 4:1. Another acceptable surfactant in
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C& J&IJ%J %he final properties of the polymerized foams
obtained. The surfactants are typically added to the
monomer phase {oil phase).

The amount of surfactant system must be such that
a water-in-oil high internal phase emulsion will form.
Generally, the surfactant system is present in an amount
effective to form a water-in-oil high internal phase
emulsion. Preferably, the surfactant system can be present
in concentrations of from about 0.1 to about 40 weight
percent, more preferably about one to about thirty weight
percent based on the monomers of the particular emulsion.
When saccharide fatty acid esters are used as a component
of the surfactant the saccharide fatty acid surfactants are
preferably present from about 0.1 weight percent to about
36 weight percent, more preferably from about 0.1 to about
25 weight percent based on the monomers. When sorbitan
fatty acid esters are used as a component of the surfactant
the sorbitan fatty acid ester surfactants are preferably
present from about 2 weight percent to about 36 weight
percent, more preferably from about 5 weight percent to
about 25 weight percent based on the monomers.

The relative amounts of the agueous phase
containing water and an electrolyte and monomer phase
containing monomers and surfactants used to form the high
internal phase emulsions are a factor in determining the

ol uti on
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fatty acid in &&{eereauleebmld&xermﬂu%aé Rt da&@sd s, deahygliyepramafatty
30 aci d ester%? ‘goi.#/ox e g eare%ttgf a%hgs &r&% eﬁgées. I'f"o f°Fm
sor b urat e

part i-cul ar esters such as sor nono
("SPAN err§ 20"polympuic arfmnom e WithpARpitablgodensity apd high
conbi nati ons of asssipitiidn idapakcieys thEPWEEr+in-831) highd internsDr bhisd

nonool eate. One apqt} r t ' i nggi

sor bi tan nonool eat’e "an igg%é{hﬁntgrg?% a%”thé m%\é%lv\/gﬁéﬁtg'rg%ig%% eater
than or equal tabeif 20 JWaight, Rercent °|§r éﬂa@PEbl baggdupnqthe emplsiony
accept abl e surfestredpomiing to a water to oil weight ratio of 7at least

WO 97/ 27244 ferably at least Al Ag t
"TRI CDAN[err] 23 v&m ch’ |m°re$p:¥era e¥oa gtagr aval*TUabI e fjté percen
Gindsted and "R EBY¥8T25BOSHHPE BtpAraRt AR &’Féght percenk | abl e
from Henkel . of water, cormslpnedmngbbqta omi:exnd:oalmat wehght yrageic et by
5 weight of syfacddntapnolesed:pn the mononmers in the oil phase, is
generally sufficient, w tl‘px hL eelgna laqtu%o\llx\%t p{xase preferably contains a

i5 water—-scluble electrolyte to stabilize the emulsion and to

make the foam more water wettable. Suitable electrolytes
include inorganic salts (monovalent, divalent, trivalent or
nmixtures thereof), for example, alkali metal salts, alkaline
earth metal salts and heavy metal salts such as halides,

20 sul_fates, carbonates, phosphates and mixtures thereof. Such
electrolyte includes, for example, sodium chloride, sodium
sulfate, potassium chloride, potassium sulfate, lithium
chloride, magnesium chloride, calcium chloride, magnesium
sulfate, aluminum chloride and mixtures thereof. Mono- or

25 di-valent salts with monovalent anions such as halides are
preferred.

The formation of a water-in-oil high internail
phase emulsion is dependent on a number of factors such as
the monomers used, water to oil ratio, type and amount of

30 surfactant used, mixing conditions, presence and the amount
of water-soluble electrolyte. It has been found that by
adding a guaternary salt to a primary surfactant such as
sorbitan fatty acid ester or saccharide fatty acid ester,
a stable emulsion can be formed and high water to oil ratio

35 can be achieved resulting in high fluid absorption capacity
foams.



rati os and higher mxing and curing tenperatures generally requiring

nore surfactant than |ower oil to water ratios and tenperatures. 10
The type of surfactant used in naking the high i nt ernal phase

emul sions that are to be polynerized is i mportant in formng

wat er -i n-oi | hiyq’h I nt ernal phase emul sion and the final properties of
t he pol yneri 54ls obtained.  The surfactants are RGHSEAPRIB added
to the 15 nononer phase (oil phase). The amount of
surfactant system nust be such that a water-in-oil high internal

phase emulsion will forfee formatdpsradfya tWetenrimedidnt espdsiomi sispresent
In fin' amount dfescrtz;.%ﬁe(i?]x' ¥R sl.o ﬁat(?;r mtu'b vva% Sd @5@' | apaoly. 'snt Pahal Wase 20
enul si on. S ant s gpresen

concentrati on(s?s 1’8 Jf%?ﬁ B"g’ﬁta ‘}%‘1‘580%? %”&bl""ﬁﬁt °°rp°r5§%eth?re%r e
preferably abdyt veferenesout ﬂ:nl ragnenslght to  formertdent vateediproiilhe

nmonomer s f H&.ﬂumaibhputné wikESicdh be mixedNeR SAGCUAY S £Ald W
esters are us actant, the s cc.harlde fatty

5.a 0 0 sur,
acid surfacta saé ratie %(r%etaé%g& vh é)fes ¢ OPAoARaBRERE CHHRAFh Paer cent
to about rssu%«buﬁgﬂntt%weﬁﬁr waﬁbuaédpﬂeabl: it wmeommodtaovﬁqm ta@bout

25 wei ght per ¢ant r@ese o rakdie ARNONETPpicalie) they batap is thdrdtioreaci d

esters are us n h t 3 he_sorhitan fatty
aci d oster supPaan.radiRRE kith b Goadads) 3ke e shiddss A At
percent ® abS@Pagétyemixer such;f@r@ernn%méxprewémba ysheanmmrateuwots
wei ght per centatt Deast akmiatus 23, wrieferapty Cettldatedbott 1@ smruamrb%

The rel ative n h - 3 ai n ng
g],ggu b Ghit NEn8ayaLES P}I@éﬂ emu1£E8H 2l Niy E\Q@Erfa ants used

el ectrolyte a nononer ,phase cont al ni ng nononmers an
to formthe hiegyipped with an %&%éeﬁnﬂl'-g‘oﬁs shear, rpket §F at Jd@astni ni ng
t he aboutD197/L7 20 a pin gap mixer with a shear rate of at

PCT/US97111§ east about 50 s™, preferably at least about 100 s “‘can
also be used. If the shear rate is too low, the water-in-
0il emulsion may revert to a oil-in-water emulsion. It is
desirable to at least have a water to oil ratio of about
9:1, preferably at least about 19:1, more preferably at

20 least about 30:1 for a high absorbency capacity foam.

A high internal phase emulsion can be prepared in
batches or continuously. To form the high internal phase
emulsion in batches, the emulsion is formed in a vessel or
a container by gradually adding an aqueous phase to a

25 nonomer mixture and/or advanced monomer mixture under a
moderate rate of shear until the desired water to oil ratio
is reached. |

An individual high internal phase emulsion can be
prepared continuously by initially preparing a preformed

30 emulsion of approximately the same character as the desired
emulsion by the method described above, then introducing
into the preformed emulsion, both the aqueous phase and/or
the o0il phase in such proportions so as to produce the
desired emulsion at a desired rate of production of

35 emulsion. The emulsified mass is maintained in a state of
continuous shear sufficient to reduce the effective
viscosity of the mass near to that of the introduced phase

10



structural, nechanical and performance properties of the resul ting

pol yneric foam phases. The ratio of water and oil I n the emnul sions
can i-nfluence the density, cell size, and specific surface area of

t he foam phase. To forma 5 polymeric foam phase wth suitable
density and whj HR7240 absorption capacity, the water-in-optriyssiviiis

I nt ernal phase ~ emulsions typically contain as the internal phase, at
| east about 90 wei ght percent of water, based on the emnul sion,

corresponding to a water to ol Lght ratjo of | east aot 9:1,
nore pref er abl 4t "P*éa?‘P"Xﬁo%‘k‘egge“kﬁgFﬁﬂ B%?%%n?@ablfat%fpm%r 54
preferably at desixtedilspuls@dnvei Hhe prepexed emulsign imtthen Uéthdsq!mmdl ng

to a water to gfleNeidHiidedt Fatef at | east about 33 1.
The internal aqueous phg,%[ehpre er abllﬁacont

r solL ubl
el ectrolyte to stabiliz SRROPE; %%aa’?%qa’e mm'r?&fé' P as f’og nﬁ?% wat er
wet t abl e. 5Sui t batch @ivecess| pndsthe contiinyouseprocesmtan de dotreducedl ent,

divalent, trivgheini®ing vessé’ﬂ uss%&d&h@éﬁeaﬁproreéaﬂmtﬁnexakk’:ﬁéam et al
salts, aI kal i ne salts _and heav%/mrreta salts such as

hal i des, 20 rﬁ‘fﬁ?"t["é'?qyc aFgeﬁ‘a?)é On 955 BREF 3P HREP 1i 5 AT SSEPABF BI”  such
el ect rol yte i nbe ugembinest R5EATD | %O op #ikerc lenberdng hei mixing vessel at e,

pﬁlt aS_SId um ch: Othée, m:D:@édifiﬁi wachlaf #ag, tbi phoduee the déi;l:.@-r‘eademuﬁiaﬂ&?fil um g
C ori e Ca C ne a u l,ae an
&#Q" %%Eab %ezﬂ)?e‘i %-va?’en‘? {n LHTER UGN O 4

m Xt ures ther nonoval ent & ons
such as hal i deingegnal phagg emylsign is made regardles;hgff SheekyRm @f a
wat er-in-oi | hiigeer rtixeliﬁader head pdeke emul sion is dependent on a nunber of

factors such as on YF %95 Sl ymdrAzled: ah&pg“’a&gamum

anount of 30 surfact ant usegﬂmm n con preseng e and
of water-sol ub?E 2| EERPEFakure Withing Eeﬁ'af‘gﬁnﬂ tﬁQP“ByZE’ to ke
guat er nalg sal 80t aapr lemgy asurtlect emlsiorh &s stablesarthitisn évatir;g aC| d

ester or sacchgghgla Jt%trte\( achﬂt@ﬁtxﬂmvely, a mei e} fo- 0S| b deas hes f or med
ana i gn vareretdt il 0 B Y AiERSl LehuLh Py A 0

absor ption ca
1993, the disclosure of which is herein incorporated by

reference, can also be used. In the multi-step process the
20 emulsion is pre-cured at a temperature of less than about
65°C until the emulsion has a Rheometrics dynamic shear
modulus of greater than about 500 pascal, (lightly gelled,
having a consistency like a jelly or a gelatin referred to
as "gel"), then cured at a temperature of above about 70°C
25 for a time effective to cure the gel. The cure can be as
high as about 175°C under a pressure sufficient to prevent

the agueous phase from boiling.
The emulsions can be heated, for example, by hot
water, hot air, steam, electron beam radiation (“EBR"),
30 radio frequency ("RF"), microwave or ohmic heating. The
emulsions should be cured until the desired properties are
obtained. Typically, to obtain a cured foam, the emulsions
should be cured for at least about 8 hours, at 60°C or at
least about 1 hour at 60°C then 3 hours at a temperature of
35 above about 70°C. Generally, the extent of reaction after
curing is at least about 85% of the monomers, preferably at
least about 90%, more preferably at least about 95% (i.e.,

11
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The formation of a water-in-oil enulsion is described in U S. Pat.

No. 4,522,953, and U.S. Pat. No. 5, 149, 720, the disclosures of which
are incorporat ed her ei n by reference. In general, to formthe
wat er -i n-oi | | sion, the water can be m xed in any wat er
to oil ratlo%q”ézg t 4:1. An oil-in-water enul sion may %é&ﬁf 11 t he
wat er was added all at once beyond a water to oil ratio of about 4:1.
Typically, the water is therefore added gradually with a noderate rate
of shear. A snbéss lthan capent t 54 ndK efrerichorsuers)ai most prefarably stear
rate of aieise@%tboa!eoyég S(slesr,r hes@ rﬁia&r ahbutai% | S0 Ereadadhontirsf €1 1]

can be used to m wat er - i Si on. A larger m xer

equi pped with ?’?ﬂ)eé'il ‘%tﬁ’fnagg 'g ‘?peﬁr?i&fs ‘at | east about 10
s[err] or a pin gap.m xdn \#he prackige rof cthe present [Laventidnmutthe
s[err], pseferahiisivn Imegrsbeaber&ed% s:[a%hhscaﬁ contnﬂi&mlpe pEedenéf the

shear rate is to o quert

oi | -i n-wat er e%‘ﬁséll%\rg %t ges?'}tgﬂpghfopgy”feé‘agf ?/°é’ &%Pﬁ?yt 0 oil
rati o of aboutin ordgr] "-°pr1€=¥‘@r ad| yelativeky eontinuoks] cuning mffthebl y at
20 | east abosuiEich. forrha bbmmrﬂq&ciscgﬁaséia\biy)fymyproplyene, A

hi gh i nternal S§ 0 b s_or

conti nuously. #‘K@f h%é hﬂ“’ﬁ& it g‘rag'é?'?g% at does rﬂﬂ% gﬁefﬁ B%t%’h%s t he
enul si on1Ps fo‘F‘Fﬁ,ﬂS’ ﬁ‘l‘“&s%"é%sé}n"ofi“s noty %Paf—h%reww@&l byealidatig an
agqueous phase tige asiibfaceDethen ttimme anplbnyp mneﬁﬁfreﬁléﬁtlre

under a "paedLE {@tt?aé)fufékgab Lﬁééh s Jaﬂl‘ﬁ‘akghn&& hto QL1 0

i s reached. I VI ase enu Sl on can

be prepar%’dl’ﬁ‘orfﬁ ARsFoepsive; ap |%ﬁ"1 epl"é’fﬁ&?} & a preforrred 30
ermul si on of approxi mat elAftekcbeing placedctrera zentinuciesifiide, the f£ilm
15 is closed around the emulsion. The film can be simply laid

over the emulsion in an overlapping fashion, or edges of the
£ilm can be interlocked with a mechanical closing zip—-lock.
Alternatively, the film edges can be sealed together using,
for example, a heat seal or adhesive. A continuous tube of
20 the emulsion in the film is therefore created. This
continuous film is then more easily cured and handled after
curing. The film is then preferably removed from outside
of the cured emulsion, and the cured emulsion is then
further processed, by for example, slicing the emulsion into

25 thinner pieces, reméving water and drying the emulsion.
The emulsion could be placed on the continuous
sheet in a thickﬁess such that slicing of the resultant
cured foam to thinner sheets is not necessary. If a
relatively thin sheet of emulsion is cured on the continuous
30 sheet so that slicing is not necessary, the continuous sheet
could be a material that adheres to the cured foam, and the
continuous sheet could then function as a backing sheet to
the foam. Slicing of the cured foam could also be avoided
by layering films and emulsion repeadily, so that a
as significant thickness, for example four inches, of emulsions
could be cured at one time, and then separated by pulling
apart film sheets between the layers. In some end-uses, it

12



enmul sion by the nmethod descri bed above, then introducing into the
preformed enul sion, both the aqueous phase and/ or the oil phase in
such proportions so as to produce the desired emul sion at a desired
rate of production of 35 emul sion. The enmulsified mass is naintained in
a state of dARisguous shear sufficient to reduce the effggtiNdoris

vi scosity of tﬂ% mass near to that of the introduced phase

10 WD 97/ 27240

PCT/ US97/ 01118 ut not above the inher t hear stmglllt Qi nt of
t he desi r eGoBHG RS G’ﬁnefﬁ‘éf?)]r dfapaye e?ﬁﬁ”s %gt ious ot
the desired rateo liquids. For eXamplagudmyinghdde simberviousndaskiptase

for the 5 baheBt Pimsesei s thheigaids sz HeOu8agut ain ke dikigeduced |

in a mxing vessel by an eQus_stre r.ea

respectively, through omﬁ1 P RN Z:Psgiq%ergt ?gg éc ah emb%'lé'mgﬂﬁbl ned
prior to or5 aft of the cprergnthdnvieption vis sdiown SChelﬂﬁ’éhCM-lde-d iBpudgdhna way
to produce the degisr pdag8H! $h04. fﬂ-ﬁn 2. Thepg E&mﬂ yessﬁtiﬂmxbncankawer in

whi ch-the high i ptern rruIS| n, nade.r S3t f e type
of mi xer 38r Hf’gef‘shggg!l g %tste& 611" ih"ak aTﬁ%&g%ﬁjm &R

preferably pol ydenbked shaetciscgpread by tshreadipgr EPM@-’W"&N‘W Ph‘evidﬁge of
about 25[err] C &0 vd¥iflcal> podiiters | €or athkogmasibhe enmiei eplmScehdd! e at

oS hodt o SRR oo o LML Sk, AL i a0 e
di sclosure of whi @PIkEthde| iding FRlkers BF w:LT*""-’S-r ef Thenepuleisn afso be

used. In the nulpﬂhc&ﬂemrpr&nesspddl&QOby, et Sexdmplse,pr 8- Ailstd-ibution

tenperature of LGS ebhaN63POW tank 7 is provided for either holding an

emulsion made by a batch process or for holding a volume of

is emulsion that is being prepared continuously. The emulsion

can be pumped by pump 8 through recycle piping 11 to a

static mixer 9 with a slip stream of emulsion being routed

through a control valve 10 to the distribution manifold 6.

The film 2 is provided with an interlocking seal

20 along the edges of the film, with a bead 12 on one edge and

a locking edge 13 along the other edge. After the emulsion

is placed in the vertical pocket 5, the edges are locked by

a zipper fitting 14. The emulsion in the locked film is

then wrapped onto a spool 15 for curing. Multiple spools

25 15 can be provided so that when one spool is full, the

emulsion loaded onto that spool can be cured and ancther

spool can be used to store the emulsion that is being place,

at that time, ontc the continuous polymeric sheet 2.

Changing spools can be accomplished, for example, by

30 providing two clamps to seal a section of the sealed film

that contains the polymer, and cutting the film between the

clamps. The spools can be rotatable to enable the spools

to pull the emulsion filled film along.

The pocket formed by the spreader rollers can be,

35 for example, four inches wide and four feet high. A pocket

of this dimension can hold the emulsion with a reasonable

thickness of polypropylene film. When a spool is filled

13



65[err]C until the emul sion has a Rheonetrics dynam c shear nmodul us

of greater than about 500 pascal, (lightly gelled, havi ng a
consiistency like a jelly or a gelatin referred to as "gel"), then
cured at a tenperature of above about 70C 25 for atine effective to
cure the gel. The cure can be as hi gh as about 175[err]C under a
pressure suf MONBM4%t 0 prevent the aqueous phase fronfEHPFTLI8
The emul si ons can be heated, for exanple, by hot wat er, hot air,

steam electron beamradiation ("EBR'), 30 radi o frequency ("RF"),
m crowave or ofithcemeisiony £illed £ilm, acsbiff dandshour cserdesupbastafifi | t he

?ﬁsi redI Properddrfds 2af ble dplaémi qirivRna Iutai Qﬁiél?ﬁmdg(t Qb.%ﬂi Boékét!/ fm% Fam Ic
e enul si ons R e. re a eas , err

or at | 436 55%?%@%&?@9@6{ E’#ﬁ’ér{“%&n?}?‘g 3?’ 8%?&%&1 ure of
35 above abwmxttizeleen|the speabs allty ist pretsnably that the sprohfhaye .
curing issat |papfantes o35%tof1dade BBNEERES inPbeBGE abbYyastommodatd @ASt

about 90% nore pr.ef.erabl t | east 95% (i .e., WO
97/ 27240 sz&ﬁfwantﬂ ¥of\mé 5 em%ligtikn. PCT/ US97/ 01118 | ess

than about 5% of free ndf&eEr $he emalsinnfis srpdat the curedemulksian 99%
(i.e., less thah dwuinvépded FeonTeRONEPHS)l and furtthekdprodééssdd by good

ties. A ' : . ' LQn, th
T e

emul si onl®s plzeRaying xatskr i FleRNDo AP ATY RS TG RSusPPLsion. i or der
to have a relatively comhesgoutoams | sgnofbd heptional yrnuipestrcuféd ™ yneric

filmis prefer Q’Ooﬁleﬂ%%aéﬁﬁggpgrt es PUlpGAU A 1R8PT BRE FBdE daH (hat

does not adher’e ¢ nul si on, gnd does“not cause the emul sion
to break at Pe capeied Pukcb¥iheating the LeRRS '3 EFRPERATMESR & ent
because it hasatidves abpubprsid,epreferatdydoreater thdni 901C by steamf hoty s

i nexpensjye ang;,cap BenbfW&Atalg source. Such heating may be performed
in a heat exchanger, oven, over heated rollers, hot water,
hot air, steam, electron beam radiation ("EBR"), radio_
frequency ("RF"), microwave or ohmic heating or by other
means.

20 once the curing andfor post-curing process is
completed, the water incorporated in the foam may be removed
or squeezed ocut, dried by heat or flashed by lowering the
pressure to a suitable level to evaporate the remaining
liquid to give the desired degree of dryness in the product

25 foam. These drying techniques will preferably be used after
the desired state of cure is developed in the foam material.

The foams of the present invention may be washed
prior to, after or between drying stages (removing at least
a portion of the water) to yield an absorbent block which

30 is especially useful for the absorption of liguids.
Typically, these foams are washed to reduce the electrolyte
content of the foam with a solvent such as, for example, an
alcohol, a low concentration electrolyte solution (lower
concentration than the water phase) such as 1% calcium

35 chloride solution or deionized water. The washed foams can
be conveniently dried by squeezing the water and/or solvent
out of the foams and air or heat drying.

14



After being placed on a continuous film the film 15 i's closed around

the enulsion. The filmcan be sinply laid over the emulsion in an
over lappi ng fashion, or edges of th ) interlocked with a
mechani cal cl osi ng zi p-1ock. AT S SHEE T Tfi I'm edges can be
seal ed toget hgy 9?172 for eflanpl eRER- : or adhesdésordiiis
conti nuous tube o 0 the emulsiontn the filmis therefore created.

Thi s continuous filmis then nore easily cured and handl ed after
curing. The filmis then preferably re%om out si de of the cured
emul sion, and the cured enulsion is the further processed, by for

exanpl e, slicing-t hed amgcessnfomiaripg a hiﬂh\ﬁ@fkeﬁnébd@haﬁ%mlﬁg%aFEr and

drying the e”“'Ebﬁﬁ a porous crosslinkB@ poY{RéPic GRdtiekila ,plchecgroBesde
cont i nuous §31 tgltg_ﬁnegf such that slicing of the resultant
Shee

cured-foam to t{PHR § PSERot hecessary. If a relatively thin
sheet of enul sion i sfamiag snhigh iagsrnalRhassy enulgiehhaypinghat dpastng is
not necessary, bhe cCurdblu phaseheet could be a material that adheres

o wne cured 10am  afidiiing o co BLbHHOé&fSr 5193 pORLE {1511y gﬁairgenas a

backi ng sheet to oam Icing o gam cQ
avoi ded bihe BRAYMEF 16 FAdm a7 RIS bﬂépééﬁﬁ‘lﬁad&d’ft tRe phases
significant thiekntlss,edfulrsienanpl e four inches, of enulsions coul d be

cured at one tine, aﬁsﬂéﬁgeaée@@s@t &b fuH beNEhe emu1s3BA' bortinloalEg! S

bet ween t he Iayers n so
12 othe /poATmeric £iln; '

PCT/ US97/ 01118 clos:mgj dheepbbymérix ilno aroundsthé dmulding;sheet be
| mper vi ous to é p fiH Ong tfeorem%)i%%he11nh%ﬁb”goh%efi@ef¥1£uén@@05' ng
sheet inpervi OUS to 4 %ﬁledsézgo%he bsepgéS rctla@eg bd%% an essentially
vertxcal axis for storage of the emulsion during curing; and
curing the emulsion within the polymeric film on the
spool.
2. The process of claim 1 further comprising the step of
dewatering the cured emulsion as it is removed from the
spool after the emulsion is cured.
3. The process of claim 2 further comprising the step
closing the polymeric film above the emulsion after the
emulsion is placed in the channel. _
4. The process of claim 1 wherein the continuous polymeric
sheet is effective to function as a backing sheet that is

impervious to liquids adhered to the cured emulsion.
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Referring nowto FIGS. 1, 1A and 2, an enbodiment 5 of the present
invention is shown schematically. Enulsion lis placed in a film 2.
The filmis initially on a roll 3, and is pulled off the roll in as a
doubl ed sheet. The doubl ed sheet is spread by spreading rollers 4, to
provi de v@%¥@ﬁﬁ%ﬁal pocket 5 for the enul sion. The fi lppG6adheh1id
alternatively single layer roll, and doubled to form a pocket
by guiding rollers or wres. The erul sitgh is pl aced in the pocket
by, for exanple, a distribution manifold 6. A tank 7 is provided for
ei ther hol ding an enul si on made by_a batch process or for holding a
vol unme of 15 emul sion that is being pf@ﬁgf@% continuously. The enul sion
can be punped by punp 8 through recycle piping 11 to a static m xer 9
with a slip stream of emul sion being routed t hrough a control valve
10 tq the distributian i The film2 is proyjded
with an interlocking seal 20 al ong Y he\ edges of the fiflm wth a pead 12
on one edge and a | ockijjilgi edge 1 ong the ot her
emul si on is placed in eflvertical filfjocket 5, the ¢
a zipper fitting 14} The{dmujlisi gn in th ocked filmis
onto a spool 15 for}curing. | §i pl e sp s 25 15 ca
t hat when one spoollis full, {jith | si on | oaded

| can
be cured and anot he sho ed to store thg emulsion that is
bei ng pl ace, a that t onto cont i nuous pol ric sheet j2.
Changi ng spool s can accoy oy exanple, by 30 { wo
clanps to seal a secti\gn ofjfyhe sepl ed/Tilm t hat corft pifns_t he p¢l yrer,
and cutting the filmbe t he cl anps. The spool s gp at abl e
to enabl e the spools pull fhe emulsion filled filjm4
The pocket formed by the er foll&s can be, 35 f exanpl e, four
i nches wi de and four fleet » pocket of this di sion can hold
the enmulsion with a reaso |l e t hi ckness of. pol yprogyldne fiim When

a spool is filled

FIG.1

FIG.2
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wth emulsion filled film a stiff band or a series of stiff -bands can
be ptaced around the outer nost film pocket, and iy ) M |
hol d the outer nost film pocket nearly verti cal mmm gmli S
preferably that the spool have 5 a dialfeter of at] ljeast 85 feet ilnjorder
to accomobdate a significant volunme of enul sion 16 MAR 199? After
the emulsion is cured, the cured enul siCILAIMS can jpbg unw apped trqmj|t he

spool and further processed by, for exanmple, sji
enmul sion into thinner slices, 1 renoving water, finsing, and drying the

0
cured emul si on. n (o) | | Qst-cured to
i nprove the foam p}'operf‘ipégges%oggé{l@ﬁgfih@gﬁte@épﬁogm césﬁ&?{o %ngt?é’oé%‘fsri ed
out by heati ngoéstiakéPporymefic ﬁlaiéi‘fﬁp,‘iﬁ@%n‘&&s%m rising tRO§yss gibout 75[err] C,
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(57) Abstract

' A process is provided for curing a high internal phase emulsion to form a porous crosslinked polymeric material, comprising the ste;
of: forming a high inremal.phasg emulsion having at least one curable phase; providing a continuous strip of polymeric ﬁpl?ns w%mein ﬂ‘::
polymenc' film is mcomp.atlble with each of the phase of emulsion; placing at least a portion of the emulsion continuously on the polymer
film; closing the polymeric film around the emulsion; spiraling the emulsion in the polymeric film onto a spool, wherein the spool rotates
about an essentially vertical axis for storage of the emulsion during curing; and curing the emulsion within the polymeric film on the spool.
Apparatuses to perform this process are also disclosed.




