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PREPARED | N A CONTI NUOUS PROCESS 10 FI ELD OF THE | NVENTI ON Thi s application
relates to an inprovenent in a continuous process for making high internal
phase enul sions that are typically polynerized to provide m croporous,
open-cel | edwpoésases ic f oam materi al s capabl e of absorbi ng BEEES6H008F
fl w ds, especially aqueous body fluids such as wine. This application
particularly relates to a continuous process for making high internal phase
emul si ons where a portion of the prepared enulsion is recirculated to

i mprove the uniformity of formation of sdch enul si ons. BACKGROUND OF THE

| NVENTI ON 20 Water-in-oil emulsions having a relatively high ratio
of water phase to oil phase are known in the art as Hi gh Internal Phase
Enul sions (hereafter referred to as "H PE" or H PEs). HI PEs possess
radically difdéerent properties fromenulsions of the |ow or nmediuminterna
phase ratio types. Because of these radically different properties, H PEs
have been used in such various applications such as fuels oil 25

expl oration, agricultural sprayEEEFEQﬂWVE“K%ﬁt [TON@Hs, househol d and

i ndustrial cleaning transpor.t HIGHINTERNAL PHASEEMUDSIONS:rs, and crowd
control to name just a few F%ﬁhﬁﬁq?QFik %sion type have
found use in several areas sﬁ%ﬁfggﬁégggg I'CS an rudgegﬁ in foods such as
in dietary products, dressings, and sauces. Water-in-oil H PEs have al so
been used i nwenul sion polynerization to provide 30 porous, polyneric
foamtype naterials. See, for exanple, U S. Patent 3,988,508 (Lissant),

| ssued Cctober 26, 1976; U.S. Patent 5,149, 720 (DesMarais et al), issued
September 22, 1992, U.S. patent 52 QRITUINYENAIGANCt al ), issued
Novenber 9, 1993 and U S. patent 5,189,070 (Brownsconbe et al), issued
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fromthe usual

PCT/ US96/ 00082 znﬂmem&-ammmﬁewmm typicaliy polimerizad-ta provide | n
pl ace. For this micesporous, open-celled polymeric foam materials capable of absorbing aqueous

15 fluids, especially aqueous body fluids such as urine. This application particularly
relates to a continuous process for making high internal phase emulsions where a
portion of the prepared emulsion is recirculated to improve the uniformity of
formation of such emulsions.

BACKGROUND OF THE INVENTION

20 Water-in-0il emulsions having a relatively high ratio of water phase to oil
phase are known in the art as High Internal Phase Emulsions (hereafter referred to as
"HIPE" or HIPEs). HIPEs possess radically different properties from emulsions of

. the low or medium internal phase ratio types. Because of these radically different
properties, HIPEs have been used in such various applications such as fuels, oil

2s  exploration, agricultural sprays, textile printing, foods, household and industrial
cleaning, transport of solids, fire extinguishers, and crowd control to name just a

few. HIPEs of the water-in-oil emulsion type have found use in several areas such as
cosmetics and drugs and in foods such as in dietary products, dressings, and sauces.
Water-in-oil HIPEs have also been used in emulsion polymerization to provide

3  porous, polymeric foam-type materials. See, for example, U.S. Patent 3,988,508
(Lissant), issued October 26, 1976; U.S. Patent 5,149,720 (DesMarais et al), issued
September 22, 1992, U.S. patent 5,260,345 (DesMaruis et al), issued November 9,
1993; and U.S. patent 5,189,070 (Brownscombe et al), issued February 23, 1993.

The dispersed droplets present in HIPEs are deformed from the usual



H PEs are sonetines referred to as "structured" systens and di splay unusual
rheol ogi cal properties that are generally attributed to the existence of

t he pol yhedral droplets For exanple, when H PEs are subjected to
sufficiently low | evels of shear 5 stress, they behave |ike elastic
solids. As the |level of shear stress is increased, a point is reached where
the pol yhedr al WIS s begin to slide past one another such REHPSHMOsY pE
begins to flow. This point is referred to as the yield value. Wen such
enul sions are subjected to increasingly hi gheﬁ shear stress, they exhibit
non- Newt oni an behavior, and the effective viscosity decr eases rapidly. 10
The difficulty in prepari ng HHPEs is in part due to these unusual

r heol ogi cal properties. The internal and external phases of the H PE are
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hi gh enough to processes that have economic dxsadvantages in a commercial production situation.
These discontinuous processes typically involve the preparation of a dispersion
having a low portion of internal phase and subsequently adding more internal phase
until the HIPE contains over 75% internal phase. Such processes are cumbersome,
2s  but can be successfully employed using conventional mixing equipment.

Most continuous emulsification equipment used in preparing low- and
medium-internal-phase-ratio emulsions is unsuitable for preparing HIPEs. This is
because this equipment: (1) does not provide a sufficient deforming force to the
structured systems to move the polyhedral droplets past one another and therefore

"30  does not accomplish the required mixing; or (2) produces shear rates in excess of the
inherent shear stability point. Most importantly, such equipment does not provide
adequate mixing, particularly where there is a large disparity in the viscosities of the
two phases,

One attempt at developing a continuous process for the production of HIPEs

3s is disclosed in U.S. Patent 3,565,817 (Lissant), issued February 23, 1971 and is
directed at achieving sufficient mixing by providing shear rates high enough to
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near the viscosities of the | ess viscous external and internal phases
However, for certain types of emulsions, it is not possible to apply enough
shear to effect an apparent viscosity near those of the external and

i nternal phwo®sn1s$ hout goi ng above the shear stability poPCTUS6N008 S

em4l son. Lowfat spread enul sions (margarine) are exanples of such

em sions. Although a variety of structuringsel enents can achieve shear rate
sufficient to reduce the effective viscosity of the emul sion phase to near
thé external and internal phase viscosities (thereby allowi ng the phases to
be m xed to a certain degree), such elenents do not almays provide conplete
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conti nuousl y '%i r 39 %\W’ﬁﬁ“‘ﬁﬂﬁ Ei6. See Col 3, lines 39, 41. See
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20 appeats to be to provide a preformed emulsion having the desired ratio of internal to
external phase materials continuously circulating throughout loop 16. See Col. 3,
lines 39, 41. See also U.S. Patent 4,472,215 (Binet et al), issued September 18,
1984, which discloses a continuous HIPE making process for the manufacture of a
water-in-oil explosive emulsion precursor where at least 80%, and up to 95%, by

23 volume of the coarse HIPE is drawn though a recirculation loop by a pump and then
returned to be passed again through static mixer.

A continuous process for preparing HIPE useful in emulsion polymerization is
disclosed in U.S. Patent 5,149,720 (DesMarais et al), issued September 22, 1992. In
this contimious HIPE process, separate water and oil phase feed streams are

" 30 introduced into a dynamic mixing zone (typically a pin impeller) and then subjected
to sufficient shear agitation in the dynamic mixing zone to at least partially form an
emulsified mixture while maintaining steady, non-pulsating flow rates for the oil and
water phase streams. The water to oil weight ratio of the feed streams fed to the
dynamic mixing zone is steadily increased at a rate that does not break the emulsion

35 inthe dynamic mixing zone. The emulsified contents of the dynamic mixing zone are
continuously withdrawn and continuously feed into a static mixing zone to be



wat er phase streans. The water to oil weight ratio of the feed streans fed
~to the dynamic m xing zone is steadily increased at a rate that does not

break the emulsion 35 in the dymam ¢ m xi ng zone. The enul sified contents

of the dynami c m xing zone are continuously w thdrawn and continuously feed

into a static m xing zone to be WD 96/ 21505
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formng a stable H PE. This H PE which contains the nononmer conponents in

the oil phase is particularly suitable for emdl sion polyneriation to

provi de absorbent polynmeric foans. As the oil and water phase streans are

cenbined in this dynamc m xing zone s according to U S. Patent 5, 149,72,

there is a transition point at the front of this zone where the oil and

wat er streans go fromt separ at.e hases.toa si.fie
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and of | phase feed ﬁhf]'f eng'or emulsion polymerization: (1) continuously; (2) with greater
uniformity of dispersion of the water phase in the oil phase, (3) at higher
throughputs; and (4) with greater ability to pour or cure the HIPE at higher
temperatures during emulsion polymerization.

20 DISCLOSURE OF THE INVENTION

The present invention relates to an improved continuous process for
obtaining high internal phase emulsions (HIPEs), and particularly HIPEs useful in
making polymeric foams. This process comprises the steps of.

A) providing a liquid oil phase feed stream comprising an effective amount

25 of a water-in-oil emulsifier;

B) providing a liquid water phase feed stream;
C) simultaneously introducing the water and oil phase feed streams into a
' dynamic mixing zone at flow rates such the initial weight ratio of water
phase to oil phase is in the range from about 2:1 to about 10:1;

30 D) subjecting the combined feed streams in the dynamic mixing zone to
sufficient shear agitation to at least partially form an emulsified mixture
in the dynamic mixing zone;

E) continuously withdrawing the emulsified mixture from the dynamic
mixing zone,



dynami c m xing zone at flow rates such the initial weight ratio of water

phase_to _ojl _phase is in the range _fromabout 2:1 to about 10:1: 30

D) subjecting the conbined feed streans in the dynam c m xi ng zone to
sufficient shear agitation to at least partially forman enulsified m xture
in the dynami c m xi ng zone; E) continuously wi thdrawi ng the emnul sified

m xture fr WOMmSaSynani c m xi ng zone; W 96/ 21505 PCT/US96/00082

PCT/ US96/ 00082 F) recircul ating fromabout 10 to about 50% of the

wi t hdrawn enul sified m xture to the dynam & m xi ng zone; G continuously

I ntroduci ng the remai ning withdrawn enul sified mxture into a static m xing
zone where the remaining enulsified mxture is 5 further

subj ected to sufficient shear m xing to conpletely forma stabl e high
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such recircul ati on nodi fthée gafid '@ me, of the transition point from
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entire process; @pslyménc folf. abl i ty to forrrul ate HI PEs having nmuch hi gher

water to The key improvement in the continuous process of the present invention is

the recirculation of a portion of the HIPE formed in the dynamic mixing zone. It is

believed that such recirculation modifies the extent of the transition point from

separate water arid oil phases to HIPE in the dynamic mixing zone . This also

20 improves the uniformity of the emulsion ultimately exiting the static mixer in terms of

having the water droplets homogeneously dispersed in the continuous oil phase. This

improves the stability of the HIPE and expands the temperature range for pouring

and curing this HIPE during subsequent emulsion polymerization. Recirculation can

provide other benefits, including: (a) higher throughput of the HIPE throughout the

as  entire process; and (b) the ability to formulate HIPEs having much higher water to

oil phase ratios, e.g., as high as about 250:1. Indeed, HIPEs made by the process of

the present can readily achieve very high water to oil phase ratios of from about
150:1 to about 250:1.

While the process of the present invention is particularly desirable for makmg

30 HIPEs useful in preparing polymeric foams, it is also useful for making other water-

“in-0il type HIPEs. These include agricultural products such as agricultural sprays,

textile processing additives such as textile printing pastes, food products such as

salad dressings, creams and margarines, household and industrial cleaning products

such as hand cleaners, wax polishes, and silicone polishes, cosmetics such as insect

3s repellent creams, antiperspirant creams, suntan creams, hair creams, cosmetic

creams, and acne creams, transportation of solids through pipes, crowd control



oil phase ratios, e.g., as high as about 250:1. Indeed, H PEs nmade by the
process of the present can readily achieve very high water to oil phase
rati os of from about 150:1 to about 250:1. While the process of the present
invention is particularly desirable for making 30 H PEs useful in
preparing polyneric foans, it is also useful for nmaking other water- in-oi
type H PEs. Thweeem1se$ ude agricul tural products such as agri CRCI/USINHOOS2
sprays, textile processing additives such as textile printing pastes, food
products such as sal ad. dressi ngs, creans and magri nes, househol d and

I ndustrial cleaning products such as hand cl eaners, wax polishes, and
sizl i cone polishes, cosnetics such as insect 35 repellent creans, .

anti perspirant creans, suntan creans, hair creans, cosnetic creans, and

acne creans, transpqrfatjop of .solids through.pdpgs, crowd control WO
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6 products, fire extinguishing products, and the |ike. The Figure is side
sectional view of the apparatus BF TETIONCOE THEDRAWING. t he process
of the present invention. 5 -D DESCRI PTI ON OF THE

| NVENTI ON | . G| Phase_and Water Phase Conponents of HI PE A | n
General The process of t [iheFiguseisside sectional view of thasapparatus and eqnipment, for camying n

wat er-in-oi | emul si b tHeProdess of theprasentifibentibh.oh rati o of water phase to oil
phase and are 10 comonly known in the art as "H PEs. These HI PEs can be
fornmul ated to have a relatively w de range of ter-to-o0il phase rati os.
The particul ar weter-to-oil phaEbAilaaid) DESLIRIFTIONN U &N a nunber of
factors, including the particular oil and water phase conponents present,
the particul ar use to be t
desired for the H PE Gerte Ty ot o=oi | phase 15 in the
H PE is at | east about 4:1, and is typically in the range of fromabout 4:1
to about 250:1, nore typigall g%m%about 12:1 to about 200:1, and nost
typically fromabout 20:1 to about 150:1. For preferred H PEs according to
the present invention that are subsequently polynerized to provide

pol yneric foans (hereaf t dihepedoessrafthe preseat invention isoaeful in preparingx@rtain avasariin-gil

amounts of the wat erenililfloridi havitig2 8 Gelativedfl high rdtfo"bf RAterl Jhlise? i o2 PRI3S 218 Nake
other parameters,, | TRALNY kdown’ vid &t 35 WHPELS Thide HHiPES Shn bl BsiAlaRo 130
relatively wide range of water-to-oil phase ratios. The particular water-to-oil phase
ratio selected will depend on a number of factors, including the particular oil and
water phase components present, the particular use to be made of the HIPE, and the
particular properties desired for the HIPE. Generally, the ratio of water-to-oil phase
15 in the HIPE is at least about 4:1, and is typically in the range of from about 4:1 to
about 250:1, more typically from about 12:1 to about 200:1, and most typically from
about 20:1 to about 150:1. .
For preferred HIPEs according to the present invention that are subsequently
polymerized to provide polymeric foams (hereafter referred to as "HIPE foams"), the
20  relative amounts of the water and oil phases used to form the HIPE are, among many
other parameters, important in determining the structural, mechanical and
performance properties of the resulting HIPE foams. In particular, the ratio of water
to oil phase in the HIPE can influence the density, cell size, and capillarity of the
foam, as well as the dimensions of the struts that form the foam. HIPEs according to
2s  the present invention used to prepare these foams will generally have water-to-oil
phase ratios in the range of from about 12:1 to about 250:1, preferably from about
20:1 to about 200:1, most preferably from about 25:1 to about 150:1.




performance properties of the resulting H PE foans. In particular, the
ratioqf_ water to oil phase in the H PE can influence the density, cell

size, and capillarity of the foam as well as the dinensions of the struts
that formthe foam HI PEs according to 25 the present invention used to
prepare these foans will generally have water-to-oil phase ratios in the
range of frosi2ts 12: 1 to about 250:1, preferably from aleTUSK0MS2t O
about 200:1, nost preferably fromabout 25:1 to about 150: 1. W) 96/ 21505
PCT/ US96/ 00082 7 B. G | Phase Conmponents 17 The G| The oil phase of
the H PE can conprise a variety of oily materials. The particular oily
materials selected will frequently depend upon the particular use to be s
made of the HIPE. By "oily" is neant a material, solid or liquid, but

preferably Iiquid at rﬂomW broadly neets the follow ng
requi renents: (1) is spari water, (2) has a | ow surface
tension; and (3) possesses a characteristic greay feel to the touch.
Additionally, for those situatiwere the HPE is to be used in the
food, drug, or cosmetic area, the oily material should be cosnetically and
10 pharnmaceutically acceptable. Miterials contenplated as oily naterials
for use in making H PEEb:el phasernf the HIRE Wé@@ﬂt"ﬁhmoﬁ%mmd@wfor

exanpl e, various parigul@ily: mmm ?ﬁhgﬂ,,augsl
Veget able o |50 aRagerts HIAE R -Gl %@%ﬁ%%ﬂ"@deﬁﬁﬁ%ﬂ ki

castor oil, i nseMMW%@!@M‘!M}M“WSMFW&QWY
corn oil, fish oi sohsblevid ch)m lemﬁm thm M@Wh’m

| il | | d f
Peed of || poanut Gerer Sl IG T Budl. ARURbnaR!Gor il vﬂé‘eﬂrﬂaiﬂwﬁvm‘?@ﬁ% X S
as et hyl hexyl pal mesla!ﬂle fogd: drug, PUWW ¢ gil ymmm m@i!)lmbs
di butyl pht haligt ephatingdetitallyTulceepiable. { Matériiyéon ueoa arérilsSfoP luse in

nmet hacryl ate este ?‘@Eﬂ; sin oils dlstlllate.s

i ncl uding the di s{"iﬂ‘g &?f#‘?ﬁeﬁ'ﬁﬁ é‘?"ﬁg‘é"d\ y fI expmple, yprjous
acetone oil; vari el ep@pmiqaemoumsmmctmw aadlog&mﬂcl Mnhmk s,
gas fuel, | ubr i C ajrkriethl 0ils, omemdane

cthoreal o S;“eanéﬂ*m%a@? “fﬂP@t Epﬁa‘%ﬁéﬁ m w wE‘il Vi epmd § i ybean
non- pol ar. Forls pr eil.cottensesd cil:cormoit, fish oily szpinesees gils; ofiveiod, mbl}tltmili c
foans , this palm oil, canola oil, rapeseed oil, sunflower seed oil, safflower oil sesame seed oil,
peanut oil and the like; esters of fatty acids or alcohols such as ethyl hexylpalmitate,
Ci6 to Cyg fatty alcohol di-isooctanoates, dibutyl phthalate, diethyl maleate,
tricresyl phosphate, acrylate or methacrylate esters, and the like; resin oils and wood
20 distillates including the distillates of turpentine, rosin spirits, pine oil, and acetone oil;
various petroleum based products such as gasolines, naphthas, gas fuel, lubricating
and heavier oils; coal distillates including benzene, toluene, xylene, solvent naphtha,
creosote oil and anthracene oil and ethereal oils: and silicone oils. Preferably, the
oily material is non-polar.
25 For preferred HIPEs that are polymerized to form the polymeric foams , this
oil phase comprises a monomer component. In the case of HIPE foams suitable for
use as absorbents, this monomer component is typically formulated to form a
copolymer having a glass transition temperature (Tg) of about 35°C or lower, and
typically from about 15° to about 30 °C. (The method for determining Tg by
3 Dynamic Mechanical Analysis (DMA) is described in the TEST METHODS section
of copending U.S. application Serial No. 087370922  (Thomas A. DesMarais et
al), filed 10 Jan. 1995, Case No. 5541, which is incorporated by reference) This
monomer component includes: (a) at least one monofunctional monomer whose
atactic amorphous polymer has a Tg of about 25°C or lower; (b) optionally a
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30 of these monomers. Of these monomers, isodecyl acrylate, n-dodecyl acrylate and 2-

ethylhexyl acrylate are the most preferred. The monomer will generally comprise 30

to about 85%, more preferably from about S0 to about 70%, by weight of the
monomer component.

For HIPE foams useful as absorbents, the monomer component also typically

33 comprises one or more comonomers that are typically included to modify the Tg

properties of the resulting polymeric foam structure, its modulus (strength), and its
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divinylferrocene, 2-vinylbutadiene, maleate, di-, tri-, tetra-, pemta- or higher

20 (meth)acrylates and di-, tri-, tetra-, penta- or higher (meth)acrylamides, including

ethylene glycol dimethacrylate, neopentyl glycol dimethacrylate, 1,3-butanediol

dimethacrylate, 1,4-butanediol dimethacrylate, 1,6-hexanediol dimethacrylate, 2-

butenediol dimethacrylate, diethylene glycol dimethacrylate, hydroguinone

dimethacrylate, catechol dimethacrylate, resorcinol dimethacrylate, triethylene glycol

2s  dimethacrylate, polyethylene glycol  dimethacrylate,  trimethylolpropane

trimethacrylate, pentaerythritol tetramethacrylate, 1,3-butanediol diacrylate, 1.4-

butanediol diacrylate, 1,6-hexanediol diacrylate, diethylene glycol diacrylate,

hydroquinone diacrylate, catechol diacrylate, resorcinol diacrylate, triethylene glycol

diacrylate, polyethylene glycol diacrylate; pentaerythritol tetraacrylate, 2-butenediol

30 diacrylate, tetramethylene diacrylate, trimethyol propane triacrylate, pentaerythritol

tetraacrylate, N-methylolacrylamide, 1,2-ethylene bisacrylamide, 1.4-butane

bisacrylamide, and mixtures thereof

The preferred polyfunctional crosslinking agents include divinylbenzene,

ethylene glycol dimethacrylate, diethylene glycol dimethacrylate, 1,6-hexanediol

3s  dimethacrylate, 2-butenediol dimethacrylate, ethylene glycol diacryiate, diethylene

glycol  diacrylate, 1,6-hexanediol  diacrylate,  2-butenediol  diacrylate,
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20  crosslinking agents used herein be of the type such that the resulting polymeric foam
is suitably non-toxic and appropriately chemicaily stable. These monomers,
comonomers and cross-linking agents should preferably have little or no toxicity if
present at very low residual concentrations during post-polymerization foam
processing and/or use.

2s 2. Emulsifier Component

Another essential component of the oil phase is an emulsifier (or emulsifiers)
that permits the formation of stable HIPE emulsions. Suitable emulsifiers for use
herein can include any of a number of conventional emulsifiers applicable for use in
low and mid-internal-phase emulsions. The particular emulsifiers used will depend

30  upon an number of factors, including the particular oily materials present in the oil
phase and the particular use to be made of the HIPE. Usually, these emulsifiers are
nonionic materials and can have a wide range of HLB values. Examples of some
typical emulsifiers include sorbitan esters such as sorbitan laurates (e.g., SPAN® 20),
sorbitan palmitates (e.g. SPAN® 40), sorbitan stearates (e.g., SPAN® 60 and



t hese nononers, conononers and crosslinking agents. It is essential that
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that H PE of appropriate characteristics and stability will be realized. It
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crosslinking agents used herein be of the type such that the resulting

pol ymeric foamis suitably non-toxic and appyopriately chem cally stable.
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20 For preferred HIPEs that are polymerized to make polymeric foams, suitable
emulsifiers can include sorbitan monoesters of branched C6-C24 fatty acids, lincar
unsaturated Cj6-Co2 fatty acids, and linear saturated C)2-C14 fatty acids, such as
sorbitan monooleate, sorbitan monomyristate, and sorbitan monoesters derived from
coconut fatty acids; diglycerol moneesters of branched C14-C24 fatty acids, linear

2 unsaturated C16-Coo fatty acids, or linear saturated C12-C4 fatty acids, such as
diglycerol monooleate (i.e., diglycerol monoesters of C18:1 fatty acids), diglycerol
monomyristate, diglycerol monoisostearate, and diglycerol monoesters of coconut
fatty acids; diglycerol monoaliphatic ethers of branched C16-C24 alcohols (e.g.
Guerbet alcohols), linear unsaturated C4-C22 alcohols, and linear saturated Cyo-

%  Cyq4 alcohols (e.g., coconut fatty alcohols), and mixtures of these emulsifiers. See
copending U.S. patent application Serial No. 989,270 (Dyer et al), filed December
11, 1992 (herein incorporated by reference) which describes the composition and
preparation suitable polyglycerol ester emulsifiers and copending U.S. patent
application Serial 087370920 (Stephen A. Goldman et al), filed 1/10/95 Case

35 5540 (herein incorporated by reference), which describes the composition and
preparation suitable polyglycerot ether emulsifiers. Preferred emulsifiers include
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30 ammonium salts such as ditallowoyl-2-aminoethyl methyl 2-hydroxypropyl

ammonium methyl sulfate and dioleoyl-2-aminoethyl methyl 2-hydroxyethyl

ammonium methyl sulfate; anionic types including the dialiphatic esters of sodium

sulfosuccinic acid such as the dioctyl ester of sodium sulfosuccinic acid and the

bistridecyl ester of sodium sulfosuccinic acid, the amine salts of dodecylbenzene

as  sulfonic acid; and mixtures of these secondary emulsifiers. The preferred secondary

emuisifiers are ditaliow dimethyl ammonium methy! suifate and ditallow dimethyl
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emul sifiers. The genefally cadpm:(ftmdwoyt 651td abolit 98% by meigtit mahtbmednpatdnyhnd
ngTZTTr;)BISgg]/ gloagggl 12%&%&'%%4%9 i bg \Uﬁéﬁlywuelﬂﬁi%ﬁ@a t'i onal slgcondary
enul sifiers are iPhesg compn out 80 to about 979 t monomer componen
‘ and from about 3 to about 20% by weight emulsifier component. More preferably,
the oil phase will comprise from about 90 to about 97% by weight monomer
20 component and from about 3 to about 10% by weight emulsifier component.

In addition to the monomer and emulsifier components, the oil phase of these
preferred HIPEs 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),

25 issued March 1, 1994, which is incorporated by reference. Another possible optional
component is a substantially water insoluble solvent for the monomer and emulsifier
components. Use of such a solvent is not preferred, but if employed will generally
comprise no more than about 10% by weight of the oil phase.

A preferred optional component is an antioxidant such as a Hindered Amine

30 Light Stabilizer (HALS), such as bis-(1,2,2,5,5-pentamethyipiperidinyl) sebacate
(Tinuvin 765) or a Hindered Phenolic Stabilizer (HPS) such as Irganox 1076 and t-
butylhydroxyquinone. Another preferred optional component is a plasticizer such as
dioctyl azelate, dioctyl sebacate or dioctyl adipate. Other optional components



in the emul sifier conponent, it is typically at a weight ratio of primary
to secondary enulsifier of fromabout 50:1 to about 1:4, preferably from
about 30:1 to about 2:1. 3. O | Phase Conpostion 5 The oil phase
used to formthe H PE according to the process of the present invention can
conprise varying ratios of oily materials and enmulsifier. The particul ar
rati os sel ect 340 9%21888depend on a nunber of factors incl udi ngRHE

materials involved, the emulsifier used, and the use to be nmade of the

H PE. Generally, the oil phase can conprise filém about 50 to about 98% by
wei ght oily materials and from 10 about 2 to about 50% by wei ght

emul sifier. Typically, the oil phase will conprise fromabout 70 to about
97% by weight of the oily materials and from about 3 to about 30 % b

wei ght emul sifier, u 0 by _wei ht
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For preferd H PEs wanddhglikennke pol yneric foans, the oil phase will
generally conprise from about 65 to about 98% by wei ght nononer conponent

and from about 2 to abo 35‘@% g@i gﬁt errulﬁifier conponent. Preferably,
the oil phase will conprtse about 97% by wei ght nononer
conponent and from about 3 to about 20% by wei ght enul sifier conponent.
More preferably, the oi Imhﬁw\bhe:camelafemé HIPES# eﬁ@ytaa @faedls sofifoRY

wei ght nononer 20 onent and fi to _a /e ht

emul sifier corrponen?" ﬁ'ﬁﬁ?"&ﬂ"t%”f’ﬁégmts 29 eﬁﬁgﬁf# VP"%%

the oil phase of th@wmmuwmwb&hmum chpnwlmqlmlmmmmm
components.  One sumb zaau@rulth&amaﬁé ni tae an Rise t6 @iso! Bisolvaih YRE tvatéLphase)

tiat f th h
hs descr bed | 1 U FOr e BT loed Bk ;ﬁﬁzh\% e?sa“a% W%‘%
1994, which is mcoﬁ%\ta@e@nqbwammcmmlﬁ%tm(# indows |ap the o

conponent is a s4bsfopiiéd By khe Waide Mse%pl&kqlnﬁ eﬁﬁﬁoﬂ mumome

enul sifier conmponents. . sol o ferr f
enpl oyed will gener® giﬁfﬂéq' B"WPE’ ﬁﬁ%@ﬁ 3"5?/%" ; #
oi | phase A preferrw mémmdemmmmgwmmgg apelncelled
Hi ndered Am ne 30 Light M c strength to the water phase can

Phenoi | ¢ St abi | P?Qﬁ%@*}‘dﬁ%@nﬁ%&' %ﬁ%@%??aﬁah?%w%%a?ﬂm@ H%’ﬁse"
Anot her preferrat owstetrseluble dwulidase gig-.i chlorides,anitrates And sylfates £F alkalicmgtals and
azel ate, dioctyl sejiRsline®aRh nibtdlst Ekanfifiéslinélfde sodiufi clildtideOCiMiurh CRIDFABE, $b&ium
\é\g-r/g 8%3%,588082 sulfate and magnesium sulfate. For HIPES that are used to make polymeric foams,
caicium chloride is the most preferred for use in the process according to the present
invention. Generally the electrolyte will be utilized in the water phase of the HIPE in
20 & concentration in the range of from about 0.2 to about 20% by weight of the water
phase. Mdre preferably, the electrolyte will comprise from about 1 to about 10% by
weight of the water phase.
For HIPEs used to make polymeric foams, a polymerization initiator is
typically included in the HIPE. Such an initiator component can be added to the
23 water phase of the HIPE and can be any conventional water-soluble free radical -
initiator. These include peroxygen compounds such as sodium, potassium and
ammonium persulfates, hydrogen peroxide, sodium peracetate, sodium percarbonate
and the like. Conventional redox initiator systems can also be used. Such systems
are formed by combinirig the foregoing peroxygen compounds with reducing agents
30  such as sodium bisulfite, L-ascorbic acid or ferrous salts. The initiator can be present
at up to about 20 mole percent based on the total moles of polymerizable monomers
in the oil phase. Preferably, the initiator is present in an amount of from about 0.001
to 10 mole percent based on the total moles of polymerizable monomers in the oil

phase.



14 include fillers, colorants, fluorescent agents, opacifying agents, chain
transfet—agents —and the like C Mater Phase Conponents The internal

wat er phase of the H PE is generally an aqueous solution 5 containing one
or nore dissol ved conponents. One essential dissolved conmponent of the

wat er phase is a water-soluble electrolyte. The dissol ved el ectrol yte

m ni mi zes t WOWEAWEncy of the conponents in the oil phase tRETAISS§OMILSo| ve
in-the water phase. For preferred H PEs used to nake polyneric foans, this
is believed to mnimze the extent to which p yneric material fills the
cell windows at the oil/water interfaces 10 forned by the water phase
droplets during polynerization. Thus, the presence of electrolyte and the
resulting ionic strength of the water phase is believed to determ ne

whet her and to what, degpee.the esuI ref erred H PE foans can be
opeo-cel | ed. Any elect r SepHEESaLa MRSoRENg | onic strength to t he
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trival ent inorganic sal §f é’hsﬁ’ @a*nhﬂ
chlorides, nitrate sul T at es %af %f | % al a [ n?ear h
netal s. Exanpl es i %@6 F@Pﬂmﬂ‘&l"@l’ﬂ
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initiator systens protess| aml thelikssed. Such systens are fornmed by conbl ni ng
t he foregoi ng peroxygen conpounds with reducing agents 30 such as sodium
bisulfite, L-ascorbic acid or,ferrous salts 'The |n|t|ator can be present
at up to about 20 nole LA ARLERCUGHON HLADG WaleT §0ass png_inte
nmononers in thasoil phase. PDehg ] ) A in an
anount of from about 0.001 to 10 m)l e percent based on the total nol es of

olyneri zabl e nononers_in the oil phase.
oty Theo:lphasecag be prepared in any suitable manner by.combining the

essential and optional components using conventional techniques. Such a
combination of components can be carried out in either continuous or batch-wise
fashion using any appropriate order of component addition. The oil phase so
20 prepared will generally be formed and stored in a feed tank, then provided as a liquid
feed stream at any desired flow rate. The water phase stream can be prepared and
stored in a similar manner.
The liquid streams of both oil and water phases are initially combined by
simultaneously introducing these feed streams together into a dynamic mixing zone.
23 During this stage of initial combination of these oil and water phases, the flow rates
of the feed streams are set so that the initial weight ratio of water phase to oil phase
being introduced into the dynamic mixing zone is well below that of the final weight -
ratio of the HIPE produced by the process. In particular, flow rates of the oil and
water phase liquid streams are set such that the water to oil weight ratio during this
30 initial introduction stage is in the range of from about 2:1 to about 10:1, more
preferably from about 2.5:1 to about S:1. The purpose of combining the oil and
water phase streams at these lower water to oil ratios is to permit formation in the
dynamic mixing zone of at least some amount of water-in-oil emulsion which is
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15 I'l. Continuous Process for Miking H PE The conti nuous process of the
present invention for making H PE includes the follow ng steps: A

i ntroduci ng the oil phase and water phase feed streans into the dynam c

m xi ng zone (and initially the recirculation zone); B) initially form ngs
the 5 emul si owoi9erzises dynami ¢ mi xi ng zone (and the recircul Wﬂé S96(9PA83 -
formng HHPE in the dynami ¢ m xing zone; and D) transferring the effl uent
fromthe dynam c m xing zone to the static nl&i ng zone. See U.S. Patent
5,149,720 (DeMarais et al), issued Septenber 22, 1992, which is

I ncorporated by reference. While this description of the continuous process
of the present invention will be with reference to making 10 prefered H PE

useful for obtaini n ric, foans

br ocess. can_ e uocHAe HaRE s oo B iy OIS e O HRIHERPGhebbifbed i
different oil and e€er phase conponents and anounts, by appropriate
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conventional tethnipancthe mgﬁﬂ& qperatipm involyed. ofFOF:@Wdﬂ%t
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any desired flow rﬁ’@@lbm%mmgé'm ns, Heil |
a simlar nmanner. phge flbwhte dafin wmlma&mm:herrwﬁambout

initially conbined eo I I

together into 80 dyﬁQX‘? W%&WM ﬂaﬁwwg‘c"&'&‘gg&é?’% u?%i?npge of
conbi nati on of thefremmbput2htonbous250 litesminutehe f| ow rates of the feed
streans are set so thatDﬁhﬁgﬁgﬁﬂ.ﬂktmgm,rﬁdegm&dwmd&whmn

phase being int roduced N th m,Xi ng 2z

the final weight r & iEli)eﬂe %%ﬁc%@"?‘ﬁgfiksﬁg%s q&ﬁi“%artP‘?%Pﬂsf
flow rates of the ﬁllinsmev&h@drspb heatispace gasdis venters framcth g dynamlic MGRELZONEH o
water to oil wejisghBefors b udUﬁbéﬁnimeShqaﬂmhﬂsékéﬂesiﬂW&Iydﬁmmhmﬂ n

the range of from about out 10; of 1
to about 5:1. The & @”%B?@PM ?I'ng é"eg’%?f‘ﬁ?é% lafs‘gg%aspgﬁ{hea“ss
t hese | ower water temu fication ¢opld ocsur alcbéhﬂhtbel’ﬁéﬁrmiﬂl‘! only P%Pm the
m xing zone of at |dgRdmic KidiRg 2oHe i filled withliqaid; hgitation isdepirs andithe/emubsionbegins
to form in the dynamic mixing zone. At this point, oil and water phase flow rates
20  into the dynamic mixing zone should be set so as to provide a relatively low initial
water to oil weight ratio within the range previously described. The recirculation
zone should also be set at a rate approximating the sum of the introductory oil and
water phase rates as described previously.

B. jti i jonint mic Mixi

23 As noted above, the oil and water phase feed streams are initially combined
by simuitaneous introduction into a dynamic mixing zone (and in the recirculation
zone during initial fill up). For the purposes of the present invention, the dynamic
mixing zZone comprises a containment vessel for liquid components. This vessel is
equipped with means for imparting shear agitation to the liquid contents of the

30 vessel. The means for imparting shear agitation should cause agitation or mixing
beyond that which arises by virtue of simple flow of liquid material through the
vessel.

The means for imparting shear agitation can comprise any apparatus or
device that impai‘ts the requisite amount of shear agitation to the liquid contents in



WO 96/ 21505 _
PCT/ relativel st abl S t readily "break" under the

conditions encountered in this zone. The actual flow rates of the oil and
wat er phase liquid feed streanms during this sage of initial introduction
into the dynamic m xing zone will vary depending s wupon the scale of the
operation WO&RISES For pil ot plant scal e operations, the BCTUSHH0E2{| ow
rate during this initial introduction stage can be in the range of from
about 0.02 to about. 0.35 liter/ m nute, andl¥he water phase flow rate can be
in the range of from about 0.04 to about 2.0 liters/m nute. For commerci al
scal e operations, the oil phase flowrate during this initial introduction
stage can be in the range of fromabout 10 10 to about 25 liters/m nute,
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SO as to provi dec)mndﬁdahtrmal ys&aw:;gnmmaé pmmd bycroanhgm ipelléroshaft avid hi n
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rates as descrlbm eelmfl f3htion in the
D%/nam ¢ Mxing tZone Zﬂ,eshm uﬁ&n i i!\/iimfmi!héfdi'nf eed
streans are ini

m Xi ng zone (andhﬁu#mﬂgqﬂgét%%dﬁg @F‘ln i %‘ﬁ%‘#ﬂoﬁvf"g %%t t he
pur poses of t he phese e angespravicusly setifo sheap agitation at

cont ai nnent \tessoisﬁmdmeypiednfwm hﬁouwmbabauﬂ@omwlmk

Vossel . °%Uﬁ22ﬁ%ﬁﬂ?""?f§g‘aﬁ%£8ﬁ 13 Jod “eél Y o o o e,
m xi ng beyond t hbe copstant buti esnsbe, vasjed: PMQ!' the timeneeded| toyefect| sugh emulsioner j al
through the formation. As indicated, not all of the water and oil phase material that has been
introduced into the dynamic mixing zone at this point need be incorporated into the
20  water-in-oil emulsion so long as at least some emulsion of this type (e.g., the
emulsion comprises at least about 90% by weight of the liquid effluent from the
dynamic mixing zone) is formed in and flows through the dynamic mixing zone.
In the continuous process described in U.S. Patent 5,149,720, it is taught that
it is important that both the oil and water phase flow rates be steady and non-
23  pulsating once agitation begins to avoid sudden or precipitous changes that can cause
the emuision formed in the dynamic mixing zone to break. See Col. 9, lines 31-35.
An important advantage of the improved process according to the present invention
is that the criticality of steady, non-pulsating flow rates is substantially reduced by
using a recirculation zone as described hereafter. Indeed, it has been found that the
"3 oil phase flow can be stopped for a period of time, as long as the recirculation rate is
sufficient to return enough emulsified oil phase such that the ratio of total oil phase
(unemulsified/emuisified) in this recirculating flow to the introduced water phase
does not exceed the stabilizing capacity of the emulsifier.



vessel . The nmeans for inparting shear agitation can conprise any apparatus
or device that inparts the requisite anount of shear agitation to the
liquid contents in WO 96/ 21505

PCT/ US96/ 00082 17 the dynami c mixing zone. One suitable type of apparatus
for inparting shear agitation is a pin inpeller that conprises a
cylindrical opebbristom which a number of rows (flights) of cRETVSPUE? pins
extend radially. The nunber, dinensions, and configuration of the pins on
the inpeller shaft can vary w dely, dependinglspon the 5 anmount of shear
agitation that is desired to be inpart to the liquid contents in the
dynam c m xing zone. A pin inpeller of this type can be nounted within a
genral ly cylindrical mxing vessel which serves as the dynanic m xing
zone. The inpeller shaftls p hel to the direction
of liquid flow through tﬁz o i ean o cr 2 ¥ar*grtation i s provided
by rotating the inpeller shaft at a 10 speed whi ch inparts the reqU|S|te

degree of shear agitati ORfibPOa vaRterlinill EniiBé6E having aastaﬁm loW Suagei-tb-oit ratio is
vessel . See Figure 2 of U %F Patent S ..149. 720 The
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compr i ses at | east afyinadP30:P Yo 60l fhos?fyplcly frirl ot 25:1 kee50:1.1 T om ¢ he

dynam ¢ m xi hg zone) fornmed in thro the

zone. In the conti nuous &m g\fﬂ"t?@ayg? Rgﬁ’ %Q@Wé%m

taught that it i s | railophtasen tatio Huringlfed honhmdmahuamdum Gph&s&mfllﬂmlﬁ'&l%@ebe

steady and non- tEhSﬁhhdiﬁan?Qﬁe emiufsidh] CrhiP &M g e&? amrdo&umbrumuon is
es

B % ng zone Lob =eawe%@%€£4ﬁﬁé?ce@%ﬁ§£€=‘i'é§*” f 7 ol B oS e o 1o
t he i nproved proceswikphase tttmgoth; ultimatelycdesired hlshpemoowlhdswﬁaﬁﬂ the scale of the
criticality of steadyoced®itvived hd hié highituderbfthe iebentuab Wafen 16 il phasecritic asl bby
reached. Frequently the duration of the flow rate adjustment period needed to
increase water to oil phase ratios will be in the range of from about 1 to about 5
20  minutes.

The actual rate of increase of the water-to-oil phase ratio of the streams being
fed to the dynamic mixing zone will be dependent upon the particular components of
the emulsion being prepared, as well as the scale of the process involved. For any
given HIPE formula and process setup, emulsion stability can be controlled by simply

23 monitoring the nature of the effluent from the process to ensure that it comprises at
least some material (e.g., at least 90% of the total effluent) in substantially HIPE
form. '

Conditions within the dynamic mixing zone during emulsion formation can
also affect the nature of the HIPE prepared by this process. One aspect that can

30  impact on the character of the HIPE produced is the temperature of the emulsion
components within the dynamic mixing zone. Generally the emulsified contents of
the dynamic mixing zone should be maintained at a temperature of from about 5° to
about 95°C., more preferably from about 35° to about 90°C., during HIPE
formation. An important advantage of the improved process according to the

a3s  present invention (relative to that described in is that U.S. Patent 5,149,720) is the




using a recircul ation zone as described hereafter. Indeed, it has been
foundthatthe 30 oi| phase flow can _be stopped for a period of tine, as

long as the recirculation rate is sufficient to return enough emulsified
oi | phase such that the ratio of total oil phase (unemulsified/ emulsified).
in this recirculating flow to the introduced water phase does not exceed
the stabili woeswnsgsacity of the enulsifier. WO 96/ 21505 pCT/US96/00082

PCT/ US96/ 00082 18 Q) H PE Formation in Dynam c M xing Zone After a

wat er-in-oil enulsion having a relatively | o water-to-oil ratio is formed
in the dynamic m xing zone, the enulsion is converted, along with the

addi tional non-enmulsified contents, into HHPE. This is acconplished by
altering the 5 relative flowrates of the water and oil phase streans

bei fed into t Such t h
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in substantially WEsubstantially spherical cells is thus a commonly utilized parameter for
' characterizing foams in general as well as for characterizing polymeric foams of the
20  type prepared from the HIPE made by the process of the present invention. Since
cells in a given sample of polymeric foam will not necessarily be of approximately the
same size, an average cell size (diameter) will often be specified.
A number of techniques are available for determining average cell size in
foams. These techniques include mercury porosimetry methods which are well
35 known in the art. The most useful technique, however, for determining cell size in
foams involves simple photographic measurement of a foam sample. Such a
technique is described in greater detail in U.S. Patent 4,788,225 (Edwards et al),
issued November 29, 1988, which is incorporated by reference.
For purposes of the present invention, the average cell snzeoffoamsmadeby
30 polymerizing this HIPE can be used to quantify the amount of shear agitation
" imparted to the emulsified contents in the dynamic mixing zone. In particular, after
the oil and water phase flow rates have been adjusted to provide the requisite
water/oil ratio, the emulsified contents of the dynamic mixing zone should be
subjected to shear agitation which is sufficient to eventually form a HIPE that, upon
35 subsequent polymerization, provides a foam having an average cell size of from
about S to about 100 pum. More preferably, such agitation will be that suitable to



form Conditions within the dynam c m xi ng zone during enul sion formation
can also affect the nature of the H PE prepared by this process. One aspect
that can 30 inpact on the character of the H PE produced is the
tenperature of the enul sion conponents within the dynam c m xi ng zone.
Generally the emul sified contents of the dynam c m xi ng zone shoul d be

mai nt ai ned at woss«sr at ure of from about 5 to about 95[ er r ] ECTUSeGNB082
preferably from about 35 err] to about 90C., during H PE formation. An

i mportant advantage of the inproved process a2&ording to the 35 present
invention (relative to that described in is that U S. Patent 5,149,720) is
t he WO 96/ 21505 .
PCT/ US96/ 00082 19 ability to increase the terrperature at whi ch uni form H PE

can be nmade by a c |
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an average cell “size (di

In the process of the present invention, the emulsion-containing liquid
contents of the dynamic mixing zone are continuously withdrawn and a portion
introduced into a static mixing zone where they are subjected to further mixing and

20  agitation. The nature and composition of this effluent will, of course, change over
time as the process proceeds from initial startup, to initial emuision formation, to
HIPE formation in the dynamic mixing zone, as the water-to-oil phase ratio is
increased. During the initial startup procedure, the dynamic mixing zone effluent can
contain little or no emulsified material at all. After emulsion formation begins to

25  occur, the effluent from the dynamic mixing zone will comprise a water-in-oil
emulsion having a relatively low water-to-oil phase ratio, along with excess oil and
water phase material that has not been incorporated into the emulsion. Finally, after
the water-to-oil phase ratio of the two feed streams has been increased, the dynamic
mixing zone effluent will primarily comprise HIPE, along with relatively small

30  amounts of oil and water phase materials that have not been incorporated into this
HIPE.

Once steady state operation is achieved, the flow rate of effluent from the
dynamic mixing zone to the static mixing zone will equal the sum of the flow rates of
the water and oil phases being introduced into the dynamic mixing zone. After water



A nunmber of techniques are available for determ ning average cell size in

foans. These techni ques include nercur 0l 0S| Lch are well
25 nown 1 n e art. The nost useful technique, however, for determ ning
cell size in foans involves sinple photographic measurenent of a foam

sanple. Such a technique is described in greater detail in U S. Patent
4,788, 225 GhslvemiSes et al ), issued November 29, 1988, whi cHPGEU§MEWEHor at ed
by reference. For purposes of the present invention, the average cell size
of foams made by 30 polynerizing this H PEiyan be used to quantity the
anount of shear agitation inparted to the enulsified contents in the
dynam c m xing zone. In particular, after the oil and water phase fl ow
rates have been adjusted to provide the requisite water/oil ratio, the
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Static M Xxing ZorFE"W direction exens 18035 of hplical,twastc Frach 13 fvisg of t cal' °
enul si on- cont ai nicopfigirapioncis called a flight. Typically, a static mixer having from 12 to 32 helical

flights that intersect at 90° angles will be useful in the present process.
In the static mixing zone, shear forces are imparted to the liquid material
20  simply by the effect of the internal configuration of the static mixing device on the
liquid as it flows therethrough. Typically such shear is imparted to the liquid
contents of the static mixing zone to the extent of from about 1000 to about 10,000
sec.~1, more preferably from about 1000 to about 7000 sec.*!.
In the static mixing zone, essentially all of the water and oil phase material
as  that has not been previously incorporated into the emulsion will, after HIPE water/oil
phase ratios are achieved, be formed into a stable HIPE. Typically, such HIPEs will
have a water-to-oil phase ratio which is in the range of from about 12:1 to about
250:1, more typically from about 20:1 to about 200:1, most typically from about
25:1 to about 150:1. Such emulsions are stable in the sense that they will not
%0 significantly separate into their water and oil phases, at least for a period of time
sufficient to permit polymerization of the monomers present in the oil phase.

As noted above, a key aspect of the improved continuous process according to
the present invention is the addition of a recirculation zone. In this recirculation



contents of the dynam c m xing zone are continuously w thdrawn and a
portion introduced into a static m xing zone where they are subjected to
further mxing and 20 agitation. The nature and conposition of this
effluent will, of course, change over tinme as the process proceeds from
initial startup, to initial emulsion formation, to H PE formation in the
dynani ¢ m xi nwodenResesas the water-to-oil phase ratio is incr REVEEPSONE2; g
the initial startup procedure, the dynam c m xing zone effluent can contain
Itttle or no enulsified material at all. Af@2dr enul sion formation begins to
25 occur, the effluent fromthe dynam c m xing zone wll conprise a

wat er-in-oil emulsion having a relatively |ow water-to-oil phase rati o,
al-ong with excess oil and water phase naterial that has not been
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mixture withdrawn from the dynamic mixing zone is recirculated (ratio of
2 recirculated stream to combined oil phase and water phase streams of from about
0.17:1 to about 0.65:1). Most preferably, from about 20 to about 33% of this
withdrawn emulsified mixture is recirculated (ratio of recirculated stream to
combined oil phase and water phase streams of from about 0.25:1 to about 0.5:1).
The recirculated portion of the withdrawn emulsified mixture is returned to the
25 dynamic mixing zone at a point such that it can be combined with the oil and water
phase streams that are being introduced to the dynamic mixing zone. Typically, this
recirculated portion of the emulsified mixture (the recirculated stream) is pumped
bai:k to a_point that is proximate the pbim where the oil and water phase streams are
entering the dynamlc mixing zone. The means used to pump this recircutated stream
3o should not induce shear higher than that previously described for the dynamic mixing
zone. Indeed, it is typically preferred that this pumping means induce relatively low
shear to this recirculated stream.
The volume of emulsified components present in the recirculated stream,
relative 1o the total volume of oil and water phase components present in the
3s  dynamic mixing zone, can be important. For example, the recirculated stream
volume can affect the degree of stabilization of the emulsion present in the dynamic



15 tubul ar device having an internal configuration in the formof a series
of helices that reverse direction exery 180 of heljical tw st

twist of the internal helical configuration is called a flight. Typically,
a static mxer having from 12 to 32 helical flights that intersect at
90[err] angles will be useful in the present process. In the static m xing

zone, sheawofegrms are inparted to the liquid material 20PCIUSPHNPOR, t he
effect of the internal configuration of the static m xing device on the

l-iquid as it flows therethrough. Typically2%uch shear is inparted to the
liquid contents of the static m xing zone to the extent of from about 1000
to about 10,000 sec.[err] nore preferably from about 1000 to about 7000
sec.[err]. In the static mxing zone, essentially all of the water and oil
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20 A suitable apparatus for carrying out the improved continuous process of the
present invention is shown in the Figure and is indicated generally as 10. - Apparatus
10 has a shot block indicated generally as 14. The oil phase and water phase streams
are fed from tanks (not shown) to block 14. These oil and water phase streams enter
through a conduit 18 formed in block 14. A valve indicated generally as 22 controls

25 the flow of these oil and water phase ingredients into either conduit 26 or conduit 30
formed in block 14. Indeed, the relative position of valve 22 determines whether the
oil and water phase streams flow out through conduit 26, as is shown in the Figure,
or else flow into conduit 30. Conduit 30 feeds the oil and liquid phase streams to the
head 32 of the dynamic mixing vessel generally indicated as 34. This vessel 34 is

30 fitted with a vent line (not shown) to vent air during the filling of vessel 34 to
maintain and all-liquid environment in this vessel.

This dynamic mixing vessel has a hollow cylindrical housing indicated as 38
within which rotates a pin impeller 42. This pin impeller 42 consists of a cylindrical
shaft 46 and a number of flights of cylindrical impeller pins 50 protruding radially

as  outwardly from this shaft. These flights of pins 50 are positioned in four rows that
run along a portion of the length of shaft 46, the rows being positioned at 90° angles




m xi ng zone, the rate at which the emulsified mxture is withdrawn fromthe
dynam ¢ m xi ng zone, the particul ar throughput desired through both the
dynam c and static m xing zones, and like factors. For the purposes of the
present invention, fromabout is 10 to about 50% of the emulsified m xture
w thdrawn fromthe dynamc mxing zone is recirculated. In other words, the
rati o of the rwoiosmishst ed streamto the conbined oil phase anBCHB896P00BHase
streans introduced to the dynam c m xing zone is fromabout 0.11:1 to about
1:1. Preferably, fromabout 15 to about 40% of4the enul sified m xture

w thdrawn fromthe dynam c mxing zone is recirculated (ratio of 20
recircul ated streamto conbined oil phase and water phase streans of from
about 0.17:1 to about 0.65:1). Most preferably, from about 20 to about 33%

of this withdrawn enul sfi.ed.m xfure is .regifrcylated (ratio_of recircqgul ated
stream to conbi ned BP Wamm 9?"'&1&9&' gb?‘e‘?ﬂ’ﬁ P’%W&tﬁft é""!S‘thi
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vol une of emulsifie co%nents prese In the recirculated stream
relative to the™® ot 3ULIHEF™Mf 0i| and water phase conponents present in
the 35 dynam c m xi ng bupeller 5is used tonimpart shear agiation ta el liquid tontents present in
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oi | phase stream t oendef ligusingi 38 fitsxi Agportom of shis ovithdmsinoemulsifiesh mikture is then

descri bed above., Cowﬁgae/,‘%@g, Whﬁﬁr&ﬁ’ﬁoﬁeﬂtﬁcﬁhﬁ%@ é,g,rgﬁflmsvg{;_un%s
of;

the | ess responsive wl conti nuou rocess t chggn . ?fﬁ flow
rates or H PE corrpoW?‘BW"“F’é’PeMH%E\%PU t@H@%&ﬁB?‘g‘f “ﬁl‘é o

operate for substanhnsingmene 54/t rekeive that partiombfthe ehmlsified mietutei to bl aecircylated.of
HPE, a relatively ig¢ghef &idl SFCobfling$234 Etbt& ¢ Bhelend of a hose or conduit 66. The
other end of hose or conduit 66 is connected to a pumping device generally
20 indicated as 70. A particularly suitable pumping device that imparts low shear to this
recircuiated stream is a Waukesha Lobe Pump. As shown in Figure 3, this
Waukesha pump has elements 74 and 76 that pump the recirculated stream through
the recirculation zone while at the same time imparting only low shear. The other
end of pump 70 is connected to one end of a hose or conduit 80. The other end of
23 hose or conduit 80 is connected to one end of coupling 84. The other end of
coupling 84 is connected to housing 38 of the dynamic mixing vessel 34 such that the
recirculated stream from zone 58 is introduced near the head 30 of this vessel.
The remaining portion of the withdrawn emulsified mixture that is not
recirculated is subjected to further agitation or mixing in a static mixing vessel
3 indicated as 88. One end of static mixing vessel 88 receives the remaining portion of
the emulsified mixture exiting dynamic mixing vessel 34. One suitable static mixer
(14 inches long by 1/2 inch outside diameter by 0.43 inch inside diameter) is fitted
with a helical intemal configuration of mixing elements so as to provide back
pressure to the dynamic mixing vessel 34. This helps keep vessel 34 full of liquid
3 contents. This static mixer 88 insures appropriate and complete formation of the



recomrended i.e., the recirculated streamvolune is on the order of from
abouw_2_to ghout 10 tines the total volune of oil and water phase

conponents present in the dynam c m xng zone. For systens that require
substantially faster response to lo changes in the flowrate or H PE
conposition, a relatively smaller recirculated streamvolunme is preferred,
i.e., the rwsmwwted stream volune is on the order of fr ®CTASHMOR. 3 t o
about 3 tinmes the total volune of oil and water phase conponent present in
the dynamic m xi ng zone. In addition, if tlae length of the recirculation
zone through which this recircul ated stream passes is substantially greater
than the 1i length of the dynam c m xing zone, e.g., about tw ce the

| ength, the inclusion of static mxi ng elenents in the recircul ation zone

can be desirable LS IS pgrti,cularl i rt 0 _prevent t.he P of
the emulsified c h@ é"’(?ﬂ ’f‘ﬂé”'rt?ft @?eé‘"ﬂf‘ﬁ'ém&'?%“%-l e ot c.
t hat are used t owi mgmmmmcmwmmwwmmlmm ation
zone. 20 A suitable apparatus for carrying out the inproved
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i ndi cated generatly ok TS5 A0 SN QXMENCEMMS | ock i ndi cat ed

generally as 14. The oil phase and wat er phase streans are fed fromtanks

(not shown) to bl ockyipE cdif mﬁz %WW bdie dtW AMON a
conduit 18 formed,in bloc 1 Ve ind] cat ene 22 troI s 25
the flow of thes¥hisp PEFq @Fﬁf’% vﬁge,r 0 il psse. g o
conduit 30 formMMWﬂmWewgubmrAMﬂwmmmlomhﬂz
det er mi nes whet hwm&,ﬁj, haf BechiBh&bastd Geapeiui t

w

26, as is shown in the ur.e, or..es fbsow 0 .Ccon |t 30 .Oondw?

feeds the oil antPRAMEn J“gﬁ M‘L ‘ﬁ!’é"‘ g‘f nﬁ?ﬂc"'ﬂ!xmg
vessel generall yelsemlaliyatcenww SMablH]}m’E/mkionSmltnBeii& ﬁirﬂumsirlx lutn/ent
line (not shqyn) asgrvefi foarm' sﬁnehhp] wviﬂaanfﬂ bﬁ;ﬁ&ﬂdﬁ-ﬁ?

and all-liquid enV|ronnent esse

XI Vess has a
hol | ow cyl i ndri cONPBHIO ‘Bfe%?%*%é"mvmeﬂ 'hP g ;5’?
i npel l er 42. Thi typpland leqpehll)ethentmseuabmmmabm}tmdmemhs disclésed 415 fand a

i e

posi tioned atis 90Pecenibern bl 1992, both/6F vliéiPar® fiicorporated by reference.
PCT/ US96/00082 24 ar O HIPE ci bé HovERGI Yo% poifmdsid/fBasi B9 ke foll5Ging Widiat P! NS
50 are offset al on
eg polymehzmycunng the HIPE under conditions suitable for forming a solid
polymeric foam structure; B) optionally washing the polymeric foam to remove the
origina! residual water phase therefrom and, if necessary, treating the foam with a
20  hydrophilizing surfactant and/or hydratable salt to deposit any needed hydrophilizing
surfactant/hydratable salt, and C) thereafter dewatering this polymeric foam.

A Polymerization/Curing of the HIPE

The formed HIPE will generally be collected or poured in a suitable reaction
vessel, container or region to be polymerized or cured. In one embodiment , the
23 reaction vessel comprises a tub constructed of polyethylene 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. It
is usually preferred that the temperature at which the HIPE is poured into the vessel

be approximately the same as the polymerization/curing temperature.
30 Suitable polymerization/curing conditions will vary depending upon the
monomer and other makeup of the oil and water phases of the emulsion (especially
the emulsifier systems used), and the type and amounts of polymerization initiators



| ength of shaft 46 such that flights that are perpendi cular to each other
are not in the sane radial plane extending fromthe central axis of shaft
46. A repesentative inpeller 42 can consist of a shaft 46 having a length
of about 5 18cm and a dianeter of about 1.9 cm This shaft holds four
rows of cylindrical pins 50 each having a dianmeter of 0.5 cm and extendi ng
radi al | y out wawolegisesom t he central ads of shaft 42 to a | en§CHUSHN008I M
This inpeller 42 is nmounted within cylindrical housing 38 such that the
pins 50 have a clearance of 0.8 nmfromthe R@ner surflce thereof. This

i npel l er can be operated at a speed of fromabout 300 to io about 3000
rpm Inpeller 50 is used to inpart shear agitation to the liquid contents
present in dynamc mXxing vessel 34 to fromthe enulsified m'xture Thi S

enul sified m xture t hdr fromth yn X ves
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Qelﬁp%mr&d
i mparting only | ow o her end. 0 cqn 0 nd
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connected to one emhﬁpdww;ttm\m@ﬁamubﬂﬁlm@oWG more
connected to housi ggicifly #émabsun&s"aybeuds*cNg vessel 34 such that the

recircul ated stream frompm zone 58 i troduce he head 0 of. t
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not recircul ated i polymerization/curing mmmmnagﬁshmdhmmhxmg ppmnwama
m xing vessel 39 fdadi BayAehlig TuBér slicd®imd'd shéet-fikéform. rsneeﬁfbfv;e §fiRtized HIPE

recei ves the renui ortion of the.emu X namc
m xi ng vessel 34. E?fgggg ?%P?Ffflsl ring sy hfmfﬁ‘iq'%g"ﬁ @9"?‘;"

out si de di aneter byps elligs tonprepdre tiedSIPE foam o Yseiis alisprbentcartigiesh Hlemlm:azed
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of the 20 collapsed HIPE foams havmg a thickness in the range of from about 0. 008 to about
125 em.

B.  Treating/Washing HIPE Foam

The solid polymerized HIPE foam formed will generally be filled with

residual water phase material used to prepare the HIPE. This residual water phase

23 material (generally an aqueous solution of electrolyte and other residual components

such as emulsifier) should be at least partially removed prior to further processing

and use of the foam. Removal of this original water phase material will usually be

carried out by compressing the foam structure to squeeze out residual liquid and/or

by washing the foam structure with water or other aqueous washing solutions.

30 Frequently several compressing and washing steps, e.g., from 2 to 4 cycles, will be
used. :

After the original water phase material has been removed to the extent

required, the HIPE foam, if needed, can be treated, e.g., by continued washing, with

an aqueous solution of a suitable hydrophilizing surfactant and/or hydratable salt.
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PCT/ US96/ 00082 25 HI PE fromthe oil_and water phases. The HIPE fomthis

static mxer 88 is then withdrawn through end 92 for further processing
such as emul sion polymation. |V. Pol yrmerizing H PE to Obtain Polyneric
Foanms HI PE can be continuously withdrawn fromthe static m xing zone at a
rate s whiwbespme®aches or equals the sumof the fl ow rat PCTHSIGNB2at er
and oil phase streans fed to the dynam c m xi ng zone. After the

wat er-to-oil phase ratio of the feed mateya als has been increased to within
the desired H PE range and steady state conditions have been achi eved, the
ef:fluent fromthe static mxing zone will essentially conprise a stable

H PE emul si on suitable for further processi ng into 10 absorbent foam
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and the type a armklnts of polyrrerl zatr

20 : Another matenal that needs to be incorporated into the HIPE foam structure
is a hydratable, and preferably hygroscopic or deliquescent, water soluble inorganic
salt. Such salts include, for example, toxicologically acceptable alkaline earth metal
salts. Saits- of this type and their use with oil-soluble surfactants as the foam
hydrophilizing surfactant is described in greater detail in U.S. Patent 5,352,711

2s  (DesMarais), issued October 4, 1994, the disclosure of which is incorporated by
reference. Preferred salts of this type include the calcium halides such as calcium
chioride. (As previously noted, these salts can also be employed as the water phase
electrolyte in forming the HIPE).

Hydratable inorganic salts can easily be incorporated by treating the foams

30 with aqueous solutions of such salts. These salt solutions can generally be used to
treat the foams after completion of, or as part of, the process of removing the
residual water phase from the just-polymerized foams. Treatment of foams with
such solutions preferably deposits hydratable inorganic salts such as calcium chioride
in residual amounts of at least about 0.1% by weight of the foam, and typically in the

3s  range of from about 0.1 to about 12%.
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PCT/ US96/ 00082 26 used. Frequently, however, suitable polynerization/curing
conditions will involve maintaining the H PE at el evated tenperatures above
about 30[err]C, nore preferably above about 35[err]C, for a time period
rangi ng fromabout 2 to about 64 hours, nore preferably fromabout 4 to
about 48 hour syodgngsesl PE can al so be cured in stages s suchPE3/USHNE2He(
in US. patent 5,189,070 (Brownsconbe et al), issued February 23, 1993,
which is herein incorporated by reference. Bhen nore robust enulsifier
systens such as diglycerol nonool eate, diglycerol isostearte or sorbitan
npnool eate are used in these H PEs, the polynerization/curing conditions
can be carried out at nore el evated tenperatures of about 50[err]C or

hi gher, nore preferabl gﬂ% I h@ithll R
pol ymari zed/ cured at -hfeerrpe{r a{}ﬁre of awﬁywh%%&to out iit}ferrkpé: nor e
typical ly from absfacentsdwith erowithout ¢ Y%Pmerﬂ‘!!s

open-cel | ed H PE gqent rieBesiary te ithpan sukthisle hydioﬂﬁlony tqmlhe/fuum z&mmfuhmunfﬂy in

a reaction vessel leﬁg ﬂiﬁ
typically cut or I'C | nFawg q‘? el ee w&g'p I rrerl zed HI PE
ﬁl"lfﬂ&ééﬂ?&'ﬂ't‘ pt by EM@

foam are easi et t icprpomged;

dewat Ierl ngTﬁt epsl adiitional iremaﬁt&mh mmoam&nwéaﬁm InMnt
articles e po r|; fefilirelt q@m# %g&é t bl ﬂ?spr siifrsd
cut thickness in an e oﬁﬁ’féro a ouEu\ag tohalé ﬂ-tmﬁ'gg Cl DJ‘??H
subsequent dewat ePfeNigusly @eseripagdand

t hi ckness in the weigermf mmammmwmwmmmmc, mdw:ll melude

T / Vashi i
genoral Ly be 14 E% ﬁméﬂﬁ '*‘%R'%“‘ﬁe‘” q%‘*e“?‘g 5‘1“;&5@ i o el

H PE. This residushl °29Y“Hﬂ§ n aqueous sol ution
of electrolyte and other reS|duaI conponents such as emul sifier) should be

at least partially rempved Mﬁgﬁ%&&&#t her processing and use of the foam
Renoval of this original wa terial wll usually be carried out
by conpressing the foam structure to squeeze out residual |iquid and/or by
washi ng the foam strucmﬁtwmgmmtmwﬁmmmmy teadenaicreds .
30 Frequently Seﬁ%fa @ﬂpl 58T to Squdeze dut P&SidGalivoatét,

' Se A@g%ﬁie orrgirna Watil(;al t o&!

cycles, will be u ase eri has be
renmoved to t hetSexbysubjecting the foam, or the water therein, to temperatures of from about 60° to

about 200°C, or to microwave treatment, by vacuum dewatering or by a combination
of compression and thermal drying/microwave/vacuum dewatering techniques. The
dewatering step will generally be carried out until the HIPE foam is ready for use and
is as dry as practicable. Frequently such compression dewatered foams will have a
20 water (moisture) content of from about 50 to about 500%, more preferably from
about 50 to about 200%, by weight on a dry weight basis. Subsequently, the
compressed foams can be thermally dried to a moisture content of from about 5 to
about 40%, more preferably from about 5 to about 15%, on a dry weight basis.

a

Polymeric foams made according to the improved continuous process of the
present invention are broadly useful in a variety of products. For example, these
foams can be employed as environmental waste oil sorbents; as absorbent
components in bandages or dressings; to apply paint to various surfaces; in dust mop

30  heads; in wet mop heads; in dispensers of fluids; in packaging; in odor/moisture
sorbents; in cushions; and for many other uses.



required, the HIPE foam if needed, can be treated, e.g., by continued

washing. with an aqueous solution of a suitable hydrophilizing surfactant
and/ or hydratable salt. WO 96/ 21505

PCT/ US96/ 00082 27 When these foamarmto be used as absorbents for aqueous
fluids such as juice spills, mlk, and the |like for clean up and/or bodily
flui ds suckygesmisgsne andl or nmenses they genely require fUrCRIGI60M8t nent
to render the foamrelatively noe hydrophilic Hydrophilization of the foam
i f necessary, can generally be acconplishgd by treating 5 the H PE foam
with a hydrophilizing surfactant. These hydrophlizing surfactants can be
any material that enhances the water wettability of the polyneric foam
surface. They are well known in the at, and can include a variety of
surfactants, prefergbly of the nonionic type. They will generally be Iiquid

form and can be di S¥oi veAPsgrReRkARICIES o i 1, a hydrophilizing sol ution that
is 10 applied to the H PE foam surface. In thi s nmanner, hydroph| l'izing
surfactants can be oﬁfla,g able
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foam structure ﬁfsﬁﬂ%ﬂ %)?ﬁﬂm ﬁjégug 1G58 4ortne rsicie®! v
fromabout 0.5 fo about qﬁ;& Angt her
material that nEéH%"‘IG"HE"!"P?E F&Pgﬁ g‘%ﬂ@‘#&&ﬁ'ﬁmmr’g a
hydr at abl e, mnduqimefoerahéry floidg r (i oliquids),r likie | dquecss cfensl, matters ((runby Ubsiveel

i norganic salt. &hi@&? Mﬁw}ém bfﬂk J@Imnﬁfeggpt abl e
al kal i ne earth ts 1s.0 thejr use wt

oi | -sol ubl e surF'!fi!t éhﬁm prticlep o3 rdE?HPg‘&Fm ur eRtinERee; %I bed
in greater det acdumemilh S:chPstnmpoﬁu ﬁﬁzmwzhpmae&mﬁlsmmm ®ed ober

4, 1994, the di g Wﬁlkc e Qﬁnw&j&fﬁ% ot €d
saltsofthlstpelncuet C|um es, such as cal cj,um chl.ori de.
(As previoudfy Hingrtiglessych as diapors, iRgAnGnEnSE PuS AT SRTRENtS ofping, g P&ﬁﬁ‘gse
el ectrolyte in thertikeng the H PE). Hydratable inor gani c salts can easily be
i ncorporated by treaj] i%ihiigs & Such absorbent articles need only include a backing sheet,
typically relatively liquid-impervious, and one or more absorbent foam. structures
associated with this backing sheet. The absorbent foam structure and the backing
20  sheet will be associated in such a manner that the absorbent foam structure is situated
between the backing sheet and the fluid discharge region of the wearer of the
absorbent article. Liquid impervious backing sheets can comprise any material, for
example polyethylene or polypropylene, having a thickness of about 1.5 mils (0.038
mm), which will help retain fluid within the absorbent article.
2s More conventionally, these absorbent articles will also include a liquid-
pervious topsheet element that covers the side of the absorbent article that touches
the skin of the wearer. In this configuration, the article includes an absorbent core
comprising one or more absorbent foam structures positioned between the backing
sheet and the topsheet. Liquid-pervious topsheets can comprise any material such as
30 polyester, polyolefin, rayon and the like that is substantially porous and permits body
" fluid to readily pass there through and into the underlying absorbent core. The
topsheet material will preferably have no propensity for holding aqueous fluids in the
area of contact between the topsheet and the wearer's skin.



30 with aqueous solutions of such salts. These salt sol utions can
generally be used to treat _the foans after conpletion of, or as part of,
the process of renoving the residual water phase fromthe just-polynerized
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hydrophi lizing surfactants (with or wi thout hydratable salts) wll
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hydrophilicity to the foam Sonme foams of the preferred H PE type, however,
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treatnent with hydroph| liing surfactants or hydratabl e salts. In
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15 continuous process for forming a HIPE emulsion.

Separate streams of the oil phase (25°C) and water phase (53°-55°C) are fed
to a dynamic mixing apparatus. Thorough mixing of the combined streams in the
dynamic mixing apparatus is achieved by means of a pin impeller. The pin impeller
comprises a cylindrical shaft of about 21.6 cm in length with a diameter of about 1.9

20 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 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.

23 A minor portion of the effluent exiting the dynamic mixing apparatus is
withdrawn and enters a recirculation zone, as shown in the Figure. The Waukesha
pump in the recirculation zone retumns the minor portion to the entry point of the oil
and water phase flow streams to the dynamic mixing zone.

A spiral static mixer is mounted downstream from the dynamic mixing

3  apparatus to provide back pressure in the dynamic mixing apparatus and to provide
improved incorporation of components into the HIPE that is eventually formed. The
static mixer (TAH Industries Model 070-821, modified by cutting off 2.4 inches (6.1




Pol ymeric foans made according to the inproved continuous process of the
present _invention are broadly useful jin g variety of products .For exanple

t hese foanms can be enployed as environnmental waste oil sorbents; as

absor bent conponents in bandages or dressings; to apply paint to various
surfaces; in dust mop 30 heads; in wet nop heads; in dispensers of fluids;
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the i nmproved continuous process of the present invention are particularly
useful as absorbent nenbers for various absorbent articles. See copending
US. application Serial No. 08/370922 (Thonas A. DeMarais et al), filed
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and the like. |ngi 98 Wfﬂ&ﬁ&ﬁ:ﬂ%ﬁuﬁ
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nmore absorbent f thmaﬁ@s-wﬁmwo{ F‘ﬂ% Mg%“ﬂﬁm%q
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More convention ?W‘Tdn mﬂ{“@l‘?ﬁ‘% WI Pa'%so i nclude a liquid-
Polymerization of HIPE

The HIPE flowing from the static mixer at this point is collected in a round

polypropylene tub, 17 in. (43 cm) in diameter and 7.5 in.(10 cm) high, with a

20  concentric insert made of Celcon plastic. The insert is 5 in (12.7 cm) in diameter at

its base and 4.75 in (12 cm) in diameter at its top and is 6.75 in (17.1 cm) high. The

HIPE-containing tubs are kept in a room maintained at 65 °C. for 18 hours to bring
about polymerization and form the foam.

C)  Foam Washing and Dewatering

28 The cured HIPE foam is removed from the curing tubs. The foam at this
point has residual water phase (containing dissolved emulsifiers, electrolyte, initiator
residues, and initiator) about 50-60 times (50-60X) the weight of polymerized
monomers. The foam is sliced with a sharp reciprocating saw blade into sheets
which are 0.160 inches (0.406 cm) in thickness. These sheets are then subjected to

30 compression in a series of 2 porous nip rolls equipped with vacuum which gradually
reduce the residual water phase content of the foam to about 6 times {6X) the weight
of the polymerized material. At this point, the_sheetsarethenresamrated with a
1.5% CaCl, solution at 60°C., are squeezedina series of 3 porous nip rolls equipped



pervi ous topsheet elenent that covers the side of the absorbent article
that touches the skin of the wearer. In this configuration, the article

i ncl udes an absorbent core conprising one or nore absorbent foam structures
positi oned between the backing sheet and the topsheet. Liquid-pervious
topsheets can conprise any material such as 30 pol yester, po%yolefln rayon
and the |ike wwoees1sossubstantially porous and permts body fl ﬂ’ adi |y
pass there through and into the underlying absorbent core. The topsheet
material will preferably have no propensity f@2 hol di ng aqueous fluids in
the area of contact between the topsheet and the wearers skin. )
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30 VI. Specific Exanples Exanple 1: Preparation of H PE and Foans from a

H PE. A) H PE Preparati on Anhydrous cal cium chloride (36.32 kg) and
potassium persul fate (189 g) are s dissolved in 378 |iters of water. This
provi des the wat er pithyscuym toamates phasecontent of 2boubfX.i MG&Cbr@E@B@ff‘M am
form ng a H PE enul fivefveer 8 afid TO®REr conbi nati on conpr|5|ng distilled

di vi nyl benzene (40% di vi enzene and 60%

2-et hyl hexyl acrylate (3@% W@Jh@ﬁ ﬁ@t{’%%%gg&wgmodoc@d
a di gl ycerol nonool ma(@083ngm}.i f'l'llsrfo@afiﬂty)l dl'm malfdfoﬂm

di gl ycerol nonool eaiﬁu&&i‘%h&inﬁisﬁfeéﬂdnﬂ | {-B dmamfmk)m
conpri ses apprOX|na ole

nonoesteras, 3% poI é?’%ﬁ%ﬁfﬁﬁw@g}f’% %ﬂﬁggd@g‘ﬁ{@%w of
m xi ng, this conbi nthei isfabouti k4 866 i s al l owed to settle overnight.
visible residue is formed and all of the m xture is wthdrawn and used as
the oil phase in a 15 W
Separate streans of = : ' -55[err]C)
are fed to a dynam c m xi ng apparat us. Thorough m Xi ng of the conbi ned

streans in the dynanic nmm,@pmmwg |W ol YphidSe? Bfeaftl considtifig of &
i mpel ler. The pin i l er co lndlcal f1
|nlengthwthad|%§f’ p% ?" @40 ?&%%%&%A%W
pins, 2 rows havi ngadylats wswhaddnszaddm;;lymmomlqmr@% b weight:of the menomers)
di ameter of 0.5 cm %W@W Mmraftmenﬁaah&ﬁi Thesé HIPES lare prepuréd

I h of 1.6 d+’ d
oo i BV TR i i Sk 00
0.8 mMm Table 1 below

Table!
Run W/O Ratio | Impeller | Temperature Back Recirculation
(RPM) (°F) Pressure Rate
(psi)
A 75 1800 130 9.8 3
B 90 1800 130 9.4 3
C 90 1200 130 6.7 3
D 100 1000 130 5.1 3
E 100 800 150 3.6 3
F 120 700 150 3.6 3
G 120 700 166 3.5 3
H 140 700 166 3.7 3

HIPEs are continuously prepared from oil phase stream consisting of a
monomer component having 35% divinylbenzene (40% purity), 55% 2-ethylhexyl
acrylate and 10% hexanediol diacrylate to which is added diglycerol monooleate (5%



fromthe walls of the cylindrical sleeve. 25 A m nor portion of the
effluent exiting the dynamic m xin LS i

rectrcul ation zone, as shown in the Figure. The Waukesha punp in the
recirculation zone returns the mnor portion to the entry point of the oi
and water phase flow streans to the dynam c m xing zone. A sgiral static

m xer is ygyeRise§ownstream from the dynam c m xing 30 apEsZ

provi de back pressure in the dynam c m xi ng apparatus and to provide

i mproved incorporation of conponents 3nto the HIPE that is eventually
formed. The static’  m xer (.TAH Industries Mdel 070-821, nodified by cutting
off 2.4 inches (6.1 W06/ 21505 PCT/ US96/ 00082 31 cm of its original

I ength) is 14 inches (35 6 cn) long with a 0.5 inch (1.3 cn) outside

di aneter. oy s filled
with oil Qse wat er %i‘;ﬁb&e@'g{eﬁ@ W{)@f@é:?ﬂ#g?é% 1%art oil.
The dynam!m ? m%?"ﬂ!mv@%@eﬁ%@ya Bopamee whi | e
filing theTheedIREs sreqrepabed witlythe hpparituoshownin Figiry 3 aging thelopegting e 3. 78

g/ sec oil W%"ﬂ'ﬁ"ﬁb 2/;@ G- et er phase wi th about 15 cc/ts'g

recircul atron ce % us set-up is filled, the water phase fl ow
rate is cut in half to reduce the pressure build up while the vent is
closed. Agitation is then begun in Yflleg0 dynamic mixer, with the inpeller

turning at 1800 RPM The flow rate of the water phase is then steadily
i ncreased mn., and

the oil pha | pu¥Vf od r Pgd cpperature, | i od of
about 2 n. Thelrecircul qlti telis madl t 45
cc/sec duld ' perigol _The bag by t he

dynam c apd_gkatfc nifRers fat il80thi b poildt isjabolk 10 PSI §69 kpPa). The
Waukesha pumB speed 6@ t hejn stsmadi | y dedsteasefl t o9& yijeld a3 recifcul ation

rate of apouic 11}cc/ sec. 180601 yjrer 1 238 1 onjor 98 PE {The KSPE 1} owi ng from
the stati f mpker[at ol s pPT N4ggoS Cpl T €qsed 1§ a rsoun mene t ub,

N a jﬂ)[l(,

?7\.:”, LILIL

17 in. (48T T OT SETET| AMGson- O |17 C 430 C1D [ 111 O8)g W tric
insert na ' LA A e e B B e e aneter at
its base and 4.75 in (12 cm in dianeter at its top and is 6.75 in (17.1
cm) high® The H PE-containing tubs are kept in a room nmai ntained at 65
[err]C. for 18 hours to bring




about pol ynerization and formthe foam C)° Foam Washi ng and Dewat ering 25
The cured H PE foamis reno { ng tubs The foamat this point
has resi dual water phase (cum"“m;"lmﬂuﬂuﬂled enul sifiers, electrolyte,
initiator residues, and inittatr) aBout 50-60 times (50- 60X) t he wei ght of
pol ynmeri zed nononers. The foamis sliced with a sharp reci p&g@W

bl ade i nto skusssikusch are 0. 160 inches (0.406 cm in thick ese
sheets are then subjected to 30 conpression in a series of 2 porous nip
rolls equi pped with vacuum whi ch gradual ly reduce the residual water phase
content of the foamto about 6 tinmes (6X) the #&ight of the polynerized
material. At this pojnt, the sheets are then resaturated with a 1.5%
CaCl[err] solution a - are squeezed in a series of 3 porous nip
rolls equi pped W1.96/ 2A Toftinuous process for the preparation of a high internal phase emulsion,

PCT/ US96/ 00082 32 with v phase content of about 4X. The
CaCl[err] content of thea\?@%}ogesgg?r&é '8 and 10 % The foam renai ns

conpressed after the fina® ni prewidiag tah figuid cails phise feesy straam) 2omprising( 8n @fective
cm. The foamis then dried i mmduht dfarwaéCikoil bfwfiifier:S. Such drying reduces
t he noisture content to ut nerized material. At
this point, the foam sheZ@g a 2°‘é‘<¥a'r( Qgﬁwg%ﬁﬁ“f%%%r?“cm | apsed state,

the density of the foami® abélﬂ“l@ﬂ@ﬂlﬂg/lu@dmm diquid feed: streamsi into efdyhhﬁEs
Uﬂder Various Operating O?ndl ttﬂﬁﬂgzbﬁdﬁsiloiwate@.@ﬂéﬂtﬂé'ﬁﬁt?l Fifib O wate? Phade
phase stream consisting of a nent Y vin nz

(50% purity) and 60% 2- et hyl hgggﬁ%wﬁ'ﬁ?@ Bgﬁ/\,ﬁ MP%" goc;%'eﬂfefﬂﬁaéiy &gs‘i to
monool eate (6% by wei ght of tHélimononers) and Tinuvin 765 (0.5% by wei ght
of the nononers). These HHPEs g &tﬁk@i@éﬁ%nﬂ&dtﬁbdt%ﬂ@ﬂ%ﬁtd&m@ %Qoﬂeh@

Fi gure using the operating cogggitm&n sho atkgcf-gsé{ﬁeﬁﬂ beltf)J TabI e “%

WO Ratio |Inpeller Tenperat

Pressure Rate A 7%nixture in sau_i_ gpmmic mixing zotg@nd
3 B 90 18()  continuodst withdrawing the fmulsified mixturd Eom said dynaric
1200 130 6.7 . . .3

mixing zone;

said process characterized in that comprises the further steps of:

F) recirculating from 10 to 50%, preferably from 15 to 40%, most
preferably from 20 to 33%, of the withdrawn emulsified mixture to
said dynamic mixing zone prior to step (D),

G) continuously introducing the remaining withdrawn emulsified mixture
into a static mixing zone wherein the remaining emulsified mixture is
further subjected to sufficient shear mixing to completely form a
stable high internal phase emulsion having a water to oil phase weight
ratio of at least about 4:1, preferably from 12:1 to 250:1, most
preferably from 20:1 to 150:1; and

H)  continuously withdrawing the stable high internal phase emulsnon from
said static mixing zone.

2. The process of Claim 2 characterized in that the oil phase comprises from 50
to 98%, preferably from 70 to 97%. by weight oily materials and from about 2 to
about 50%, preferably from 3 to 30%, by weight emulsifier.

3. The process of Claim 1 characterized in that:
1) the oil phase stream of step (A) comprises:
a) from 65 to 98%, preferably from 80 to 97%, most preferably
from 90 to 97%, by weight of 2 monomer component capable of
forming a polymer foam; and
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process conpri ses:
an effective anobunt O
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it:t;; g:ﬁ éﬁr;? WHH&R is sujtable for rf%% K stable water-in-oil
10 6 B 60

164e water phase stledtn of step (B) comprises an aqueou Golution

confaifing from 0.2% tg 20% 1) weight of wassoluble electrolytel-°0°
28Ms 34 Wiat is Claimed is: 1. A conti nuous
process for the prepayati élie(iﬁthaoil mbselamw hafeogtfeanis'compries aileffédiive

QWQH&IPJ‘MOH phase feed stream conpr

r-| ifler

4, The process of Claim 3 characterized in that the monomer component

comprises:

i) from 30 to 85% by weight of at least one substantially water-
insoluble monomer capable of forming an atactic amorphous polymer
baving a Tg of 25°C or lower;

if) from 0 to 40% by weight of at least one substantially water-
insoluble monofunctional comonomer; and

iii) from S to 40% by weight of at least one substantially water-
insoluble, polyfunctional crosslinking agent.

5. The process of Clait;l 5 characterized in that the monomer component

comprises:

i) from 50 to 70% by weight of a monomer selected from the
group consisting of butyl acrylate, hexyl acrylate, octyl acrylate, 2-
ethylhexyl acrylate, nonyl acrylate, decyl acrylate, dodecyl acrylate,
isodecyl acrylate tetradecyl acrylate, hexyl acrylate, 'octyl
methacrylate, nonyl methacrylate, decyl methacrylate, isodecyl
methacrylate, dodecyl methacrylate, tetradecyl methacrylate, p-n-
octylstyrene, isoprene, 1,3-butadiene, 1,3-hexadiene, 1,3-heptadiene,
1,3-octadiene, 1,3-nonadiene, 1,3-decadiene, 1,3-undecadiene, 1,3-
dodecadiene, 2-methyl-1,3-hexadiene, 6-methyl-1,3-heptadiene, 7-
methyl-1,3-octadiene, 1,3,7-octatriene, 1,3,9-decatriene, ' 1,3,6-
octatriene, 2,3-dimethyl-1,3-butadiene, 2-amyl-1,3-butadiene, 2-
methyl-1,3-pentadiene,  2,3-dimethyl-1,3-pentadiene, 2-methyl-3-
ethyl-1,3-pentadiene, 2-methyl-3-propyl-1,3-pentadiene, 2,6-dimethyl-
1,3,7-octatriene, 2,7-dimethyi-1,3,7-octatriene, 2,6-dimethyl-1,3.6-
octatriene, 2,7-dimethyl-1.3.6-octatriene, 7-methyl-3-methylene-1,6-

i sing



B) providing a liquid Myﬂ MH tream O si mul t aneousl y

i ntroducing the liquid fee mg’# dynam ¢ m xi ng zone at flow
rates such the initial weight rati o of water phase to oil phase is in the
range from2:1 to 10:1, preferably from2.5:1 to 5:1; D) subj ecting the
conbi ned feed streans in said dynam c m xing zone to sufficient shear
agitation to avobeases partially forman enulsified mxture i rPCIAISI6RNP#RaN C
m xi ng zone; and E) continuously withdrawing the enul sified m xture from
sai d dynam ¢ ni xi ng zone; said process characterized in that conprises the
further steps of: F) recircul atlng from 30 to 50% preferably from 15
to 40% nost preferablyfrom 33% w t hdrawn enmul sified m xture
to said dynamc nixing zone® 7039 Qe7 ng’tm‘l?ohﬂq@ga'é’!‘?"“w' hepta-

i ntroduci ng the remaining V\dmmd‘b’ amntdmioauef 5-emithyl- X.86rlepiatriene, 2-ethyibutadienexi ng

zone wherein the renaining ?3 ggture is further subjected to
sufficient shear mxing to gonp teI orma st h i nternal K phase
enul si on having a water to BY| n}) b°€? mwmgowhe
preferably from12:1 to 250grbuprmnﬁsmgefsmy&hylmﬁ&\elmuhyliﬁthicrymedaﬁﬂ
continuously withdrawing th q?dl nternal phase emul sion from sai d
static m xing zone. 2. T cess 0

im 2 ch acter,i d|nt FFihe
oi | phase conprises from 50t o H' ’ﬂr@f 4 wa’ng

oily materials and from aboﬁ'bm2 the) groupt cansistingp roff dwmbbynzbnesmdivmyltoﬂﬁﬁés by

the ol | “phase stream of ste Xﬁ"ﬁ (i scunapiiodt | C. ! GSfhylgthyibidenes.)

preferably from80 to 97% Bﬁy f r FFivioY ?W% ydmlgﬂ’hmsva

nmononer component capabl e oﬂwfrgldiphawlmeMeyrrer diviiibenzyls]  divingiphénylethief) 82

WO 96/ 21505 35 divinyldiphenylsulfides, divinylfurans, divinylsulfone, divinylsulfide,
divinyldimethylsilane, 1,1'-divinylferrocene, 2-vinylbutadiene, ethyleng
glycol dimethacrylate, neopentyl glycol dimethacrylate, 1,3-butanediol
dimethacrylate, diethylene glycol dimethacrylate, hydroquinone
dimethacrylate, catechol dimethacrylate, resorcinol dimethacrylate,
triethylene glycol dimethacrylate, polyethylene glycol dimethacrylate,
trimethylolpropane trimethacrylate, pentaerythritol tetramethacrylate,
1,4-butanedio] dimethacrylate, 1,6-hexanediol diacrylate, 1,4-
butanediol diacrylate, tetramethylene diacrylate, trimethyolpropane
triacrylate, pentaerythrito! tetraacrylate, N-methylolacrylamide, N-
methylolmethacrylamide, 1,2-ethylene bisacrylamide, 1,4-butane
bisacrylamide, and mixtures thereof.

5. The process of any of Claims 1 to 4 characterized in that it comprises the
further step of polymerizing the monomer component in the oil phase of the emulsion
withdrawn from said static mixing zone to form a polymeric foam material.

6. The process of Claim 5 characterized in that it comprises the further step of
dewatering the polymeric foam material to an extent such that a collapsed, polymeric

foam material is formed that will re~-expand upon contact with aqueous fluids.
\

7. The process of any-of Claims 5 to 6 characterized in that
a) the monomer component is capable of forming a polymer
having a Tg of about 35°C or lower and comprises:



b) from2 to 35% preferably from3-te 20% nost preferably from3 to
10%__bv wejght of an emJIS|f|er CO| onent which is soluble in the oil phase

and which is suitable f l m Ie wat er-in-oil emulsion 2) t he
wat er phase stream of sm“ W‘“ an aqueous sol ution cont ai ni ng
fromO0.2%to 20% by wei ght 6f hat'er - sol ubl e electrolyte; and 3) one of
the oil phwoosaséswat er phase streans conprises an ef f ect IPEEMUSHHNIE2 of a
pol ymeri zation initiator. 4. The process of Caim3 characterized in
that the monomer conponent conprises: i) from30 to 85% by wei ght of at

| east one substantially water, insolubl STononer capabl e of formng an
atacti c anor phous pol yner I ng err. | ower omO to
40% by wei ght of at |east oer t@’tﬂhg‘? qu’r’[’wf’kﬁ&i‘ﬁ%\"ﬁ'ﬁf ll7’?%?%‘2‘{'”10“onal
cononomer, and iii) from5 meMWlmﬂtMtMMt ially
wat er- insoluble, polyfunctiggaledy qn@gmmﬁm The process of
Claim5 characterized in that th 0 | ses: from
50 to 70% by wei ght of a norfgneref?é'fggf%%mgg’g 5&' L?Bm s’fl%ﬂ@d

butyl acrylate, hexyl acryl ofem thet grioupoconsisting, OQMWIMWMMte
nonyl acrylate. decyl acnyl ahfmrelQfiGedt atc’ vl ate, i sodecyl acryl ate

tetradecyl acryl ate, hexyl a.c cty hacs vl a

met hacryl ate, decyl net hacry‘fl aﬁt'q“édg #%&yhm 3{

met hacyl ate, tetradecyl met mﬂmmpmupmnmggfwm gﬂylene

1, 3-but adi ene, 1, 3-hexadi en mgf:g:: Mmg‘é pgbadi ene,
1, 3-decadi ene, 1, 3- undecadl e i", o] ecag1 t byl % r]g adi ene,
-met hyl - 1, 3- hept adi ene, 1° fiag: "Bﬁe“'

decatriene, 1,3, 6 ocglycal ediacrylate3- dnmtliylplprdpaﬂebmbwe

1, 3- but adi ene, ?“F ﬂ%ﬁ-gfﬂl
met hyl -1, 3- pentad cne, g‘%ﬂ et pent h

| -

| adi ene,

hyl - 3-propyl -1, 3-p tadﬁhéng" EHWRQPWI compriges; an, ﬁ] rhglected
i

i

met hyl - 1, 3, 7- oct aﬁom@eg&p&oﬂmmigmﬂ sofbitan Gnonoestars of branched Cy¢-

methyl - 1,3, 6-oct g} IRP acids; TnbdPinsatufiidd ¢] 055 7 acids, and linear
saturated Cy7-C4 fatty acids; diglycerol monoesters of branched
Cy16-C24 fatty acids, linear unsaturated Cjs-Co2 fatty acids, and
linear saturated C,-C)4 fatty acids; diglycerol monoaliphatic ethers
of branched C)4-C24 alcohols, linear unsaturated C14-C22 alcohols,
and linear saturated C12-C}4 alcohols; and mixtures thereof.

6- e
1, 3, 9-
2-any
2, 3-di
2- net
2. 7-di
2. 7-di

8. The process of Claim 7 characterized in that the emuisified contents .of said
dynamic mixing zone are maintained at a temperature of from 5° to 95°C during step
D).



WO 96/ 21505
PCT/US96/ 00082 36 octadiene, 2. 6-digethvl. 1.5 7-octatriene

1- et hyl - 2-vi nyl - 4, 6- hept a- di eny- 3, 8- nonadi enoat e,

5-nmet hyl -1, 3, 6-heptatriene, 2-ethyl butadi ene, and m xtures thereof; ii)
from5 to 40% by wei ght of a conobnoner selected fromthe group consisting
of styrene WQ@9R1805st yrene, nethyl nethacryl ate and m xt ur RCHURS60982 and
i) from10 to 30% by wei ght of a crosslinking agent selected fromthe
group consisting of divnyl benzenes, divinyltoluenes, divinylxylenes,

di vi nyi napht hal enes divinylethylbenaépis, di vi nyl phenant hr enes,

tr.i vinyl benzenes, di vi nyl bi phenyl s, ®di %i nyl di phenyl net hanes,

di vi nyl benzyl s, di vepgw phenyl@xhers, divinyl di phenyl sul fides,

di vinyl furans, divinylsul fone, diJisulfidg,gdivinyidinethylsilane,

1,1"-divinyl ferT p Ty DAL ST ethyl ene glycol dinethacrylate,
?M@@i apog ol di net hacryl ate, diethyl ene
D

neopentyl gl

gl ycol di nmet Hacryl at g '(xi'n 1 ’(il: hacryl ate, catechol
di et hacryl at ‘i i e e lgat e triethyl engygl ycol
di met hacryl atle b %’ J/e'—m

ret2r vl i met hyl ol pr opane

V

trimethacryl at ey por® BTl tetranmethacyl ate, 1, 4-butanedi ol

di net hacryl ate, % 6- hdleThefl) df—eiqcivB4t e, 1,4- butanediol diacrylate,

t et ranmet hyl ene di acr 'H- |5 prQpane triacrylate, pentaerytheiggol
tetraacryl at e, I-reab el W ag N, Aset hyl ol met hacr@6hi de,

1, 2-ethyl ene bi sacryl !:E!\ , BN bi sacryl ami de/ and mi xtur

t hereof . 5. The pr PESESIFAY any /2 al Tt AracterTzeednin that it
conprises the fifther EERp|eN] pol WML ng the nononer conponent YK he oil
phase of the emHQ SN u'ig from soiSisstatiendnasanasa f Or TR

pol ymeric foam materi {4 !E. The process of Claimb5 characteri 2gd i N\t hat
it conprises the furt !" i ] of dewatering the polymeric foam materi ag to
an extent such t hA6=TNe ""T‘- g2 ymeric foammaterial is formed|thal

w |l re-expand upon cQH H%.—"'_'-,i h aqueous fluids. 7. The processjof {ll
any-ofdains 5 to_6 chle 'w‘ﬁ!;;- ) that a) t he mononer conpongnt |l
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2705560 -2
37 1) from50 to 70% by wei ght of .a nononer selected fromthe %‘fﬁ?’s )
consisting.of isodecyl acrylate. n-dodecv] acrvlate and 2-ethvl bhexy Y

acrylate, and m xtures thereof ii) from15 to 30% by wei ght of the

comononer selected fromthe group consisting of styrene, et hy rene and
m xtures thereof, and iii) from15 to 25% by weight of a c
agent sel ected t he growpm B a&xﬂlommnhenzene i ene

gl ycol di nethacryl ate, diet o o) hmme i acrylate, 1, 6- hexanedl ol
di acryl atWibﬂP@Abd\PBﬂ%ﬂ%{ b A Hﬂﬁéﬂé'ﬁé'l' FOOPERATION, TREATY (PCT)

t riime tw Cusifioibdd 2t € anfl t kﬂmmmwmxturewomﬁis
and b Mw conponent fgywrises an enulsifier selected from
the g oup consistin sor bi t an nphoed (43xInterastions) Rublicatidn Bftesr 1 | -  18Julyr1P96 (18.8196)]
acids [ TTnear unsarurared Cerr]-gerr] fatty acidas, and 11 near saturated

[ er r ]| (D[ TntermitioriabAnpljcation Newber: (i | BGTAI#0008D

st ut P gl B 0 el o

branchied C [err] - C[err] al cohol s, linear

al coh¢f® ’"@o ear %Eﬁ 1b§ ' ©

t her e¢f e process 0 alm?7 c

con,tents of sai d_dynam c m X zone .are

7 om § ol i Bl B fould ey
45202(!18).

(72) Inventor: DesMARAIS, Thomas, Allen; 10203 Scull Road,
Cincinnati, OH 45252 (US).

(74) Agents: REED, T., David et al.; The Procter & Gamble
“companysz.ssmsmng&wea\mue. Cincinnati, OH
) ).

(54) Title: RECIRCULATING A PORTION OF HIGH INTERNAL PHASE EMULSIONS PREPARED IN A CONTINUOUS PRO(ISS
(87) Abstract

An improvement in a continuous process for making high intemal
phase emulsions that are typically polymerized to provide microporous,
open-celled polymeric foam materials capable of absorbing aqueons fluids,
especially aquecus body fluids such as urine. The improvement involves
recirculating a postion (about 50 % or less) of the emulsion withdrawn
from the dynamic mixing zone of this continuous process. This increases
the uniformity of the emulsion ultimately obtained from this continuous
process in terms of having the water droplets homogencously dispersed in
the cil phase. This also improves the stability of the HIPE and expands
the temperature range for pouring and curing this HIPE during subsequent
emulsion polymerization,
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